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Topic A: Emerging, re-emerging animal & zoonotic diseases
Dancing with the enemies: The roles of veterinary research in emerging infectious
diseases
Sanipa Suradhat, DVM, PhD
Chulalongkorn University Emerging Infectious Diseases in Animals Research Unit,
Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand
Sanipa.s@chula.ac.th
Since the emergence of avian influenza (AI) H5N1 in Thailand in 2004, Chulalongkorn University has
promptly initiated a research taskforce specialized in diagnosis, characterization, and research activities
related to important emerging infectious diseases. Subsequently, a research unit namely Chulalongkorn
University Emerging Infectious Diseases in Animals (CU-EIDAs), was officially founded in 2007, with
major goals to improve Thailand‘s research activities and knowledge of the emerging and re-emerging
infectious disease in animals, particularly those that are important to the Southeast Asia region.
Veterinary research plays a vital role in characterizing and monitoring of the evolution of the emerging
infectious diseases in Thailand. During the past few years, CU-EIDAs has established core facilities and
expanded human resources to conduct research activities related to important emerging infectious
diseases in animals. To date, the obtained information has been utilized for the control and management
strategies against several emerging diseases, including AI, swine influenza, porcine epidemic diarrhea
(PED), and porcine reproductive and respiratory syndrome (PRRS). Situated in a tropical climate with
different patterns of pathogen circulation, ecological and management systems, Thailand represents a
unique model for studying epidemiology, pathobiology, as well as factors affecting the maintenance of
the emerging and re-emerging pathogens within this geographical region. The distinctive characteristic
and epidemiological pattern of the circulating animal influenza viruses and reported incidences of
interspecies transmission between human and animals highlighted the significance of veterinary research
and the vigilant surveillance system within the countries affected by such emerging pathogens. In
addition, establishment of an active genetic database of the circulating pathogens as well as a pathogen
repository will be essential for the country‘s capability in response to the upcoming emerging diseases.
As veterinary services play significant roles in disease surveillance, prevention and control of emerging
zoonotic diseases, CU-EIDAs has actively participated in veterinary and public educations, and
promoted establishment of laboratory networks at both national and international levels. The data
obtained from the research program are constantly disclosed and distributed to veterinarians, public
health authorities, relevant private sectors, as well as policy makers to improve understanding in the
nature and epidemiology of the emerging pathogens. In addition, the number of qualified veterinary
researchers has recently been expanded through our graduate research activities. Strengthening of the
veterinary research and surveillance activities is essential for developing the country‘s competency in
dealing with emerging zoonotic diseases. Such activities should be systemically planned and exercised,
in parallel with the public health sector.
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Topic B: Food and feed security and safety
Food Crisis: The Challenges of Research and Education
A. Kunavongkrit, 1, 2 W. Jiumpanyarach, 1 and S. Visetnoi1
1
The Office of the Commission on Agricultural Resource Education
Chulalongkorn University, Bangkok, Thailand
Food crisis is reflected by food price and related to national security in a way that it could create
an economic crisis in the country. The causes of food crises may be due to a low productivity of
agricultural products and a high rate of population growth in most of the food-insecure countries. An
improper utility of land and a lack of land ownership management as well as water availability are the
major problems. Climate change caused a lot of environmental damage and a change in seasonal interval
and patterns which affected a long-term agricultural development. However, there are very few numbers
of research and development in agriculture, especially in food production, when compare to other area,
for instance, bio-energy which currently takes up the place of the food, feed plants and energy plants. An
understanding in the aspects of food safety and food value chain is not well-understood in most
developing countries. Therefore, an ultimate consideration to diminish such crisis is urgently required in
order to solve the food-related problems associated with food security, food safety, and food
management.
Food Security, Food Safety and Food Management
Food crisis, which is now a significant global problem, consisted of food security, food safety,
and food management (Kunavongkrit, 2009). Research and education in many aspects have to
emphasize on these issues. Thus, the understanding in the following factors by using research and
education could be used to solve the crisis of food for the world.
Food Security
Factors affecting food security include: first, a high population growth, as in 2006, the world
population was about 6.5 billion and expected to reach 8.6 billion in 35 years (2040) (Guanhua, 2008).
During 2000, FAO estimated about 820 million were undernourished and it should be over billion today
(Swaminathan, 2009). The world food productions have to raise their production by more than 30
percent in order to meet a demand of the growing population. secondly, the land and water margins have
already been used and invaded by urbanization and industrialization, especially in agricultural
countries. The good examples can be seen in Japan, the Republic of Korea and Taiwan, in which
thirty percents of the economy from food production in these countries are decreased by urbanization
and industrialization. Thirdly, the global climatic change which has been damaging the environment
and seasonal regulation including a reduced land utility as a result of flood and drought which leads to a
falling in food production. In addition, the climatic change could cause more serious problems such as
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land degradation, animal and plant pest and diseases. Fourthly, bio-energy developments, the global
productions of ethanol and biodiesel have been dramatically increased. Seven years ago, a bio-fuel
production has grown from 1 million hectares to 25 million hectares in the last few years (FAO, 2008)
and these products were produced using agricultural materials from animal feeds and human food. This,
therefore, generated a very high competition for utilization of land for food and fuel. An expected usage
for bio-energy in the next ten years will be doubled of those that are used today (11 billion liters per
years to 24 billion liters) (Guanhua, 2008).
By the end of each day, we need to produce more food to be sufficient and match the need of the
increasing population by thirty percents. However, the land utilization is declining due to urbanization,
industrialization and a climate change which could cause the food production to drop by 30 percent.
Furthermore, the bio-energy policies in each country are not the same in how to balance the utility of the
land and water to produce feed, food and fuel. The more serious issue which needs to be discussed and
find the way to solve or slow down the problem by using all efforts is how to strengthen technologies,
research and innovation to increase the agricultural product yield. The national policy to balance
the land utility in feed, food, or fuel and the policy would have to be synchronized with other
countries to ensure the food security for the whole world.
Food safety
Global food safety is a public health priority as the consumers‘ concern is not only in food
security but also in a safety of the food itself. The climate change or global warming is one of several
factors affecting the mutation of newly emerging diseases, both, in animals and plants which make food
unsafe to consume. Many food-borne diseases, caused by microorganisms transmitted, are
significantly increased. Most of the serious hazards have emerged in the food chain such as Bovine
Spongioform Encephalopathy or BSE, Salmonella and other zoonoses. The second problem is the
chemical hazards from contaminated food which remains significant e.g. mycotoxin, pesticides,
veterinary drugs and the contaminants from environment such as heavy metal like mercury and lead
(WHO, 2002).
The better understanding about the danger of the undesired residues contaminants in food are
required and should be properly informed especially in the developing countries, as to allow the
assessment and management of these risks. The understanding in the use of pesticide and chemical
fertilizer for cultivation that could leave residues to the plant products after harvesting is needed to be
emphasized. Also, knowledge about an improper storage of the harvested crops that could cause the
accumulation of fungus as well as its toxin, are necessary to be informed. A
long-term use of antibiotics and chemical substances in the feed for treatment and prevention in farm
animals without withdrawal before slaughter could be another risk of antibiotic residue and resistant that
could have a side-effect on the meat consumers. Moreover, unhygienic slaughtering process, transport
and storage of animal products or carcasses can easily be contaminated with many microorganisms,
therefore the regular inspections for meat or milk are needed because without inspection, the zoonotic
diseases can be transmitted to human being. However, there are many concerns today, from the demand
side to have a safe food since there are numbers of different way in which the pathogens and chemical
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residues could affect the consumers at present. The word ―Safe food for good health‖ is not far from
the fact that the people today are more concerned with their health. Food safety, therefore, has a
significant impact not only on health but also on global food trade which, nowadays, have raised the
awareness of the interaction between food safety and food export potential.
The cost for managing the safety products is not only the effort or money that ones have to put in
but also the understanding of the whole food chain must be emphasized. Research and education are
essentially needed in particular issue starting from the proper method of production until the end of the
food table. Many approaches should be implemented to reduce the food-borne diseases as well as to
improve health and promote health protection for humans such as surveillance of food-borne diseases,
establishment of national risk assessment with international cooperation, the risk analyses and
communication and a search for the new technologies or methods for safety food production. In
addition, how to implement the safety food methodology such as organic products, without the use of
chemical or unnatural products, should be established and promoted to the farmers. Researches for all
possibilities in safety transport, processing, packaging and proper storage for food products are urgently
needed. To achieve this goal, an education for the pre-harvest producers like farmers is essential, but
how to get them to learn and implement the knowledge and understand the safety process are very
challenging.
In Thailand, however, many approaches to fill up the gap of the lack of understanding and
awareness for food safety have already been implemented. For instance, aiming for a hundred percents
GMP in processing plants, awareness for safety of fresh food and ready-to-eat food, surveillance of
microorganism in cooked food and mycotoxin in soybean, developing a rapid safety test, safety food
volunteers, e-communication and public relation and the collaboration between the engaged ministries
and other international offices (Sridhamma, 2006).
Although the approach of surveillance of food-borne diseases, establishment of risk assessment
and analyses to communicate with the public and the new safety technologies or processes for producing
safety food are very important, but less than ten percents of 130 developing countries had adequate
capacities to set up the effective protection against adverse environmental factors including a clean water
supply, basic sanitation and food safety (WHO survey 1989 from WHO, 2002). Therefore,
establishment of the national capacities to protect
their population from unsafe food should be emphasized. The capacities urgently needed for those
countries are; the adequately skilled staffs specialized in food safety, an adequate financing and the
proper strategies for planning and management and a build up of the infrastructure for the
national food safety program.
Food Management
Managing of a food value chain is very important since the background understanding of the
food value chain in each sector is different. It is the combination between science and arts as well as rich
and poor. Food producers are mostly farmers, both, backyard farmers and industrialized farmers. The
understandings of how to utilize soil (land), water and protect environment are important. Most farmers
grow crops, raising farm animals without the awareness in saving water and protecting environment.
Page 4

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

After harvesting, the middle man, who buys agricultural products for plant processing and factoring, is
one of the key persons in the value chain since they are involved in transportation and storage of
agricultural products in which food prices depend very much upon this process. Trade and marketing
and consumers‘ need, on a demand side, are also very important and have to be well-managed.
The management of the food chain consists of an understanding of land value or land
ownership, how to optimize the utility of land, water, environmental protection and a sustainable
natural resources management (Kunavongkrit, 2009).
Understanding of food value chain management will lead to social security within farmers‘
communities as well as appreciation in land value, water utility, and a promoting of environment and
natural resource protection will also bring about a social immunity to the society in the end. Therefore,
the authority has to set up the system that regulates the food chain to be conceivable to all parties in all
sectors of the value chain.
Chulalongkorn University, the Office of the Commission on Agricultural Resource Education
(OCARE) is a new education operating office with the objectives to produce a new generation graduates
(B.A. in Agricultural Resource Management) to work in the rural area, to lead and assist the farmers to
understand the food value chain management as well as being able to manage how to process, transport,
package, store, marketing and trade the agricultural products at the local or provincial level under the
philosophy of ―Sufficiency Economy‖.
The second objective is to collect and analyze information from each agricultural product in the
country, and to get to know their problems and their limiting factors by which a research in each
particular subject is needed. These data could also be used to provide the information for the public such
as government and the private sectors including the grass-roots farmers.
Thirdly, the continuing education and OCARE will act as an incubator center for new graduates
to be able to consult with the university staffs on the urgent issue; the problem they are facing with or
even searching for new information they may need no matter where they are in the country.
Food crisis, therefore, is very challenging issue for research and education development because
ensuring food security and food safety is the basic human right, one have to have. Food security, itself,
is a cornerstone for national security and security of all mankind. Food management will, therefore,
create a social security and social immunity for farmer community and, eventually, to all sectors of
the food value chain.
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Topic C: Veterinary education: quality assurance & accreditation
Quality assurance in veterinary education: requirements for effectiveness
Prof. Frederik J. van Sluijs, DVM, PhD, Dipl. ECVS
Director Bachelor & Academic School of Veterinary Medicine
Utrecht University, the Netherlands
Quality assurance has two levels: accreditation of training programmes by competent authorities and
internal procedures to maintain and increase the quality of education.
Accreditation provides training institutes with a critical view from independent experts. External reviews
usually focus on basic aspects of higher education such as the number of admitted and graduated
students, the number and qualifications of faculty, and clinical and financial resources. Although these
are essential elements they are not sufficiently detailed to serve as a basis for internal quality
management.
A quality management programme should focus on the endpoints of the schools curriculum and on the
separate courses that make up the curriculum. Such a programme should: 1) have well defined and
measurable endpoints, 2) have a cyclic nature, 3) be applied in a consistent manner, and 4) be acceptable
to teachers and responsible officials. Measurable endpoints are the fraction of students that fail a course,
the time students spend on a course, and the percentage of teacher supervision. These variables help to
assess the effectiveness and efficiency of a course, but they do not reveal how well the course
contributes to the objectives of the curriculum. This can only be evaluated if these objectives have been
clearly defined and translated to objectives of separate courses.
Models of quality management need to be cyclic to ensure that decisions on the improvement of courses
are evaluated periodically. If evaluations are not repeated there is a risk that plans will not be followed
by appropriate action. The frequency of cycles depends on the nature of the proposed changes and the
duration of the course. Significant changes should be evaluated after each cycle of the course, minor
changes can be evaluated at longer intervals. Conclusions should be drawn in a consistent manner. This
applies to consecutive cycles of a single course as well as to different courses. Inconsistent
interpretations and responses decrease the acceptance of quality management by teachers.
Three factors determine the success of a quality management programme: culture, structure and
capacity. It is essential that teachers support programmes for quality care and that they are willing to
accept critical comments. The school should be prepared to invest in quality care even if this does not
yield immediate results.
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Topic D: Aquatic animal diseases and aquaculture
Autonomous, genetic modification of shrimp in response to viral pathogens
T.W. Flegel
Centex Shrimp and Dept. Biotechnology, Faculty of Science, Mahidol University, Rama 6 Rd. Bangkok
and National Center for Genetic Engineering and Biotechnology, National Science and Technology
Development Agency, Klong Luang, Pathumthani 12120, Thailand. E-mail: sctwf@mahidol.ac.th
Abstract
It is well known that shrimp can tolerate persistent infection with one or more viral pathogens at low
levels, without signs of disease. The viruses can be transmitted to their offspring or to uninfected shrimp,
often with lethal consequences. Although the underlying molecular mechanisms behind this tolerance
have not been elucidated, the process of its acquisition has been called viral accommodation. Since
tolerance to one virus does not confer tolerance to another, tolerance is pathogen-specific, implying that
it is governed by some kind of memory. It was previously hypothesized that memory was based on the
presence of viruses in persistent infections. However, recent work has shown that it may instead be
based on viral sequences inserted into the host shrimp genome. It has been hypothesized that these
inserts arise via reverse-transcriptases (RT) and integrases (IN) that occur commonly in the shrimp
genome, recognize foreign mRNA from both DNA and RNA viruses and use it to produce random
cDNA fragments for insertion into the host genome. It was proposed that some of these randomly
inserted fragments would yield antisense RNA transcripts called immunospecific RNA (imRNA) that
would, in turn, form dsRNA with viral mRNA and induce RNA interference (RNAi) to inhibit viral
replication. Individuals with protective inserts in the germ cells could pass these on to succeeding
generations, and protection from several viruses could be amalgamated rapidly in individual offspring by
random assortment of chromosomes during mating followed by natural selection from billions of
offspring. This could be referred to as heritable, adaptive immunity. Very recently, we have found
support for this hypothesis by using a variety of molecular techniques to reveal genome (including the
germline cell genome) inserts of important, non-retroviral, DNA and RNA viruses in the giant tiger
shrimp Penaeus monodon and the whiteleg shrimp Penaeus vannamei. Preliminary results indicate that
the viral inserts are random in nature. Some give rise to antisense imRNA fragments, some to sense
RNA fragments, some to ambisense RNA fragments and some to no detectable RNA fragments.
Challenge tests are planned to determine whether the imRNA-producing inserts protect shrimp from
homologous viruses. If they do, understanding the detailed molecular mechanism of insertion should
allow the directed development of shrimp stocks tolerant to all major shrimp viruses. Since such stocks
would arise from a natural and autonomous host mechanism, they could not be considered artificially,
genetically modified organisms (GMO).
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Topic E: Zoo, wildlife and exotic animal health and management
New global challenges for zoos and aquariums in managing exotic animal health ex
situ and wildlife conservation medicine programmes in situ
Gordon McGregor Reid2
1. Director General's Office, North of England Zoological Society (Chester Zoo), Chester, Cheshire,
United Kingdom
2. Visiting Professor, Faculty of Veterinary Medicine, University of Liverpool, Leahurst, Cheshire,
United Kingdom
3. Immediate Past President, World Association of Zoos and Aquariums, Gland, Switzerland
Keywords : Zoos, Wildlife Management, Conservation Medicine
Introduction
Zoos and aquariums have traditionally depended on external consultant veterinarians to maintain and
improve the health and welfare of animal collections, mainly wild-caught and from the tropics.
Contracted veterinary care in the 19th and 20th century was typically through diagnosis and treatment of
diseases, parasites and other conditions1,2. This was usually done in the enclosure with none, or only
rudimentary laboratory and quarantine facilities in support; and working closely with keeping staff and
―stockmen-managers‖ who, at that time, had a limited professional training. Work focused on individual
exotic animals, mainly higher vertebrates, cared for outside of their natural environment (ex situ)
sometimes in bare concrete or tiled cages which were supposedly more hygienic. These animals were
sometimes held at excessively high stocking densities and in artificial, biologically inappropriate
circumstances designed for ease of public viewing and management access rather than to meet welfare
needs. In the process of care and treatment, comparatively little consideration was given to the ecology
of animals in the wild, life histories, reproductive biology or natural diets3; and, in many cases basic
anatomical and physiological and genetic information was absent, including systematic written records.
The conservation status of the animals was hardly a consideration, other than their ‗rarity value‘ and cost
of acquisition. Mortality rates were sometimes high from a widespread ignorance of basic husbandry
needs across diverse taxa; and a lack of experience in treating obscure endemic diseases or parasites not
hitherto encountered or recognised. Often, there was a lack of professional organisation, training and
communication.
Organisational development
While some small shadows of the past may remain, much has changed for the better in the late 20th and
early 21st century. There is an international trend for zoos to establish dedicated hospital and quarantine
facilities and engage a professionally trained, multi-skilled, in-house animal care team. This may in
various (albeit sometimes part-time) combinations, comprise of veterinary surgeons, nurses, curators,
keepers, nutritionists, endocrinologists, geneticists, cryobiologists, behaviourists, psychologists and
zoological registrars who manage complex electronic biomedical records databases. For all such staff
there is now a rapidly growing national and international network of specialised, zoo-affiliated
organisations such as the American Association of Zoo Veterinarians, the European Association of Zoo
and Wildlife Veterinarians, the Association of Reptilian and Amphibian Veterinarians, the Pan-African
Sanctuary Alliance for Great Apes, the European Association of Zoo Nutritionists, the Frozen Ark
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(Cryobiological) Consortium and the International Congress of Zookeepers. These professional bodies
were established to set and continuously improve on standards, to share technical information and
through their proceeding to widely disseminate the results of clinical observations and scientific
research, including in taxonomically or thematically specialised areas. Major research institutes have
developed which include specialisation in zoo and wildlife medicine, e.g. the Institute of Zoology,
London; the Center for Research on Conservation, Antwerp Zoo; the National Centre for Zoonosis
Research, Liverpool University, and the Leibniz Institute for Zoo and Wildlife Research, Berlin - who
host an annual International Conference on Diseases of Zoo and Wild Animals.
Contemporary progress
We now see veterinary work being conducted in zoos specifically for conservation purposes 1,2,4,5,
including assisted reproduction where appropriate. This is often accompanied by complimentary
veterinary conservation programmes in the wild (in situ) including clinical protocols for re-introduction.
There are a number of serial publications which publish reviews or synoptic accounts of issues and
advances in zoo animal health in relation to conservation6. While the number of animal specimens and
species held has often been reduced in individual zoos, there is far more overall taxonomic breadth to
modern collections - with increased attention given to lower vertebrates and invertebrates, to aquatic
taxa7 and to species listed as Threatened with Extinction on the IUCN Red List. There is a shift to
proactive behavioural and genetic management of small populations, rather than individual post-hoc
interventions; and emphasis on preventative medicine, behavioural enrichment8 and evidence-based
decision making – sometimes involving sophisticated laboratory diagnostics and bio-medical research
projects9. There is an increased consideration of compliance issues including national and international
animal health and welfare regulations, zoo licensing requirements, husbandry standards, enclosure
design, acquisitions, disposals, euthanasia, animal transport, CITES regulations and the Balai Directive
on international transfer of biomedical samples. Contemporary SHE (safety, health and working
environment issues) include: animal escapes, sedative and anaesthetic (drugs and darts) protocols,
radiological safety, pathology, use and disposal of biological or post-mortem materials. To the forefront
are studies in: bio-banking, cryobiology, zoonoses, epidemic diseases, biosecurity and emergent
infectious diseases10, including in relation to climate change11,12. There is a corresponding increase in
ELSE (ethical, legal, social and natural environment) issues, requiring institutional Ethical Review
Processes - considering, for example, assisted reproduction, contraception and experimentation. The
health and welfare of elephants and the great apes13 in zoos and of wild cetaceans in public aquariums is
intensely debated, covering both physical and mental aspects. Following the World Zoo and Aquarium
Conservation Strategy 6 the Global Aquarium Strategy 14 and the European Zoo and Aquarium
Research Strategy15, there are growing international programmes in zoological veterinary science,
organised through NGOs such as WAZA, EAZA, AZA, SEAZA, AZWV, PASA, ISIS and IUCNCBSG. Many zoos and aquariums now engage in conservation, education and scientific work in the field
(in situ). This encompasses wildlife medicine and veterinary training, in close collaboration with
veterinary faculties in the universities. Re-introduction and field conservation programmes increasingly
utilise the skills of veterinarians in partnership with teams in the habitat countries. Today, unusual
diseases associated with global climate change are receiving attention, such as bleaching syndrome in
coral.
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BVDV Infection in Thai Dairy Herds: effects on herd’s reproductive index and
pathological study in persistently infected calves
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Introduction
Bovine Viral Diarrheoa Virus (BVDV), a member of
genus Pestivirus, is a one of important cattle virus that is
control internationally in trading of live cattle and all
bovine biological products (1). Infection of BVDV in
dairy cattle causes a notablw loss in reproduction (2).
Acute infection BVDV in pregnant cow usually causes
embryonic loss, mummification, deformity and weak calf.
Infection in the first trimester probably yields a living
source of BVDV in the herd; persistently infected animal
(PI) (3). Infection in non-pregnant cattle causes an
immunosuppression, thus co-infection, mastitis and
opportunistic infections with other pathogen is common
found (4). All the consequences cause economic loss to
farmer. In the northeastern part of Thailand, investigation
of BVDV epidemiology from year 2000 – 2004 (5-6)
indicated a wide-spread of the virus in dairy cattle. A
herd visit in 2004 in Khon Kaen province, a new
pestivirus that have distinct serological and molecular
characteristics, Th04/KhonKaen, was identified and was
grouped into an atypical pestivirus (7-8).
The aims of this study were 1) investigate the
epidemiology of BVDV infection in Khon Kaen province,
2) determine the effects on reproductive performance of
the infected cows and 3) study of pathology of BVDV in
newly indentified PI animals.
Materials and methods
Animals: A cross-sectioned study was starting in bulk
tank milk (BTM) of 420 dairy herds, October 2008. By a
commercial indirect ELISA (Svanova Bioech AB,
Sweden), levels of specific antibodies to BVDV in BTMs
were used to classify all herds into 4 classes (0-3); i.e.
class 0 herds are free of BVDV infection and class 3 herds
are active/recently BVDV infected (9).
Effects on Reproductive Performance: Cows in class 0
and 3 herds, at the same number of herds, were data
collected on calving to 1st service interval, calving to
conception interval, calving index and overall pregnancy
rate. Independent sample t-test and two independentsamples test, in SPSS (v.17), were used to analyze the

relationship of BVDV status, at herd level, to all
reproductive indexes.
Pathology of BVDV Infection in PI Animals: All cattle in
class 3 herds were milk/blood collected for identification
of PI by a commercial antigen ELISA (HerdChek®,
IDEXX Laboratories, US). If any antigen positive animal
was found, a new blood sampling would be done in the
next 3-5 month to certify its persistent infection status. By
double tests, 2 PI animals would be selected for necropsy
and histological study.
Result
BTM studies, 148 dairy herds (35%) had antibodies to
BVDV. Two-hundred and forty-one herds (65% and 10%,
respectively) were classified into class 0 and 3,
respectively. The data of reproductive performance from
all cows in class 0 (37 herds) and class 3 herd (37 herds)
showed the effects of BVDV infection (Table 1).
By 1st individual blood sampling, 5 virus positive calves
were identified. A virus positive calf died before the 2nd
sampling in May-June 2009. In July 2009, 2 PI were kept
for pathological study at the Faculty of Veterinary
Medicine, Khon Kaen University while the other PIs were
suggested for culling.
In August 2009, the first PI, 10 months old, showed signs
of respiratory distress and diarrhea with no-response to
antibiotics and fluid supplement, and died in 4 days.
Necropsy was done on the day after and revealed
pathological changes in GI tract, pulmonary system,
lymphoid organs and bone marrow. Severe erosive
edematous mucosal surface of pharyngeal area and
proximal part of tongue was observed. Mucosal erosion
and military hemorrhagic ulcers were found in esophagus,
rumen, abomasums and intestines. Bone marrow became
pallor partially gelatinous degeneration. Cerebellum was
smaller in size (Figure 1-3). By histological study,
gastrointestinal mucosa was necrosis and atrophy and
submucosal layer was edematous and slightly infiltrated
with mononuclear cells (Figure 4).
One month later the second calf, 8 months old, was
euthanized due to the same physical conditions as the first
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calf. Necropsy was done on the day and also revealed the
same pathological findings as in the first calf.
Table 1 Comparison of reproductive index of dairy cows
in class 0- and class 3- BVDV herds in Khon Kaen
province.
Reproductive index
BVDV status
p-Value
Class 0
Class 3
Calving to 1st
89.05
± 121.59 ± p < 0.001
service interval (day) 23.97
34.08
Calving to
127.03 ± 170.69±
p < 0.001
conception interval
30.11
39.87
(day)
Calving index (day)
406.60 ± 450.42
p < 0.001
30.85
±38.42
Overall pregnancy
56.82
48.54
p < 0.05
rate (%)
Discussion
Although the overall prevalence of BVDV infection (class
1+2+3) were lower than a survey in 2004 but increasing
of class 3 herds from 1% in 2004 to 10% in 2008,
indicated a more seriously status of BVDV infection in
dairy herds of Khon Kaen. Data of reproductive
performance pointed to the effects of BVDV infection on
cattle reproduction. Cows of class 3 herds had
significantly poorer all reproductive index (p <0.05) than
cows of class 0 herds. The reproductive loss due to
BVDV infection in Khon Kaen dairy herds was similar to
losses due to the infection in many dairy populations in
the world (2, 10).
Gross lesions and histopathological changes in the PI
calves, especially the gastrological lesions and cerebella
hypoplasia were the characteristic lesions of prenatal
infection of BVDV [3].
Both epidemiological study and pathological studies
verify the existence of BVDV in Thai dairy cattle and the
virus caused losses in production. Biotyping and
genotyping of the infective BVDVs is ongoing study and
will be presented at the conference.

Figure 2 Cerebella hypoplasia of PI calf No.1

Figure 3 Bone marrow degeneration of PI calf No.2.

Figure 4 Villi atrophy and mononuclear cells infiltrated to
the submucosa of small intestine.

Figure 1 Severe erosive edematous mucosal surface of
pharyngeal area and proximal part of tongue of PI calf
No.1.
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Introduction
Neospora caninum is an intracellular protozoan parasite
and well-recognized as the most important cause of
bovine abortion worldwide (1). Substantial economic
losses to the farming industry due to N. caninum have
been estimated (2). The most frequent route of infection is
transplacental (vertical) transmission that an infected dam
can transmit the parasite to her offspring during
consecutive pregnancies (3-5). Cattle may be infected
when they consume oocysts (6) shed by dogs or coyotes,
which are the definitive hosts of the parasite (7, 8). Dogs
become infected and shed the oocysts in faeces after
consuming tissues, or placenta from N. caninum-infected
cattle. Presence of N. caninum-specific antibodies
indicates that the individual animal has been or is
infected. Currently, detection of antibodies is the only
method suitable for studies designed to estimate
prevalence of N. caninum infection in cattle populations
(9). Bovine herpesvirus 1 (BHV1) has been implicated in
respiratory and genital problems and in abortion.
Nowadays, these syndromes are widespread, with a high
prevalence in cattle herds all over the world (10). Bovine
viral diarrhea virus (BVDV) is a pestivirus responsible for
repeat breeding, embryonic death, abortion, stillbirths,
mummified fetus, infertility and congenital defects in
calves (11). BVDV can induce immunosuppression
andcontribute to the severity of infections by other
pathogens (12). In Thailand, studies have reported a
considerable variation of N. caninum prevalence between
dairy farming areas (13-17). Repeated bulk milk testing
has indicated that the N. caninum infection rates in Thai
dairy herds differ both temporally and spatially(13).
However, limited information is available about the effect
of N. caninum infection on the reproductive performance
of dairy cattle in Thailand although the results of several
studies indicate that early foetal loss may occur after
becoming infection. The objective of the study was to
investigate the effect of the N. caninum infection on the
reproductive performance of dairy cows in Thailand.
Information about the prevalences and the associations of
the animal infected by N. caninum, BHV-1 and BVDV in
beef cattle in Thai beef cattle is limited. The objective of
the present study was to investigate the prevalences and
the associations of all the 3 infectious pathogens in beef
cattle in Thailand.
Materials and methods
A cross-sectional serological survey was carried out in
Phu Wiang district, Khon Kaen province of northeast

Thailand between July and August 2009. A total of 77
beef cattle in 22 randomly selected smallholder herds.
Sample collection, treatment and storage: Blood samples
of all animals were collected from the coccygeal vein and
all samples were collected into a sterile tube and kept at
the ambient temperature (+30 °C) for 2-4 h and later put
into an ice box (+4 to +8 °C). They were delivered to the
laboratory the same day to be centrifuged at 1000 x g for
15 min at +4 °C. Serum was collected and stored at -20°C
until analysis.
Antibody detection: All sera were analyzed for the
presence of specific antibodies against N. caninum, BHV1 and BVDV using commercially available enzymelinked immunosorbant assay (ELISA) test kits (Svanova
Biotech AB, Uppsala, Sweden). Presence of N. caninumspecific antibodies in sera were demonstrated by the
commercially available N. caninum iscom ELISA test kit
essentially following the manufacturer‘s instructions. The
sera were diluted 1:100 in PBS-Tween before analysis.
The positive and negative sera provided with the test kit
were included in each analysis as controls. All samples
and controls were analyzed in duplicates and the optical
density (OD) was measured at 450 mm. The results were
given as Percent Positivity (PP = [Mean OD of sample /
Mean OD of positive control] X 100). Samples with PP
≥20 were considered positive. For the analysis of specific
antibodies for BHV-1 and BVDV the OD, corrected for
the OD of the control antigen (COD), were also expressed
as PP values relative to the ELISA kit positive control. As
recommended by the manufacturer, serum samples that
had CODs PP ≥0.20 from the BHV-1 ELISA test were
regarded as positive to BHV-1 and serum samples that
had PP ≥0.14 from the BVDV ELISA test were regarded
as positive to BVDV
Data analysis: Three different logistic regression models
were built using N. caninum, BHV-1 and BVDV
serostatus at the individual-level as the outcome variable,
with serostatus of other diseases, herd, age and sex as a
random effect. Model 1, N. caninum serostatus was
considered as the outcome variable, seropositivity of both
BHV-1 and BVDV were used as a random effect. Model
2, BHV-1 serostatus were the outcome variable whereas
BVDV and N. caninum serostatus were a random effect.
Model 3, BVDV serostatus was used as the outcome
variable, BHV-1 and N. caninum infection status were
included to the model as a random effect.
Data management and statistical analysis were carried out
using analysis in Stata Statistical Software release 8.0
(StataCorp., College Station, TX, USA) and Microsoft®
Excel 2002 (Microsoft Corp., USA).
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Results
Overall, seroprevalences of N. caninum, BHV-1 and
BVDV were 43.6%, 44.9% and 59.7%, respectively.
Moreover, 49.3% (38/77) of cattle were observed to have
being co-infections, i.e. 22.1% and 27.2% of sera were
positive with all the three and two pathogens,
respectively. Three different logistic regression models
were built using N. caninum, BHV-1 and BVDV
serostatus at the individual-level as the outcome variable,
with serostatus of other diseases, herd, age and sex as a
random effect. Model 1, N. caninum serostatus was
considered as the outcome variable, seropositivity of both
BHV-1 and BVDV had no significant effect on N.
caninum seropositivity although BVDV-seropositive sera
revealed a trend of 2.6 times higher to be positive for N.
caninum than that BVDV-seronegative samples (P=0.09)
(Table 1). Model 2, when the outcome variable was
BHV-1 serostatus, BVDV-seropositive cattle had 8.4
times more likely to be positive for BHV-1 than BVDVseronegative ones. In addition, there was apparent
association between seropositivity for BHV-1 and age of
the cattle (Table 2). Model 3, BVDV serostatus was used
as the outcome variable, BHV-1 seropositive cattle
increased the odds of seropositivity for BVDV of 8.6
(compared to BHV-1 negative cattle) (Table3).
Table 1 Analyse of individual level of N. caninum
seropositivity in 77 beef cattle in smallhoder farms in
Khon Kaen province of Thailand
Variables
BHV-1 seropositive

Odds Ratio
1.78

S.E.
1.12

P
0.36

95% CI
0.52-6.14

BVDV seropositive

2.65

1.56

0.10

0.84-8.38

Herd

1.00

0.05

1.00

0.91-1.09

Age <5 years

0.21

0.20

0.10

0.03-1.38

Age ≥5 years

0.37

0.27

0.17

0.09-1.51

Female

0.98

0.56

0.97

0.32 - 2.98

Table 2 Analyse of individual level of BVDV
seropositivity in 77 beef cattle in smallhoder farms in
Khon Kaen province of Thailand
Variables
N. caninum seropositive
BHV-1 seropositive
Herd
Age <5 years
Age ≥5 years
Female

Odds Ratio
2.62
8.60
1.00
2.69
1.25
1.07

S.E.
1.52
5.96
0.05
2.65
1.06
0.69

P
0.10
0.00
0.97
0.32
0.79
0.91

95% CI
0.84-8.19
2.21-33.42
0.90-1.11
0.39-18.60
0.24-6.60
0.31-3.75

Discussion

presence of the associations between N.caninum, BHV-1,
and BVD were observed. Co-infections between different
pathogens that cause bovine abortion have been reported.
The present study showed that cattle having the positive
to specific antibodies to both BHV-1 and BVDV had the
higher chances to have seropositive to N. caninum
seropositive status. The immunosuppressive effects of
BVDV also be act as predisposing cause of other infection
s that results in calves in particular to secondary
infections, and calf health can be severely affected in
infected herds (12). It was concluded that N. caninum,
BHV-1 and BVDV were common pathogens and highly
prevalent in Thai beef cattle population. This is the first
report of the associations among N. caninum, BHV-1 and
BVDV infection in beef cattle in Thailand.
Table 3 Table 2 Analyse of individual level of BHV-1
seropositivity in 77 beef cattle in smallhoder farms in
Khon Kaen province of Thailand
BHV-1 seropositive

S.E.

P

95% CI

BVDV seropositive

Odds
Ratio
8.48

5.79

0.00

2.22-32.31

N. caninum seropositive

1.79

1.13

0.36

0.52-6.19

Herd

1.07

0.06

0.25

0.95-1.20

Age <5 years

0.37

0.27

0.17

0.09-1.51

Age ≥5 years

0.98

0.56

0.97

0.32-2.98

Female

1.18

0.80

0.80

0.31 - 4.45
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The prevalence of all the three pathogens infection in beef
cattle found in this study was very high compared to the
previous studies in dairy cattle in Thailand (14, 16, 18).
This indicated that the dynamics of such infections in beef
population might be different from dairy cattle. The
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Introduction
Bovine Leukemia Virus (BLV) has been recognized as
one of the most important contagious viral infection of
bovine species animals. Although there were several
studies of this viral infection in ovine and caprine species
animals, this kind of infection was recently discussed as
an accidental infection in non-definitive host (1). BLV is
an oncogenic lymphotropic retroviridae in Order
Deltaretrovirus, Family Retroviridae, which both direct
and indirect economic impacts on the dairy farming have
been reviewed (2). Most important transmission route of
this viral infection is horizontal transmission by poor
sanitation in farm practices that may transfer infected
lymphocyte from infected animals to others animals (2).
Some studies in Thailand clearly showed evidence of the
potential of this transmission route already, but vertical
transmission, via colostrum, intra-uterine infection and
the dynamic of infection in calves were not yet
demonstrated. The aim of this study was to describe the
dynamic of bovine leukemia virus (BLV) infection in
dairy calves raised under a natural condition that will
give more epidemiological information of BLV infection
in Thailand.
Materials and methods
Animal: Ten pregnant seropositive dams and 10 pregnant
seronegative dams from known infected status farms were
selected for monitoring the infection and immunological
responses in calves born from these dams for 6 months.
Sample collection: First blood sample was taken
immediately from all calves before the first colostrum was
fed. The first colostrum sample was taken for viral
particle detection using PCR. Thereafter, the series of calf
blood samples were taken at 2, 4, 8, 12, 16, 20, 24 weeks
of ages. Each blood sample was divided into 3 portions.
First portion was collected in serum tube for detection of
immunological response of BLV infection or passive
immunity directly received from their dams by indirect
ELISA technique. The other two portions were collected
in 2 EDTA tubes for hematological study and for
detection of viral particle using PCR.
Laboratory: Indirect ELISA using commercial test kit
(IDEXX HerdCheck Anti-BLV Laboratories Inc.,
Westbrook, USA.) was performed under the direction of
the manufacturer which had a positive cut-off value at S/P
ratio = 0.5. PCR technique was performed according to
Wajjawalku et al. (3). Hematological parameters were
analyzed automatically using semi-automatic blood
analyzer.
Statistical analysis: Data of indirect ELISA and PCR test
were analyzed using descriptive statistics. Hematological
data were compared between seropositive and

seronegative herds using student‘s t-test when data were
normally distributed or Mann-Whitney U test when data
were not in normal distribution. Agreement of the two test
results (indirect ELISA and PCR) was analyzed using
kappa value statistics.
Results
Eleven calves were included in this studied because 8 bull
calves were discarded by managerial reasons of the
farmers and one calf died before experiment was finished.
Table 1. Results of BLV infection and immunological
response using PCR and iELISA technique in 11 calves
raised under the seropositive and seronegative herds.

ELISA results: Results of indirect ELISA from table 1
demonstrated negative results in calf 8 and calf 9 that
would be in an expected result of calves raised under a
seronegative condition and also maintained this negative
status until the end of the study. Calves which were raised
under this negative condition could not be received any
viral pathogen and any passive immune. This result
showed a good picture of negative herd condition. The
ELISA test results of calf 10 and calf 11 showed different
picture from negative herd condition which showed
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seropositive result on week 4. These unexpected results
could happen in a large herd that had a very low
prevalence of BLV infection and also with an improper
sample size was taken from this farm. Then an ELISA test
could not detect the true seropositive cows (4). Calves fed
with pooled colostrum in this farm could possibly be
taken an infected lymphocyte or maternal immune which
were contaminated or transferred via this pooled
colostrum from undetected seropositive cows. This could
give a reasonable explanation of this event. Calf 1 to calf
4 which were raised under a positive herd presented a
seropositive result from ELISA test immediately after
birth and maintained this positive status for at least 6
months. This event might indicate a maternal immune
transfer by transplacental transmission. This could give an
explanation of seropositive result of these 4 calves not just
only via colostrum feeding. When the ELISA test result of
calf 1 to calf 7 were considered, transcolostral infection
might be a potential route of infection in BLV positive
herd. But a conclusion could not be given here because a
true viral particle intake from colostrum could not be
proven due to an inability of PCR to detect viral particle
in colostrum (5).
Haematological result: Results from Table 2 indicated
that there were no statistical differences of hematological
values between calves raised under a seropositive herd
and seronegative herd, suggesting that vertical
transmission via colostrum intake and intra-uterine
infection was not associated with haematological values
in calves. All of calves‘ haematological values were in
reference values (9).
Agreement of test: Agreement of iELISA and PCR test
results without gold standard test showed the Kappa value
of 0.53 describing a moderate association between these
two tests (10).
Discussion
Use of serological test such as ELISA to detect of
infectious status in calf less than 6 months of age needed
to be concerned due to the false positive result from
transcolostral maternal immune transfer. In addition, the
result in calf older than 6 months, using only ELISA
method to detect viral infection could not give a correct
information of infection status. The other technique which
is able to identify the viral particle such as PCR technique
was necessary to increase specificity of test. But PCR
technique also could not give an enough satisfactory result
when used to confirm infection in seropositive herds due
to the false negative result was indicated. On the other
hand, PCR technique was an appropriate diagnostic tool
to confirm negative herd status. The result from this study
could give a picture of vertical transmission of this viral
infection in Thailand. Especially, transcolostral
transmission might be an important route of infection in
newborn calf thus an appropriate colostral management
needed to be considered for disease control or eradication
program. This studied result reviewed that hematological
values were not a useful diagnostic tool for BLV infection

in calf. Because of limited number of samples and
relatively short study period, further study is required
before a concrete conclusion could be made.
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Table 2. Average hematological result of calves raised
under a seropositive herds and seronegative herds (from
wk 0-12).
Age(wk)
parameter
0

4

8

12

9800 ± 758

11,580 ± 850

8,635 ± 477

9,566 ± 545

Neutrophil (%)

53.72 ± 4.20

49.45 ± 4.48

34.87 ±5.85

43.00 ± 5.22

Lymphocyte (%)

37.45 ± 4.78

41.36 ± 4.68

56.12 ± 5.57

49.30 ± 5.18

Monocyte (%)

8.18 ± 1.60

8.27 ± 1.07

7.87 ± 0.78

7.00 ± 0.81

Eosinophil (%)

0.36 ± 0.20

0.36 ± 0.20

0.87 ± 0.39

0.60 ± 0.30

Wbc(cell/l)

Table 2 (continued). Average hematological result of
calves raised under a seropositive herds and seronegative
herds(from wk 16-20).
Age(wk)
Parameter

16

20

24

10,673 ± 534

10,010 ±775

10,293 ± 1,213

Neutrophil (%)

28.09 ± 6.68

25.36 ± 2.44

28.33 ± 7.42

Lymphocyte (%)

60.00 ± 6.66

67.63 ± 3.18

61.33±8.41

Monocyte (%)

7.27 ± 1.51

5.81 ± 1.35

7.66 ± 3.38

Eosinophil (%)

1.00 ± 0.46

1.18 ± 0.35

2.66 ± 1.20

Wbc(cell/l)
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Introduction
Tuberculosis (TB) is an important zoonosis caused by

cattle (61 herds) in NW Cameroon (10–11°E & 5–7°N)
were investigated between March and September 2009.

bacteria of the Mycobacterium tuberculosis complex. M.
bovis the agent of bovine TB (BTB) in animals can also

Abattoir survey
The meat inspection was done by resident veterinary staff

cause TB in humans (1) from ingesting contaminated milk
and raw beef or by inhaling cough spray from infected

based on the veterinary health inspection and notification
of contagious animal diseases regulation (7). Participants

cattle (2). M. bovis has been estimated to account for 10 –

for the questionnaire survey were randomly selected from

15% of human TB in most developing countries (3) and
less than 1% in most industrialised countries (4). Control

a list of abattoir staff, butchers, ―Bayam sellems‖ (meat
traders) and cattle owners who visited the abattoir.

of BTB in animals and human M. bovis infection are
centred on reducing animal exposure to the pathogen and

Tuberculin skin testing
Responses to comparative intradermal tuberculin skin test

the odds that animals will become infected after exposure
and shed the pathogen. However, BTB is widespread in

of cattle to bovine and avian tuberculin purified protein
derivatives (PPDs) (Lelystad Biologicals, Netherlands)

most African countries (2) but under investigated. Human

were measured (8-9). Skin responses to bovine PPD and

M. bovis infection has been confirmed in some countries
(5-6) and zoonotic BTB is an important concern to

avian PPD individually were also assessed (10). Cattle
owners and herd locations were listed and subjected to

veterinary and human medicine. In Cameroon, there are
close human-livestock associations and many cattle

random number generation to select herds for the survey.
The animals were reared traditionally with or without

keeping communities but scanty attention is given to BTB
and the public health implications of zoonotic TB due to

transhumance, in semi-intensive and intensive systems.
Regulatory informed consent procedures were observed.

M. bovis. There is no national data on the distribution of
bovine TB. Indications of BTB occurrence in livestock in
the country are based on post mortem and meat inspection

Data analysis
Data from individual study units, abattoir details,
answered questions and study site data were entered into

findings. This report describes the trend of TB lesions in
slaughtered cattle from 1994 to 2008 in the Bamenda city

Microsoft Excel®. Frequency distribution of the detection
rates of TB and non-TB lesions and skin responses to

abattoir and detection of BTB in cattle by tuberculin skin
test in Northwest (NW) Cameroon. The study builds on

tuberculin were generated. The observed prevalence based
on tuberculin test was corrected to the true prevalence

primary findings of close human-livestock contact in the

(11). The data was then exported to SigmaPlot® (Systat

region to review risk factors for zoonotic BTB infection in
cattle handlers and its public health implications.

Software, Inc) for appropriate statistical analysis.

Materials and Methods
Slaughter meat inspection records of 108,056 cattle in the
Bamenda abattoir between 1994 & 2008 for retrospective

Result
The fifteen years meat inspection records revealed TB
lesions in 0.33% of 108,056 slaughtered cattle or 51% of
condemned carcasses. TB lesions occurred throughout

analysis; questioning of 81 cattle handlers about their

(Figure 1) but the rate was higher (P<0.001) for the period

habits and awareness of TB for zoonotic TB risk
assessment and responses to tuberculin skin test of 2,126

2001 to 2008 (0.40%) than during 1994 to 2000 (0.17%).
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Figure 1: Distribution of TB and non-TB pathologies at
the Bamenda municipal Abattoir (1994 –2008)

Figure 2: Awareness of cattle handlers to threats of
bovine TB (BTB) and its modes of transmission

Comparative tuberculin test detected BTB in 5.4% of

Discussion

2,126 cattle (64% infected herds) spread over the region.
There were higher (P<0.05) skin reactors among female
cattle, cattle older than 4 years and those kept in semiintensive management; and more (P<0.05) skin positive
upgraded / exotic cattle and Red Mbororo zebus compared
to the other breeds (Table 1). Overall, 10.9% of test
animals responded positively to bovine PPD. Also, over
81.9% of cattle handlers were aware of BTB, 67.9% knew
BTB is zoonotic and 53.8% named at least one mode of
BTB transmission to man (Figure 2). Respondents
(88.14%) who had encountered TB cases were more
(P<0.05) informed about zoonotic TB while over 27% of
respondents eat raw meat and or drink unpasteurized milk
regularly. Cattle professionals with low level of education
(81.48%) and butchers (85.96%) were least (P<0.05)
aware of the zoonotic nature of BTB.
Table 1: Prevalence of BTB in cattle in Northwest
Cameroon by comparative tuberculin skin test responses

Variable

No
tested

All animals
Upgraded/Exotic
Guadali
Red Mbororo
White Fulani
Female
Male
Age ≤ 4 years old
Age > 4 years old

2126
351
644
484
647
1632
494
800
1326

Doubtful
reactors
% (95% CI)
4.9 (4.0-5.9)
6.8 (4.2-9.5)
6.8 (4.9-8.9)
4.6 (2.7-6.4)
2.3 (1.2-3.5)
5.6 (4.5-6.8)
2.6 (1.2-4.0)
2.6 (1.5-3.7)
6.3 (5.0-7.7)

Bovine PPD
reactors
%* (95% CI)
5.4 (4.4-6.3)
8.5a (5.6-11.4)
5.1b (3.4-6.8)
7.0a (4.8-9.3)
2.7c (1.5-4.0)
5.5d (4.4-6.6)
4.9e (3.0-6.8)
4.3f (2.9-5.7)
6.1g (4.8-7.3)

Extensive system
1024
3.9 (2.7-5.1)
4.6h (3.3-5.9)
Intensive system
138
8.7(4.0-13.4)
4.8h (1.2-8.3)
Semi-intensive
784
6.8 (5.0-8.5)
7.7i (5.8-9.6)
Herds ≤ 40 cattle
852
5.3 (3.8-6.8)
7.4j (5.6-9.1)
Herds > 40 cattle
1274
4.7 (3.6-5.9)
4.1k (3.0-5.1)
* Same letter in a column are not different (P>0.05)

The Bamenda abattoir provides daily beef requirements to
over 500,000 inhabitants in the city and neighbouring
areas. Though TB is the most common pathology
encountered at abattoir meat inspections, reliable data of
BTB in Cameroon is sparse. Season did not influence the
detection rate of TB lesions but it was higher during interseason and peak-season periods and when slaughtering
was elevated. The detection rate of TB lesions in this
study was lower than 0.82% reported elsewhere in the
country (12). However, these findings confirm that BTB
is widespread in many cattle producing regions in
Cameroon. Detection of BTB lesions at meat inspection
can be affected by infections other than M. bovis,
parasites and other irregularities of abattoir meat
inspections (13-14), work load, time and the diligence of
the inspector conducting the examination (15). These
factors contributed to the wide fluctuation of the TB
lesion detection rates in this study. Meat inspection can
provide significant insight into the prevalence of TB in
cattle. However, meat inspection procedure must be
intensified for effective monitoring of BTB to be achieved
in NW Cameroon. Grossklaus (17) and Hinton & Green
(16) found that drastic reduction of suspicious lesions at
meat inspection as an integral strategy of both quality
assurance and quality control systems provided the quality
demanded and protection of consumers.
Based on tuberculin skin test, BTB was widespread but
varied according to breed and management system in NW
Cameroon. This suggested high level of infectiousness of
the disease under the common cattle production systems
and humid tropical climatic conditions. However, better
resistance or adapted tolerance to BTB infection (18) may
have contributed to the lower BTB detection rate recorded
in the Gudali and White Fulani zebus compared to the
Red Mbororo zebu and particularly the upgraded/exotic
cattle. The chronic nature of BTB, low transmissibility in
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the pastoral systems, delayed onset of tuberculin positive
response in adult and/or old animals had been attributed to
long incubation periods, pre-allergenic status and partly
acquired or maternal immunity (9, 19). Most farmers
shared the same micro-environments with their animals;
thus there is a high and increasing risk of zoonotic BTB
being spread. Also, most cattle handlers were aware of
BTB and its zoonotic nature but occupation and level of
education were important risk factors.
The study showed that BTB is prevalent in cattle destined
for human consumption in NW Cameroon with serious
public health implications. Cattle handlers are at risk of
infection and can serve as source to susceptible hosts.
Targeted control of infected animals, concerted veterinary
/ medical efforts and research, health education, active
involvement of animal handlers and good health systems
are essential for effective control.
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Introduction
In sub-Saharan Africa, tuberculosis (TB) and brucellosis
represent a major challenge for development. Indeed,
these diseases can cause important economic losses
through decreased animal productivity and cause
morbidity in man with increasing costs in the delivery of
human health services (1). Increasing rural poverty urges
African dwellers to move into urban areas where livestock
plays a substantial role in subsistence with subsequent
impact on health and environmental welfare. Indeed, the
lack of effective sanitation measures, animal overload and
close contact between humans and animals represent risk
factors that may promote the transmission of TB and
brucellosis from animal to man in these settings (2). The
risk of transmission of these diseases can be important in
a city like Niamey, where also the consumption of
unpasteurized dairy products is very common (3).
However, zoonotic brucellosis and TB have hardly been
little studied in the context of sub-Saharan Africa (4). In
Niger, prevalence data of these two zoonoses in man and
animal are almost inexistent. The objective of this study is
to investigate the presence of certain risk factors for
transmission in urban and suburban areas and to compare
them with the situation in rural areas; to estimate
seroprevalence of brucellosis in animals and to study the
presence of tuberculosis in animals slaughtered at the
slaughterhouse in Niamey.
Materials and methods
Determination of risk factors: A cross sectional household
survey was conducted in the urban (Ur) and periurban
(PU) zones of Niamey city as well as in the rural areas
(Ru). In total, 1,131 households (399 in Ur, 400 in PU and
332 in Ru) were randomly selected from an actualised
census database. The questionnaire used in the face-toface interview with the head of the household included
questions related to animal husbandry practices and food
habits. Data were captured in SPSS software. Descriptive
statistics and parametric comparisons were performed
with STATA.8 software. Pearson‘s chi-square test was
used to estimate relations between categorical variables.

Determination of animal brucellosis seroprevalence: In
the three strata, 5,272 blood samples (3,239 cattle, 1,189
sheep and 844 goats) were collected in vacutainer tubes
from the jugular vein. These tubes were labelled
according to the zone and the herd of origin and
transported in cool boxes to the Central Veterinary
Laboratory in Niamey. Serum was tested for Brucella
antibodies with the Rose Bengal test (RBT) as described
by OIE (5).
Determination of the bovine TB (BTB) prevalence by
retrospective data collection: Data of 432,764 cattle
slaughtered between January 2003 and December 2008 at
the abattoir of Niamey. All the cases of condemnation for
reasons of TB during standard meat inspection were
analyzed. Parameters related to: animal (age, breed, sex,
geographic origin, clinical history), the production and
marketing system (including the various stakeholders), the
organs affected by BTB and description of the observed
lesion were analysed.
Determination of the BTB prevalence by post-mortem
inspection and laboratory analyses (transversal survey):
sixty-two samples of lesions were packed in 1.2 mL
Eppendorf® tubes containing semi-solid transport
medium (6) and sent at room temperature to the
Mycobacteriology Unit of the Institute of Tropical
Medicine, Antwerp, Belgium. Acid fast bacilli (AFB)
were detected by microscopy using the Ziehl-Neelsen
(ZN) technique. In vitro culture was carried out after
decontamination using the inverted Petroff method (6).
Spoligotyping was used to identify M. bovis for all
isolates (7). PCR was used for 20 specimens that yielded
contaminated cultures. Spoligotypes were identified by
the database on www.Mbovis.org.
Results
Study of risk factors
Results of the interviews show (table 1) that, in most
households animal reproduction is uncontrolled,
especially in urban areas (table 1). Concerning the
disposal of dead animals, a large proportion (37 to 87%)
of the respondents throws the carcasses in the trash.
Depending on the strata, 40 to 65% of the respondents
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observed abortions in their herds and in 40 to 84% of the
cases, abortion material was said to be dumped. Results
show also that 85 to 91% of the households consume
fresh milk or products made from unpasteurized milk. In
PU and Ru zones, poor hygiene was scored for 74% of the
households and 32% in Ur zones. On average, only 1% of
households employed disinfectants for cleaning kitchen
tools used to prepare food from animal products.

15 (13 cattle, 1 camel and 1 sheep) and 4 different
spoligotypes were observed among these 15 isolates (table
2). Eleven of the strains showed the SB0944 profile.
SB0300 was found in two Djeli cows and one camel
presented the SB1433 profile. Finally, an unknown profile
has been identified in a Djeli cow.
Table 2: Different M. bovis profiles identified
Spoligotype

Table 1: Exploratory variables in the three strata (%)
Factor
Ur
PU
Uncontrolled mating
92.1 75.3
Dumping of dead animals
81.0 74.4
Dumping of abortion material
77.0 84.2
Consumption of unpasteurized milk 85.5 93.7
Households using disinfectants
1.4
0.5

Ru
65.7
37.1
40. 0
90.9
0.7

Seroprevalence of animal brucellosis
RBT detected brucellosis in the animals of the three areas.
In sheep and goats the overall prevalence was respectively
2.4% and 3.7%. Among cattle, the prevalence was
significantly higher in Ru (21.3%) than in PU (5.07%)
and Ur (3.25%) zones. The prevalence of brucellosis was
significantly higher among older animals (p <0.001). No
difference was found related to sex.
Characterization of BTB in the abattoir of Niamey
From the 432,764 cattle carcasses, 0.19% showed large
visible lesions compatible with BTB (apparent lesion
prevalence). BTB lesions (fig. 1) were mostly detected in
lungs (94.5%) and 7.95% were found in the liver.

Figure 1: BTB lung lesions observed in the Niamey
abattoir, Niger
Acid fast bacilli were detected in 48.3% of the 62 postmortem samples sent to Antwerp. Twenty-tree samples
(37.1%) were positive for culture. After molecular typing
of the isolates we noted 5 weak reactions and 3 samples
showing profiles that do not corresponding to M.
tuberculosis complex. Finally, M. bovis was isolated from

SB0300
SB0944
SB1433
Unknown
profile

Number of animals
Total
2
11
1
1

Bovine
Sheep Camel
Djeli Mbororo
2
7
3
1
1
1

Discussion
This study confirms that animal brucellosis and
tuberculosis exists in Niger, in urban as well as in
periurban and rural production systems. Food habits and
breeding techniques indicated that the risk of transmission
of brucellosis and BTB are high. The high consumption of
unpasteurized dairy products (85-91%) and poor hygiene
are risk factors favouring human contamination through
food (8). Uncontrolled mating promotes the transmission
of the diseases from infected to healthy animals (9).
Dumping of carcasses and aborted material contributes to
spread germs in the environment (10).
The prevalence of bovine brucellosis in Ur and PU (3.25 –
5.07%) are similar to those found in the periurban area of
Abidjan, Ivory Coast (11). In the Ru zones, the prevalence
of bovine brucellosis (21.3%) was significantly higher
than in Ur and PU areas. This can be explained by the
presence of large cattle population and mixed herds in
rural areas (12). Low prevalence in sheep and goats was
also observed in similar systems with small flocks (4).
The significantly higher prevalence of brucellosis among
older animals may reflect the longer exposition period of
those animals compared to the younger ones (13).
The apparent prevalence of 0.26% gross visible lesions in
Niamey slaughter cattle was surprisingly very low
compared to results published in other African countries
(14, 15, 16, 17). This suggests an underestimation of the
true BTB prevalence; which can be attributed i.a. to the
lack of rigor in the veterinary inspection at the
slaughterhouse or clandestine slaughtering. Among the
spoligotypes identified in Niger, the SB0944 is present in
73% of the samples, which confirms the predominance of
this strain in West African region. Indeed, this strain
represented a significant proportion of spoligotypes
identified in Nigeria (46.1%), in Cameroon (62.7%), in
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Chad (40%) and in Mali (9%) (14, 15, 16, 17). SB1433
and SB0300 were also reported in Nigeria (17) and Mali
(14). A feature common to all these strains identified in
West Africa is the lack of the spacer 30 (18) typical for
the AF1 M. bovis type. In Cameroon, because of the
similarity to patterns of strains isolated in France it was
suggested that M. bovis could have been imported to this
region during the French colonial period (16).
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Introduction
Biting insects such as tabanids and stomoxes, are present in all
kinds of landscapes. Their geographical distribution and spatiotemporal dynamic are strongly driven by landscape
fragmentations and by climate and its changes. In humans and
animals, especially in livestock, these insects can act as
mechanical vectors of a number of pathogens. Performing as
small syringes, they can take infected blood from a host (0.05-10
nanoliters) and, following an interrupted bloodmeal, inoculate
this blood into nearby host a few seconds or minutes later, at
short distance [1]. In experimental works conducted under
laboratory conditions, mechanical transmission of pathogens has
been demonstrated by artificially interrupted feeding of insects
on an infected host followed by resumption of the meal on
another host. Although the ability for mechanical transmission of
a number of potential vectors, like stomoxyines (Stomoxys nigra,
S. taeniatus, Haematobosca squalida) and tabanids (Tabanus
importunus, Cryptotylus unicolor and Tabanus nebulosus) has
been demonstrated [2-7], their role in the epidemiology of
trypanosomoses was still controversial since some authors
considered that these experiments did not reflect the reality and
that field observations were inadequate to prove mechanical
transmission.
Trypanosome as a model was ideal: a single parasite can infect a
host and be seen and counted by microscopic observation. A
series of experiment was thus carried out in Burkina Faso; it
clearly demonstrated the potential of mechanical transmission of
African trypanosomes by tabanids [8-10] as briefly reported
hereafter. Under specific circumstances mechanical transmission
may be as efficient as biological transmission, and should be
considered at least as an alter ego. Based upon the key-variables
of the transmission studies, a mathematical model was
developed, for a better understanding of mechanical transmission
and for further predictive applications [11]. In the present paper
we review the experimentation, the mathematical modelling and
applications which were done; we discuss the perspectives of
further experimental work required to elucidate the exact role of
stomoxes in mechanical transmission, and we design a project
aiming at gathering the mathematical models of transmission and
diffusion of pathogens in a more general model.We have
focussed our study on trypanosomes, but it must be clear that
since mechanical transmission is typically a model of ―nonspecific carrying system‖, most of the observations would be
applicable to any pathogen (including protozoa, bacteria, viruses,
and possibly prion proteins) presenting in the blood of a host a
substantial amount of circulating infecting particles that can be
picked up, transferred, and inoculated to another host by a biting
insect. Thus, they can be local vectors of any exotic disease
mechanically transmitted.

Materials and methods
Transmission experiments:
Three experiments on mechanical transmission were conducted
in Lahirasso (Burkina Faso), nearby a village with a very low
density of tsetse flies but with high tabanid pressure. The
complete design of these experimentations has been published [810]. Ten heifers (crossbred Zebu X Baoulé) that were 1-2 years
old and free of trypanosome infection were kept together in a 10
m by 10 m square corral. To avoid any feeding by tsetse flies, the
corral was entirely covered by a mosquito net (12 m by 12 m),
and a screen system was created at the entrance. Two of the
heifers (referred as ―donor heifers‖) were experimentally infected
with local stocks of T. vivax (experiments 1 and 2) or T.
congolense type savannah (experiment 3). The other heifers were
referred as ―recipient heifers‖. In each experiment a single
Tabanid species was used: Atylotus agrestis (experiments 1 and
3) or A fuscipes (experiments 2); the insects were trapped with
Nzi traps in the surrounding of the experimental site, identified,
counted and introduced daily into the fly proof corral. Heifers
were bled daily for counting of parasites, PCR on buffy coat and
serological examinations to follow-up the infection and
determine daily incidence.
Modelisation of the parasitaemia
To allow development of a general model, a typical profile of the
daily variations of the parasitaemia in a T. vivax infection was
designed by modelling the observed daily parasitaemia in 20
cattle experimentally or naturally infected. This profile was
substituted to the real parasitemic profiles in the mathematical
modelling.
Mathematical modelling of transmission
We developed the mathematical model of pathogen transmission
by a defined tabanid population, based on (i) the parameters daily
available from our experiments: parasitaemia, number of insects,
number of cattle, daily prevalence, and (ii) estimated constant
which stands for all unknown parameters [11].
Results
Transmission experiments:
In these 3 experiments, transmission of trypanosomes by tabanids
was successful, with various incidences, from 25% to 85% within
20 days of exposure of the 10 heifers to daily known numbers of
tabanids, ranging from 20-50 insects per head. Parasitaemia of
animals was recorded daily from donors and receivers. When
applying the following mathematical model, it was observed that
the constant C had a similar value in all 3 experiments.
Modelling of the parasitaemia Based on the average parasitaemia
in 20 experimental or natural infections, a typical T. vivax daily
parasitaemic profile was edited, as shown in figure 1.
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Figure 1: Parasitaemic profile of T. vivax infection in cattle.

Mathematical modelling of transmission
The aim of the model was to represent the number of new
infections expected per day, due to the mechanical transmission
of trypanosomes among a group of N hosts, under a burden of n
insects. The prevalence observed after an exposure period of d
days, Prevd, was:
d
Prevd = Prev0 + ∑ ni x C x Ti x (N – Inf(i-1)) / N2
i
where d is the duration of the exposure (in days), ni the number
of insects at day i, Ti the total parasitaemia of the N hosts at day i
(expressed in number of parasites/nl of blood) and Prev0 the
initial prevalence. The constant C which gathers unknown
parameters of the pathogen system (host/ parasite/ vector), was
the mean value out of the 3 experiments. When the model was
run with the parasitaemic profile the evolution of incidence and
the final prevalence were similar to that of the experiments
themselves, showing that this profile was acceptable for our
model. This predictive model allowed simulating the evolution of
prevalence under various circumstances (initial prevalence, insect
densities, insecticide or parasitic treatment applied, etc). Figure 2
and 3, show the evolution of the prevalence in herds of 30 cattle
under a daily burden of respectively 15 and 60 biting insects.
Prevalence at day 40 reached respectively 35% and 100%,
showing the determinant role of the insect burden and the very
high efficiency of mechanical transmission.
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Figure 2: Daily prevalence of T. vivax infection in a herd of 30 cattle
with initial prevalence of 10%, under a daily burden of 15 biting insects /
head.
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Figure 3: Daily prevalence of T. vivax infection in a herd of 30 cattle
with initial prevalence of 10%, under a daily burden of 60 biting insects /
head.

Discussion and perspectives
This work allowed modeling the disease transmission by tabanids
as mechanical vectors, based on the daily pathogenemia, the
mean individual insect burden, the herd size and the initial
prevalence of infection, using a defined pathogenemia profile.
The latter is a model of daily evolution of the pathogenemia in
the host which is necessary to establish in order to adapt this
model to other pathogens. Infectious dose of the pathogen under
study is another required parameter. Based on these data, such
models could be developed for other pathogens. Similar work is
being initiated with stomoxes (stable fly). In a series of

experiments, the ability of Trypanosoma evansi, Besnoitia
besnoiti, Lumpy Skin Disease virus and Bluetongue virus will be
evaluated for mechanical transmission by Stomoxys sp. Noninfected and infected lambs or heifers will be put together for 3
weeks in a fly proof corral with a known daily burden of
stomoxes. Kinetic of transmission will be observed and modelled
based on daily prevalence, pathogenaemia and insect number.
Once this work will be done, a more generic model of pathogen
transmission by biting insects (tabanids and stomoxes) will be
developed.
The ultimate step will be to study the geographical diffusion of
mechanically transmitted diseases by animal movements and
trading. We will construct a network with farms, grazing fields
and markets as nodes, and movements and trading relations
linking them, as edges. At the herd level, we will simulate the
mechanical transmission using the generic model previously
developed. At the geographical level, the diffusion of hosts
(migration of animals, trading…) will be simulated using a
Discrete EVents System (DEVS) specification [12]. The model
will be similar to gravity or percolation models, where the flow
between nodes simulates animals movements. In this particular
context, a DEVS model better capture the irregular and
discontinuous nature of movements at the geographical scale.
We will demonstrate the feasibility of the model with a
theoretical application developed in specialized platform [13]. If
adjustments of parameters are provided, such model could be
applied to many pathogens present in the blood of their hosts
(Bovine Leukemia virus, Anaplasma among others).
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Introduction
Animal African trypanosomiasis (AAT), also called
Nagana is a parasitic disease of great economic importance.
50 - 70 million cattle are at risk and 3 million die every
year. It restricts livestock production over 10 million km
and is responsible for economic losses of up to $4.75
billion a year (1). Infection with these trypanosomes causes
anorexia, anaemia, diarrhoea, staring coat, excessive
lachrymation, emaciation, weakness and eventually death
(2). The Jos Plateau in North Central Nigeria covers an
area of 8000km2 and an average altitude of 1280m. It was
previously free of tsetse flies and trypanosomiasis. This
lack of disease and abundant pasture attracted large number
of cattle keeping pastoralists to settle in the area which now
holds over a million cattle and plays an important role in
the national/regional cattle industry. However, over the
past twenty years tsetse flies have reinvaded the Jos plateau
(3) and trypanosomiasis is now a significant problem. Little
is known about the distribution and overall prevalence of
the disease across the Jos plateau which is essential if
successful interventions to reduce its impact are to be put
in place. A longitudinal cluster survey was carried out in
2008 to determine the prevalence of trypanosomiasis in
cattle using a suite of state of the art molecular tools. The
Results on prevalence and how land use patterns and
seasonal variations affect the epidemiology of
trypanosomiasis in this area are presented here.
Materials and Methods
Sampling frame: The prevalence of trypanosomiasis in cattle
on the Jos plateau was estimated using a longitudinal,
stratified two stage cluster survey designed to give 95%
confidence. The study area was stratified by river basin, with
villages as primary clusters and a fixed number of cattle to
be sampled in each village. Study sites were selected by
drawing a grid over the area and selecting one village per
cell. 80 cows were randomly selected for sampling from
individual herds within selected villages during the dry
season, early wet season and late wet season to enable
assessment of seasonal variations. Blood was collected from
each by venipuncture and applied directly onto Whatman
FTA cards. Cards were air dried at room temperature for at
least one hour and then stored in sealed envelopes with
desiccant. The sex, age, breed and condition score of each
animal was also recorded.
Extraction of DNA: Five 3mm discs were cut out of each
sample using a Harris Micropunch. The discs were given
two fifteen minute washes in 1ml of Whatman FTA
purification reagent to remove haemoglobin which inhibits
the PCR reaction. Used reagent was discarded after each

wash. They were then given two fifteen minute washes in
TE buffer (10mM Tris, 0.1 mM EDTA, pH 8.0) to remove
the FTA purification reagent and the used buffer discarded
after each wash. Discs were dried for 30 minutes in an
oven at 37°C. 100µl of 5% chelex suspension was added to
dry discs and incubated at 90°C for 30 minutes to elute the
DNA off the FTA discs. Eluted DNA solution was used for
the PCR reactions as it was found to be more sensitive than
using the dried FTA disc as recommended by the
manufacturers (4, 5)
T. brucei Primer sequences (6)
TBR 1: 5‘ - CGA ATG AAT AAA CAA TGC GCA GT – 3‘
TBR 2: 5‘ - AGA ACC ATT TAT TAG CTT TGT TGC – 3‘
PCR amplifications were carried out in a 30µl reaction
mixture containing 2.5µl Super Taq 10 x buffer,
0.5µl
TBR1
(100pmoles/µl),
0.5µl
TBR2
(100pmoles/µl), 0.2 µl 100mM dNTP, 1µl BIOTAQ Red
DNA polymerase (1U/µl), 14.55µl Distilled water,
0.75µl MgCl and 5µl sample DNA. Thermal cycling
was carried out in a Dyad Peltier thermal cycler as
follows: Step 1: 94C for 3 minutes; Step 2: 94C for 1
minute; Step 3: 55C for 1 minute; Step 4: 72C for 30
secs; Step 5: Repeat steps 2 – 4 x 34 times; Step 6: 72C
for 5 minutes.
T. congolense savannah Primer sequences (7)
TCS 1: 5‘ – CGAGAACGGGCACTTTGCGA – 3‘
TCS 2: 5‘ – G GACAAACAAATCCCGCACA – 3‘
PCR amplifications were carried out in a 30 µl reaction
mixture containing: 2.5µl Super Taq 10 x buffer, 1.5µl TCS1
(100pmoles/µl), 1.5µl TCS2 (100pmoles/µl), 0.2 µl dNTP
(100mM), 1µl BIOTAQ Red DNA polymerase 1U/µl),
12.55µl Distilled water, 0.75µl MgCl, 0.75µl Sample DNA.
Thermal cycling was carried out in a Dyad Peltier thermal
cycler using as follows: Step 1: 94C for 3 minutes, Step 2:
94C for 1 minute, Step 3: 55C for 2 minute, Step 4: 72C for 2
secs, Step 5: Repeat steps 2 – 4 x 29 times, Step 6: 72C for 5
minutes.
T. vivax Primer sequences (8)
ILO1264:5‘–CAGCTCGCCGAAGGCCACTTGGCTGGG–3‘
ILO1265:5‘–TCGCTACCACAGTCGCAATCGCAATCGTC
GTCTGAAGG– 3‘
PCR amplifications were carried out in a 30µl reaction
mixture containing: 2.5µl Super Taq 10 x buffer, 1.5µl
TCS1 (100pmoles/µl), 1.5µl TCS2 (100pmoles/µl), 0.2 µl
100mM dNTP, 1µl BIOTAQ Red DNA polymerase (1U/µl),
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12.55µl Distilled water, 0.75µl MgCl, 5µl sample DNA.
Thermal cycling was carried out in a Dyad Peltier thermal
cycler as follows: Step 1: 94C for 3 minutes, Step 2: 94C for
1 minute, Step 3: 55C for 2 minute, Step 4: 72C for 2 secs,
Step 5: Repeat steps 2 – 4 x 35 times, Step 6: 72C for 5
minutes.
Gel Electrophoresis:1.5g of agarose was added to 150ml of
1 x Tris Borate EDTA (TBE) buffer (36mM Tris, 30mM
NaH2PO4, 1mM EDTA, pH 8.0) stained with Ethidium
bromide (0.5µg/ml).This was poured into a 30cm x 20cm
mould. 15µl of the PCR product from the second round was
run on this 1.5% Agarose gel alongside a 100bp graduation
marker at 100V for 1hour on a Bio Rad Power Pac 300
machine. The gel was examined on a Bio Rad Gel Doc 2000
using Bio Rad Quantity One software.
Results and Discussion
Prevalence: Trypanosome infections were detected at 46.4%
prevalence representing 3314 infected animals out of 7148
sampled. Of these 3314:59% were T. congolense, 56% were
T. vivax and 3% T. brucei brucei and 21% were mixed
infections.
Table 1 Seasonal Prevalence of Trypanosomiasis
Dry
Season
T. b. brucei
T. congolense
T. vivax
All species

3.0%
30.8%
23.0%
44.1%

Early
Wet
Season
5.1%
24.8%
18.8%
46.7%

Late
Wet
Season
1.4%
26.0%
29.9%
47.0%

Overall

3.3%
27.2%
26.1%
46.4%

With village level data, 3 different patterns of seasonal
variation were observed.
Group 1: In these villages, the prevalence of
trypanosomiasis is lowest in the dry season and increases
significantly in the wet season (dry season vs. early wet
season p = 0.008025; dry season vs. late wet season p =
0.003547). This is the expected seasonal variation of tsetse
transmitted trypanosomiasis: tsetse populations are low and
of limited distribution in the dry season and increase and
become more widely distributed as the wet season
progresses (9)
Group 2: In these villages, the prevalence of
trypanosomiasis remains at a constant level all year round.
There with no significant difference in seasonal preference.
This disease pattern points to a persistent population of
tsetse flies which transmits trypanosomiasis all year round
and is not affected by seasonal variations in the
environment.
Group 3: In these villages, the prevalence of
trypanosomiasis is highest in the dry season, decreases as the
wet season begins and increases again towards the end of the
wet season (dry season vs. early wet season p = 1.1 x 10-6;
dry season vs. late wet season p = 0.032598; early wet
season vs. late wet season p = 0.003986). This is contrary to
the expected pattern of seasonal variation. There are three
likely drivers for this reversed epidemiological picture: The
dry season lasts for ~ 7months. It is a time of intense stress

for cattle on the Jos Plateau as there is very little food and
water available. Cattle must walk several miles a day in
search of adequate grazing and malnutrition is a grave
concern; the tsetse flies found on the Jos Plateau are the
riverine species Glossina tachinoides and G. palpalis (10)
Only a few streams and rivers persist through out the rainy
season and both cattle and the small residual population of
tsetse flies are concentrated at these points, providing a very
high level of host-vector contact; recent agricultural
expansion by farming communities has prompted
reclamation of pasture lands that pastoralists previously
used. Introduction of irrigated farming also means that
several ponds and rivers are surrounded by vegetable plots,
restricting the access of cattle to drinking water. This
exacerbates the effects of the harsh dry season and in many
villages, has forced pastoralists to migrate to areas with
lower land pressure and more abundant resources to avoid
conflict and livestock mortality. This combination of natural
resource conflict, stress, malnutrition, poor condition and
high tsetse challenge has succeeded in ensuring very high
transmission from a small population of vectors, and high
prevalence of trypanosomiasis in the cattle population.
Table 2 Seasonal Prevalence of Trypanosomiasis in three
epidemiological groups.
Group
Group 1
Group 2
Group 3

Dry
Season
15.8%
42.75%
68.8%

Average Prevalence
Early
Late
Wet Season
Wet Season
62.25%
26.5%
43.4%
40.6%
17.4%
48.1%
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Introduction
Animal African trypanosomiasis (AAT), also called
Nagana is a parasitic disease of great economic
importance. 50 - 70 million cattle are at risk and 3
million die every year. It restricts livestock production
over 10 million km and is responsible for economic
losses of up to $4.75 billion a year (1). Infection with
these trypanosomes causes anorexia, anaemia,
diarrhoea, staring coat, excessive lachrymation,
emaciation, weakness and eventually death (2). Over
the past twenty years animal trypanosomiasis has reemerged on the Jos Plateau (3), one of the main areas
of intensive animal production in Nigeria, with
consequent decline in the numbers and economic
potential of cattle. As such, little is known about the
habits and customs that could affect the epidemiology
of the disease in this area.
Participatory rural
assessment was conducted in 30 villages across the Jos
plateau to investigate the knowledge, attitudes and
practices of farmers on animal health and husbandry in
general and trypanosomiasis in particular.
Materials and Methods
Focus group discussions were conducted guided by a
questionnaire containing both open and closed ended
questions. Information on knowledge, attitudes and
practices concerning tsetse and trypanosomiasis was
collected, as well as general animal husbandry, herd
size and composition, disease and mortality, disease
control strategies, transhumance and household income
and expenditure. Information was collected on 30 study
villages and 71 individual herds.
Results
Disease perceptions and priorities: Liverfluke was
considered the most important disease, being cited as a
problem by 98.6% or all but 1 of the respondents and
never ranked lower than 3rd in importance.
Trypanosomiasis was the second most important
disease, cited as a problem by 94% of respondents and
ranked from the first to the fifth in importance. Foot
and mouth was the third most important disease, cited
as a problem by 46% of respondents and ranked from
first to fifth in importance. Pneumonia was the 4 th most

important disease, cited by 40% of the respondents and
ranked from second to sixth in importance.
Importance of trypanosomiasis: All respondents
recognised trypanosomiasis as a problem distinct from
other diseases. When asked to rank trypanosomiasis for
importance amongst the disease affecting their cattle, 9
villages (30% considered it the most important disease;
16 villages (53.3%) considered it amongst the top 3
diseases and 5 villages (16.7%) recognised it as a
problem but did not consider it a priority.
Disease control strategy: The trypanosomiasis control
strategy of all villages in the study was curative
treatment. There were no instances of prevention or
prophylactic treatment. Curative treatment was
preferred by 22 villages (73.3%) because it was the
most effective way to control trypanosomiasis; by 4
villages (13.3%) because it was the easiest; by 3
villages (10%) because it was the only available
strategy and by 1 village (3.33%) because it was the
cheapest.
29 villages (96.7%) in the study used drugs specifically
to treat trypanosomiasis. 15 villages (50%) used
Diminazine only; 1 village (3.3%) used Isometamidium
only; 1 village (3.3%) used a mixture of Diminazine
and Isometamidium; 11 villages (36.7%) used both
drugs and 2 villages (6.7%) did not know the name of
the drugs they used against trypanosomiasis. These
drugs were purchased from agro-veterinary merchants
by 20 villages (66.7%); from a veterinarian by 1 village
(3.3%); from the National Veterinary Research
Institute by 1 village (3.3%) and from both
veterinarians and agro-veterinary merchants by 7
villages (23.3%) and from both NVRI and agroveterinary merchants by 1 village (3.3%).
Trypanocides were diluted using bottled/packaged
water only by 13 (43.3%) villages; using well/stream
water only by 8 villages (26.6%) and by water from
both types of sources by 7 villages (23.3%). Of the 15
villages using water from natural sources, only 7
villages (46.7%) boiled the water before use. Only 10
villages (33.3%) diluted trypanocides using the correct
amount of water per sachet of the drug. Farmers treated
their animals in all villages except one where a
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veterinarian was called in to treat animals with
trypanocides purchased by the farmers. All farmers
dosed animals incorrectly.
Tsetse flies: Flies were cited as a problem by 23
villages (76.67%) and tsetse flies were specifically
mentioned as a problem by 20 (66.67%) of the 30
villages in the study. Farmers in all 30 villages (100%)
knew about tsetse flies whilst those in 24 villages
(80%) knew that they caused animal trypanosomiasis.
Farmers in 22 villages (73.33%) were able to identify
tsetse flies. 17 villages (56.67%) employed some sort if
protection for their cattle against tsetse flies. Of these
17, 8 villages (47.06%) used commercial pour-on
products; 3 villages (17.65%) used smoke from fires lit
with aromatic leaves/wood; 3 villages (17.65%)
sprayed their animals with herb tinctures; 2 villages
(11.76%) moved their animals to avoid tsetse flies and
1 village (5.88%) used a commercial insecticide spray.
Individuals from 2 villages were able to name the pouron used as Cypermil, a 5% Cypermethrin product.
Mortality: A total of 568 deaths were recorded by
respondents. 197 (33.62%) of these were due to
liverfluke, 194 (33.11%) were due to trypanosomiasis,
44 (7.51%) to pneumonia, 16 (2.73%) to foot & mouth
and 135 (23.04%) to other causes. Average mortality
rate was 9.9% per herd
Herd Size: Herd size was very variable, with a range of
7 – 5,500. The most common herd sizes were 20-30
cows (15%) and 100 – 200 cows (18%).
14
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Figure 1 Histogram of herd sizes
Migration: Three patterns of mass cattle movement
were observed across the plateau: Dry season migration
in search of adequate pasture and water for large herds,
practiced by 55% of study villages; Wet season
migration in avoidance of tsetse/biting flies and in
search of unused land and water for pasture, practiced
by 65% of study villages; 87% of study villages have
migratory cattle from other areas passing through their
lands as one of the major cattle highways of West
Africa stretching from Sudan to Mali crosses the Jos
Plateau. During these migrations, most of the herd is

taken away by the young herders, usually to a fixed
destination that they return to every year. The rest of
the family remains in the home village with any sick or
pregnant cows or those with young calves
No access to water
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Dry Season
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Figure 2 Reasons for Migration
Discussion: Trypanosomiasis is an important disease,
well recognised by farmers on the Jos plateau. They are
aware of the animal health and production
disadvantages associated with it and make considerable
efforts to control it, along with other livestock diseases.
However, they lack the adequate knowledge to do
effectively control these diseases themselves and there
are gaps in veterinary service provision, leading to
mistrust between veterinarians and farmers and
underuse of the few services that are available. Farmers
are also well informed about tsetse flies and their
association with trypanosomiasis. Efforts are made to
control tsetse flies but again, professional assistance is
required and the gaps in veterinary service provision
must be addressed. Herd sizes are large but mortality is
also high at 9.9%. Dry season migration to cope with
the harsh climatic considerations has long been a way
of life for pastoralists in Northern Nigeria but is not
without its costs – the stress of long journeys,
aggravation of sub clinical infections, security risks
and disease encountered en route. The phenomenon of
wet season migration however is a new development.
Due to agricultural expansion by arable farmers, land
and water resources are no longer enough to go round
and to avoid conflict, pastoralists have been asked to
remove their cows from villages during the planting
season.
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Introduction
Eradication of foot-and-mouth disease (FMD) in
Southeast Asia by 2020 is the main objective of the
―South East Asia Foot-and-Mouth Disease‖
(SEAFMD) campaign lead by the OIE sub-Regional
Representation in South East Asia (1) who has set and
now animates a passive FMD surveillance network in
Southeast Asia. In Cambodia, as well as in most of the
other infected countries participating to the SEAFMD
campaign, under-reporting of FMD cases is an
admitted fact all along the reporting chain from field to
central and then regional (SEAFMD) level. A
quantitative evaluation of the countries‘ reporting
performances would thus be most useful. Capturerecapture (CR) methods could be a low cost and
efficient tool for assessing these performances within a
relatively short time frame.
One of these CR techniques consists in gathering,
comparing and matching the cases collected by several
independent surveillance sources for a focal population
and time period. The analysis of such multi-source data
allows one to obtain estimates of the total number of
cases in the focal population and period (2,3). Usually,
these analysis are performed with existing data, which
can introduce uncontrolled bias if the sources fail to
fulfil the conditions of application of CR methods (4).
Here, we propose to combine an existing case reporting
source with a new source designed by ourselves
specifically for the CR analysis of FMD outbreaks
reporting system in Cambodia during the year 2009.
The existing source of information is the official
database from the SEAFMD campaign. The second
source, which we plan to generate, will be a
retrospective survey using a participatory approach in
villages selected independently from the official
notifications. This kind of approach has already been
applied in Thailand, but a very low overlap between
the two sources (1 case) hampered the computation of
robust estimates of the true infected population size (5).
In this paper, we want to investigate two different
sampling strategies for developing a second source: a
random sampling and a targeted sampling. For the
latter strategy, more effort is invested for sampling
epidemiological units presenting relatively high
probabilities of infection. With a same number of
epidemiological units sampled, we expect that such a
targeted strategy results in higher case detection

probabilities and greater overlap with the pre-existing
source than a random sampling strategy. We simulated
both strategies on a virtual epizootic in order to
evaluate. accuracy and precision of the official source
sensibility estimate
Materials and methods
Capture-recapture with two sources: Suppose that a
diseased population is screened by two imperfect
surveillance systems. The system 1 detects x cases and
the system 2 detects y cases. Among these x+y cases,
there are a cases that are detected by both systems, b
cases that are detected only by system 1 and c cases
that are detected only by system 2 (a+b=x; a+c=y).
The objective is to determine the number of cases
which are not detected. Under the assumption of
independence of the two sources, the probability of
being detected by both sources equals the product of
the probabilities of being detected by each source. This
leads to the Chapman‘s estimate
(6) of the true
infected population size:

This estimate can lead to an estimation of the
sensitivity of one system, dividing the number of cases
detected by this system by the Chapman‘s estimate.
One major assumption must be met for getting
unbiased estimates of the sensitivity: the two
surveillance systems must be independent, i.e. being
detected by one system doesn‘t change the probability
of being detected by the other one (2,3).
Simulation on a virtual epizootic: A virtual epizootic
was obtained by running one simulation of a simple
epizootic model of an infectious disease through a
1,000 nodes scale-free graph (7). Nodes represent the
epidemiological unit of interest (villages), and links
represent the epidemiological connections between the
nodes (like spatial proximity or cattle movement)
which allow the disease to spread from one node to
another one. At the end of the virtual epidemic, we get
a final pattern with 202 infected nodes. On this
distribution of infection, we simulated a first imperfect
surveillance system (called source 1). To construct the
source 1, we considered that all the cases in the
simulated population have the same probability of
being detected by the surveillance system. In order to
evaluate the sensibility of this simulated source 1, we
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developed a second surveillance system (called source
2) independently of the first one. The source 2,
specifically designed for the CR experiment will be
simulated considering two possible sampling strategies.
The first strategy consists in randomly sampling
epidemiological units (same strategy as in source 1).
The second strategy, which we plan to apply on the
field consists, for a first phase, in focusing the
sampling on the nodes which are more likely to be
infected (i.e. nodes connected to 4 other nodes or
more), and, in a second phase on all the nodes linked to
an infected node detected during the first phase. This
second approach is less time and money demanding
and will lead to higher detection probabilities. For each
simulation, we estimated the whole number of infected
nodes thanks to the Chapman‘s estimator which
permitted to calculate the sensitivity of the first source.
For each strategy, 1000 simulations were run with the
free software R (8).
Results
The true value of the first source sensitivity was fixed
at 0.3. For each simulation, the repartition of the cases
detected by the sources led to the Chapman‘s estimate
and to an estimate of the first source sensitivity. Then
we calculated the mean and the 95% confidence
interval of the sensitivity for the two different
strategies (random and targeted) for the 1000
simulations. On average, 180 nodes were sampled for
the random approach versus 182 for the targeted one
what can be considered as close enough to compare the
results. The results are presented in Figure 1.

Figure 1: Estimated sensitivity of source 1 through the
two approaches (the circles represent the mean of the
estimates, the diamonds represent the bounds of the
confidence interval, and 0.3 is the true value of the
sensitivity of source 1)The two strategies led to two
different results. Both allow one to calculate quite an
unbiased estimate (relative bias equals -0.01 and -0.03
for the random and the targeted strategy respectively).
However, even if the two estimates are unbiased, their
precision differed. The random strategy resulted in a
large 95% confidence interval (coefficient of variation
= 0.07), whereas the targeted strategy led to a more
precise estimate (coefficient of variation = 0.04). A
variance analysis of the two distributions thanks to a

Fisher test revealed that the difference of the two
variances was significant (p < 10-3).
Discussion
In a two-source capture-recapture experiment, if one of
the sources detects randomly the epidemiological units
of interest, then the Chapman‘s estimate will be
unbiased, even if the other source experiences strong
heterogeneity in the probabilities of detection (2).
That‘s why, both approaches led to very accurate
estimates. The problem with the random strategy is the
large variance linked to the low number of detected
units. On the contrary, the targeted strategy is much
more precise because more units are detected
producing a higher overlapping fraction (i.e. higher
number of units detected by both sources). However in
field studies, all the sources present heterogeneity of
detection and this can lead to biased estimates if the
heterogeneity of detection by the source 1 is linked to
the heterogeneity of detection by source 2. So the
challenge in the study we want to undertake will be to
implement a second source, with a potential
heterogeneity of detection, but whose heterogeneous
subgroups are as independent as possible of the ones
from the official notifications.
Conclusion
Regarding these results, it appears that if one wants to
avoid a very low level of overlapping and thus a very
large confidence interval of the estimate, as Cameron et
al. (5) were confronted with in Thailand, one should
adopt a targeted strategy for the second source. That is
what we will try to do in Kampong Speu province,
Cambodia, in order to evaluate the sensitivity of the
reporting system to the OIE. We consider that the
epidemiological unit of interest is a village with at least
one herd possessing at least one clinically affected
cow, which is consistent with the SEAFMD campaign
outbreak definition. Many factors are known to
increase the risk of FMD occurrence so in order to
target our second source we will select some of the
main risk factors and we will visit villages presenting
these risk factors. Participatory Disease Searching,
which is an inductive process of disease investigation,
will then be applied to provide evidence that the
disease was or wasn‘t present in the past. In case of a
high suspicion, serum samples of one year old calves
will be analyzed by an ELISA test for confirmation. If
the former circulation of the virus (in 2009) can be
highlighted, then the village is considered as a case for
the capture-recapture analysis, and the second sampling
phase is set up: a sample of the villages related to the
detected one by cattle movement, are then visited. By
exploiting the information available, like risk factors
and animal trade between villages, we can generate a
second source for the investigation of FMD outbreaks
which is similar to the targeted source in the simulation
study. As was shown in the results described above,
this approach will allow calculation of a precise
estimate. Nevertheless, the bias resulting from the
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dependence of the sources cannot be evaluating by a
simulation mean, so the field work activity will be the
most helpful tool to discuss these potential bias.
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Introduction
The African swine fever virus (ASFV) isolate circulating
in the Trans Caucasian Countries (TCC) and the Russian
Federation (RF) is a highly virulent virus that has
maintained its virulence since the first outbreak in
Georgia in 2007 (1). ASFV can be transmitted by direct
contact between infected porcine species, fomites, through
ingestion of contaminated feeds or by the soft tick
Ornithodoros spp. (2). In order to determine the extent of
the disease situation in the Caucasus and to enhance the
preparedness in the EU, the European Commission
requested the European Food Safety Authority (EFSA) to
assess the risk that ASFV remains endemic in those
neighbouring countries to the EU; the risk that it will
become endemic in the EU, if introduced; and to
determine the role played by ticks in the spread and the
maintenance of ASF.
Materials and methods
A thorough review of literature and unpublished data was
retrieved to provide the essential background information
to perform the risk assessment. Due to scarcity of
quantitative data, a systematic qualitative risk assessment
framework, based on OIE guidelines (3), was chosen to
address the Terms of Reference. A generic risk

assessment model was developed outlining 5 risk
pathways corresponding to 5 risk questions. These risk
pathways consist of consecutive steps that need to happen
to lead to endemicity of ASFV in the EU swine
population. The resulting tool allows risk managers to
follow the conclusions of the risk assessors and to identify
where the main risks or uncertainties lie (4). Objectivity
and transparency of the risk estimates were achieved
through consensus finding of the expert panel (15 experts
from various backgrounds) and use of combination
matrices to combine risk estimates.
Results
The literature review and expert opinion revealed that
ASF has spread in the TCC and in the RF since 2007 and
that the measures put in place have not been sufficient to
control the spread (5, 6). Accurate assessment of the
incidence and prevalence of ASF in the TCC and RF,
however, is difficult due to limited availability of reliable
surveillance data. The epidemiological role played by
domestic pigs and wild boar is difficult to assess since
very little information is available on the geographical
distribution and the population size of both free ranging
pigs and wild boar. Generally, movement of wild boar is
limited geographically, although direct contact between
wild boar sounders is frequent due to their social
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behaviour (7) and spread of ASFV is possible though
connected wild boar populations.
The most likely route of introduction of ASFV into the
EU is the illegal movement of food waste. According to
the EU legislation, all trade and import to the EU of live
pigs and products of pig origin from the TCC and the RF
is banned (8). Illegal imports of live pigs and products of
pig origin are impossible to quantify due to lack of data.
Further, waste food from international means of transport
is not always treated according to the EU legislation (9)
and there is considerable movement of people (and with
them potentially infected pork products) between the
Eastern neighbouring countries of the EU and the EU MS
which is difficult to control. Among the EU MS, the
volume of live pigs and pork traded is substantial and
varies by year and region/country. (10).
Bites from infected Ornithodoros ticks are efficient routes
of transmission of ASFV (11, 12) but their role in the
current outbreaks in the TCC and the RF is unknown.
Ticks of the Ornithodoros erraticus complex can be
important in maintaining local foci of ASFV (13, 14)
where pigs are kept in traditional husbandry systems (12).
These ticks, however, do not play an active role in the
geographical spread of the virus. Due to the limited
available data on associated factors with the distribution
of soft ticks, prediction of their potential distribution is
difficult to make.
Based on the risk assessment, the working group
concluded that, overall, there is a moderate risk
(occurrence of event is a possibility) that ASFV will
maintain itself in the TCC and RF swine populations and
that it will be introduced in the EU, e.g. by introduction of
food waste or by connected wild boar populations.

(4) Hatfield and Hipel, 2002. Risk Anal 2002, 22(6),
1043-1057.
(5) FAO-EMPRES, 2009.
ftp://ftp.fao.org/docrep/fao/012/ak718e/ak718e00.pdf
.
(6) OIE-WAHID
2009.
http://www.oie.int/wahidprod/public. php?page=home.
(7) EFSA, 2009b Annex to the EFSA Journal (2008)
932, 1-18 and 933, 1-16.
http://www.efsa.europa.eu/en/scdocs/doc/ahaw_repor
t_csf_en.pdf
(8) EEC, 1979. OJ L 302, 31.12.1972, p. 28-54.
(9) FVO, 2007. General Review Report of the Mission
Carried out in Member States to evaluate controls at
border inspection posts 2004-2006. pp. 26.
(10) EUROSTAT,
2008,http://epp.eurostat.ec.europa.eu/newxtweb/main
xtnet.do.
(11) Plowright, et al., 1970. Res. Vet. Sci. 2, 582-584.
(12) Boinas, 1994. University of Reading. PhD thesis. pp.
240.
(13) Perez-Sanchez et al., 1994. Vet. Rec. 135(9) 207-209.
(14) Arias and Sanchez-Vizcaino, 2002. In: Trends in
emerging viral infections of swine. Morilla, et. al.
(eds). Ames, IA: Iowa State Press.133-139

Discussion
An integrated strategy involving TCC, the RF and the EU,
including an information exchange platform, would
facilitate the trans-boundary control of ASF. The
reduction of the risk for ASFV endemicity in TCC and RF
and spread to other regions can be achieved by supporting
enhancement of early warning and preparedness and
strengthening rapid and long term control responses.
Also the development of a specific ASF eradication
strategy for backyard holdings in TCC, RF and EU was
recommended and knowledge and implementation of
biosecurity principles, including mechanisms to reduce or
prevent contact between domestic pigs and wild boar in
TCC, the RF and the EU should be promoted.
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Introduction
Although the first three Flu pandemics were of avian
origins, the most recent human pandemic H1N1 2009 has
urged scientists to play more attention on the pivotal role
of pigs in the process of emerging pandemic strain [1].
Considering the lack of data related to swine influenza
virus (SIV), surveillance activities need to be improved
very urgently all over the world [1], especially in East and
South-East Asia, which produced around 516 millions of
pigs (and 8.2 billions of poultry) in 2008, and represents
more than the half of the world pig production (FAO).
Pigs are the main reservoir of H1N1, H3N2 and H1N2
subtypes [2, 3]. The H1N1 and H3N2 emergence in swine
occurred consecutively to cross-species transmission from
birds or humans. The early detection of emerging/new
swine influenza viruses should be based on a surveillance
program of rare events. However, the surveillance
modalities to detect the cross-species transmissions or to
early detect new strains are still unclear. New methods or
epidemiological tools must be developed and adapted. We
propose alternative surveillance strategies to assess the
risk of emergence and spreading of new strains.
Swine influenza in East and South East Asia
The literature review shows that only a few countries are
publishing some data on SIV, and there is a lack of
knowledge in central countries South East Asia, which are
probably as infected as theirs neighbours. The typing and
the phylogenetic analysis show a real diversity of
circulating strains. But, there is a strong evidence of a
usual low isolation rate, on average less than 2% (non
published data), wherever the samples were collected: in
the abattoirs, in healthy farms or in farms with clinical
signs. The seroprevalence of influenza virus type A in
pigs in South East Asia varies around 20%, with a
between-herd seroprevalence high than 50% (non
published data). There are virological and serological
evidences of co-circulating strains within swine
population: H1N1, H3N2, H1N2 [4, 5], and unusual
subtypes H5N1[6], H9N2 [7] or H3N8 [8]…
Surveillance systems to capture the suspected cases
Scanned (passive) surveillance: this strategy is based on
the detection of influenza-like illness within pigs by

farmers, veterinarians or traders [4]. Swine influenza
illness caused by H1N1, H3N2 and H1N2 is well
documented. The disease acts as a respiratory syndrome,
characterized by a cough, nasal discharge, dyspnoea,
added to fever, anorexia, apathy, a great loss of weight or
abortions [10]. Although the clinical signs of swine
infection with H4N6, H3N1, H3N3 and avian or human
H1N1 seem to be similar [11-13], we must be aware that
the specific infections with other unusual subtypes can be
variable [14]. On the other hand, swine influenza virus is
involved in 10% to 20% of the porcine respiratory disease
complex (PRDC) cases [15, 16], as a single infection in
more than 60% of cases, or associated with the Porcine
Reproductive and Respiratory Syndrome Virus (PRRSV)
or Pasteurella multocida in 20% of cases [15]. For this
reason, the swine influenza clinical surveillance cannot be
separated from the global surveillance of respiratory
syndromes, which is one of the most prevalent syndromes
in industrial systems.
In conclusion, the scanned surveillance involving the
spontaneous reports by the swine workers is exposed to
several difficulties. A sensitive clinical case definition
will generate many suspicions which might represent a
heavy cost in term of logistic, manpower and diagnostic
tests for the country. The laboratories might be
overwhelmed during the critical season. Moreover, the
farmer interest for swine influenza might be low, as it
causes economic loss but no mortality. Other diseases,
with similar clinical manifestation as swine influenza,
might break the farmer reports because of their heavy
consequences. For example, the emergent highly
pathogenic PRRSV is a sensitive topics because the
authorities have culled millions of pigs in East and
Southeast Asia [17]. The early detection of emergences
cannot rely only on swine workers. For these reasons, the
clinical surveillance program must be completed by a
more targeted surveillance program.
Risk-based syndromic surveillance on sentinel farms: The
Risk-based surveillance strategy is a specific strategy
defined as ―A surveillance programme in the design of
which exposure and risk assessment methods have been
applied together with traditional design approaches in
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order to assure appropriate and cost-effective data
collection‖ [18]. Contrarily to repeated cross-sectional
surveys, which are based on random sampling, risk-based
surveillance studies display stratification in the probability
of harbouring the hazard and/or the consequences of the
occurrences of the hazard [18]. A risk assessment
approach needs to be performed in order to identify
various strata of the population according to their risk of
swine
influenza
emergence
and
cross-species
transmissions. The at-risk units (farms, markets…) must
be identified and must be monitored as sentinels through a
traditional study design. This might lead to a syndromic
surveillance strategy, which is defined by CDC as "an
investigational approach where health department staff,
assisted by automated data acquisition and generation of
statistical alerts, monitor disease indicators in real-time or
near real-time to detect outbreaks of disease earlier than
would otherwise be possible with traditional public health
methods". In the context of pig supply chain, an abnormal
increase of PRDC prevalence or unusual variation of trade
and production rates in sentinel farms and/or sentinel
markets could be a sign of a possible emergence. This
needs to predetermine precise indicators and thresholds
beyond which the rate fluctuations are considered as
abnormal.
Slaughterhouses as sentinels: more than the simple
monitoring, the disease can be surveyed in a network of
sentinel abattoirs in at-risk areas or during the at-risk
seasons. Surveys in slaughterhouse require a low logistic
investment in terms of manpower, time and cost. First,
sample collection in slaughterhouse will increase the
chance to isolate the virus, as the influenza RNA is
detected mainly in the bronchial and bronchiolar epithelial
cells [19]. In non vaccinating countries, the serological
follow up with a screening sensitive test affords the
detection of abnormal increasing prevalence, which can
be a sign of emergence. The threshold beyond which the
prevalence of influenza type A is considered abnormal
and a random variation beyond which the variation is
considered unusual are still unclear. The cut-off value will
depend on the location, the period, the population and
need to be adapted to the country context.
When the capacities allow an individual identification of
animals, the matching of virological and serological status
is largely preferable. However, in non automated small
slaughterhouses, a long time passes between the bleeding
and the evisceration. If the manpower or financial
resources are limited, a global survey, without taking into
account the individual level, could be the best way to
maximize the probability to detect the virus or to improve
the precision of the prevalence and seroprevalence
measures.

Confirmation of emergence by highly specific tools
The positives results of the serological screening test will
be confirmed with a more specific test. The sensitivity and
specificity of the HI test in the field depends on the
antigenic match between antigens used in the test and the
circulating strains. The detection of unusual subtype or
unusual antigen reaction could be a sign of emergence.
This leads to the issue of the serological diagnosis taking
into account cross-reactions and the choice of the right
antigens.
Molecular surveillance represents the final way to confirm
an emergence and to follow the genetic evolution of the
virus. Genetic analyses highlight the origin of the strains
and whether it comes from a single or repeated crossspecies transmission. Moreover, it helps to identify
possible candidates for cross-species transmissions.
The shedding period starts 1 day post-infection and lasts
less than 7 days. In the field, the simple clinical
surveillance of PRDC and the monitoring in
slaughterhouses might miss to detect the swine influenza
virus. The low isolation rate remains the main limiting
factor. For this reason, although the virological
surveillance brings the final proof of an emergence, it
remains unsuitable for early detection of emergences
because it requires huge sample collection and high level
of laboratory capacities.
Conclusion
In a context of weak infrastructures and lab capacities, the
surveillance system should be effective and must improve
its sensitivity in order to capture the maximum of
suspected/probable cases. However, the laboratories
might be rapidly overwhelmed by the reports of the
influenza-like illness surveillance. The optimal
surveillance system should be adapted according to the
risk of emergence. A risk-based surveillance design could
start to set up a simple clinical monitoring in low-risk
strata, completed by active surveillance protocols, based
on a sentinel monitoring in higher risk strata. The abattoir
in at-risk areas could have a central role to monitor the
disease as it centralises many individuals from large areas.
A syndromic surveillance can be based on screening
sensitive serological tests in order to study prevalence
variations and to detect unusual increases. According to
this method, a cut-off level should be defined, which is
the critical value to measure the disease risk for each
strata. The choice of the surveillance strategy must
optimize the equation between the resource investment
and the risk level. Each proposal must be adapted to the
socio-economic context and must be tested and then
validated in the different countries.
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Introduction
The term ―salmonellosis‖ is used for infections caused
by Salmonella serovars other than Typhi and Paratyphi.
Salmonella is recognized as an important foodborne
pathogen worldwide which is found in the intestinal
tract of both humans and animals (1). A variety of food
have been implicated as vehicles transmitting
Salmonella to humans such as poultry, beef, pork,
eggs, milk, cheese, fish, shellfish, fresh fruits, juice and
vegetables (2). Contamination can occur at multiple
steps along the food chain. Two types of enteric fever
caused by salmonellae are typhoid fever and
paratyphoid fever. Various poultry meats and poultry
products have been identified as major sources of
Salmonella infections of humans. The infective dose
depends upon the serovar, the bacterial strain and the
host susceptibility (3). Newborns, the elderly, and
individuals with immune deficiencies are particularly
susceptible to Salmonella infections (4). The incidence
of human typhoid fever in developing countries was
estimated to be 17-20 million cases, annually, with
600,000 deaths. Most of them occur in Asia (5). Each
year an estimated 1.4 million cases of salmonellosis
occur among humans in the United State of America
(6). Even in developed countries where is potential
manpower and finance infections caused by Salmonella
are still recognized as a major hazard to human (7).
Slaughterhouse can be one of the main sources of
human salmonellosis. Currently, there is a lack of data
with regard to the prevalence of Salmonella in
slaughtered ducks in Thailand. Risk assessment of
Salmonella in meat should be based not only on
qualitative assessment but also on the quantitative
assessment (8). Therefore, this study addresses the
microbiological quality of slaughtered ducks from a
local slaughterhouse in Chiang Mai, Thailand. For an
assessment of the hygienic quality of the duck
carcasses, the samples were qualitatively investigated
for the prevalence of Salmonella and quantitatively for
the amount of mesophilic aerobic total count (APC),
for Enterobacteriaceae (Eb) count and for Salmonella
Most Probable Number (MPN) per gram of sample.

Materials and methods
Sample collection: Skin samples were collected from a
local slaughtered house located in Chiang Mai,
Thailand from March to May 2009. Skin samples were
taken from the neck and the breast of a duck. They
were put into plastic bags and were transported to the
laboratory in a cool container. The laboratory analysis
of samples was conducted within 4 hours of collection.
A total of 175 skin samples were collected and analyzed as two types: pooled and single samples. 3 duck
skin samples were pooled in order to get 1 pooled
sample. 120 skin samples were used for 40 pooled
samples and 55 out of 175 skin samples were analyzed
as single samples. 8 pooled samples out of 40 were
processed for the APC and for the Eb count. All 40
pooled samples were used for the isolation and
identification of Salmonella. All the single samples
were examined for the prevalence of Salmonella, the
amount of the APC as well as for Enterobacteriaceae
count. Five positive Salmonella samples out of 55
single samples were used for the further quantitative
analysis of Salmonella by using the MPN technique.
Salmonella detection: Isolation and identification of
Salmonella were done by modified ISO 6579:2002 (9).
25 g of skin samples were pre-enriched in 225 ml of
buffered peptone water (BPW) and incubated at 37 ºC
for 20 h. This step allows salmonellae that may be
sublethally stressed or injured to resuscitate and
proliferate to detectable levels. After pre-enrichment
for 20 h, 0.1 ml of culture from BPW was transferred
into 10 ml Rappaport-Vassiliadis broth and incubated
at 41.5 ± 1˚C for 24 ± 3 hours. In this study only one
RVS broth was used as selective enrichment medium.
Plating out was done on Xylose Lysine Tergitol 4 agar
(XLT4) and Brilliant green Phenol red Lactose Sucrose
agar (BPLS). This was further incubated at 37 ± 1˚C
for 24 ± 3 h. After incubation, five typical colonies
from each agar plate (black centered colonies from
XLT4 and reddish colonies on BPLS agar) were
purified by streaking on nutrient agar. Pure Salmonella
cultures were indentified through biochemical and
serological tests. The biochemical tests performed
were: glucose, lactose, sucrose fermentation, gas and
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H2S production on Triple Sugar Iron agar slant,
motility, lysine decarboxylase and indole production in
Motility Indole Lysine medium (MIL), urease on urea
agar slant, citrate utilization on Simmons citrate agar
slant, and VP reaction in Methyl Red Voges-Proskauer
(MRVP) medium.
Serotyping: Polyvalent and monovalent antisera (both
O and H) (10) were used to perform serological
confirmation through Kauffmann-White scheme by
slide agglutination test. Auto-agglutination with a
0.85 % normal saline was performed before slide
agglutination tests.
Salmonella enumeration: Three tubes Most Probable
Number (MPN) method was used for enumeration of
Salmonella. After thawing, 10 g of the samples were
homogenized in 90 ml of BPW (first dilution contains
1 g of sample material per 10 ml). Three times of 10
ml of this initial suspension were transferred into 3
sterile tubes. Three times 1 ml of the initial suspension
was transferred into 3 tubes containing 9 ml BPW (0.1
g of sample per tube). After thoroughly mixing, three
times 1 ml of this suspension was transferred into 3
further tubes containing 9 ml BPW (0.01 g of sample
per tube). After samples preparation, Salmonella
detection was done by modified ISO 6579:2002 that
mentioned above. However, only two suspected
colonies were streaked onto nutrient agar to perform
biochemical and serological confirmation. After the
confirmation step, the MPN/g sample was read by a 3
tubes MPN table (11).
Enumeration of micro-organisms: The enumeration of
the APC was performed on Plate Count Agar (PCA) to
determine the level of microbial contamination of the
samples. The enterobacteriaceae count was done on
Violet Red Bile Glucose Agar (VRBG) to determine
the fecal contamination of the samples. The microorganisms were enumerated by using duplicated drop
plating technique. 25 g sample was homogenized with
9 parts of diluent (Peptone Water). This mixture was
considered as 10-1 dilution. 1 ml of this mixture was
transferred into a tube containing 9 ml of diluent to get
a 10-2 dilution. Further dilutions were made by
transferring 1 ml of succeeding dilution to tube
containing 9 ml diluent to achieve ten-fold diluitons
until a 10-8 dilution was reached. Four agar plates were
divided into 4 equally sized and 0.05 ml of each
dilution was then plated onto the surface of the agar
plates. New sterile pipettes were used for each decimal
dilution. These plates were incubated at 30 C for 72 h
for APC and 48 h for Eb. After incubation sectors of
the plates containing between 5 and 50 colonies were
chosen for colony count. The bacterial load in 1 g of
the original sample was calculated.

Statistical analysis: Data were analyzed using Stata
version 9. Descriptive statistics of the micro-organisms
were calculated. The prevalence of Salmonella between
pooled and single sample was compared (chi square
test).
Result
The prevalence of Salmonella isolated from pooled
samples was 72.5 % (29/40) while the prevalence of
the Salmonella of the single samples was 45.4 %
(25/55). The prevalence of Salmonella from pooled
samples was higher than the prevalence of Salmonella
from single samples. There was a statistically
significant difference at p < 0.05. However, this finding
is quite normal when samples are analyzed as pooled
samples. The most common sero-group found in duck
skin samples was group C (50 %) followed by group B
(25.9 %) and E (20.4 %). Only two samples were part
of the Salmonella group F-67 (Table 1). Nine different
serovars isolated from duck skin samples were
Salmonella Rissen, S. Mbandaka, S. Weltevreden, S.
Bredeney, S. Montevideo, S. Typhimurium, S. Chester
and S. Bovimorbificans. Three strains could not be
identified at serovar level (Table 2). The median count
of Salmonella was 1.5 MPN/g with a range of 0.36 to
9.30 MPN/g. The median count of the mesophilic
aerobic total count was 6.01 log10 cfu/g with a range of
5.53
to
7.23
log10
cfu/g.
The
median
enterobacteriaceae count was 4.30 log10 cfu/g with a
range of 3.00 to 5.32 log10 cfu/g. The descriptive
statistics of the micro-organisms are presented in table
3.
Table 1 Distribution of Salmonella sero-groups in
slaughtered ducks
Somatic O
Number of
Percent ( % )
antigen group
strains
B
14
25.9
C
27
50.0
E
11
20.4
F-67
2
3.7
Table 2 Distribution of Salmonella serovars in
slaughtered ducks
SeroSerovars
groups
C1
S. Rissen
C1
S. Mbandaka
E1
S. Weltevreden
B
S. Bredeney
C1
S. Montevideo
B
S. Typhimurium
B
S. Chester
E1
S. enterica*
C2
S. Bovimorbificans
F-67
* O3,10: _ : z6, O3,10: _ :1,5

Total
number
10
8
8
7
7
4
3
3
2
2

Percent
(%)
18.5
14.8
14.8
13.0
13.0
7.4
5.6
5.6
3.7
3.7
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Table 3 Descriptive statistics of the micro-organisms
Parameters
na
Mean S.Db Median
APC (log10 cfu/g)
63
6.19
0.44 6.01
Eb (log10 cfu/g)
63
4.26
0.53 4.30
Salmonella
5
2.76
3.71 1.50
(MPN/g)
a
n = number of observations, b S.D. = standard
deviation
Discussion
Generally, total mesophilic aerobic bacteria,
enterobacteri-aceae and Salmonella are important
indicators of the hygienic quality in food (12).
Slaughterhouses are a key element in the meat
production and distribution chain. Therefore, it is vital
to provide well-trained staff to improve the slaughter
hygiene and the meat quality during the processing
(13). Good personal cleanliness and habits are of great
importance to improve the hygiene because the
members of the staff are involved at all stages of the
processing. The use of RVS broth as only selective
enrichment medium is not much influence on the
Salmonella detection methods for this study because
the Salmonella Typhi which do not grow in RVS broth
are found only humans not in animals. Nevertheless,
S. Typhi contamination might be important in the case
that meat handlers who suffer from Typhoid fever are
involved in the production stages. But on the other
hand, infected persons who have enteric problems
should never be involved in food processing at all.This
study has found a Salmonella prevalence of 45.4 %
(single sample) for duck skin collected from the local
slaughterhouse. Because of a lack of information about
Salmonella in duck skin, the result of this study is
compared with the Salmonella contamination rate in
ducks and in duck meat. The level of the Salmonella
contamination rate of Taiwan is 4.6 % (14), of
Bangladesh is 13.07 % (15), and of Vietnam is 22.3 %
(16). The low prevalence of Salmonella in ducks from
Taiwan and Bangladesh and duck meat from Vietnam
may be due to low incidence rate and proper handling
of the meat. S. Typhimurium and S. Enteritidis are well
known as common serotypes responsible for foodborne
outbreaks from a variety of food including ducks (17).
However, S. Enteritidis was not isolated and of the 54
isolates, S. Typhimurium was found in only 4 isolates
(7.4 %) in the present study. In a recent study (18)
eight serotypes of S. enterica were isolated from ducks
in Thailand including S. Typhimurium, S. Chester and
S. Montevideo. The reported result is consistent with
the result of the present study. The predominant
serovars isolated from ducks in Vietnam were S.
Typhimurium (20 %), S. Weltevreden (13.3 %) and S.
Bovimorbificans (6.7 %) (19). A previous study (20)

revealed that the predominant serovars in ducks eggs in
Thailand were S. Typhimurim. Nevertheless, the most
predominant serovars of the present study were S.
Rissen (18.5 %), S. Mbandaka (14.8 %), S. Weltevreden (14.8 %), S. Bredeney (13.0 %) and S.
Montevideo (13.0 %). The reason for the differences in
the prevalence of different serovars between countries
is not known but may be due to husbandry practices
and sources of the animal origins. The MPN method is
useful in estimating very low number of the Salmonella
micro-organism in the meat products (8). The median
MPN value for Salmonella of this study was 1.50
MPN/g. Data about the level of Salmonella
contamination of duck meat (MPN/g) are not available
in literature. In chicken giblets and edible offals the
median value of the Salmonella contamination has
been reported by a previous study as 0.223
Salmonella/g (21), a value comparable to the data of
the study described here. In this investigation the APC
is intended to indicate the level of contamination by
micro-organisms in slaughtered ducks. There are no
data available for APC of slaughtered ducks.
Therefore, the findings of this study are compared to
data for other poultry. The mean value of APC count of
this study was 6.19 log10 cfu/g. This quantity is in the
range of the values reported by Cohen et al. (22) who
conducted their investigation on chicken meat in
various seasons. They found a mean value of 6.6 log10
cfu/g during the hot season and 5.6 log10 cfu/g during
the cold season. However, the number was higher than
those of the study by Geornaras et al. (23) who found
mean values of APC on the neck skin samples of
chicken (5.4, 5.4, 5.5 and 5.2 log10 cfu/g) at the stages
of after feathering, before evisceration, after
evisceration and after spray washing, respectively. The
high level of the bacterial contamination of the present
study indicates that the hygienic practices during
processing should be improved at the local
slaughterhouse. The number of the Enterobacteriaceae
and the incidence of Salmonella contamination of
carcasses increase during evisceration when the
intestinal tract of the carcass ruptures, which allows
fecal material to contaminate the carcass‘ surface (24).
The average value of the enterobacteriaceae count in
this study was 4. 26 log10 cfu/g. This result was higher
than the numbers (2.66 log10 cfu/g in conventional
chicken meat and3.81 log10 cfu/g in organic chicken
meat) reported by Miranda et al. (25), 3.62 log 10 cfu/g
in chicken breast without skin and 2.28 log10 cfu/g in
chicken breast with skin reported by Kozacinski et al.
(26). The low Enterobacteriaceae loads in the studied
mentioned above may be due to the decontamination of
the fecal material by proper washing of the carcasses
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and/or proper handling of the carcasses during
processing. The rather high level of the contamination
of the ducks‘ skin with total mesophilic aerobic
bacteria, enterobacteriaceae and Salmonella in this
indicates the need for an improvement of the slaughter
process as well as for a control of the slaughtered
ducks after processing. Base on the findings of this
study, it can be concluded that hygienic practices
should be improved during processing at the local
slaughterhouse.

(24) Morris GK and Wells JG. 1970. Appl Microbiol.
19:795-9.
(25) Miranda et al., 2008. Food Control. 19(4): 412-6.
(26) Kozacinski et al., 2006. Vet arhiv. 76:305-13.
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Introduction
Highly pathogenic avian influenza (HPAI) caused by
viruses of the H5N1 subtype has caused serious disease
in poultry and humans in Thailand since early 2004. Thai
government, by the cooperation among Department of
Livestock Development (DLD), Ministry of Public health
and Ministry of Interior, implemented several control
measures to control the outbreak of HPAI (1). In JanuaryMay 2004, stamping-out within 5 km around the infected
points was applied. All the infected birds and those in the
surrounding areas were culled. The control measures
include: Quarantine and movement control, Investigation,
surveillance and monitoring, Intensive farm biosecurity,
and Restructuring of duck-raising system. For the second
wave, July-December 2004, DLD implemented a series
of control measures. Specifically, if the poultry death rate
in any facility was >10% within a single day, all birds,
their products, and other potentially contaminated
materials had to be destroyed without delay. The cloacal
swabs of affected flocks were then collected for
laboratory confirmation. Subsequently, neighboring
flocks were destroyed immediately or quarantined until
H5N1 laboratory confirmation. Upon a confirmative
laboratory result, quarantined flocks were culled.
Furthermore, movement of poultry and their products was
restricted within a 1- to 5- km radius around the infected
area (2). The measures have been changed since 2004
until present. The objective of this study was to evaluate
control measures of HPAI and acceptance of farmers in
Northern Thailand.
Materials and methods
The retrospective study was undertaken to describe the
development of control and preventive measures against
HPAI introduced in Thailand since 2004 using
documentary reviews and interviews. This review looked
at the measures that had been proposed at the central
level and provincial or city level (e.g. bans on movement
of poultry to specific cities or districts). After that, the
investigation of control and preventive measures
implementation was study, covering culling, cleaning and
disinfection, quarantine, farm biosecurity, movement
controls, compensation, changes in production and
marketing practices and other factors in the prevention
and control of HPAI as applied since 2004 in the selected
area were re-outbreak area (Phitsanulok province) and

well AI controlled area (Chiang Mai province), in
Northern Thailand. This was achieved using
questionnaires, interview, focus group discussion and
observations were performed with 2,229 farmers (layer,
broiler, layer duck, free ranging duck, fighting cock and
backyard poultry farmers) in 2007 and 500 farmers in
2009. The data was analyzed as descriptive analysis. The
results establish the effectiveness of strategies in
Northern Thailand. It was included an assessment of the
knowledge regarding these measures of the various
players (district staff, veterinary paraprofessionals,
farmers and residents), how these measures were applied
and their understanding of the effectiveness of these
measures. These studies was conducted to assess how
these measures were actually implemented, problems that
arose in implementation and the effects of these measures
in controlling the disease and/or reducing risk of
infection, and (where appropriate) the adverse effects of
these measures.
Results and Discussion
The control measures were used in Thailand; consist of
surveillance, stamping out, cleaning and disinfection,
animal movement control, farm biosecurity and public
awareness. Thai government does not allow using
vaccine as a control measure. These measures have been
recommended to the stake holders by the government.
This overview explores the effectiveness of each measure
to reduce the risk of HPAI spreading in the study area in
Thailand.
1. Surveillance: The objectives of this control measure
were performed to explore the disease as soon as possible
and reduce the infected and carrier poultry. The officers
had the knowledge of the HPAI control measure quite
well. More than 75% knew the method and objectives of
HPAI surveillance and investigation (in case of outbreak
occurrence). The officers 69.23% could imply this
measure to the farmers. The government had the health
volunteers in every villages and village headman perform
the disease reporter through the telephone. 76.25% of
fighting cock farmers and 85% of backyard farmers
informed the officers when their chicken was abnormality
dead, but the officers was informed by layer and broiler
farmers only 64.29% and 66.67%, respectively. Since the
number of HPAI outbreak and area of outbreak in
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Thailand have been decreasing. It seems to be that the
implement of surveillance measure could reduce the
HPAI spreading at a certain level. The officers accepted
the results of their aim in this topic at 69.23%. The
unsuccessful of surveillance measure usage was related
with the attitude of farmers which were against and scare
of the destroying. This measure might be a good tool for
government to stimulate the activities of stake holders to
concern about the high pathogenic avian influenza. This
occurrence found in this study might lead the virus persist
in the area with unknown infected chicken.
2. Stamping out: The aims of stamping out were reducing
of infected and susceptible animals, including reduce risk
of HPAI spreading from animal to human. The most of
officer knew the objective of the measure and their
responsibility. But less than 60% knew the exact
definition of stamping case and correctly destroying
method. Moreover, the officers complained about the
budget. More than 75% need more budget for compensate
the destroyed chicken. In the farmer side, the noncommercial farmers like fighting cock and backyard
farmers allowed the officer to destroy their abnormality
dead chicken, but only 25% of layer farmer did this.
Furthermore the farmers destroyed the suspected chicken
by burying which is the correctly destroying method.
This was high effective control measure. The farmer
agreed with this measure and accepted the compensate
cost. But only 33% of officers realized that they could do
as the set aim. The successful of stamping out measure
depended on the planning, collaboration between farmer
and officer, compensation and seriously working of the
officers.
3. Cleaning and disinfection: The cleaning and
disinfection was widely used in Thailand. The local
administrative organization (Local government) played a
major role of this measure. They paid for and distribute
the disinfectant to their people, but only 33.33% knew the
correctly kind of disinfectant that could kill the H5N1
virus. This point was the weak of this measure. The staffs
of the local government cleaned every part of their area
every 3 months. This cost was also supported by the local
government. The farmers and people realized the
cleaning advantage (100%) and more than 85% agreed
with the control measure implement. More than 80%
washed their hands after contact their chicken. But only
25% of the regular people cleaned their hands after
contact the chicken. This control measure was a good
implement one. Several stake holders had a good
cooperation and played role in their duty. This measure
also is a good tool for government to stimulate the
activities of stake holders to concern about the high
pathogenic avian influenza. But the environmental effect
like chemical residue should be concern.

4. Animal movement control: The government expected
the animal movement control could be done effectively to
control the spreading of infected animal and prevent
illegal animal movement. The officers knew these
objectives (96.30%). But only 18.52% could do as
expected and their plan and 44.44% of them indicated
that the illegal movement was found in this study area.
According the data from the farmers, 35% of the fighting
cock farmers moved their important chicken to avoid the
destroying when the chicken was abnormality dead and
48.75% of them did not inform the officers when day add
new stock. Even though the farmers in commercial farms,
28.57% of the layer farmers and 18.18% of broiler
farmers did not inform the officers when day add new
stock. The fighting cock were control by the identifying
system (fighting cock passport), but this system covered
only 20% of the farmers. The animal movement control
was very effective but in this area could apply only some
parts. A few farmers agreed and were pleased to follow
the recommends. More than half the still do the illegal
movement. The officers had to have the cooperation from
the farmers, and then the successful of movement control
would be occurring.
5. Farm biosecurity: After Thailand was affected from the
HPAI outbreak in 2004, the government, by DLD,
implied the improvement the farming system to the
poultry farmers. Early stage, DLD had the standard
poultry farm regulation for layer and broiler farms. More
than 80% of layer and broiler farmers followed this
regulation. Then, DLD improved the fighting cock and
backyard chicken activities. They could control and
prevent the virus spreading in fighting place (we call
―fighting cockpit‖) by cleaning with disinfectant and
check the chicken before fighting. Including the
recording system in case of disease outbreak was
occurred. DLD had set the standard of the fighting
cockpit management. But the owners only 22.50%
brought their chicken to the standard fighting cockpit.
This information indicates that the farming improvement
by adding biosecurity was very good implemented into
the commercial farms like layer and broiler farms. While,
the fighting cock and backyard farmers still practice as
the past. DLD should spend more time for their changing.
6. Public awareness: The farmers and people was
recognized the HPAI, as the disease and their effect, by
the information from the government. The television was
the best media. The officers 76.92% could provide the
HPAI information to public as their plan and target. The
people and farmer, more than 85%, reported the disease
to the correct person. More than 90% knew the method to
prevent them from the threat of HPAI. The layer and
broiler farmers had changed their practice, as the standard
farm recommendation. The fighting cock and backyard
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farmers also concerned about the cleaning but some
practices like the raising was practiced as the past. This
measure was widely used by the government. The
activities cover the people and the farmers. The targets
had the HPAI knowledge and realize the danger of HPAI.
This measure was high effective but a few practices were
changed. It might relate with farmer‘s perception.
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Introduction
Wildlife trade is an extensive and profitable business in
Colombia. Some of the trade is domestic with city
dwellers keeping wild animals as pets, often illegally. As
part of a movement to protect wildlife in Colombia,
Environmental Police (Policia Ambiental) confiscate
illegally kept wild animals and place them in
rehabilitation centers (shelters) prior to their release.
During the year 2009 in the Valle de Aburrá region of
Colombia alone, nearly 6,000 wild animals were
confiscated and 4,600 rehabilitated and released back into
their natural habitat. In addition to the ethical and
conservation concerns, there is a significant public health
risk associated with illegal wildlife ownership, as wild
animals are thought to be the source of over 70% of all
emerging infections (1). Leptospirosis is an emerging
world-wide zoonosis caused by bacteria in the genus
Leptospira. Rodents and other animals are chronic carriers
that excrete pathogenic Leptospira in their urine and
contaminate the environment. Infection is acquired via
direct or indirect contact with the urine of carrier animals.
Humans may develop severe forms of the disease such as
Weil‘s disease (associated jaundice, bleeding and acute
renal failure) and pulmonary hemorrhage syndrome, for
which case fatality is more than 10% and 50%,
respectively (2). Although monkeys are susceptible to
experimental leptospirosis, naturally acquired, acute
leptospirosis in non-human primates is uncommon (3).
Here,
we describe an outbreak of severe
icterohemorrhagic leptospirosis in a group of confiscated
capuchin monkeys in a wildlife center in Colombia.
Materials and methods
Study Population: The study population consisted of 52
capuchin monkeys belonging to three species: brown
capuchin (Cebus apella), white-fronted capuchin (C.
albifrons) and white-faced capuchin (C. capuchinus). The
capuchins are medium-sized, omnivorous monkeys that
are endemic to Central and South America. The animals
had been confiscated from homes by the Environmental
Police and placed for rehabilitation at the Centro de
Atención y Valoración de Fauna Silvestre, a wildlife
rehabilitation center in the Valle de Aburrá region of
Colombia. All 52 monkeys were moved into the shelter
between December 2006 and June 2007, and there were

no new arrivals later in 2007. Upon arrival, every animal
was examined and quarantined for 30 days in the center in
individual cages. After the quarantine period, the
monkeys were housed in communal wire-mesh enclosures
outdoors.
Laboratory confirmation:
Laboratory confirmation of
cases consisted of a two-step process. First, peripheral
blood samples from all 52 capuchin monkeys present in
the shelter during the study period (with and without
clinical signs) were cultured in semisolid Fletcher media
beginning January 2007. Subsequently, genomic DNA
was extracted from Leptospira positive cultures using
Quiamp DNA mini kits (Qiagen) and all positive cultures
were confirmed by a polymerase chain reaction (PCR)
targeting the LipL32 gene, to demonstrate the pathogenic
status of the isolate (4). To assure that the amplicons were
indeed LipL32 Leptospira sequences, PCR products from
the two index case isolates were purified (Microcon
Centrifugal Filter Devices) and sequenced in both
directions on a 3130 DNA sequencer (Applied
Biosystems). Sequences were examined and aligned using
MEGA version 4.0 software (5). Thus laboratory
confirmation of cases required both a positive
Leptospira culture and a positive PCR demonstrating the
presence of the LipL32 virulence gene. We elected to
apply stringent case confirmation criteria to rule out the
possibility of contamination with non-pathogenic
Leptospira species that do not carry the LipL32 gene.
Conversely, we defined as ―suspected cases‖ all capuchin
monkeys present in the shelter during the epizootic that
were not confirmed cases.
Agent identification: To determine the serovar of the
infecting agent, multi-locus sequence typing (MLST) of
the index case isolates was performed (6). Sequences
were obtained and examined using the methods described
above. The sequence type of the isolates was determined
using the publicly available Leptospira MLST database
(http//leptospira.mlst.net). An environmental survey of the
shelter was also conducted
Result
The index cases were identified and confirmed in January
2007, when two monkeys became acutely ill with
jaundice and died. Demographic, clinical and necropsy
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findings in all confirmed and suspected cases are
summarized in Table 1. The majority of monkeys suffered
from depression and malnutrition. The most common
clinical sign among both confirmed and suspected cases
was icterus, followed by lymphadenopathy. Of the 52
capuchin monkeys, 37 (71%) showed clinical signs
consistent with leptospirosis and fourteen monkeys (27%)
died. There were 16 confirmed cases with a case fatality
rate of 44%. Of the confirmed cases, two animals did not
exhibit signs of illness consistent with leptospirosis.
Necropsy was performed on four confirmed cases and
revealed pulmonary hemorrhage. The monkeys spent an
average of three months in the rehabilitation center before
the onset of clinical signs. No animals were affected while
in quarantine in the center (first 30 days). The epizootic
lasted from January to August, 2007. The epidemic curve
revealed a peak in the number of cases in July (Fig. 1).
Genotyping revealed that the agent for the outbreak was
Leptospira interrogans MLST sequence type 17 (serovar
Copenhageni/Icterohaemorrhagiae). The DNA sequences
have been submitted to GenBank under accession
numbers HM049912-HM049925. All monkeys exhibiting
signs of illness were isolated and received antibiotic
therapy (Streptomycin 20mg/kg for 5 days). Additionally,
a quicklime footbath was placed at the entrance of
enclosures. Environmental survey indicated signs of
active rodent infestation including rat sightings and the
presence of droppings in and around the enclosures.
Accumulated water and food were also observed on the
floor of the enclosures.
Table 1 Demographic information and clinical signs of 52
capuchin monkeys suspected or confirmed of leptospirosis
Confirmed
Suspected
N
%
N
%
Species
C. albifrons
13
81
31
86
C. capuchinus
2
13
4
11
C. apella
1
6
1
3
Presentation/Clinical
signs
Lethargy
10
62
9
25
Emaciation
8
50
13
36
Dehydration
3
19
3
8
Clinical signs
Icterus
14
87
23
64
Lymphadenomegaly
9
56
15
42
Pale mucous membranes
5
31
10
28
Respiratory distress
5
31
1
3
Abnormal lung sounds
6
37
5
14
Hepatomegaly
1
6
2
6
Renomegaly
2
12
2
6
Melena
2
12
2
6
No apparent clinical
signs
2
12
13
36
Outcome
Death
7
44
7
19

Discussion
Naturally acquired fulminant leptospirosis in New World
monkeys has been previously reported in a squirrel
monkey (Saimiri sciureus) colony in French Guiana (7).
Several serological studies in Latin America detected
antibodies to Leptospira in various species of apparently
healthy non-human primates (8). The agent for the present
outbreak, which is carried by the brown rat (Rattus
norvegicus), is one of the most common Leptospira
serovars affecting humans and animals in urban areas of
Latin America (9). Recently, a cross sectional study
conducted in an urban market near the wildlife shelter has
shown that rats were an important reservoir for pathogenic
Leptospira in the study area (10). Like most New World
Monkeys, capuchins are arboreal and have minimal
contact with rats in their natural habitat. A captive
environment that forces capuchin monkeys to spend time
on the ground facilitates their exposure to rodents and
increases their risk of Leptospira infection (3). The
monkeys developed clinical signs after relocation from
quarantine which suggests that the exposure occurred in
the communal enclosure outdoors. The only effective
intervention against the agent of this outbreak is rodent
control, which would have prevented this epizootic. The
protracted epidemic curve implies continuous exposure of
susceptible individuals to Leptospira, as new monkeys
arrived to the center occasionally. Although the initial
source of infection was the presence of rats, monkey-tomonkey transmission might have contributed to the
propagation of the outbreak. The possibility of direct
transmission of Leptospira among monkeys has been
proposed but the evidence is circumstantial (11). It has
also been suggested that monkeys may become renal
carriers of Leptospira, creating a new reservoir of
infection. Although we did not investigate the presence of
Leptospira in the urine of infected monkeys, we
confirmed two cases with non-specific signs of illness,
raising the possibility of asymptomatic carriers. The
extent of direct Leptospira transmission between humans
and non-human primates is unknown. This epizootic
emphasizes that inappropriate husbandry practices may
create new reservoirs and transmission routes for zoonotic
pathogens such as Leptospira, threatening conservation
efforts and public health.
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Figure 1 Epidemic curve based on the onset of symptoms
in 37 capuchin monkeys that showed clinical signs
consistent with icterohemorrhagic leptospirosis.
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Introduction
Macaques are omnivorous and are found in various
habitats including primary and secondary forests, coastal
zones, mangroves and riverine habitats in Malaysia. These
monkeys are very tolerant to disturbed habitats and are
often found in villages close to human inhabitation where
they scavenge on various food items. It is therefore highly
possible that macaques which live close to human
inhabitations are potential reservoirs for zoonotic disease.
In Malaysia, monkeys are known to harbour Plasmodium,
the haemoprotozoa that causes malaria. Various species of
Plasmodium including P.falciparum, P. vivax, P.
malariae, P. ovale and P. knowelsi have been known to
cause malaria in humans. P. knowlesi naturally occurs in
long-tailed and pig-tailed macaques and can be
transmitted from monkeys to humans by the bite of an
infected mosquito, but the infection was traditionally
regarded as a rare disease (1). Since 2004, there have been
numerous reports of P. knowlesi infecting humans in
Malaysia and other countries in the Southeast Asia region
(2, 3, 4, 6, 7, 8; 11). This makes P. knowlesi the fifth
human malaria parasite and is an important emerging
infectious disease in the country. To date, there remains a
paucity of information on the prevalence of Plasmodium
of wild macaques in Malaysia utilizing molecular and
morphological techniques. In this study, detection of
Plasmodium species was done using conventional
Giemsa-stained blood smears and nested PCR
amplification.
Materials and methods
Study area: A total of 107 of wild macaques (Macaca.
Fasicularis) from various areas in Selangor were captured
by baited traps. The captured was done in collaboration
with the Department of Wildlife and National Parks
Malaysia (DWNP) over a period of 5 months and animals
were sampled opportunistically. Blood samples were
collected by venipuncture into EDTA tubes and
transported on ice for molecular detection of Plasmodium
sp. Conventional Giemsa-stained thin blood films were

also prepared for morphological detection of the parasite.
Preparation of DNA template:DNA extraction was done
using commercial DNA extraction kit (DNeasy Blood kit,
Qiagen) following the manufacture‘s protocol.
Genus-specific PCR: A partial fragment of the small
subunit RNAgene was subjected to PCR amplification in
a 25-µl reaction comprising 3-µl of template DNA, 5-µl
each of 5X green GoTaq Flexi Buffer, 5-µl each MgCl
25mM solution, 1-µl of each deoxynucleoside
triphosphate (dNTP), 1-µl each of rPLU1and rPLU2
primers (5), 0.3-µl each of GoTaq DNA polymerase 5u/µl
(Promega, USA) and 8.7-µl of nuclease-free water
(ddH2O). PCR was carried out in a thermal cycler at 94°C
for 3 mins for initial denaturation, followed by 40 cycles
at 94°C for 30 second, 55°C and 72°C for 1 min each and
one final extension cycle at 72°C for 10 minutes. The
products were then visualized by 1.5% agarose gel
electrophoresis following ethidium bromide staining and
UV illumination.
Nested PCR assay: Positive genus-specific amplicons
(PCR 1) were subjected to P. knowlesi detection by nested
PCR using Pmkr8 and Pmkr9 primers (9). Nested PCR
amplification was carried out in a 25-µl reaction
containing 0.3-µl of PCR 1 amplicon following initial
denaturation at 93°C for 3 min, 40 cycles at 92°C for 45
seconds, 60°C for 45 seconds, 72°C for 45 seconds and
72°C for 10 mins for final extension.
Results and Discussion
PCR amplification revealed that 64.5% of 107 blood
samples from M. fascicularis in Selangor were positive
for Plasmodium. Subsequent analysis of the positve
samples with species-specific nested PCR assays showed
that the prevalence of the P. knowlesi infection in M.
fasicularis was 23.3%. %, much higher than previously
detected (10). Zoonotic disease arising from monkey-tohuman transmission is of great importance especially in
densely populated areas. In a recent study (10), it was
concluded that human infection with P. knowlesi occurred
in most states of Peninsular Malaysia with the mosquito
Anopheles cracens serving as the main vector. The PCR
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assay employed using described primers (9) was highly
sensitive in detecting Plasmodium compared to
conventional light microscopy, especially where infection
intensities were low. However, the use of nested PCR
assays for routine diagnosis may prove to be expensive
and is not quantitative or as rapid as detection by light
microscopy.
With the ever increasing economic exploitation of the
forest and land conversion for housing and industrial
purposes, the wild monkeys are driven closer to urban
human inhabitations. This poses a substantial risk as the
close interaction between the mosquitoes, the monkeys
and humans could easily perpetuate malaria in the
country. In light of the present findings, it is necessary
that a more comprehensive survey be carried out in the
whole country on both the macaques and other wild
primates in order to ascertain the prevalence of P.
knowlesi. In addition it is important that the occurrence of
the mosquito vectors be established in order to facilitate
proper control measures to prevent the spread of this
zoonosis.
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Introduction

Materials and methods

Splenectomy has been known as the cause of saveral
infection due to the loosing of macrofag and other
immune component like lymphocite (1). Enhacing
infectious by Gram negative bacteria and bacteria
encapsulation likes Salmonella typhi lead to mortality of
patients post splenectomy (2). It was reported that on
1996, 19680 patients which splenectomized, 680 suffered
infectious and 1.4% of them passed away. Salmonella
typhi are facultative Gram negative anaerob bacteria
which have flagella. Their pathogen characteristics used
as antigen in many researches to observe the immune
response (3). Normally, these bacteria attack small
intestine, payer‘s patch and lymphoid pathes (4).
In post splenectomy, patients were vulnerable to infection
and require compensation for the amount of lymphocytes
to handle pathogens that invade the body. Interleukin-2
(IL-2) and Interleukine-4 (IL-4) are the compensators
agents involved in proliferation and development of T
lymphocytes. Immune response concerning antigen are
conducted by cytokines, cells, organs, and other imunity
organs. IL-2 is one of the cytokine which play a role in
adaptive immunity and growth factor of T cells
regulatory. This cytokines support T cells proliferation
especially CD4+. When antigen stimulate T cells CD4, IL2 were synthesized. Besides, IL-2 works at B cells as
growth factor to induce antibody production. IL-2 also
plays a key role to raise other cytokines synthesis, which
is interferon gamma (IFN-γ) to activate macrofag.
Macrofag activation will induce fagocytosis of pathogen
bacteria and antigen. Moreover, IL-2 also increase IL-4
production which act to induce IgE production. Other
influence of IL-2 are as an antivirus and anti bacteria (5)
In this study, we used splenectomized balb/c mice to
elucidate the effects of secondary lymphoid organs by
Salmnella typhi infection. Furthermore, we investigated
the effects of splenectomy on the infiltration of CD4+ T
Cell and both IL-2 and IL-4 level developing in
splenectomized
Balb/c mice
and infected by
Salmonella typhi, which have a complete absence of
secondary lymphoid organs.

Animals: Twelve mice ( Balb/c, 12 weeks old) were used
in this study. Factorial experiments (complete random
design) with three replications, conducted in four groups
as follows: control groups, splenectomized group, S. typhi
exposured group and splenectomized group followed by
S. typhi exposure. Splenectomy was performed on a clean
bench using standard techniques, use premedication of
atrophin sulfat ( 0.04 mg/kgBW), after 10 menit followed
by xylazin (12 mg/kgBW) and Ketamine anesthesia (60
mg/kgBW). Exposure of S. typhi was performed by
injection of acute doses (109 cell/ml) couple weeks after
splenectomized and couple weeks after first injection. All
animals were bred and maintained in our animal facility at
University of Brawijaya, Indonesia, under pathogen-free
conditions, and treated in accordance with the guide for
animal experimentation of Ethical Committee in The Care
and Use of Animals, University of Brawijaya.
ELISA: Blood samples were collected via the apex of
heart tail, and centrifuged (1500 g, 15 min at 4°C). Serum
samples were removed. Both of IL-2 and IL-4 were
measured using a commercially available ELISA
quantitation).
Flowcytometry : The relative density of CD4+ T cells were
quantified BD FACSCaliburTM Flowcytometer.
Tissue section: Fixation of mice Intestine used absolute
methanol and Phosphat Buffer Saline ( PBS ) for 3
times @ 5 minutes. Then were added by Triton-x 100
0.1% for 3 times @ 5 min, rinsed 3 times using PBStween 0.1% @ 5 min. The tissue sections were added by
H2O2 3% and incubated for 20 minutes. NCS/FBS 5% for
30 minutes was used for blocking. Then they were rinsed
by PBS-Tween 0.1% ( 3 times, @ 5 min ) afterwards
primary antibody
were added, and was incubated
0
overnight at 4 C. Afterwards, they were rinsed with
PBS-Tween 0.1% ( 3 times, @ 5 min). Then secondary
antibody (anti-CD4 FITC-conjugated) (1:500) and (antiCD8 PE-conjugated) were added, and were incubated for
1 hour, at ice box. Rinsed by PBS-Tween 0.1% ( 3 times,
@ 5 min ), lastly they were evaluated by flourescence
microscope.
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Histology of small intestine examination: Histology
technique used for analysis number of microbes
penetration on small Intestine . The sections were stained
with hematoxylin-eosin (HE) and then examined with
light microscopy.
Statistical analysis: Data were analysed using Variance
(ANOVA), using software programe SPSS for Windows
Release version 13.0.

reduce mice health. The presentage of CD4+ T cell of
each group treatment are, CD4+ T cell on control group
was found to be 32.65%, splenectomized 28.24%, and
splenectomized-S.typhi 35,44%, and splenectomizedS.typhi exposure T CD4+ 33.65%.

Result
Analysis of Interleukin 2 and Interleukin 4
by
ELISA Technique
The results showed that S.typhi exposure in
splenectomized and nonsplenectomized mice could
increase the levels of IL-2 and IL-4 significantly (p
<0.05), which indicated the existence of the body's
immune system at the absence of spleen and the
penetration of bacteria. Additionally mice with
splenectomy treatment showed the highest concentration
of IL-2 and IL-4.
Interleukine-2 is one of the cytokines which play a role in
immune system againts antigen. The aim of IL-2 and IL-4
level measurement was to find out the effect of
Splenectomy and S.typhi exposured concerning to IL-2 as
an antiviral and antibacterial. Splenectomized or S. typhi
exposured individually did not significantly alter the
levels of IL-4 (1.44-1.84 pg/ml), whereas injection of S.
typhi following splenectomy increased the level of IL-4
up to 1.8 fold (3.25 pg/ml). Level of IL-2 on all
treatments, spelenectomy mice , S. typhy exposure and
spelectomy following by S typhi exposure were 1.567
ng/ml, 1.352 ng/ml, respectivelly. Additionally, IL-2 level
of splenectomy-S.typhi exposured was 1.252 ng/ml, and
control to be 0.494 ng/ml.
Analysis of
T CD4+ dan CD8+ T Cell by Flow
cytometry
The corelation both of IL-2 and IL-4 productions with
CD4+ dan CD8+ T cell analysed for following the
mechanism of immune respon after S. typhy penetrated
on splenectomy mice, especillay confirmed on mesenteric
lymph node. The all treatment showed that treatment did
not affect significantly (p> 0.05) on the relative amount of
CD4+ T cells and CD8+. S.typhi penetration in the small
intestine of mice splenectomized-S.typhi exposure showed
the worst penetration than other groups. It was indicated
by the damage of intestinal tissue structure and the
number of bacteria colonies in the small intestine tissue.
However, the penetration of bacteria did not able to

Figure 1 The CD4+ dan CD8+ T cell on treated mice (
SI: splenectomized- S.typhi exposure ; S: splenectomizedwithout S.typh exposure; I: Not splenectomized- with
S.typhi exposure)
Histopathology
analysis of small intestine after
S.typhi exposure
Based on histology of mice small intenstine analysis
(Fig. 2) : S. typhi-exposure, splenectomized, and
splenectomized-S.typhi exposure showed that S. typhi
have posibility to penetrate throught small intestine
membrane with various number of S.typhi. The group of
spelenectomized -S. typhi exposure showed the highest
level microbe penetration compare with the others group
of mice,
S.typhi highly penetrate on the epithel of small intestine
of splenectomized- exposure
mice
compare with
spelenctomized – non exposure S. typhi (Fig. 2c). It was
indicated by the damage of intestinal tissue structure and
the number of bacteria colonies in the small intestine
tissue. However, the penetration of bacteria did not able
to reduce mice health. The figure of
sequential
histopathology of small intestine tissues showed that the
intestinal pathological signs both of splenectomizedwith and without S.typhi exposure and splenectomized
mice start as early as 3 weeks and that various populations
of leukocytes are involved in the inflammation.
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Figure 2 Histology of Mice Small Intestine (Epithel
1000X), (A) Control, (B) Splenectomized, (C) S.typhi
exposure, (D) Splenectomized- S.typhi (1 bar = 1µm)
Discussion
Splenectomy is the surgical removal of the spleen, an
organ that is part of the lymphatic system, plays an
important, though not obligatory role, in immune
function, and performed under general anesthesia. The
chief risk following splenectomy is overwhelming
bacterial infection, with particular susceptibility to
encapsulated organisms such as Salmonella typhi.
The results showed that S.typhi exposure in
splenectomized and nonsplenectomized mice could
increase the levels of IL-2 significantly (p <0.05), which
indicated the existence of the body's immune system at
the absence of spleen and the penetration of bacteria. IL2 is one of the compensators agents involved in
proliferation and development of T lymphocytes. Neither
splenectomized nor S. typhi exposure individually did not
significantly alter the levels of IL-4 (1.44-1.84 pg/ml),
whereas injection of S. typhi following splenectomized
increasing the level of IL-4 up to 1.8 fold (3.25 pg/ml).
The IL-2 concentrations from each treatments were found
from the highest concentration to be: splenectomized mice
was known as 1.567 ng/ml, mice with S.typhi exposure
was found to be 1.352 ng/ml, and both splenectomized
and S.typhi exposure of 1.252 ng/ml. Moreover, the
control treatment was found to be 0.494 ng/ml. Based on
those results, it could be noted that the IL-2 and IL-4
played a role to response the onset of bacteria and the loss
of secondary lymphoid organ which important to immune
system. (6,7,8,9, and 10) reported that there was an

increasing of lymphocyte cytokines Th1 level significally
(p<0.05) in periferal region involved IL-2 dan IFNγ, also
the increasing the amount T cells CD4+ and CD8+ post
splenectomy. IL-2 and IFNγ play a key roles to activate
macrofag and enhance the fagocytosis also stimulate
production other cytokines which involve to overcome E.
coli infectious at mice intestine post splenectomy (11, 12,
13, 14)
The calculation of the number of CD4+ T cells in the
mesenteric lymph nodes showed that treatment did not
affect significantly (p> 0.05) on the relative amount of
CD4+ T cells. Splenectomized significantly depleted the
relative density of bone marrow B220+ cells 32 fold down
to 0.50-0.55% compare with controls (17.34%).
Moreover, exposure of S. typhi stimulated the relative
density of bone marrow CD4+ T cells up to two fold
higher (0.50-0.56%) than control (0.28%). T cells, which
mediate adaptive immunity, are an early and important
component of lesions, and macro-phages, which play a
key role in both lesion development and in mediating
plaque disruption, serve to bridge innate and adaptive
immune processes
S.typhi penetration in the small intestine of mice
splenectomized-S.typhi exposure showed the worst
penetration than other groups, indicated by the damage of
intestinal tissue structure and the number of bacteria
colonies in the small intestine tissue. Although, the
penetration of bacteria did not able to reduce mice health.
The perform of sequential histopathology of small
intestine tissues showed that the intestinal pathological
signs both of splenectomized- with and without S.typhi
exposure and splenectomized mice start as early as 3
weeks and that various populations of leukocytes were
involved in the inflammation. Furthermore, we
investigated
flocytometrically
the effects of
splenectomy on the infiltration of CD4+ T, CD8+ T, B cells
and into small intestine tissues and the relationship
between mononuclear cells and inflammation of intestine
developing in splenectomized mice, which have a
complete absence of secondary lymphoid organs.
Splenectomy significantly depleted the relative density of
bone marrow B220+ cells 32 fold down to 0.50-0.55%
compare to controls (17.34%), moreover exposure of S.
typhi stimulated the relative density of bone marrow CD4 +
T cells up to two fold higher (0.50-0.56%) than control
(0.28%).
Conclussion
Salmonella typhi exposure in splenectomized and non
splenectomized mice could increase the levels both of IL-
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2 and IL-4 which indicated the existence of the body's
immune system in the absence of spleen and it‘s when
exposure by bacteria.
Splenectomy significantly depleted the relative density of
bone marrow B220+ cells 32 fold down compare with
controls, moreover exposure of S. typhi stimulated the
relative density of bone marrow CD4+ T cells.
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Introduction
Zoonoses are defined as those diseases and infections
naturally transmitted between people and vertebrate
animals (1). These diseases can be transmitted either
directly as is the case with rabies and anthrax, or indirectly,
via vectors, food, water and the environment, as in the case
of bovine tuberculosis and cysticercosis. The increased
interaction of man and animals especially in cities has been
implicated in the emergence and spread of zoonoses (2).
However, the true prevalence of zoonoses is not known in
most countries, and this often leads to neglect due to a lack
of evidence for government and donor decision-makers on
the importance of these diseases (1). In developing
countries, the occurrence of zoonoses is expected to be
high among the poor people living in urban and rural
areas. In the former, this is due to increased livestock
keeping activities in areas with high concentration of
people such as in the slums. The people living in such
areas have poor sanitation and lack medical facilities for
disease diagnosis and treatment. Another serious
complication is lack of interaction between the veterinary
and medical personnel in control of the zoonoses (1). In
most cases, knowledge of zoonoses diagnosis and
management are lacking amongst the medical and
veterinary personnel (3, 4). As a step towards identifying
the role played by urban veterinary and medical personnel
in control of zoonoses, the following study was carried out
in Kisumu municipality in Kenya.
Materials-and-methods.
Study area: The study was conducted in Kisumu
municipality which is the third largest town in Kenya. The
town is a rapidly growing commercial centre serving the
East African countries and is located along the shores of
Lake Victoria. It has a population of 500,000 people (5).
The municipality is diverse in its features of the economic
status, so that there are upper, middle and lower class
estates. According to the UNDP report 60% of the people
stay in slum dwellings and have a low human development
index characterized by poor sanitation, poor infrastructure
and health facilities, and high level of poverty (5). Urban
and periurban farming encompassing both livestock
keeping and crop farming is common in the municipality

(6,7). The types of animals kept by the town dwellers
include ruminants (cattle, sheep and goats), pigs, donkeys,
cats, dogs and poultry.
Study design: A questionnaire survey was undertaken in
Kisumu municipality to assess the common zoonoses
encountered, their management and role played by
veterinary and medical personnel in zoonoses control. The
questionnaire used was a modification of previous studies
done elsewhere (3, 8). The veterinary personnel sampled
included government Veterinarians including Animal
Health Assistants. Medical personnel sampled were
practioners private and public hospitals in the municipality.
The questions required frequency and types of zoonoses
encountered, animals with the highest risks, advice offered
to patients and farmers, perception of the role played by
different disciplines and communication across thedisciplines.
Data analysis: Data was entered into Ms Excel data sheets
and then exported to Ms Statview® for analysis.
Frequency data were analyzed using likelihood ratio chisquare to compare responses of the two types of personnel.
A p-value of less than 0.05 was considered to be
significant.
Results
The number of the veterinary personnel who participated
in the study was 15 and nine(9) human physicians.
Zoonoses cases were observed by both the veterinary and
medical personnel. The veterinarians listed the following
as the most common: hydatidosis, brucellosis, rabies and
cysticercosis. They reported the following from cattle:
cysticercosis (10/15), hydatidosis (8/15), rabies (10/15),
brucellosis (6/15), anthrax (2/15), tetanus (1/15),
dermatophytosis (1/15), colibacillosis (1/15) and
salmonellosis (1/15). From small ruminants, they reported
hydatidosis (3/15), rabies (2/15), tapeworms (2/15),
mycobacteriosis (1/15), tetanus (1/15), and colibacillosis
(1/15). For pigs, anthrax was the only zoonoses recorded
as having been observed by the veterinarians (3/15). All
the veterinarians indicated that the most common zoonosis
in dogs was rabies. Other zoonoses in dogs, were
dermatophytosis, tapeworms, hookworms, colibacillosis
and salmonellosis. The physicians observed in human
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patients: hydatidosis (2/9), brucellosis (5/9), toxoplasmosis
(3/9), rabies (4/9), anthrax (1/9), ticks (2/9), hookworm
(1/9), Pneumocytis cariinii pneumonia (1/9), bronchitis
(1/9). Overall, the veterinary personnel significantly
(p=0.04) encountered the zoonoses cases compared to the
human physicians. The animals with the highest risks
according to the veterinarians and physicians were dogs
and cattle, respectively. There was a significant difference
(p<0.05) in the proportion of veterinary and medical
personnel who considered the cattle and chicken to be of
high risks. Other physicians indicated that either veterinary
(22%) or medical (22%) personnel should have primary
responsibility on zoonoses education. The areas which the
physicians highlighted as important responsibilities for
Discussion
This study has for the first time documented the
veterinary and medical perceptions on the occurrence and
control of zoonoses in an urban locality in Kenya. The
findings here could be quite represeentative of other urban
dwellings in the region. The targeted population showed
that there was a lower number of practicing graduate
veterinarians compared to the higher number of human
physicians. Considering the importance of urban livestock
keeping in this town (6, 7), and the critical role played by
veterinarians in animal and public health, there is need to
deploy more veterinarians to impart more in the disease
control. The veterinary and medical personnel gave a
varied responses due to the different nature of their
professions. The veterinarians were widely involved in
meat inspection hence were more familiar with diseases
such as bovine cysticercosis and hydatidosis compared to
the physicians. Kenya reports high prevalences of
cysticercosis and hydatidosis in such rural areas as
Narok and Turkana (9, 10). Livestock for slaughter are
sourced from these endemic areas and poor disposal of
infected organs creates foci of zoonoses in urban
settings(11). It would be important to not only quantify
the occurrence of these various zoonoses encountered but
also determine the epidemiology of these diseases in
Kisumu town and other urban centres in the region. This
would help in devising effective disease control strategies
and reduce human infections some of which can be fatal.
The physicians ranked cattle as being of highest zoonoses
risks, possibly because they were presumed be main
reservoirs of brucellosis. Due to the high occurence of
dog bites, and possibly rabies in Kisumu, dogs were also
ranked high by both the veterinary and medical personnel.
In contrast to a significant proportion of physicians who
indicated that chicken could be of high zoonoses risk, all
the veterinarians indicated that chicken were of low
zoonosis risk. Chicken have been associated with
zoonoses such as toxoplasmosis, salmonellosis and

veterinary personnel included: general maintenance of
animal health, screening for zoonoses in animals, zoonoses
education for patients and consulting physicians. However,
the veterinary personnel either sought or gave advice to
human physicians on rare occasions (47%). The human
physicians had sought (11%) or rarely given (22%) advice
to veterinary personnel. Further, only the veterinary
personnel (47%) were aware of existence of official
communication between veterinary and medical offices;
and this was only in cases of rabies control. The veterinary
personnel controlled rabies through vaccination and baiting
of dogs. There was poor coordination between the varoius
government departments involved.

bronchitis pneumonia (12, 13). In recent years, there has
been calls for inter-disciplinary discussions and
collaborative ventures in control of zoonoses through the
―One health, One medicine‖ approach (4,14). The
findings of this study further support this call which
should be emphasized and up-scaled for wider
appreciation.
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Introduction
Goat farming is a source of income, employment, food
and security for smallholders in Mexico. Brucellosis is an
endemic disease in goats, (1) but also affects a large
number of people in Mexico (2). It threatens farmers'
livelihoods because it causes human disability (3) and
reduces goat production. To develop feasible control
methods, a good understanding of farmers' livelihoods is
important. Therefore, our aim was to identify feasible
brucellosis control strategies based on risk factor
identification and livelihoods.
Materials and methods

farming was a main livelihood activity for farmers (OR
2.3; 95% CI 1.2 −3) compared when goat farming was not
a main livelihood activity. Regarding livelihoods, milk
production for the caramel industry was the main
production goal. Flock size average 56 goats producing 65
liters per day in the peak season. Farmers were concerned
about increasing input cost and a decreasing farm gate
milk price. Brucellosis was a secondary issue for them.
Farmers did not use goat dairy products for their own
consumption, because many perceive it as a risk of getting
'fever' and one third of the farmers interviewed said that
Malta fever (human brucellosis) occurred in household
members in the previous three years.

A cross-sectional survey (1998 goats from 90 goat flocks)
was conducted in 2008 and 2009. Goat flocks sampled
were from the states Michoacán and Jalisco from a region
known as 'Bajío'. Rose Bengal and Complement Fixation
tests were used to detect brucellosis in goats. A
questionnaire was used to get information about risk
factors. With logistic regression odds ratio's (OR) were
obtained for risk factors. Participatory observations,
workshops and interviews provided information on
livelihoods.

Table 1. Multivariable statistical model of testing
positive to brucellosis
Variable
Prevalence OR (p−value)

Husbandry: zero-grazing 3

−

Results

Mixed-Grazing

9

4*

Prevalence of testing positive to brucellosis in goats was
22%, and 76% of the flocks had at least one goat that
tested positive to brucellosis.

Extensive-Grazing

29

6.4**

Goat farming main: yes

13

−

no

28

2*

Table 1 shows the odds and prevalence of the
multivariable logistic model. Preventive effects were (1)
goats from the Mexican state Michoacán (OR 0.3; 95% CI
0.2−0.4) compared to goats from Jalisco and (2) a low
goat density in pens (0.002−0.22 goats m2) (OR 0.5; 95%
CI 0.3−0.8) versus higher density testing (0.23-1 goats
m2). Higher odds for testing positive to brucellosis were
found in goats kept in extensive grazing (OR 6.4; 95% CI
2 −21.0) and mixed grazing systems (OR 4:0; 95% CI
1.1−14.0) compared to goats in zero-grazing systems.

Knowledge: higher

6

−

Higher odds were found also in goats from farmers with
lower knowledge about brucellosis (OR 2.0; 95% CI 1.1
−5.3) versus higher knowledge and finally whether goat

Location: Jalisco

42

−

Michoacán

12

0.3***

Density: High

27

−

Low

13

0.5*

lower
26
***<0.001, **0.001,*0.05

2.3*

Discussion
In this study we have identified risk factors for testing
positive to brucellosis in goats kept in small-scale farming
systems. The prevalence of testing positive to brucellosis
in goats was higher than in previous studies reported in
Mexico (4-6). Goats kept in grazing systems (i.e.
extensive and mixed) showed higher odds of testing
positive, most likely because grazing allows goats to
come in contact with other goat flocks and cattle herds
that can be a source of infection for susceptible goats.
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Grazing goats is seen by farmers as the cheap way to
produce and sustain a larger flock. Therefore, it is
unlikely to see farmers switching from grazing systems to
zero-grazing systems in order to control brucellosis. First
because a change from grazing to zero-grazing can imply
more cost on feed, and second, farmers do not consider
brucellosis as main constraint, for them low milk price,
high input costs are important. In addition, brucellosis
effects on goat production are not clear for them. For
example, farmers found it hard to understand that not all
goats that tested positive to brucellosis will show
abortion.
Goats from Michoacán flocks had lower odds of testing
positive to brucellosis most likely because a six year mass
vaccination had been carried out in Michoacán. In
Michoacán, the mass vaccination was successful because
a public dependent organization called 'sub-committee for
small ruminants' embraced the goal to control brucellosis.
The commitment to have a good coverage of vaccination
is important. Small-scale farmers are not easy to locate,
flocks and farmers move constantly in search of grazing
areas. Therefore, services providers have to search for
flocks if they aim to vaccinate them. It is hard to imagine
that freelance veterinarians as private providers of
vaccination to control brucellosis will follow goat flocks
in extensive grazing systems and reach flocks in remote
communities.

Table 2. Epidemiological factors for brucellosis
control in small-scale goat farms in Mexico:
Experiences and opportunities to intervene
Factors
Facts
Strengths(S) and
Opportunities(O)
Vaccine
- Limited access -(S) Farmers care
about goats health
- Undesirable
abortion when
-(O) Mass
applied to
vaccination
pregnant does
campaign for young
does with life time
dose
Grazing and
dairy goat
farming as a
main
livelihood
source

-Grazing
essential to
sustain goat
farming
-Market does
not pay good
quality milk

-(O) Control should
focus on grazing
flocks
–(O) Better farm
gate milk price for
good quality milk

Low density

-Some credits
for corrals have
been given to
some farmers
but not to
majority
-Governmental
corruption
occurred in a
recent credit
program

-(S) Farmers wish to
have better larger
corrals
-(O) Credits for low
cost corrals

Knowledge

- Farmers avoid
drinking goat
milk to prevent
‗fever`
- Farmers do not
know how goats
are affected by
brucellosis

(O) Radio
broadcasts can be
used to inform
farmers about
brucellosis. Farmers
always carry small
radio when they
herd goats

Lower goat density in the flock corrals should be
considered for brucellosis control because testing positive
to brucellosis showed lower odds compared to higher
density. Epidemiological evidence shown here can be
used to control brucellosis, for example by the use of
vaccination against brucellosis, making larger corrals to
decrease goat density. Although, the socio-economic
context of goat farming should be considered when
actions for control are planned. The above results are
summarized in a strength, weakness, opportunities and
threat analysis known as 'SWOT' and presented in table 2.
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A competitive-inhibition enzyme-linked immunosorbent assay (cELISA) developed for the detection of
antibody specific for Babesia caballi was used to test sera collected from 1237 South African horses.
None of these samples tested positive using the cELISA, although 63 samples tested positive for B.
caballi antibody using the indirect fluorescent antibody test (IFAT). We therefore characterized the
rap-1 gene that codes for the antigen (rhoptry associated protein, RAP-1) used in the cELISA, from
South African B. caballi isolates. Three sets of primers were designed to amplify the complete gene
and flanking regions (~1800 bp), but only one set of primers yielded PCR products, and we were only
able to amplify a region at the 5‘ end of the gene (615 bp) from ten South African B. caballi in vitrocultured isolates. Sequence data from seven of these were obtained. The sequences showed between
79 and 81% identity to B. caballi rap-1 gene sequences that have been reported in the literature
(accession numbers: AF092736 and AB017700). The GenomeWalker Universal kit (Clonetech) was
used to amplify the regions flanking the 615 bp B. caballi rap-1 fragment from two South African
isolates. Amplified products were cloned into the pGEM-T Easy vector and sequenced. The complete
rap-1 gene sequence, comprising a single open reading frame of 1479 bp that encodes a protein
consisting of 493 amino acids, was obtained from the two South African isolates. This sequence data
was used to redesign the amplification primers and rap-1 homologues were obtained from a further
eight isolates. BLASTP analysis indicated an amino acid identity of between 57.9% and 65.1% to the
two RAP-1 protein sequences, AF092736 and,AB017700, with most differences occurring at the
carboxy-terminus. The amino acid sequence differences probably explain why it was not possible to
detect B. caballi antibody in IFAT-positive sera from South Africa using the cELISA. Redesigning the
current cELISA using a conserved epitope of the RAP-1 antigen, or a more conserved protein as the
target antigen, may overcome this problem.
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Introduction
Honey bees, like other insects and livestock, can be
infected by many bacterial pathogens. Beekeepers
prophylactically administer antibiotics to prevent
outbreaks and to treat bacterial pathogens. This extensive
use of antibiotics in honey bee colonies can cause an
accumulation of residues in honey and can become a
public health hazard. Tetracyclines have been used since
1967 and are still being used for the treatment and
control of a wide variety of bacterial infections (1). At
present, the most commonly applied antibiotic against
Mellissococcus pluton and Paenibacillus larvae (causes of
the European foulbrood and American foulbrood,
respectively) in bees is oxytetracycline, followed by
tetracycline, chlortetracycline and doxycycline (2). This
extensive use of antibiotics in honey bee colonies can
cause an accumulation of residues in honey and can
become a public health hazard. In Thailand, there is still
no recommended data of maximum residue limits (MRL)
of veterinary medicine products in honey. In practice, it
implies to prohibit the use of drug or no drug residues in
honey (zero tolerance) (3). This research only investigated
on the use of tetracycline, chlortetracycline and
oxytetracycline because these drugs are cheap and easy to
obtain from drug stores or chemical shops. At present,
Thai beekeepers generally use antibiotics to control
microbial infections in bees because of convenience and
quick results. This problem leads to significant antibiotic
residues in honey and other bee, products. Screening test
for antibiotic residues in honey is required to protect
consumers. However the cost of this test is generally too
high for the beekeepers and bee, product processors. The
objectives of this research are to develop a cheap
screening test kit for detection of teteacycline group
residues in longan honey by microbial inhibition assay.
Materials and methods
Preparation of honey: The honey samples to be analysed
in this study was longan honey that was produced by Apis
mellifera in standard bee farm which practiced a good
beekeeping system. The honey was collected during
February-April 2009 from northern part of Thailand. The
honey was prepared to eliminate its osmotic or inhibine
effect on microbial assay at different dilutions (10-40 %)
with sterile solutions. Before test, The prepared sample

(Honey) will be keep at 4-8 oC
in refrigerator and
examined the microbiological, chemical and physical
properties.
Preparation of bacteria: Geobacillus stearothermophilus
ATCC 7953 DMST 8041 was acquired from the
Microbiological Resources Center of Thailand, Institute
of Scientific and Technological Research, Thailand. Prior
to the use, the cells were streaked on nutrient agar plates
and incubated at 65 oC for 24 hour under aerobic
condition. After incubation, they were propagated in
nutrient broth at 65 oC for 72 hour. After that, the cells
were harvested by cooling centrifugation at 2192 g for 20
minutes at 25 oC and washed three times with sterile
normal saline and then incubated at 95 oC for 20 minutes.
Then, the harvested cells were mixed with normal saline
in order to prepare cell suspension. The bacteria were
prepared at 10 8-9 cfu/ml.
Production of test kit with negative and positive control:
-The media was mixed with bromocresol purple.
-The bacteria were prepared at 10 8-9 cfu/ml, after that
dropped 0.1 ml into 0.4 ml of media.
-For negative control, add 0.1 ml sample in 10-40%
concentration of honey at 30 oC for 5 minutes and for
positive control, add 10-1000 µg/kg antibiotics in 1040% concentration of honey at 30, 65, 85 and 95 oC for 5
minutes into prepared media.
-After then, incubated the negative control and positive
control 65 oC for 120-180 minutes. The test was read
negative or positive by the change of colour. In the
absence of antimicrobial substances, the whole solid
medium would turn in to total yellow colour; it remains
purple in the presence of sufficient concentrations of
antibiotics. At intermediate concentrations of antibiotic,
the solid medium turns partly yellow. The experiment was
carried out using a complete randomized design (CRD)
with 5 replications. Comparison of means was conducted
using analysis of variance (ANOVA) and least significant
difference (LSD) at the 95% confidence level.
Validation and compare result of detection limit with
HPLC technique: The result obtained from the best
antibiotic residues test kit using optimal formula and test
condition was validated and compare against HPLC
method (4). Analysis of tests would be validated based on
sensitivity, specificity and accuracy of the test (5).
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Study on the effect of storage time on effectiveness of test
kit: The test kit with optimal components for the
microbial assay was stored at 5 oC. Effectiveness of the
test kit was evaluated during the storage from 1 to 270
days. The assay was conducted using diluted honey
without antibiotic and the diluted honey with antibiotic
10-1000 µg/kg (tetracycline, chlortetracycline and
oxytetracycline) in optimal diluted solution. The
experiment was conducted using a complete randomized
design (CRD) with 5 replications. ANOVA and least LSD
analysis were conducted with the data at
95%
confidential level in order to compare mean values.
Result
Quality in longan honey: The longan honey sample had
L*, a* and b* values of 37.27±0.47, 6.22±0.05 and
23.21±0.86, showed white, red and yellow colour,
respectively. It had pH, total soluble solids and water
activity (aw) of 3.97, 80.6 oBrix and 0.55, respectively.
Yeast and mold, total bacteria count were lower than 10
cfu/g and 100 cfu/g.
For negative control: Test kit was found to have complete
yellow colour after incubate for 150 minutes. A diluent
was used dilute 10-30% concentration of honey that was
found to have completely clear yellow colour, but 40%
concentration of honey was found to have incomplete
yellow colour after incubate for 150 and 180 minutes.
For positive control: Test kit was found to have purple
colour at upper part and yellow colour at lower part of test
kit at 150 minutes. The diluent used to dilute 10-40%
concentration of honey indicated that 10 % concentration of
honey that was mixed with 10 ppb oxytetracycline,
tetracycline and chlortetracycline in media showed a
complete yellow colour very clearly. It propogated
bacteria more than did 20-40 % concentration of honey.
The results could be read from the bottom three-fourth
part of the ampoule. There was no significant difference
for the height of yellow colour in each concentration of
honey and concentration of antibiotic at 30, 65, 85 and 95
o
C for 5 minutes (p≤ 0.05).
Table 1 Validity of test kit
Honey
Honey
with
without
antibiotic
antibiotic
Result of
a (100)
b (2)
positive
c (0)
d (98)
Result of
negative
a+c
b+d
(100+0)
(2+98)

a+b
(100+2)
c+d
(0+98)
n (200)

Validity of 100 test kit with honey has antibiotic
(oxytetracycline, tetracycline and chlortetracycline) and
100 test kit with honey has no antibiotic show:
Sensitivity = (a/a+c) X 100% = (100/100+0)X 100% =
100%
Specificity = (d/ b+d) X 100% = (98/2+98)X 100% =
98%
Accuracy of the test = (a+d/n) X 100% = (100+98/200)X
100% = 99%
Table 2 Compare result of detection limit in test kit and
limit of detection in HPLC
Antibiotic
Detection
Limit of
limit in
detection in
test kit
HPLC
Tetracycline
10 µg/kg
2.72 µg/kg
Oxytetracycline
10 µg/kg
7.44 µg/kg
Chlortetracycline
10 µg/kg
34 µg/kg
Study on the effect of storage time on effectiveness of test
kit: Test kit was found to have complete yellow colour at
150 minutes (negative control) at 1 day shelf life at 5 oC
but at 270 days at 5 oC shelf life of test kit was found
to have complete yellow colour was found at 180 minutes
(negative control). From observation of yellow colour in
test kit, it was found that 10-20 % concentration of honey
that was mixed with 10 µg/kg oxytetracycline and
chlortetracycline could not inhibit the growth of bacteria,
same as 10 % concentration of honey that was mixed with
10 ppb tetracycline. There was no significant difference
between the mean values for the height of yellow colour
at 30-40 % concentration of honey (p ≤ 0.05).
Discussion
The longan honey had quality following of Thai standards
(5). In positive control, 10-1000 ppb antibiotic in honey,
the solid medium turns partly yellow at diluted 30 %
concentration of honey at 30 oC, 85 oC and 95 oC for 5
minutes, and bacteria growth is not different. So, do not
heat sample before test in test kit and 30% concentration
of honey is the optimum concentration of honey for
negative sample and 10 µg/kg positive sample. But 40%
concentration of honey cannot be used because high
osmotic pressure can inhibit the growth of bacteria.
Sensitivity of test kit was 100% and accuracy of the test
was 99% from the preparation with or without antibiotic
sample within the concentration range that antibiotic
could detect (≤10 µg/kg). Specificity of test kit was only
98% because concentration of bacteria in some test kit
was lower than in other test kit.
Data of Limit of detection (LOD) by HPLC technique
in test Tetracycline and Oxytetracycline in honey is
lower than minimum detection limit of the test kit but
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minimum detection limit in test Chlortetracycline is lower
than HPLC technique.
Conclusions
This research is to develop a cheap screening test kit in
microvial polypropylene tube for antibiotic residue
detection in longan honey. The test is easy to detect
negative and positive reaction. A microbial inhibition
assay was carried out using spores of Geobacillus
stearothermophilus (ATCC 7953, DMST 8041) in
optimal medium. 0.1 ml of 30 % honey solution
incubated at 65 oC for 2-3 hours in waterbath. The shelf
life of the test kit kept at 5 oC was 9 months. The test kit
could not detect at lower than 10 ppb, therefore, it has to
be confirmed by certain instruments such as HPLC and
LCMS.
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Introduction
Reunion Island is a French island in the south-west Indian
Ocean, between Madagascar (700 km) and Mauritius (300
km). Reunion Island has a tropical climate, and possesses
immense biological diversity. It is also a European
territory with modern infrastructures and services for
professional activities.
Pig and poultry production is one of the main activities in
Reunion Island as in European countries where the main
animal product is pork (48.7%) followed by poultry
(23.6%). So, meat and poultry products have to be
shielded from contamination to avoid public health risks
to consumers and financial problems for Reunion‘s
poultry companies. The first industrial chicken farm on
Reunion Island was constructed 60 years ago and the
main slaughter house was built in the 1990s.
Reunion‘s poultry meat industry produced around 10 tons
in 2009, which represented an average of 5 800 000 birds
with a typical weight per chicken of 1.762kg. Broilers
were slaughtered at around 45 days old. The industry aims
to increase production by 3% per year. To attain this
objective, the whole poultry production industry has
improved its efficiency in procedures and costs. At the
present time, chicken meat production is locally
consumed (66% local production and 33% imported
frozen from France). Contamination of chicken with
Salmonella is a public health and an economic problem
particularly because the Reunion island population
consumes a lot of chicken (more than 35 kg per person
per year) and also eats 100% chicken sausages.
In Reunion Island, except some bacteriological controls
carried out in farms, no epidemiological study has yet
been undertaken. Nevertheless, poultry producers
consider Salmonella to be a major problem for broiler
production. This study aims (i) to define Salmonella
prevalence on broiler flocks at the farm and at the
slaughterhouse, (ii) to identify risk factors of broiler
infection, (iii) to identify any cross contamination from
the farm to the slaughterhouse.
Materials and Methods
Sample collection

The study was carried out from May 2007 to February
2009 and involved 60 broiler farms randomly selected
among those affiliated with Production Company in
Reunion Island. The location and the day of placing
chicks were given by the poultry company.
Data collection
A total of around 1,800 samples were collected. Each
chicken farm was visited three times. The first visit was
made before slaughtering at 43 days old to define the
previous flock‘s Salmonella status. The second visit was
made just 48 hours before the settle of chicks to assess the
efficiency of cleaning and disinfection procedures. The
third visit occurred at the end of the rearing period of the
study flock between day 43 and day 45 before
slaughtering. On broiler farms, samples were collected
from 60 flocks at the end of the rearing period (faeces,
litter, changing room, wall and equipment, outdoors).
Data were collected from a questionnaire administered to
each farmer concerning poultry house characteristics,
practices and treatment on day-old chicks, management of
dead birds, control of rodents and other domestic animals,
watering practices, farm staff, cleaning and disinfection.
This questionnaire was always submitted by the same
person and it was pre-tested in a preliminary study. The
final questionnaire was closed-ended questions. At
slaughterhouse, samples were collected all along the
process, from the transport crates, before defeathering,
after defeathering, before clamping plan, after clamping
plan, at the evisceration steps, from scalding water, from
caeca, neck skin and carcasses; at the cutting plan on
utensils and working plan, and from sausages. Samples
from pigs, from poultry and other chicken were also
collected from previous course. For humans, isolates were
collected from hospital (GHSR Reunion), private
laboratories and from Pasteur Institute (Paris, France).
Statistical analysis
The flock was the unit of observation. A flock was
infected by S. enterica subsp. enterica if at least one
pooled sample taken from the poultry house collected at
the end of the rearing period tested positive. Thus, the
outcome variable was dichotomous (infected versus noninfected). All variables were categorical with a number of
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categories per variable limited. All frequencies of
categories were > 10%. To assess the relationship
between explanatory variables and Salmonella status of
the flock, two stage procedures were used. Factors
associated (Pearson χ2 test, P<0.25) with Salmonella
infection of the flock were input a full model on R
software for multivariable analysis. The second step
included a logistic multiple regression model (1).
Contribution of each factor to the model was tested with a
likelihood-ratio χ2 through a stepwise procedure.
Pulsed field gel electrophoresis (PFGE), Multiple loci
variable number tandem repeats and antimicrobial
susceptibility
The following harmonized protocol for PFGE was used
for the study as described by Kerouanton (2). The method
of MLVA was according to Lindstedt (3). Antimicrobial
susceptibility was tested by the disk diffusion method
following the CLSI guidelines (Clinical and Laboratory
Standards Institute, 2008)
Results
In our study, 22% of chicken broiler flocks were infected
by Salmonella enterica subsp. enterica at the end of the
rearing period. The main serovar identified was S.
Virchow (38%), then S. Blockley and S. Livingstone
(15%) and S. Typhimurium, S. Hadar and S. Senftenberg
(8%). At the slaughterhouse, 68% of batches were
positive to Salmonella enterica subsp. enterica. The main
risk factors identified at the end of the rearing period are
described in table 1.
The genotyping of isolates showed a similarity with stable
patterns. For example, for S. Typhimurium, the observed
similarities were considerable for 10 patterns with more
than 90% similarity between isolates from chicken,
poultry, environment and humans (figure 1). The main
resistances were observed for ampicilin, streptomycine,
sulfonamides and tetracycline. The main resistance
pattern was A,S,SuT, A,Su,SXT, T and S,Su, T.
Table 1 Risk factors identified at the end of the rearing
period
Logistic regression
Variables
model
Proximity of production to sugar cane
Salmonella status of previous flock
Age of poultry house (more than 15
Years)
Use of antibiotics at Day1
Thorough Cleaning and disinfection
of poultry house and surroundings

OR
7.92

90% CI
1.1, 90.05

6.89
5.36

1.3, 36.45
1.2, 29.52

4.9

1.1, 30.95

0,05

0.001, 0.79

Cluster 1 :
17.3 % of the isolates
( 31 isolates)

Cluster 2 :
35.7 % of the isolates
(64 isolates)

Cluster 3 :
12.8 % of the isolates
(23 isolates)

Cluster 4 :
7.8 % of the isolates
(14 isolates)

Cluster 5 :
10.6 % of the isolates
(19 isolates)

Figure 1 Dendrogram showing the cluster analysis of
PFGE Xba1 patterns of Salmonella Typhimurium
generated by bionumerics software using the UPGMA
method
Discussion
In our study, 22% of the broiler flocks were infected with
Salmonella. This result is in conforms to 23.7%
prevalence generally observed in European Union. Most
of risk factors identified in this study have been reported
in the literature (4) but some are specific and related to
conditions in Reunion Island.
The original risk factor identified was the presence of
sugar cane and plant fields next to poultry houses.
Rodents are a legitimate problem because most of the
territory is covered with sugarcane fields, natural habitats
of rodents that can be very close to poultry farms. Rodents
have been recognized as a vehicle of Salmonella and are
often implicated in the infection of poultry (5). The age of
the poultry house (> 15 years old, often built with
tobacconist drier) was often correlated with presence of
porous walls that could contribute to the persistence of
Salmonella because these walls are difficult to clean and
because crevices could constitute recesses full of faeces
contributing to development of bacteria. The
administration of antibiotic drugs to one day-old chicks
often used as prophylactic drugs against stress and
mortality during the first day of life might reduce the
number of colonized and shed bacteria (6).
The common PFGE pattern (B54, B62,B64 and B69)
observed with S. Typhimurium for poultry and human
isolates underlines a possible contamination of humans
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with chicken as previously described by Nogrady et al.
(7). The MLVA retained the high co-clustering with
PFGE typing.
Furthermore, strong similarity was observed between
isolates among clusters from chicken, environment, pig
and human isolates. Homology found from humans,
chicken and pigs‘ isolates highlighted a possible human
contamination by infected chicken or pork. Cross
contamination was also underlined at the slaughterhouse
and positive flocks detected at the farms have been
recovered at the slaughterhouse. Analyses using
serotyping and more specifically macrorestriction
profiling by PFGE with Xba1 showed that no clonal
relationship existed between PFGE and antibiotic
resistance profiles. The antimicrobial resistance
characteristics could have been acquired by selective
pressure of drugs or by horizontal transfer. So it is
necessary to investigate pig production to understand
differences of veterinary practices with poultry industry.
Furthermore, diversity but proximity of S. Typhimurium
and S.I. 4,5,12:i:- was observed suggesting importation of
this serovar into Reunion Island. So Salmonella
Typhimurium and S.I. 4,5,12:i:- colonized Reunion Island
and widespread in many hosts and vectors. Thus, many
sources of infection of S. Typhimurium exist and it is not
always possible to determine specific ways of
transmission.
Most of Salmonella isolates were susceptible to all the
tested antibiotic drugs by contrast with results observed in
continental France. Most of the isolates from Reunion
Island showed resistance to ampicilin, streptomycin,
sulfonamides and tetracycline as shown previously
demonstrated (8). These antibiotics have been the most
commonly used antibiotics for animal production which
explained the frequent occurrence of resistance for these
antimicrobial agents (9).
The results of this study indicate that poultry is a potential
vector for Salmonella in Reunion Island.
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Introduction
Aflatoxins, the most widespread of all the mycotoxins,
are common in warm and humid climate condition (1).
The evidence comes from the fact that in Indonesia,
where hot and humid climatic conditions prevail during
most of the year. Aflatoxins are primarly produced by
fungi of the genus Aspergillus flavus and Aspergillus
parasiticus. Major forms of aflatoxins include B1, B2,
G1 and G2, and two additional metabolic products, M1
and M2, with aflatoxin B1 being the most common and
biological active toxin (1,2). Aflatoxins contributing to
altering immune function, unexplained animal disease,
and in performance problems in farm animals (3,4).
Clinically, the signs of aflatoxin toxicity, include
anorexia, decrease weight gain, egg production, specific
visceral haemorrhage, and embryo toxicity (1).
Aflatoxins can enter the human food chain indirectly by
food products obtained from animals given
contaminated feeds through residues in egg and their
derivates (5). It is important to be able to detect and
quantify the aflatoxins concentration in foods and feeds
destined for human and animal consumption. In
addition, the possible presence of toxic residues in egg
may have some detrimental effect of human health (6).
Because aflatoxins are toxic and carcinogenic in
humans and animals, many countries regulate the
maximum level that can occur in foods and feeds.
Maximum levels differ widely from country to country
because of a lack of agreement on what constitutes a
safe maximum level for humans and animals (7).
Maximum permissible level of 20 ppb for aflatoxins in
poultry feeds (8). Indonesia has attempted to limit
exposure to aflatoxins by imposing regulatory limits on
commodities for use as feed. Regulation is concerning
by controlling aflatoxin B1, because it is considered the
most toxic and carcinogenic of the naturally occurring
aflatoxin B1. Indonesia regulates the maximum level of
aflatoxin B1 that can occur in foods and feeds, such as
20 ppb and 30 ppb.
Occurance of aflatoxin B1 in Poultry Feeds in
Indonesia
According to the United Nation‘s Food and Agriculture
Organization (FAO), approximately 25% of the world‘s
grain supply is contaminated with mycotoxins, of which
the most common is aflatoxin B1. Furthermore, 52% of
feed samples from South East Asia (Indonesia,
Malaysia, Philippines, Thailand and Vietnam
contaminated by aflatoxin with average 50ppb and
maximum level 345 ppb (9). Maize is the main source

of contaminated aflatoxins in commercial poultry feed
(10). The levels of aflatoxin on maize samples obtained
from five major areas-producing maize in Indonesia,
such as North Sumatra, Lampung, Central Java, East
Java, South Sulawesi, respectively: 27,3 ppb, 16,4 ppb,
236 ppb, 201 ppb, and 72,6 ppb (11). Another research,
reported level of aflatoxin on maize from 35 samples
tested, all samples contaminated aflatoxin B1 from
48.10 to 213.80 ppb (12). These research are in contrast
with the data presented in 1991, 91% samples of maize
in Jakarta and Bogor-containing aflatoxin B1 who
found the level of aflatoxin B1 on maize from 22-4074
ppb (13). The feedstuff is composed by various
agriculture-commodities and agriculture-by product.
Aflatoxin B1 can contaminate rice bran (18.1 ppb),
coconut oil cake (10.9 ppb), cassava dregs (9.63 ppb),
chocolate rind (38.55 ppb), corncob (24.11 ppb),
soybean oil cake (7.12 ppb), palm oil cake (23.57 ppb),
copra oil cake (25.0 ppb), and pollard (18.93 ppb) (14).
Based on research in 1988, 95% of commercial poultry
feed in various regions in Indonesia contaminated
aflatoxin B1 with average level of 52 ppb (10). Few
years laters, in 1993, from 919 commercial duck feeds
contaminated aflatoxin B1 in the range 0-398 ppb (15)
The other research in 1994, 83% of the feed samples
examined contaminated aflatoxin B1 as many as 100
ppb (16). In 1995, another research reported all of the
commercial poultry feed samples were found
contaminated aflatoxin B1 from 3-160 ppb (17). In
1998, another research reported 63.2% of all samples
were contaminated aflatoxin B1 from 100-200 ppb and
13.5% above the level of 200 ppb. In 2001, aflatoxin B1
also detected in poultry feeds were 27 ppb (18).
Recently research in 2010, the level of aflatoxin B1
contaminated in poultry feeds increased become 38.2
ppb (19).
Aflatoxin residues in egg and factors involved in that
process
Aflatoxin B1 is metabolized by the liver through the
cytochrome P450 enzyme system to the major
carcinogenic metabolite AFB1-8,9-epoxide, or to less
mutagenic forms such as AFM1, AFP1 and AFQ1 (20). It
is considered that the carcinogenicity and mutagenicity
of AFB1 most probably arises from the formation of
reactive epoxide at the 8,9 position of terminal furan
and its subsequent covalent binding to nucleic acid:
such nucleic adducts may last for some weeks after
formation (21). Aflatoxin B1 biotransformation in the
liver of hens generates a variety of hydroxilated toxic
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metabolites that can also be transferred to eggs (22).
Moreover, these aflatoxin B1 metabolites can occur as
glucoronic acid or sulphates conjugates (23). Therefore
both the free and conjugated forms of the aflatoxin B 1
and of its toxic metabolites should be taken into account
in quantification of total aflatoxins in animal products
(24). Aflatoxins are well absorbed and rapidly
metabolized, producing reactive epoxides that can
produce carcinogenic metabolites. Residue level in eggs
dependent with more residues concentrated in yolk than
albumin. The presence of aflatoxin residues in egg can
be detected based on the correlation between the level
of aflatoxin in poultry feed and the level of aflatoxin in
eggs. Correlation between aflatoxin levels in feeds
(ppb) and aflatoxin levels in eggs (ppb), respectively:
100:0.23, 200:0.78, and 400:1.40 (25,1). The presence
of aflatoxin B1 and its metabolites in free and
conjugated forms in eggs from hens fed a contaminated
diet and calculated transmission ratio. Other studies
indicated wide variation in transmission ratio, such as
40000:1 (26), 2200:1 (27), and 5000:1 (28).
Residues of aflatoxin B1 in Egg in Indonesia
Studied in 1994, from 40 eggs of indigenous chicken
samples analyzed, all samples containing aflatoxin B 1
0.22 ppb and aflatoxicol 0.36 ppb. Futhermore, from 10
eggs of duck samples analyzed containing aflatoxin B1
0.371 ppb and aflatoxicol 5 ppb (29). In 1995, the other
research reported from 20 eggs of chicken samples
analyzed, all samples containing aflatoxicol 147 ppb.
Residues aflatoxin B1 in egg are the result of aflatoxin
B1 contaminated feed (30).
Conclusion
The occurance of aflatoxin B1 in egg is one of the most
serious problem s of food hygiene, as egg is a key
source of nutrients for humans. Aflatoxin B1 is great
threat to food safety around the world. Humans are
unavoidable exposed the carcinogenic agents, include
aflatoxins. Although aflatoxin B1 can occur at low
levels but the presence of this substance may result in
synergistic effects leading to cancer in humans. Chronic
effects are a concern for the long term health of the
human population making levels of aflatoxin in foods.
Eggs must have a good quality, free of residues
aflatoxin B1 so safe for human consumption, and have a
high competition in global market.
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Introduction
Organophosphorus (OP) insecticides still pose a major
problem in toxicology. The use of OP compounds for pest
control and attempted suicide causes huge numbers of
intoxications and several hundreds of thousands of
fatalities per year mainly in developing countries (1). In
the current study, we chosed dimethylated OP dichlorvos
(DDVP) and diethylated OP diazinon (DZN). Both of
them are routinely used in veterinary medicine. OP
products are prevalent in animals destined for human
consumption in the United Kingdom with serious public
health implications. Animal handlers are at risk of
contamination and can serve as source of contamination to
susceptible hosts. Targeted pest control on animals,
concerted veterinary/medical efforts, professional health
instruction, active attachment of animal careers and good
health care systems are necessary for effective control
(1,2). The intoxication with OP causes a generalized
cholinergic crisis due to an irreversible inhibition of
acetylcholinesterase (AChE) by phosphylation of their
active site serine (1) and successive accumulation of the
neurotransmitter acetylcholine. Phosphorylated AChE is
spontaneously hydrolysed, liberating phosphoric acid and
the original active enzyme. This phenomena spontaneous
reactivation (dephosphorylation), proceeds very slowly
and depends on the leaving group of the original OP
inhibitor, but on the remaining substituted groups on the
phosphorus atom and the source of enzyme (1,3).
However, the OP-inhibited AChE changes gradually into
a non reactivatable form on storage. This phenomena is
called aging (dealkylation). It was assumed that the aging
may be caused by a migration of the phosphoryl group
from an initial position to form more stable bond or by the
elimination of serine phosphate to lose serine hydroxyl
group. It is generally accepted that spontaneous
reactivation and aging mechanism for alkoxyl group of
OP residue bound to AChE (3,4). Recently, the standard
treatment for OP poisoning comprises a combination of
atropine, an oxime, e.g. pralidoxime chloride or
obidoxime. Oxime compounds that can reactivate OPinhibited AChE by attaching to the phosphorus atom of
the OP compounds forming an oxime-phosphonate, which
splits away from the AChE molecule (1). The aim of this
study was to determine the level and time course of aging

and spontaneous reactivation in the liver and muscles of
food animals, as the factors that limits the period for a
useful oxime administration.
Materials and methods
Animals: Thirty slaughtered healthy food animals from
local abattoirs in Plymouth, UK were used in the
experiment (10 sheep, 10 cattle, and 10 pigs). The
samples (Liver and Muscle) were transported in ice box to
the Biochemistry laboratory at the University of Plymouth
for immediate processing. However, during samples
collection from an animal it is essential that
anticholinesterases are not introduced into the sample
from the skin of animals. Access points of contaminates
are established and are often difficult to avoid (5).
Sample preparation: One gram of each liver and muscles
was cut into tiny pieces, wrapped and rinsed till blood was
completely removed, and homogenized at 4 oC (Teflon
TM glass homogenizer) in a ratio 10-fold dilution of 0.1
M phosphate buffer, pH 8.0 and then centrifuged by using
Eppendorf tubes at 9000 × g for 5 min, at 4 ºC (1,5). Most
essential observations in establishing homogenization are
to avoid that: (i) samples are actually homogenize and that
aliquots taken are real demonstrations of the homogenate
as a whole, and (ii) AChE are not being altered or
destroyed by the processes (e.g., through heat induced
denaturation) (5).
Enzyme activity measurement: The AChE activity was
determined by the Ellman method (6), adapted to
microtitre plate as described in Worek et al. (1) and using
acetylthiocholine as substrate (1 mM final concentration).
Briefly, 0.02 ml of sample and 0.24 ml mixture (9.75 ml
of 0.1 M phosphate buffer pH 8.0 and 0.25 ml of 0.2 mM
5,5-dithio-bis-2-nitrobenzoic acid as reagent), were
mixed, allowed to stand for 5 min and then 0.04 ml
substrate added. The activity was measured for 5 min at
410 nm, at 25°C in 96-well microtiter plate
spectrophotometer (SpectraMax 340PC, Sunnyvale CA).
Determination of rate constants for aging (ka) and
spontaneous reactivation (ks): OP-inhibited AChE was
prepared by incubating samples with appropriate OP
concentrations for 30 min at 25°C resulting in an
inhibition of 85–95% of control activity. OP-treated
samples were stored in aliquots at -80°C until use. In
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order to remove excess OP after affecting inhibition the
samples by DDVP and DZN, the samples were filtrated
and the absence of inhibitory activity was tested by
incubation of OP-treated and control AChE (15 min,
25°C). Aliquots were taken after various time intervals for
determination of AChE activity (ks) and of the decrease of
oxime-induced reactivation (ka) (7,8). OP-treated samples
were incubated with 500 µM pralidoxime chloride
(30 min). All chemicals used in this study were purchased
from Sigma, UK.
Statistical analysis: Descriptive statistics including the
mean and standard error (SE) of all parameters were
calculated. Differences with P<0.05 were regarded to
have statistical significance. The pseudo-first-order rate
for constants ks and ka were calculated by a non-linear
regression analysis (1,8). All parameters and statistics was
done using SigmaPlot for windows (Systat software, Inc.).
Results and Discussion
Kinetic parameters (ks and ka) for reaction between liver
and muscle AChE and two OP (DDVP and DZN) are
presented in Table 1 and 2. In the liver ks for sheep, cattle,
and pig were significantly different (P<0.05) between
DDVP and DZN. In the muscle of cattle, both ks and ka
were significantly different (P<0.05). Kinetic parameters
of all tested animals in liver and muscles gave no
correlation between ka and ks (r<0.258; P>0.05).
Table 1 Mean±SE of rate constants for the ks and ka of
OP-inhibited AChE in the livers of sheep, cattle, and pig

To the best of our knowledge, this is the first study which
compares the ks and ka of OP inhibited AChE in the liver
and muscles of food animals. Phosphylated AChE is
susceptible to spontaneous hydrolysis of an alkyl-ester
bond, resulting in a negatively charged residue which is
resistant towards nucleophilic attack (9). The rate of ks to
inhibit erythrocyte AChE by DDVP has been observed to
be 0.92 min-1 for cattle (8), 0.347 h-1 for rat (10), while ks
values to DZN was 0.012 h-1 for human (11), but was
0.408 and 0.019 h-1 for DDVP and DZN, respectively in
ethanol (3). Comparable to our work DDVP was higher in
the liver and muscle of cattle than in erythrocyte, which
ranged between 0.133 to 0.323 h-1, but lower than DZN,
and ranged between 0.021 to 0.088 h-1. These differences
may be due to AChE activity in the erythrocyte being
more sensitive to DDVP than in the liver and muscle
cells, unlikely with DZN. However, ks in the liver
proceeded substantially faster with cattle DDVP and DZN
compared with the other animals. While muscle ks was
faster with cattle exposed to DDVP and pig to DZN
compared with other animals (Table 1 and 2). Literature
values of the half-life (t1/2) of ks for AChE are about 2 and
58 h for DDVP and DZN, respectively in human
erythrocyte (10,11). These findings are in agreement with
our results, where observed DDVP t1/2 of ks was lower
than DZN t1/2 (Figure 1). The recovery of rate ka of
reserved erythrocyte AChE by DDVP was 2.62 x 10 4 min1

Inhibitor
Sheep
Cattle
Pig
ks (h-1)
DDVP
0.323±0.05A
0.218±0.09A
0.245±0.03A
B
B
DZN
0.088±0.04
0.061±0.001
0.070±0.003B
-1
ka (h )
DDVP
0.019±0.003
0.021±0.003
0.013±0.002
DZN
0.014±0.002
0.018±0.001
0.017±0.006
Different letters in column is significantly different
(P<0.05)
Table 2 Mean±SE of rate constants for the ks and ka of
OP-inhibited AChE in the muscles for sheep, cattle, and
pig
Inhibitor
Sheep
Cattle
Pig
ks (h-1)
DDVP
0.161±0.016
0.133±0.03A
0.139±0.032
DZN
0.062±0.039
0.026±0.06B
0.021±0.005
ka (h-1)
DDVP
0.017±0.001 0.018±0.001A 0.013±0.003
DZN
0.010±0.003 0.009±0.001B 0.014±0.001
Different letters in column is significantly different
(P<0.05)

and 7.77 x 104 min-1 for cattle and horse, respectively
(7), and DZN 0.017 h-1 for human (11). In agreement with
our result with DZN that ranged between 0.009 to 0.018 h1
, while lower than reported with DDVP. With the
exception of muscle DZN-inhibited AChE ka proceeded
markedly later than ka of cattle and pigs. In addition, t1/2 of
ka for human erythrocyte AChE is about 41 h for DZN
(10), concurring with our results which ranged between
39.1 to 85.3 h (Figure 1). This indicates that the reduction
of DDVP t1/2 in the liver and muscle might alter the use of
oximes. In clinical research, the level and time course of
ka is important, because it is the factor that limits the
period for useful oximes administration after affecting
food animals with OP pesticides (1,5,7). Finally, this
study found that values of ka and/or ks may also play a
role on the administration of oximes in the liver and
muscles of food animals.
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Figure 1 Half-life for ks and ka of liver and muscle AChE
of food animals inhibited by (■) DDVP and (■) DZN. The
letters between the DDVP and DZN is significantly
different (P<0.05)
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Five variations of complete feed which were used
probiotic, soybean and or corn oil in fermentation process.
After fermentation process the fat and linoleic acid
content of complete feed increased, but NDF and ADF
content decreased. The Milk butter fat were higher when
dairy cows fed complete feed containing pro-biotic only
and or probiotic + soybean oil, again linoleic acid content
in milk were higher in group cows fed complete feed
containing probiotic only and or complete feed + probiotic
+ corn oil. Furthermore, the immune response by
apoptotic process on arthritic of metatarsal cartilage bone
of Rattus novergicus was higher when they treated by
pasteurized milk of cows fed complete feed + probiotic +
cornoil.
Introduction
Butter fat of dairy cattle milk containing some micro
element of fatty acid likes Linoleic Acid (C18:2) which
has anti-inflammation, anti-carcinogenic and anti bacterial
effects. The level of Linoleic Acid in dairy cattle milk
influenced by dairy cattle breed, genetic, feed nutrition,
addition of unsaturated fat in feed, lactation period.
Commonly, Frisian Holstein and Brown Swiss cattle were
higher on Linoleic Acid content in their milks. Naturally,
Linoleic acid content in milk was higher compared to
plant resource oil such as: corn oil, soybean oil, sunflower
oil). Conjugated Linoleic Acid (CLA) synthesis by
dehydrogenase of Linoleic Acid in the rumen in two
forms of Trans Fatty Acid (TFA) such as: 9c11t-C18:2
(75-90%) from total fatty acid and 10t12c-C18:2, and by
desaturation it to ▲9-trans vaccenic acid (60%) in fat
tissue and mammary gland of lactation cattle (2). How to
increase Linoleic Acid content in dairy cattle milk? The
way is to do some improving feed technology by using
probiotic, corn and or soybean oil in complete feed
processing. To prove that dairy cow milk with higher
Linoleic Acid content has anti-inflammation effect, in the
experiment used Rattus novergicus with arthritic of
metatarsal cartilage bone treated with these pasteurized
dairy cow milk.
The aim of the experiment is to observe the effects of
dairy cow fed complete feed rich linoleic acid on
apoptotic process in inflammation of metatarsal cartilage
bone of Rattus novergicus
Material and Methods
The experiment include three phases, Phase I, to
compose complete feed with rich linoleic acid content,
Phase II, the five variations of complete feed with high
linoleic acid given to dairy cows to produce some milk.
Phase III, milk products of dairy cows belong to phase II

were pasteurized and it‘s given to normal and arthritic
metatarsal of Rattus norvergicus.
Five variations of complete feed such as F0:
conventional feed, F1: basic complete feed, F2: basic
complete feed + commercial pro-biotic, F3: basic
complete feed + commercial pro-biotic + soybean oil, F4
basic complete feed + pro-biotic + corn oil. Each sample
of complete feed was analyzed on proximate, fiber matter
(NDF and ADF) and linoleic acid. A total of five Frisian
Holstein cows were used to produce some milk. Each
animal received complete feed (F0, F1, F2, F3 and F4) at
about 12 – 14kg DM complete feed/head/day,
respectively. The milk productions were measured every
day and milk quality analyzed on nutritive content
include linoleic acid of milk. About 48 female Rattus
norvegicus with averaging 200 grams body weight and
about 3 months of age were used as the experimental
animals. The animals divided into 12 groups with 4
replications. Two variation of Rattus novergicus
conditions (normal: N and artificial arthritic on metatarsal
cartilage bone: AA), and six variations of dairy cattle
milks (M0, M1, M2, M3, M4 and Water) given to Rattus
novergicus every day ad libitum for three weeks period.
The experiment was designed into factorial (2 x 6 x 4
replications). Preparation of metatarsal cartilage bone
arthritic artificial by CFA (Complete Freud Adjuvant)
injection 0.2ml intra dermal to the tail of rat, and 14 days
after CFA injected about 0.05 ml at metatarsal cartilage
bone left and or right side. Therefore, at another seven
days after both parts of metatarsal bone got swallow that
indicates the rats have some arthritic. Finally, all Rattus
novergicus were killed by dislocation capital according to
ethic clearance certification. Metatarsal cartilage bones of
Rattus novergicus in each treatment group were taken for
immune histology-chemistry examination on apoptotic
process.
Data were analyzed by ANAVA and Duncan‘s
Multiple Range Test base on SPSS 11.0 software.
Result and Discussion
Chemical Composition of Complete Feed
The dry matter as dry matter basis content of
complete feed (F1, F2, F3 and F4) range about 93.31 –
96.87%, 12.03% - 12.95% ash, 14.86% - 17.45% protein,
16.31% – 19.18% fat, 13.37% - 18.78% fiber matter,
30.07% – 37.31% NFE, 23.27% - 48.91% NDF and
12.61% - 18.3% ADF. F0 as conventional control feed
containing corn chop, concentrate pellet feed and taufu
waste. Protein content of corn chop about 10.80%, taufu
waste 22.07% and concentrate pellet 10.05%. Fat content
of corn chop, taufu waste and concentrate pellet around
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6,54 - 8,97%; Fiber matter content of corn chop was
27.49%, concentrate pellet 7.41%, taufu waste 29.85%.
NDF content in corn chop about 49.41%, taufu waste
58.44% and concentrate pellet 22,51%, however, ADF
content in corn chop about 19.15%, taufu waste 31.97 and
concentrate pellet 11.09%. Fermentation process using
probiotic may increase protein content in complete feed,
however, fiber matter, NDF and ADF were decreased.
The lower fiber matter caused by reducing ligno-cellulose
bond in fiber matter of complete feed during fermentation
process. Therefore, it indicated that complete feed with
probiotic may increased their digestibility in the rumen,
because with high protein content and low fiber matter of
feed make it easier to digest. When complete feed added
with soybean and or corn oil, the fat content in complete
were increased up to 19.18%, and it influence on the oleic
and or linoleic content in complete feed. Oleic acid
content is higher in complete F1 (34.28%) which
containing basic complete feed and it follow by F4
(29,37%). Linoleic acid content of complete feed F4
(39.05%) which is containing basic complete feed +
probiotic + corn oil and F3 which is containing basic
complete feed + probiotic + soybean oil (33.88%) were
higher compared to F0 control conventional feed,
complete feed F1 and F2 (Figure 1).

Figure 1 Profile of Oleic and Linoleic Acid of Various
Complete Feed

Figure 2 Milk Nutrient Composition of Dairy Cow which
Receiving Complete Feed

Figure 3 Level of Milk Oleic and Linoleic Acid of Dairy
Cow which Receiving Complete Feed

Nutrient Composition of Dairy Cow Milk
Figure 2 showed about Dairy cow milk nutrient
composition among treatment group. Protein content of
dairy cows milk were higher in group F4 (3.34%) and F2
(3.32%) compared to ather groups (2.80 – 2.99%). Milk
fat content was higher in F3 (5,36%), it followed by F1
(4.16%), F0, F2 and F3 group (3.31 -3.51%). Milk lactose
content were higher in F1 (5.87%) and F3 (5.20%) and
followed by F0, F2 and F4 with range about 4.29 –
4.78%. Oleic acid content in dairy cows milk was higher
in F0 (39.91%) compared to group F1, F2, F3 and F4
which were range about 26.29 – 36.10%. However,
Linoleic acid content in dairy cow milk was higher in F1
(4.73%), and it followed by F4 (2.10%), F2 (1.51%), F3
(1.48%), and the lower level in F0 (0.62%) as the control
of conventional feed, let see in Figure 3. The higher level
of Linoleic Acid content in milk of dairy cow related to
their consuming complete feed consumption with high
linoleic acid content.
Apoptotic Process
Normal Rattus novergicus receveing pasturize milk F3
and F4 have optimal apoptotic process which were
performed by apoptotic cell in chondrocit and osteocite
cell. In artritic metatarsal cartilage bone of Rattus
novergicus that receiveing pasturize milk F2 and or F4
have a higher apoptotic process in chondrocite and
osteocite cell compared to other group which were
received pasturized milk F0, F1, F3 and or drinking water
only (Figure 4). A few of apoptotic roles such as on
embryogenesis, homeostasis of some tissues, development
of lymphocyte and reducing growth function of tumor (5).
By increasing level of Linoleic Acid content in dairy cow
milk it can inhibit the development of inflamation cell in
metatarsal cartilage bone of Rattus novergicus, and it
followed by increasing apoptotic process on optimal
range. In normal condition, apoptotic process in
chondrocite and osteocite cell of metatrsal cartilage bone
were higher when Rattus novergicus consume some
pasturize milk with high linoleic acid content. However,
in arthritic of metatrsal cartilage bone, the apoptotic
process were higher in Rattus novergicus consume
pasteurize milk from dairy cow receiving complete feed
containing probiotic only and or probiotic + corn oil.
Based on increasing number of lymfocyte profile (65.25
– 71.25 ppm) in the blood serum on artrhitic metatarsal
cartilage bone of Rattus novergicus which were consumed
dairy cow milk F1, F2, F3 and F4, it was showed the
immune respone increased. Howbut, the number of
leucocyte of Rattus novergicus that consumed dairy cow
milk F3 (5600 ppm) and F4 (6225.00 ppm) were lower
compared to other groups. These condition showed that
any fighting response from the Rattus novergicus body to
protect from infection development.
Conclusion
It can be concluded that dairy cows receiving
complete feed with probiotic and corn oil may produce a
high linoleic acid content in milk, and their milk given an
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optimalization apopototic process, anti-inflamation effect
on normal and or arthritic metatarsal bone cartilage of
Rattus novergicus.

e. Normal metatarsal
cartilage bone (F3)
a. Arthritic Metatarsal
cartilage bone (Water)

c.Arthritic Metatarsal
cartilage bone (F1)

e. Arthritic Metatarsal
cartilage bone (F3)

b. Arthritic Metatarsal
cartilage bone (F0)

d. Arthritic Metatarsal
cartilage bone (F2)

f. Arthritic Metatarsal
cartilage bone (F4)

Figure 4 (a,b,c,d,e,f) Immune hystochemistry of
Apotoptic Process on Arthritic Metatarsal Cartilage Bone
of
Rattus novergigus receiving pasteurize milk
(F0,F1,F2,F3,F4) and or water only (under 400x
enlargement of microscopy).

a.Normal Metatarsal
cartilage bone (Water)

b. Normal Metatarsal
cartilage bone (F0)

c.Normal Metatarsal
cartilage bone (F1)

d. Normal Metatarsal
bone cartilage (F2)

f. Normal Metatarsal
cartilage bone (F4)

Figure 5 (a,b,c,d,e,f) Immune hystochemistry of
Apotoptic Process on Normal Metatarsal Cartilage Bone
of
Rattus novergigus receiving pasteurize milk
(F0,F1,F2,F3,F4) and or water only (under 400x
enlargement of microscopy).
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Introduction
The ―livestock revolution‖ has vaulted the issue of
international (farm) animal welfare (AW) standards to the
forefront of the international trade policy debate. Global
demand for meat will in the exporting, often developing,
countries, require greater efficiencies in production, which
in effect will lead to more not less intensification.
Whether such an intensification can be managed in a way
that it can control all resulting ecological, economic and
social threats arising from such a production or not is one
of the key dividing points in the debate.
The rules of international trade in this scenario already
have profound impact on production methods and sanitary
standards. AW is next entering the agendas of trading
countries and international bodies (Food and Agriculture
Organization of the United Nations (FAO), World
Organization for Animal Health (OIE), World Trade
Organization (WTO)) increasingly address animal welfare
issues and standards linked to trade and markets.
Higher animal welfare standards are increasingly seen to
be a prerequisite to enhancing business efficiency and
profitability, satisfying international markets, and meeting
consumer expectations. A third of the leading global food
retailers with turnovers ranging from US$25-250 billion
already have public animal welfare policies. AW is a
rapidly expanding field of interest for both consumers and
the agriculture industry. Businesses that address or
enhance animal welfare are likely to win or retain a
competitive advantage in the global marketplace in a
variety of ways.
Less developed countries often face significant challenges
with regard to resources, knowledge, research, and
awareness around animal welfare. The ethical, practical
and scientific criteria which are developed internationally
to improve AW and their legal implications are seen as
discriminatory, because they are seen unfit for the
religious background, the cultural practices and/or the
humane ethics of these countries. The majority of
developing countries either have non-enforced animal
welfare legislations or have no animal welfare legislation
at all (1).
Concepts of animal welfare
Animal ethics attempts to define moral behaviour towards
animals. The moral debate spans from issues of animal
welfare (protection) to animal rights. Animal welfare
addresses the anthropocentric/utilitarian centered ‚use
value‘ of farm animals for the interest of man, being the
economic, aesthetic and cultural uses of animals. Animal
rights consider animals as sentient beings, also having

intrinsic, ‗non-use values‘ of their own. This view
postulates that their welfare, the physical and mental
wellbeing, is internal to animals. Problem is that nothing
is known about the preferences of animals themselves,
about what they would consider good for themselves. It is
plausible that people place a value on the wellbeing
(welfare) of farm animals, a perceived benefit from
knowing/believing that although animals are used for
economic purposes (utilitarian framework) they also are
treated appropriately. Alternatively, people can feel a loss
if they perceive that animals suffer; people form images
about bad/good/better/etc. conditions. In this sense,
animal welfare is ultimately a human perception (2, 3).
Animal welfare is human behaviour and as such a
universal phenomenon, although variable in its expression
in the cause of human history and between different
ethnic groups and cultures.
Out of the international dialogue on animal welfare, a set
of basic principles has emerged. Called ―The Five
Freedoms‖, these principles have been developed by,
and/or are reflected in, various animal welfare guides,
recommendations, codes, and legislation of the European
Union, North American countries, Australasia, Asian
countries, as well as the World Organization for Animal
Health (OIE), to address animal welfare issues.
Table 1 The Five Freedoms (4)
Freedom from thirst
and hunger

by ready access to fresh
water and a diet to maintain
full health and vigour

Freedom from
discomfort

by providing an appropriate
environment including
shelter and a comfortable
resting area

Freedom from pain,
injury or disease

by prevention or rapid
diagnosis and treatment

Freedom from fear
and distress

by ensuring conditions and
treatment which avoid
mental suffering

Freedom to express
normal behaviour

by providing sufficient space,
proper facilities and
company of the animal‘s own
kind

International programs and standards
FAO: has recently recognized the increased relevance of
animal welfare to success in international development.
FAO ―has decided to give more explicit and strategic
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attention to animal welfare and to guide its activities‖ and
in 2008 has convened an Expert Meeting to provide
specific advice on ―Capacity Building to Implement Good
Animal Welfare Practices‖. FAO recognised the
―extremely diverse‖ problems of animal welfare and
identified 6 high-priority problem areas across many
regions and production systems: 1) transportation, 2)
slaughter (including pre-slaughter management), 3) food
and water, 4) handling/herding methods, 5) culling and
disposition of animals that are sick or of low commercial
value, 6) keeping of animals under conditions for which
they are not genetically suited.
OIE: The OIE considers animal welfare to be a complex,
multifaceted, public policy issue that includes important
scientific, ethical, economic, and political dimensions. Its
priority to date is the welfare of animals used in
agriculture and aquaculture. In 2005, OIE adopted global
standards on AW for transportation, humane slaughter,
and killing for disease control purposes. Housing and
management and other topics, such as research animals
and wildlife, will be addressed. OIE in 2004 organised the
1st, in 2008 the 2nd OIE Global Conference on AW. OIE
regards the involvement of a broad range of stakeholders
as important in this complex topic and collaborates with a
wide range of groups to ensure the standards, guidelines,
and recommendations represent a broad international
view.
WTO: AW is not yet on the scope of WTO‘s Sanitary and
Phytosanitary Standards (SPS) Agreement. The SPS
designates the OIE as the authoritative body for matters of
animal health. Nonetheless, under bilateral and eventual
multilateral guidance from the OIE Animal Welfare
Working Group, the 175 OIE Member States are working
with various national and international NGOs and UN
agencies to improve AW standards and coordination
while minimizing adverse impacts on international trading
relations.
EU: The European Union (EU), the world biggest
importer of foodstuff, is to the fore in promoting animal
welfare both within Europe and worldwide. Animal
sentience is already recognized by European Union law
and forms the basis of many standards of animal welfare
around the world (5). The EU has integrated an extensive
body of animal welfare legislation in its food chain policy.
In 2006, the EU adopted the 5-year Community Action
Plan on the Protection and Welfare of Animals which
includes animal welfare principles in relations with third
countries. The plan foresees specific initiatives to
facilitate the recognition of animal welfare as an
opportunity for trade with developing countries.

Improving Animal Welfare in the Food Quality Chain‖
(6). The project did divide animal welfare into criteria that
can be measured. Per farm animal species between 30 and
50 measures were identified that take into account
different aspects of the animals themselves, their
environments
and
their
management.
These
measurements, expressed as scores, are funnelled into 12
welfare criteria that are then again integrated into four
principles (good feeding, good housing, good health,
appropriate behaviour). The four criteria complement and
extend the Five Freedoms and provide the solid platform
needed to build welfare assessment systems. Assessment
systems for seven species (dairy cattle, beef cattle, veil
calves, sows, fattening pigs, laying hens, broilers) by this
were developed. The global bottleneck is no longer the
lack of objective measures of animal welfare, it is the
process of how to implement them.
Implications for trade
The development of trade agreements offers relevant
opportunities to promote animal welfare legislation and
standards at the international level. Objective measures of
animal welfare are most valid and best for trade since they
permit mandated trade organizations, countries and
producers to set-up goals of appropriate levels of animal
welfare.
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The World Bank‘s International Finance Corporation
(IFC) has addressed the linkage of animal welfare
standards to its lending practices.
Measuring farm animal welfare objectively
The problem of missing formal scales of measuring
animal welfare states objectively has been solved by the
EU funded WelfareQuality Project ―Science and Society
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Introduction
To make high quality rations for better animal health and
increase production, a variety of the selected feedstuffs
and ingredients are formulated to meet their requirement.
Though an actual analysis of a feed to be used in a diet
should be more accurate than the use of tabulated
composition data, it is either impossible to determine
actual composition or there is insufficient time to obtain
such analysis (1). Therefore, tabulated data of feedstuff
composition are the best source of information.
Nowadays, using an existing animal feeding standard
system such as; the US standard by National Research
Council (NRC), the British standard by Agricultural
Research Council (ARC), European standard by French
National Institute for Agricultural Research (INRA), and
Japan standard by National Agricultural Research
Organization (NARO); has met with some limitations in
Thailand, such as the variation of climate, environment
and geography, local feedstuff, new crop varieties,
harvesting habit as well as by-products of human feed.
Thus, an efficient table of values for feedstuff
composition is needed. The aim of this study is to develop
an outstanding web-based database system of ruminant
feed that searches and gathers information from the
reports of feed analysts from around the country and
provide tabulated data on the nutritive values of feed
resources materials which are available in Thailand.

0.8352(%NFE) + 2.4637(%EE) + 0.4475(%CF); Class 2,
fresh forages, TDN(%DM) = -21.7656 + 1.4284(%CP) +
1.0277(%NFE) + 1.2321(%EE) + 0.4867(%CF); Class 3,
silage, TDN(%DM) = -21.9391 + 1.0538(%CP) +
0.9736(%NFE) + 3.0016(%EE) + 0.4590(%CF); Class 4,
energy sources, TDN(%DM) = 40.2625 + 0.1969(%CP)
+ 0.4228(%NFE) + 1.1903(%EE) – 0.1379(%CF); Class
5, protein sources, TDN(%DM) =
40.3227 +
0.5398(%CP) + 0.4448(%NFE) + 1.4218(%EE) –
0.7007(%CF). The energy values of feed will be estimated
by the equations of NRC (3) including;
DE(Mcal/kg) = 0.04409TDN(%),
ME(Mcal/kg) = 1.01DE - 0.45,
NEL(Mcal/kg) = 0.0245TDN(%) - 0.12,
NEM(Mcal/kg) = 1.37ME - 0.138ME2 + 0.0105ME3 1.12,
NEG(Mcal/kg) = 1.42ME - 0.174ME2 + 0.0122ME3 - 1.65.
System analysis: The context diagram and dataflow
diagram of this system are shown in Figure 1 and 2
respectively.
Nutrient Values
Data Request

Level 0
Database System
For
Feed Composition
Of
Thai Livestock feeding

Users

Nutrient Values
Data

Managed Data

Admin

Confirmed Data

Figure 1 Context diagram of the system development of
Thai feeding standard table for ruminant feed
View US NRC request
US NRC Table
View WTSR (TH NRC) request

Materials and methods
Data collection: Information contained in the system
include Feed name, Dry matter (DM), Crude Protein (CP),
Undegradable intake Protein (UIP), Crude Fiber (CF),
Acid Detergent Fiber (ADF), Neutral Detergent Fiber
(NDF), Acid Detergent Lignin (ADL), Ether Extract (EE),
Ash, Nitrogen-Free Extract (NFE), Total Digestible
Nutrient (TDN), Digestible Energy (DE), Metabolizable
Energy (ME), Net Energy for Maintenance (NEM), Net
Energy for Gain (NEG), Net Energy for Lactation (NE L)
and some minerals.
The Equations: The carbohydrate was calculated from the
proximate data; NFE = 100 – (%CP + %EE + %CF +
%ASH). The total digestible nutrient, TDN, were
estimated using the equations of Harris et al. (2) which
was classified by animal feed class including; Class 1, dry
roughage, TDN(%DM) = -17.2649 + 1.2120(%CP) +

WTSR (TH NRC) Table
Regular Users

View TH Feed Guide request
New Member register request

TH Feed Guide Table

Authorized new user

Update US NRC
View comments request
US NRC updated

Comments

WTSR (TH NRC) updated

Send new comments request

Admin

Level 1
SYSTEM

New comment

Update WTSR (TH NRC)
Updated NRC program
NRC program updated

View WTSR (TH NRC)
request
WTSR (TH NRC) Table

Update NRC program
request
NRC program updated

View NRC program request
US NRC Table
View US NRC request

TH Feed Guide Table

View comments request
Comments
Send comment

Comment updated

Authorized user
New member register

Member Users

Figure 2 Data flow diagram (level 1) of the system
development of Thai feeding standard table for ruminant
feed
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System design: This process was to design the user
interface that consisted of interface design, controlling
data access design and dialogue design, and to design the
database and database security.
System development: According to the system analysis
and design, the system was developed by using Microsoft
SQL as a database management system and ASP.NET as
an interface between web server and database and was
coded by using Microsoft Visual Studio 2008. The
database of this system was developed and uploaded to a
computer server at the Faculty of Veterinary Science,
Mahidol University. In addition, the system was tested
and evaluated.
Statistical analysis: Descriptive statistics including the
maximum value, the minimum value, the mean and the
standard deviations were analyzed for the published
information.
Result
The database system on web application for ruminant feed
composition was developed to organize the information of
the nutrient composition of feed and relative information
consisting of two main modules; 1) the reference
providing some existing animal feeding standards and 2)
the table program named ―Feed Composition Guide‖
providing up-to-date information that can be manipulated
by users. The proximate data (such as DM, CP, CF, ADF,
NDF, ADL, EE, Ash) can be updated by authorized
visitors working on animal feed composition analysis. The
carbohydrate (such as NFE) and energy values (such as
TDN, DE, ME, NEM, NEG, NEL) can be estimated by
system equations. In addition, the ―Typical values for
feedstuff composition‖ can be generated by system
statistical analysis. The first version of this application
was
delivered
and
published
on
http://www.vs.mahidol.ac.th/feedguide/ (Figure 3).

provided the information to the visitors in which some of
them registered to be the members. In the system, an
administrator will monitor and verify if the requested
members should be authorized. The users who will be
authorized must be the researchers or the specialists who
have the responsibility on feed composition analysis. All
feedstuffs and nutrients values updated by the members
will be listed in the table of ―Feed Guide‖ which available
and freely accessible for all regular visitors (Figure 4).
The composition data of feedstuffs in this table can be
selected and used whenever possible; however, these
values are not constant since the inconsistencies of the
composition among the same feedstuff records were
presented. Unlike chemical substances that composition
are chemically pure, feedstuffs are not of constant
composition which vary for many reasons (1). Therefore,
the statistical analysis coded in this application will
provide up-to-date statistical values such as an average
(mean) and standard deviations (SD) for each composition
value of feed stuff which can be used alternatively.
However, there are some evidences of the variety of data
ranges. As feeds vary in their composition, using the data
in the table can expect the organic constituents (e.g. CP,
EE, CF, ADF and NDF) to vary as much as ±15%, the
mineral constituents to vary as much as ±30%, and the
energy values to vary up to ±10% (1). To minimize these
variations, the averages need to be adjusted. For this
reason, the program will exclude the outlier data and
recalculate the mean within ±2SD. These values, called
―Typical values‖, will be more realistic for use in
formulating ruminant diets (Figure 5). By focusing on the
principle of the system that provides a wide service using
online web structure, the interaction between all users will
make the system more user-friendly and informative. All
statistical feed data analyzed by this system was presented
with reliable reports and can be used as the ―Thai‘s
feeding standard‖. Finally, this system can represent as a
referral database center that reflexes the dynamic changes
of Thai livestock feeding.

Figure 3 http://www.vs.mahidol.ac.th/feedguide/
Discussion
Since this online web structure database system of feed
composition for ruminant feed has been serviced, it

Figure 4 The data list in feed guide table page
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Figure 5 Demonstration of statistical data and typical
values of feed composition
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Introduction
Mastitis costs an economic loss in dairy farm, and is
predominantly caused by bacteria. Mastitis results in
decreased milk production, impaired milk quality and
increase of somatic cells in milk (1). One of the most
prevalent contagious pathogen is Staphylococcus aureus,
which can cause both clinical and subclinical mastitis. It
can spread directly from one infected quarter to another or
between cows during the milking process (2). The most
antibiotic treatment is intramammary infusion into
infected quarters of the udder and intramuscular injection
(3) but the success rate of antibiotic treatment is low and
it may cause antibiotic residue in marketed milk.
Nowadays, the occurrence of antibiotic resistance is in
public concern; therefore, the use of medical herbs may be
an alternative treatment for the disease remedy as to
replace antibiotics. Centella asiatica Linn. Urban, known
as Buabok in Thailand, has a wide range of medical
properties for curing disease (4). The active compounds
are the triterpenes consisting of asiatic acid, madecassic
acid and asiaticoside (5). In this study, we were interested
in asiatic acid because it can use for wound healing, antibacterial, anti-fungal, anti-inflammatory, anti-oxidizing,
anti-free radical protection and dermis reconstruction (6).
The aims were to determine asiatic acid in water extracts
of C. asiatica and to evaluate antibacterial activity of
asiatic acid and water extract of C. asiatica against S.
aureus.
Materials and methods
Preparation of crude extracts: C. asiatica was obtained
from Nakhon-Pathom in the single batch collection. Only
the leaf portion was used. The fresh leaves were boiled in
distilled water under reflux for one hour. The solution was
then filtered and freeze-dried to obtain the powder. The
extract was kept at -20°C until use.
Culture of S. aureus: Only 3 isolates of S. aureus were
obtained from milk samples. Therefore, other 26 isolates
of S. aureus were requested from the National Institute of
Animal Health, Thailand. S. aureus ATCC 25923 was
used as a reference strain. The strains were confirmed
using coagulase plasma rabbit with EDTA and mannitol
salt agar.
Quantitative analysis of Asiatic acid in water extracts:
The asiatic acid was identified by Thin Layer
Chromatography (TLC) on silica gel GF254 plates. A
mixture of chloroform, methanol, ethyl acetate and water
(30:5:5:1) was used as the mobile phase to separate this

compound from the extract. The double developed plate
was sprayed with anisaldehyde-sulphuric acid reagent
followed by heating at 110C for 5 min. The amount of
asiatic acid on the plate was determined using a
densitometer at the wavelength of 525 nm.
Antibacterial activity by disc diffusion test: Disc diffusion
test was performed using sterile 6 mm-diameter filter
paper discs. The discs were prepared using 10 l of water
extract diluted in sterile water to concentrations of 1,000,
800, 400, 200, 100 and 50 mg/ml, respectively; thus, each
disc contained 10, 8, 4, 2, 1 and 0.5 mg of water extract,
respectively. All discs were dried at room temperature
overnight. At least three isolated colonies of the same
morphological type were selected from blood agar culture.
The top of each colony was touched with a wire loop and
the growth transferred to a tube containing 5 ml of
Mueller-Hinton broth. The broth culture was incubated at
37C (usually 3 to 5 hr.) until the turbidity of the 0.5
McFarland standard using the McFarland densitometer,
this resulted in a suspension containing approximately 1
to 2108CFU/ml. A 150 l of the 0.5 McFarland
suspensions were added to 5 ml of Mueller-Hinton agar
and mixed to pour plate, the final inoculum on the agar
would be approximately 106 CFU/ml. The discs were
placed on the surface of the inoculum Mueller-Hinton
agar and incubated at 37C 18 to 24 hr. Sterile water was
used as negative controls while amoxicillin-clavulanic
acid (30 g) and cephalotin (30 g) were used as positive
controls. The disc diffusion test was determined by
measuring the diameter of the inhibition zone.
Determination of the MIC of water extracts: The modified
resazurin assay was performed using sterile 96 well plates
for determining the minimum inhibitory concentration
(MIC). Fifty l of Mueller-Hinton Broth was added into
all wells. The stock concentration of asiatic acid was
10.24 mg/ml in dimethylsulfoside (DMSO) and water
extract were 1024 mg/ml in sterile water. Fifty l of the
initial concentration of asiatic acid and water extract were
added into the first well. Then, 50 l from their serial
dilutions were transferred into nine consecutive wells. The
positive control was added with DMSO and sterile water,
and the last blank well is the negative control. Finally, 50
l of the 0.5 McFarland suspensions were inoculated into
all wells. The plates were incubated at 37C for 18 to 24
hr. After incubation, bacterial growth was evaluated by
adding 50 l of 5 mg of one resazurin tablet in 50 ml of
sterile water and the plates were left for one hour for
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extending incubation. The colour change was then
assessed visually from purple to pink and compared to the
negative control plate, which appeared visually in dark
green colour, while pink and orange colours were a
positive control plate. The lowest concentration at which
colour change was recorded as the MIC values that
inhibited the bacteria growth.
Determination of the MBC of water extracts: The
minimum bactericidal concentration (MBC) was
evaluated by touching the loop from each well of MIC
plate and streaking it on a mannitol salt agar and
incubated at 37C for 18 to 24 h. Unchanged media
colour was defined as the lowest concentration that killed
the bacteria. The yellow colour of media showed S.
aureus growth.
Statistical analysis: Comparison of the inhibition zone
between control and the water extract was performed
using ANOVA with Duncan‘s multiple comparison test.
Inhibition zones were expressed as mean ± SD.
Results
The quantitative analysis of asiatic acid in water extract of
C. asiatica. was determined using the validated TLCDensitometry. The identified band of asiatic acid was
confirmed by spraying with anisaldehyde-sulphuric acid
reagent, that band of asiatic acid appeared as blue-violet
spot. Detection and quantification were performed by
densitometry at 525 nm. The asiatic acid content in water
extracts was 0.13% w/w. The percentage of recovery was
99.70%, the limit of detection was 0.76 ng/spot and the
limit of quantification was 2.60 ng/spot.
The antibacterial activity of water extract against S.
aureus is presented in Table 1. The inhibition zone of
water extract differed from that of control at 0.5 mg/disc
against S. aureus ATCC 25923 and 2 mg/disc against S.
aureus. The sterile water used as negative control showed
no inhibitory effect. The positive controls of amoxicillinclavulanic acid and cephalotin showed inhibition zones
ranging from 24 to 29 mm.
Table 1 Antibacterial activity, measured as inhibition
zone of water extract of C. asiatica against S. aureus
Concentration of
water extract (mg/disc)

Inhibition zone (mm)

Control

S. aureus
ATCC 25923
6.00±0.00

6.00±0.00

0.5

6.98±2.05

6.00±0.00

1

9.99±1.39

6.00±0.00

2

12.59±2.93

6.28±1.03

4

15.06±1.00

8.61±1.37

8

17.72±1.22

9.44±1.82

10

17.16±1.47

10.48±2.13

from 0.02-0.04 mg/ml. The water extract could not kill S.
aureus.
Discussion
The identification and the quantification of asiatic acid in
water extract of C. asiatica were developed and analytical
method was successfully validated by TLC-Densitometry.
Bungon (7) reported the HPLC method was used to
determine asiatic acid and asiaticoside in leaves of C.
asiatica and results showed the range of 0.120-0.455%
and 0.712-1.006%, respectively. Similar results were also
observed for asiaticoside in leaves of C. asiatica
determined by TLC and result showed 0.733% (7).
Therefore, the TLC was an appropriate method for
medicinal plants because it is simple, precise and accurate
technique.
Resazurin microtiter-plate is the method for evaluation of
antibacterial activity of herbal product because it can cope
with the conceal from the colour of crude extract (8) and
the substance directly touched S. aureus. Nevertheless,
the disc diffusion method may be used to screen
antibacterial activity of herbal product because the
diffusion factor of substance through the agar and the
substance did not directly touch S. aureus. The disc
diffusion method used a larger amount of the crude
extracts as compared to the microtiter-plate method.
Sangkhapaitoon (9) reported that inhibition zones of C.
asiatica water extract against S. aureus ATCC 25923 and
S. aureus were 10.20 and 10.80 mm, respectively.
Similary, the result showed inhibition zones of C. asiatica
water extract against S. aureus ATCC 25923 and S.
aureus ranged of 9.99-17.16 mm and 8.61-10.48 mm,
respectively. The result of MIC and MBC values was 2.5
mg/ml (9) as compared to our study which ranged from 32
to 256 mg/ml. The difference in the result was due to the
determination method for MIC and MBC values, the
method of extraction and the strain of pathogens.
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S. aureus

The MIC values were evaluated by the modified resazurin
microtiter-plate. The asiatic acid showed the strongest
inhibitory effect against all strains with the MIC50 value of
0.02 mg/ml. The water extract showed MIC value of 32256 mg/ml. The MBC values were evaluated by touching
the loop from each well of MIC plate and streaking it on a
mannitol salt agar. The MBC value of asiatic acid ranged
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Introduction
The Faculty of Veterinary Medicine, Utrecht University
(FVM-UU), offers a veterinary degree curriculum (DVM)
since 1821, a postgraduate PhD programme since 1921
and postgraduate, research oriented, Master of Science
(MSc) programmes since 1994. In 2008 the four separate
postgraduate MSc programmes, Veterinary Epidemiology
and Economics (VEE), Veterinary and Molecular
Pathology (VMP), Veterinary Anaesthesiology (VA) and
Laboratory Animal Science (LAS) were combined into
one Master of Science degree programme entitled
‗Veterinary Science‘. This MSc programme starts once a
year in September and covers 18 months; 6 months
consist of modular coursework and 12 months are
designated to design and execute a research project and to
write the results in a manuscript. The manuscript should
be of such a quality that it can be published in an
international double-refereed journal.
The FVM-UU postgraduate MSc programmes are open
for participants from all over the world. Between 1994
and 2009 a total of 158 students was selected for
admission and participated in one of the 4 master
programmes. The average annual number of applicants
was 75 and the number of participants varies between 1015. The participants came mainly from Asia (39%),
Africa (29%) and Europe (28%). The remaining 4% came
from (Latin) America. The graduation rate of students
who started between 1994 and 2007 was 94%.
In this paper the (inter)national position, opportunities and
strengths, challenges and accreditation for international
postgraduate veterinary education at master‘s level is
presented.
Materials and Methods
(Inter)national position: FVM-UU is the only veterinary
faculty in The Netherlands. It is also the only faculty in
The Netherlands providing postgraduate Veterinary
master‘s programmes. The only other European institute
providing a postgraduate MSc in Veterinary
Epidemiology is the Royal Veterinary College, London,
UK. MSc programmes with one or some similar modules
to those in the MSc VEE and a research project are
offered in Berlin (Germany), Copenhagen (Denmark),
Antwerp (Belgium), Oslo (Norway) and Edinburgh (UK).
There is no other European veterinary institute offering a
Master‘s programme in Pathology. In the USA as well as
in Australia there is a number of institutes providing well
developed master‘s programmes.
A MSc programme in Laboratory Animal Science is
offered in Ghent (Belgium) as well as in Copenhagen

(Denmark). These programmes last for 12 respectively 9
months.
Opportunities / Strengths: In the field of education as well
as research, FVM-UU belongs to the top of the veterinary
faculties in the world. This leading position provides
unique opportunities for the MSc students to participate in
high quality research teams and projects.
Since the MSc classes are relatively small and the
research project takes one year of the programme, the
supervision and guidance of the students is at a high staff /
student ratio.
Most years participants come from a wide variety of
countries, which gives every year a unique ‗footprint‘.
The combination of modular coursework and research
provides a solid basis for continuing academic research as
well as for direct application of acquired knowledge in the
graduates working environment.
Students graduating from the MSc VEE are officially
certified as ‗Epidemiologist‘ in The Netherlands by the
Netherlands Society for Epidemiology.
Students graduating from the MSc LAS are licensed to
work with experimental animals since the MSc
programme includes all components of the Art. 9 and Art.
14 of the national law and of Art. 19.d of the EU council
Directives 86/609.
Graduates from the MSc programmes qualify – in
principle – to start a PhD programme at FVM-UU, or for
that matter at any other leading university worldwide.
Challenges: The costs of the postgraduate MSc
programme are not covered by the Netherlands Ministry
of Higher Education and the faculty faces the challenge to
recover these through the students‘ tuition fees.
The students face a number of challenges such as, high
costs for participation in the programme (tuition fee 2010:
€ 19.000), the need to follow the programme on-site in
Utrecht for 18 months, large personal and financial
investment and strong commitment from the participant
and his/her employer and relatives. All these conditions
need to be fulfilled for a successful participation.
Fellowship programmes are few and competition for the
fellowships is high. Timely identifying adequate funds for
the tuition fees and the subsistence costs is often the most
difficult requirement to fulfill.
Due to the factors mentioned above and the entry
requirements with regard to the grades obtained for the
DVM degree and the English language test, the number of
students who are finally participating is 10-15 per intake.
Accreditation: Since the start of the master programmes
in 1994 these were assessed and approved by Utrecht
University. An evaluation committee, appointed by the
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European Association of Establishments for
Veterinary Education (EAEVE), assessed the selfevaluation report prepared by FVM-UU and made a site
visit during which they had interviews with staff and
students. The assessment report of the EAEVA was
submitted by the Netherlands Flanders Accreditation
Organization (NVAO) being the legal accreditation body
for higher education in The Netherlands. On the basis of
this report, the MSc degree programme ‗Veterinary
Science‘ was in 2009 accredited for 7 years by the
NVAO. The evaluation committee was very positive
about the expected results from the amalgamation and
was impressed by the quality of research and dedication
of the teaching staff and students.

better position with the same employer. A cautious
conclusion from the survey would be that successful
completion of the MSc programme in Utrecht improves
the career opportunities of the alumni considerably and
provides them with a bright future as a veterinary
scientist.

In preparation of the self-evaluation report for the
evaluation committee, a survey amongst postgraduate
MSc alumni was conducted in 2007. Questions submitted
to the graduates were the following:
1a. Do you still work at the same place as you did before
you started with the MSc course at our Faculty?
1b. Is your job position the same as when you started with
the MSc course or did you make career improvements?
1c. In which way did you benefit from participation in the
MSc course?
2. Did you publish an article about your research after the
Master of Science course?
If so, please provide some details about the publication.
3. Did or do you participate in a PhD course after your
MSc graduation?
If so, where and when did you start your PhD, what is the
title of your research project / thesis and did you graduate?
Results and Discussion
The survey was conducted under the 104 (of 134) MSc
graduates of whom a contact e-mail address was
available. The response rate was 48% and showed that
60% of these graduates had started or completed a PhD
programme (either at FVM-UU, in the UK, the home
country or the home region) and that 22% had advanced
plans to do a PhD programme (Table 1). These figures
indicate that the opportunities for academic development
of the alumni of the MSc programme are good and that
institutes and fellowship agencies are prepared to invest in
these scientists
Table 1: Career and academic development of 50 MSc
graduates from the Faculty of Veterinary Medicine of
Utrecht University.
Question
Same employer?
Same job?
Published an article?
PhD completed or in
progress?

Yes
29
18
24
30

No
21
32
14
9

Not yet

12
11

These are remarkably high percentages considering the
obstacles on the path of securing funding for a PhD study.
The survey showed that 42% of the alumni had found a
better job with a new employer and 22% had obtained a
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Introduction
Besides student evaluations (1) of all taught modules in
the international Master Programme in Veterinary Public
Health (MVPH), jointly carried out between the Chiang
Mai University (CMU) in Thailand and the Freie
Universität Berlin (FU) in Germany, the official
programme accreditation is the yardstick for quality
assurance in the German tertiary education system.
The Joint MVPH course for the Southeast Asian region is
particularly emphasising on food safety issues and laid out
as 24 months cross-boarder ―sandwich‖ programme (2).
The curriculum focuses in the first year on classroom and
bench work modules involving European and Southeast
Asian regional personal resources and capacities at Berlin
and Chiang Mai; the second year encompasses the MSc
thesis comprising of preparatory project work, field
investigations in the home country of the participant with
accompanying workshops at CMU and in the region.
At present, the 4th course with participants from Thailand,
Myanmar, Indonesia, Sri Lanka, Nepal, Bhutan, Pakistan
and Bangladesh is attending the region-specific modules
at the partner university CMU and preparing for the field
study work starting in November.
Here, we describe the quality assurance process of
accreditation of this Joint MVPH programme.
Methods and procedures in accreditation
Commissioned by the German Accreditation Council
(―Akkreditierungsrat‖ - Foundation for the Accreditation of
Study Programmes in Germany) a certified Agency (here:
AHPGS) implements a structured and standardised
accreditation procedure to guarantee uniform and
international comparable quality standards in new
Master's degree courses at German universities.
On behalf of the German Federal States, the Accreditation
Council defines the basic requirements of the accreditation
process and assures that the Agencies certified to carry out
accreditation of study programmes proof their
competency to do so. Before any Agency is given the
authority to award the Quality Seal the agency itself is to
be subjected to an accreditation process.
The (latest) Rules of the Accreditation Council for the
Accreditation of Study Programmes and for System
Accreditation are laid out in the Resolution of the
Accreditation Council of 08.12.2009.

Accreditation criteria, procedures and decision rules had
been worked out on the basis of the ―Standards and
Guidelines for Quality Assurance in the European Higher
Education Area‖. In doing so, the Accreditation Council
and the Accreditation Agency qualify for full membership
of the European Association for Quality Assurance
(ENQA) and the European Quality Assurance Register
(EQAR).
Programme accreditation for a new (Bachelor and) Master
study programme is the prerequisite for German state
approval, whereby, besides study quality, compliance
with formal guidelines of the Standing Conference of the
Ministers of Education and Cultural Affairs of the Länder
(KMK) is assessed.
The study programme accreditation process is made up of
several stages and is based on the peer review principle; the
Agency deploys an evaluation group including
representatives of higher education institutions, i.e. teachers
and students, and of representatives of the profession

The accreditation procedures for a Joint Degree
Programme comprises of (i) a joint self report, (ii) on-site
visits of all locations, and (iii) an assessment report of the
peer review group.
Criteria for accreditation relate to
o organisation of studies in partner institutions:
 study concepts: modularisation, workload
according to European Credit Transfer
System (ECTS), examinations, admission;
 qualification objectives: scientific, technical,
interdisciplinary;
 professional and personal competence, job
market and perspectives;
o institutional environment:
 faculty: personnel, materials, space, budget
 university: quality assurance schemes,
evaluation support, etc.
On the basis of the assessment report drawn up by the
evaluation group, and in accordance with the decision
regulations provided by the Accreditation Council, the
responsible Accreditation Commission from the Agency
decides either to grant an accreditation for the relevant study
programme, to grant an accreditation with conditions, to
abandon the process or to reject the accreditation.
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With the Joint MVPH Master Programme being now in its
4th edition, course delivery in compliance with
comparable and internationally recognised criteria and
standards had to be re-assessed in a defined reaccreditation process in 2010. Criteria and procedures for
re-accreditation basically follow the ones applied in
accreditation, however, accounting for the respective
study programme progress and an evaluation of course
alumni and their career perspectives.
Outcomes and challenges in accreditation and
reaccreditation
Upon completion of the full accreditation procedures for
Joint Degree programmes in 2005, the Joint MVPH
Programme was awarded accreditation and since then
carries the Quality Seal of the Accreditation Council for
the duration of five years.
Before the Quality Seal was awarded both partner had to
finally agree on the title of the joint academic degree
―Master in Veterinary Public Health (MVPH)‖ in
accordance with the German accreditation guidelines.
Particularly for the partner in Thailand, CMU, the Quality
Seal adds to the competitive advantage over other regional
postgraduate study programmes.
Since accreditation of the Joint MVPH programme was
accomplished first in 2005 formal guidelines of the
Accreditation Council, federal state and university were
modified repeatedly; staying up-to-date and reacting
accordingly was among the challenges faced.
For instance, examination rules and regulations had to be
harmonised again and rewritten to comply with updated
guidelines. Furthermore, due to political reasons in the
partner federal state Berlin initial admission criteria were
suspended by court and had to be adjusted.
Now having jointly mastered re-accreditation in January
2010 (and being valid for another five year period) the
partner in Germany, FU is pioneering in superseding
programme accreditation by system accreditation; here,
internal control and quality assurance of the university
with regards to teaching and learning is now assessed and
no longer individual study programmes. Thus, FU is
preparing for the system accreditation; application
documents have to be submitted to the Accreditation
Council before March 2011. How the international Joint
MVPH programme and both partners will benefit form
this new accreditation approach remains to be seen.
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Introduction
Since May 2009, the World Organization for Animal
Health (OIE) has recognized the Department of Veterinary
Tropical Diseases (DVTD) and its consortium partners
[University of Pretoria (Centre for Veterinary Wildlife
Studies, Department of Animal and Wildlife Sciences,
Department of Agricultural Economics, Extension and
Rural Development); Onderstepoort Veterinary Institute
(OVI), SA; Animal Health Department of the Institute of
Tropical Medicine (ITM), Antwerp, Belgium; National
Institute for Communicable Diseases, SA; Department of
Agriculture, Fisheries and Forestry, SA] as a Collaborating
Centre for Training in Integrated Livestock and Wildlife
Health and Management. One of the major roles of the
Collaborating Centre is to assist the OIE in developing and
offering training in the management and health of livestock
and wildlife with particular reference to sub-Saharan
Africa.

Areas (TFCAs) (both also referred to as ‗Peace Parks‘)
driven at SADC Presidential level is seen as a future
additional major economic driver. The veterinary issues
pertaining to the establishment of Peace Parks are not
limited to these developments. Diseases in particular
threaten the delicate balance at the interface with a
potential pronounced negative impact on human
livelihoods, animal and human health, and conservation.
Pathogens
are
important
components
of
the
human/livestock/wildlife interface. What is more important
though, is the bi-directional transmission of infectious
disease between wildlife and domesticated animals with
negative effects on both cohorts, depending on the disease
that is being dealt with. The final major issue is the role of
wildlife in emerging diseases in humans. It is estimated
that about 60% of infectious diseases of humans are
zoonoses, and that more than 80% of recent emerging
diseases of humans are of wildlife origin.

Focus and objectives of the Centre
Within the veterinary context, agriculture and conservation
are important. Both these domains have been identified as
major drivers of regional economic development:
agriculture by means of sufficient and safe food for
internal use and, eventually for the export market, and
conservation of natural resources as a driver of ecotourism.
Livestock is one of the key components of integrated
agriculture in Africa and contributes significantly to
overall economies and the livelihoods of many rural
households. These livelihoods remain fragile because of
frequent droughts and disease outbreaks. The production
and productivity of livestock for most agro-pastoralists and
pastoralists are constrained - particularly by an increasing
prevalence of important transboundary animal diseases
(TADs) that affect livestock, agriculture and rural
development in different ways. These diseases cause high
levels of mortality in livestock species that are critical to
livelihoods, affect market access/quality of livestock
products, and constrain improvements in productivity.
There is increasing evidence that many of these diseases
prevalent in the Region are disseminated and/or sustained
by wildlife.
More recently, the development of a number of Transfrontier Parks (TFPs) and Trans-frontier Conservation

It is clear from the above that the primary focus of the
Centre is the 'One Health' concept: the promotion of health
in animals (livestock and wildlife), humans and
ecosystems, through integrated training.
The overall objectives of the Collaborating Centre are to
support quality livelihoods, optimal animal health and
production, rural development, ecosystem health,
biodiversity, food security and sustainability.
Development of the Centre
In order to reach these objectives, the Collaborating Centre
will addresses the main aspects outlined above on an
integrated basis specifically to facilitate the development
of capacity and coordinated implementation on a regional
basis. The emphasis of the activities will focus in an
integrated way on the needs of the livestock agricultural
sector (commercial and subsistence), the wildlife sector
(conservation and commercial game ranching) and their
impact on the livelihoods and health of humans. As a
result of the needs of the various sectors the Centre will
also focus on the dynamics between these sectors and landuse options.
Given the scope and complexity of the activities required
and the expertise involved to address the various issues,

Page 85

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand
the activities of the Centre will be phased in over a period
of time to also give the opportunity to expand the related
activities, and increase the number of institutions involved
on a regional basis. It is envisaged that the expanded list of
participants will include those institutions with capacity in
livestock agriculture, wildlife and human health. It would
be important to not only include research and educational
institutions, but also governmental agencies responsible for
the various fields of activity (agriculture, environment,
conservation and human health and livelihoods).
Given the lack of skills and knowledge pertaining to these
issues in the sub-Saharan Region, the first phase of the
development of the Centre focuses on training at various
levels (veterinarians, para-veterinarians, and related
scientific disciplines) within a number of Member States of
SADC. The training that will be provided by the proposed
collaborating Centre will follow an integrated approach
linking animal and human health, animal production,
marketing and trade of animals and their products, land-use
options,
rural
development,
conservation
and
environmental health relevant particularly to SADC. The
main areas of training will include the following:
 Livestock health, management and production
 Wildlife health, management and production
 Emerging and re-emerging diseases
 Zoonoses
 Environmental health
 Arthropod vectors
 Veterinary public health and food safety
 Trade and marketing of animal commodities and
products
 Welfare
 Health Management tools, including laboratory
diagnostics, surveillance, risk analysis and
biosecurity.
The information used for the training will be partly based
on the material currently used in the successful web-based
MSc programme in Veterinary Tropical Diseases that is
organized jointly by the DVTD and ITM‘s Animal Health
Department. This training material will be re-packaged in
appropriate formats to support undergraduate and
postgraduate training as well as Continuing Professional
Development (CPD).
To improve access to important veterinary information, the
training material will be presented on an interactive
electronic delivery platform or ―Hub‖ which will include
blogs, interactive course material, videos, quizzes and
online discussions. The information will be presented free
of charge at an introductory level. More detailed online
certificated courses and courses for CPD will be available
after registration and payment of a fee. Where
accreditation for CPD or a certificate is required, content
experts will be involved in evaluating quizzes,
participating in discussion forums and rewarding credit
points.
The Hub is currently being developed and it is envisaged
that the first stage will be launched in March 2011.
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Introduction

Materials and methods

Mycobacterium bovis has a wide host range and infects
many wild and domestic animal species as well as humans
(1). The African buffalo (Syncerus caffer) is considered to
be a wildlife reservoir of M. bovis in certain environments
in South Africa, such as in the Kruger National Park
(KNP) and Hluhluwe-iMfolozi Park (HiP), which is the
third largest national park in South Africa (2,3). Bovine
tuberculosis (bTB) was first diagnosed in buffalo in the
park in 1986 (4). Currently it occurs at a herd prevalence
that can vary from 5% to 50% between herds (D. Cooper,
unpublished data). Infected buffalo can contaminate the
environment (1,5) and are considered to be a source of
infection to other wild animal species, including predators
and scavengers, as well as livestock (5). Previous reports
of bTB in African buffalo (2,6) describe lesions as being
most often located in the lymph nodes of the head, in the
bronchial and mediastinal lymph nodes, and in the tonsils
and lungs. Controlling tuberculosis in wildlife reservoirs
has proven to be a major challenge. During recent years,
vaccination of wildlife reservoirs has been considered as a
possible and acceptable control strategy (7). The Bacille
Calmette-Guérin (BCG) vaccine efficacy varied in many
vaccination trials to control bTB in domestic and wild
animals (8). Testing and culling of the positive reactors is
another management option to control the disease (9).
This study provides a systematic and detailed description
of the macroscopic and histopathologic lesions caused by
natural M. bovis infection in African buffalo, and applies
a scoring system to classify lesions according to their size,
cellular composition and degree of development. The
purposes of this study were i) to contribute to the
understanding of the pathogenesis of natural disease in
African buffalo, ii) to provide a semi-quantitative
evaluation of the severity of the lesions, which can be
used as a comparative base for experimental infection and
vaccine efficacy evaluation studies.

Animals
The buffalo were obtained from test-and-cull operations
as part of a tuberculosis control program aimed at
reducing the prevalence of bTB in the species, in HiP
province of Kwazulu/Natal, South Africa. This program
started in 1999 and includes annual buffalo capture for
tuberculin skin testing and culling of bTB-positive buffalo
(10). The buffalo in this study were selected from animals
with a positive test result of the bovine component of the
standard bovine comparative intradermal test using both
avian and bovine Dutch tuberculin. All positive reactors
in one test-and-cull operation (24 buffalo) were sacrificed
by a shot in the brain using a heavy caliber rifle (.308) and
transported to the abbatoir of the HiP. At slaughter
inspection, 19 of 24 animals showed visible gross lesions
suggestive of tuberculosis, and these buffalo were selected
for further pathology studies.
Post mortem examination and sample collection
A detailed examination of the lungs and a selection of
lymph nodes (LN) was done. The lungs were sliced at 2
cm intervals and each slice was inspected and palpated.
The following LN were sliced thinly (approximately 2
mm thick slices), and each slice was visually inspected:
head-associated LN (paired mandibular, parotid and
medial retropharyngeal), thoracic LN (mediastinal and
bronchial), abdominal LN (mesenteric, hepatic, omasal
and abomasal) and paired peripheral superficial LN
(superficial cervical, axillary and popliteal). Tissues with
lesions were sampled for histopathology and fixed in 10%
neutral buffered formalin.
Grading of macroscopic lesions
Macroscopic tuberculous lesions were considered as any
foci or nodules, single, multifocal or confluent, yellowwhite, circumscribed and solid, or necrotic, with or
without apparent caseation and mineralization. The LN
were categorized in grades 1 to 5 according to the size and
number of their gross lesions. Grade 1 was used for a
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single minimal lesion, up to 1 mm; grade 2 for two to four
lesions of 2 to 5 mm; grade 3 for five to eight lesions, up
to 10 mm, or many small lesions affecting approximately
50% of the LN; grade 4 for confluent and extensive
lesions in most slices but with some normal looking tissue
left, and grade 5 for abundant lesions, with none or nearly
no apparently healthy tissue left. The lungs and LN that
did not show visible lesions were classified as grade 0 and
were not sampled for further histopathology.
Histopathology
The tissues were formalin-fixed for 30 days to render any
mycobacteria non-infectious, dehydrated, embedded in
paraffin wax and sectioned at 4-5 μm. All sections were
stained with hematoxylin and eosin (HE) and with ZiehlNeelsen stain (ZN) to identify acid-fast bacilli (AFB). The
Masson‘s trichrome (MT) staining was applied to selected
sections to visualize fibrous tissue.
The tuberculous granulomas in the LN and lungs were
microscopically classified into four categories of
development according to criteria previously described for
cattle (11). The lesions were evaluated histologically for
their size, presence of AFB, type and extension of
necrosis and mineralization, abundance and distribution of
inflammatory cell components, and degree and
architecture of fibrosis. Briefly, the granulomas were
classified into four categories, namely: Stage I (initial or
early lesions); Stage II (solid granulomas); Stage III
(minimal
necrosis);
Stage
IV
(necrosis
and
mineralization).
DNA extraction and polymerase chain reaction (PCR)
DNA was extracted from formalin-fixed, paraffinembedded tissue sections as previously described (12).
Real time polymerase chain reaction (RT-PCR) was
performed by using an Applied Biosystems 7300 Realtime PCR system. The RT PCR mixtures for amplification
of DNA were performed in a 50 μl total volume
containing: 25 μl 2X Power SYBR Green, 5 μl template
and 10 pmol of each oligonucleotide primer (myc1 and
myc3) in a final 50 μl reaction volume. These primers
simultaneously amplified the M. tuberculosis complex (M.
bovis and M. tuberculosis) and the M. avium complex (M.
avium and M. avium subsp. paratuberculosis) producing
different amplicon sizes of 178 bp and 257 bp,
respectively (13). Samples were heated at 95ºC for 10
min. Temperature cycling consisted of 45 cycles of 95ºC
for 30 sec, 58ºC for 45 sec, and 72ºC for 30 sec, with an
increase of 1 sec per cycle for the denaturation and
extension steps. Dissociation curve analysis was
performed to check the specificity of the amplified
products. All reactions were run in duplicate. M.
tuberculosis complex and M. avium complex PCR

products were differentiated based on the melting
temperatures as previously described (12).
Result
Gross pathology
All animals were in good body condition. Lesions
consistent with tuberculosis were found in the LN of the
head, thoracic cavity and lungs of 19 animals. The
spectrum (macroscopic grades 1-5) of lesions in the LN
ranged from small (1 mm in diameter) white foci, to
single or multiple encapsulated granulomas of different
size, with central caseation and mineralization, or to
diffuse, non-encapsulated lesions effacing and replacing
normal lymphoid tissue. A majority of the animals
showed tuberculous lesions in the bronchial (16/19) and
mediastinal (11/19) LN. Twenty one percent (4/19) of the
animals presented tuberculous lesions in the lungs and
21% (4/19) in the retropharyngeal LN. Forty seven
percent (9/19) of the animals presented lesions in only one
LN, 31,6% (6/19) in two LNs, 10.5% (2/19) in two LN as
well as in the lungs and 10.5% (2/19) showed lesions in
three different LN and in the lung. Most buffalo (73,7%)
presented macroscopic tuberculous lesions of early stages
(grade 1 and/or 2) while 26,3% (5/19) presented moderate
to high severity gross lesions (grades 3, 4 and 5). Grade 5
lesions were observed in only two (10,5%) animals, No.
58 (in the mediastinal LN) and animal No. 69 (in the
bronchial and mediastinal LN and lung).
Histopathology
Histopathology showed a variation in size and
composition of the granulomas. All the four different
stages were found.
Stage I (initial or early lesions) were characterized by
irregular, unencapsulated clusters of predominantly
epithelioid macrophages, lymphocytes and few
multinucleated giant cells, without necrosis (Fig. 1); stage
II (solid granulomas) were partly or completely thinly
encapsulated granulomas formed by predominantly
epithelioid macrophages, Langhan‘s giant cells and
lymphocytes surrounding minimal areas of necrosis (Fig.
1); stage III (minimal necrosis) were encapsulated
granulomas with central necrosis, often caseous and
mineralized, surrounded by epithelioid cells, Langhan‘s
giant cells and lymphocytes at the periphery (Fig. 1) and
stage IV (necrosis and mineralization) were large, thickly
encapsulated, multicentric granulomas with extensive
caseous
necrosis and often multiple areas of
mineralization surrounded by epithelioid cells, giant cells
and lymphocytes (Fig. 1) .
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Extensive lesions formed by multifocal to coalescing
grade I granulomas were frequently observed. In 2
animals some granulomatous lung lesions involved the
wall of the bronchioles, occasionally extending into the
lumen. Most animals presented microscopic TB lesions of
stage II. There were often several lesions of different
stage within one LN. The most chronic or advanced
microscopic stage (grade IV) was seen in five animals and
two of these also had macroscopic lesions of stage 3 or 4.
In LN with macroscopic lesions of stages 4 and 5 it was
common to find lesions of microscopic stage IV in that
tissue.
In MT stained sections it was observed that the stage I
granulomas were not surrounded by connective tissue,
stage II granulomas had a delicate rim of fibroblasts and
collagen, and stages III and IV granulomas were partially
or completely surrounded by connective tissue. AFB were
observed in ZN-stained sections in tissues from seven
animals (36,8%). When present, acid-fast bacilli were
found in low numbers only, mostly as a single bacillus in
the multinucleated giant cells.
DNA extraction and PCR
Amplification of DNA by real-time PCR showed the
genome of M. bovis in 8 of 19 African buffalos.
Dissociation curve analysis showed that positive
samples presented an amplicon melting temperature of
87,8±0.3 º C. The technique was validated using positive
controls of M. bovis culture (courtesy of Dr. Parra, Spain)
and by means of sequencing.
Discussion
This study presents the gross and microscopic changes of
bTB in the African buffalo, which is considered a wildlife
reservoir of bTB in southern Africa. The microscopic
classification described for domestic cattle (11) could be
applied to the buffalo lesions with the limitation that
immunohistochemistry and in situ hybridization for the
identification of cell populations and cytokines were not
done.
Due to logistic difficulties during field work in remote
areas of HiP, fresh or frozen samples could not be used
for mycobacterial culture. The diagnosis of bTB was
based on the history of the herd, the positive tuberculin
test and the characteristic macroscopic and microscopic
lesions, many with AFB. Bovine tuberculosis was
confirmed by the PCR analyses. Within the HiP, bTB testand-culling program, Mycobacterium bovis has regularly
been isolated from culled buffalo (10). Out of twenty four
animals that tested positive for bTB and were slaughtered,
19 (79,2%) presented macroscopic tuberculous lesions.

The animals were in good body condition and the lesions
affected only a few LN, indicating an early or limited
disease stage. Advanced cases are less likely to be found
in the herds subjected to the annual test-and-cull program,
since many of the positive animals that may have had
advanced disease have probably been removed since the
program in HiP began in 1999. A study in HiP
demonstrated that approximately 70% of bTB cases in
buffalo were mild (10), and it was considered unlikely
that they had shown clinical signs (6). This supports that
bTB in buffalo is a disease of limited and slow
development in the majority of the cases (9). The buffalo
presented lesions most frequently in the lymph nodes
associated with the respiratory tract (mediastinal and
bronchial lymph nodes) and in the lungs, suggesting that
the most likely route of infection was inhalation (1). Most
of the buffalo (80%) did not show bTB lesions in the
lungs, but had gross lesions in bronchial and mediastinal
lymph nodes. This agrees with descriptions of early stages
of bTB in cattle, and is most likely due to the difficulties
of detecting very small lesions in the lungs at inspection,
due to their large volume (14). In this study, pulmonary
lesions were detected in 21% of the buffalo and they were
of the higher grades. The thoracic LN were involved in all
the buffalo with lung lesions.
As in other studies, most of the animals (73.7%) included
in this study were adults (10,15). Young buffalo have a
lower risk of being positive for bovine tuberculosis than
older buffalo, but that the risk for both age groups
increases with increasing prevalence of the disease within
the herd (13). Microscopically, in two animals with severe
lung lesions, it was observed that the granulomas had
eroded the wall of bronchioles, indicating that these
animals could excrete M. bovis and be a source of
infection for other animals (16).
Animals that presented higher macroscopic lesions,
grades 3 to 5, were the most likely to present up to four
different microscopic grades in the same section. It likely
represents repeated seeding of the lymph nodes by M.
bovis with development of lesions at different times In the
buffalo, the fibrosis in advanced granulomas was a
prominent feature, as in cattle (11). Langhans
multinucleated giant cells occurred in the four stages but
were more frequent in grades III and IV. This finding is
similar to the results reported in cattle (11). Few AFB
were observed in the ZN stained sections, indicating the
lesions were paucibacillary.
Real-time PCR high sensitivity makes this technique a
successful diagnostic tool for tuberculosis due to the
paucibacillary character of tuberculosis (12). The negative
PCR results obtained in some buffalos may be explained
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by an insufficient DNA template because of the
paucibacillary lesions or by the negative consequences of
fixation for DNA amplification (17). It has been shown
that genome amplification decreases after 24 hr of fixation
(18). In conclusion, the gross and microscopic
morphology of tuberculosis in the African buffalo closely
resembles tuberculosis in cattle, showing that the grading
system for microscopic lesions used for cattle also is valid
for buffalo. The results may contribute to i) the
understanding of the pathogenesis of the disease, ii) the
evaluation of experimental models of M. bovis infection
in Syncerus caffer, and iii) the interpretation of pathology
data from vaccination trials.

a

b

c

d

(10) Jolles et al., 2005. Ecology. 86:2358–2364.
(11) Wangoo et al., 2005. J Comp Path. 133: 223-234.
(12) Gómez-Laguna et al., 2010. J Vet Diag Invest. 22
(1): 123-127.
(13) Coetsier et al., 2000. J Clin Microbiol. 38: 30483054.
(14) Liebana et al., 2007. Vet J. 176:354-360.
(15) Rodwell et al., 2001. J Mammal. 82:231-238.
(16) Phillips et al., 2003. Res Vet Sci. 74:1-15.
(17) Van Pelt-Verkuil et al., 2008. ed. Van Pelt-Verkuil et
al. Springer Science. The Netherlands. 183-212.
(18) Vincek et al., 2003. Lab Invest. 83:1427–1435

Figure 1 Four microscopic stages in African buffalo
infected by M. bovis: (a) stage I, (b) stage II, (c) stage III,
(d) stage IV.
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Abstract
This study reports an investigation of M. tuberculosis
cases in mostly captive wild animals using traditional
epidemiological as well as molecular typing tools
(Restriction Fragment Length Polymorphism and Variable
Number of Tandem Repeat typing). The samples included
cases from 1. the National Zoological Gardens of South
Africa (NZG) recorded between 2002 and 2009, 2. the
Johannesburg Zoo: tuberculosis was first diagnosed in
2007 and has since been detected in three antelope
species. 3. a rehabilitation center for vervet monkeys
(Chlorocebus pygerythrus) in which M. tuberculosis was
diagnosed in 2008, 4. incidental cases in other facilities
including a sable antelope (Hippotragus niger), two
unrelated cases in chacma baboons (Ursus papinus) (one
of which was from a free-ranging troop) and a colony of
capuchin monkeys (Cebus capucinus). Identical genetic

profiles of the latter three isolates indicated the
persistence of a single M. tuberculosis strain in this
population since 2006. Preliminary results on the recent
outbreak in the captive vervet monkey colony indicate
that it is probably caused by a single strain, while all ten
M. tuberculosis isolates from eight animal species in the
NZG showed different VNTR patterns. The substantial
increase in tuberculosis cases recorded in the NZG,
compared to the previous reporting period 1991 – 2001,
most likely reflects a countrywide trend of more frequent
spillover of human tuberculosis to wild animals. This
growing health risk to wildlife and its implications on
human health poses a challenge on the control of
tuberculosis at the wildlife/human interface and an
integrated ‗One health‘ approach.

Introduction
Tuberculosis is one of the most common infectious
diseases and causes of death of captive wildlife in
zoological collections worldwide. Prior to the introduction
of effective control and eradication schemes for bovine
tuberculosis, zoo wildlife was probably equally often
affected by Mycobacterium bovis and Mycobacterium
tuberculosis, although the exact cause was difficult to
establish due to the lack of methods of differentiation at
the time (2). Aggravating factors were often poor hygiene
as well as lack of adequate veterinary care, overcrowding,
unsuitable environments and close contact to visitors (3).
A molecular study conducted on Mycobacterium
tuberculosis cases in the National Zoological Gardens

of South Africa (NZG) between 1991 and 2001 revealed
a high genetic diversity between strains and it was
concluded that the public constituted a significant risk to
captive wildlife in the NZG (1). Given the high infection
pressure in the human population in South Africa, it may
be speculated that this shift is likely to lead to a net
increase in the incidence of M. tuberculosis in captive
animal populations in South Africa.
The aim of the present study was to conduct a follow-up
investigation on the tuberculosis cases in the NZG since
2002 in comparison with M. tuberculosis outbreaks in
other facilities.

Materials and methods
Animals
National Zoological Gardens (NZG): Between 2002 and
2008 macroscopic lesions consistent with tuberculosis
were recorded in a total of 13 animals from 9 species,
including 1 chimpanzee (Pan troglodytes), 2 warthogs
(Cercopithecus aethiops), 1 bongo (Tragelaphus
eurycerus eurycerus), 1 babirusa pig (Babyrousa

babyrussa), 1 brazilian tapir (Tapirus terrestris) 2 beavers
(Castor Canadensis), 3 Patas monkeys (Erythrocebus
patas), 1 nyala (Tragelaphus angasii) and 1 lesser kudu
(Tragelaphus imberbis).
Johannesburg Zoo:In 2007 the first suspect case of
tuberculosis occurred in a scimitar horned oryx (Oryx
dammah) (case 030507). Acid-fast organisms were
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observed on microscopic examination. Post mortem
examinations conducted in 2008 on a waterbuck and a
nyala revealed calcified tuberculous lung lesions and
granulomatous pneumonia, respectively.
Vervet monkey rehabilitation center (Limpopo Province):
Following the death of several monkeys in 2008 with
lesions suspect of disseminated tuberculosis samples from
three vervet monkeys (TB 7041, TB 7042, TB 7043) were
submitted to the Tuberculosis laboratory for routine
diagnosis (3).
Incidental cases:TB 5232. A sable antelope died with
severe respiratory symptoms soon after purchase from a
private game farm in the Limpopo Province.
TB 6767. Tuberculosis was suspected as possible cause of
disseminated nodular lesions on the abdominal pleura and
granulomatous lesions in the uterus of a chacma baboon
kept in an approved animal research facility in the
Gauteng Province.
TB 4395. Multiple abscesses were found on post mortem
examination of a chacma baboon referred to a veterinary
clinic by a private zoo in the Western Cape Province.
TB 5628, TB 6536, TB 6954. Following the death of
Capuchin monkeys with lung lesions consistent with
tuberculosis in a private zoo in the Limpopo Province,
tissue samples were submitted for tuberculosis culture for
the first time in 2006. Samples from two additional
Capuchin monkeys with similar signs were submitted in
2007 and 2008, respectively.
TB 7167. A chacma baboon from a free-ranging troop in
the Limpopo Province was caught with neurological signs
and euthanized when treatment proved unsuccessful. On
post mortem examination general tuberculosis with
granulomatous lesions in the lungs, liver, spleen and
multiple lymph nodes was observed. Bilateral post-ocular
soft tissue abscesses were also noted.
All tissue samples were subjected to standard methods for
isolation of M. tuberculosis complex organisms and
species identification, followed by IS6110 restriction
fragment length polymorphism typing and Variable
number of tandem repeat (VNTR) typing as described
previously (4). In case (030507) no unpreserved tissue
samples had been collected and DNA was extracted from
sections cut from formalin-fixed, paraffin-embedded
tissues. PCR amplification of M. tuberculosis complex
specific primers was conducted (5).
Results and conclusions
Animal specific information relating to all animals in this
study, including genetic typing results, are listed in Table
1. For the group of animals from the NZG, M.
tuberculosis infection was confirmed by culture in 10
animals (8 animal species) and the accepted diagnosis
based on histopathological examination in further three

animals. All M. tuberculosis isolates were typed using the
VNTR technique yielding a unique pattern for each
animal. These findings are in agreement with the high
degree of strain diversity reported for the period 1991 to
2001 and indicate a sharp increase in the incidence of
tuberculosis in the NZG by 70% during the period under
investigation. In the Johannesburg Zoo M. tuberculosis
was confirmed in a waterbuck (TB 7033) by culture,
while M. tuberculosis complex DNA was amplified from
the preserved tissues of a scimitar horned oryx. These
results provide the first confirmation of the presence of M.
tuberculosis in the wildlife population of the
Johannesburg Zoo.
Griffith (1928) stated that tuberculosis mainly affects wild
animals if they are exposed to humans and their
civilization (6). The risk for contracting human
tuberculosis, in particular, is assumed to be highest in
zoological collections in metropolitan areas, e.g in the
NZG. In contrast to large zoos, however, the transmission
of M. tuberculosis in private wildlife facilities is
predominantly from an individual human or animal source
to members in the same unit, resulting in the propagation
of a single M. tuberculosis strain in the captive
population. The fact that the same strain was repeatedly
isolated over a 3-year period further suggests that the
infection was maintained within the capuchin monkey
colony.
According to Kovalev (1980) epizootological outbreaks of
tuberculosis take a milder course among free-living
animals than among those in captivity (Kovalev 1980).
Our diagnosis of generalised tuberculosis in a chacma
baboon from a free-ranging troop in a rural region of the
Limpopo Province of South Africa, could, however,
suggest that captivity may not in all cases be the most
important determinant of disease severity. The findings
from this study also demonstrate that unless the source of
infection is known, the measures applied to control the
outbreak might prove ineffective. While quarantine and
sanitary measures may be suitable to control the outbreaks
in the vervet monkey and capuchin colonies, they are not
likely to lead to an elimination of tuberculosis from the
NZG. M. tuberculosis disease in wild animals appears to
be more widespread in South Africa than currently known
and is not restricted to zoological collections and research
facilities, as commonly thought. The human tuberculosis
epidemic has reached a threshold which makes spillover
inevitable not only to domestic but also to wild animals.
In this situation wildlife can be considered sentinels for
human
pathogens and as a warning system for critical disease
thresholds for tuberculosis in public health management.
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Table 1. Tuberculosis in wild animals caused by M. tuberculosis between 2002 and 2009

Source

Species

NZG

Chimpanzee

NZG

Bongo

TB 3883

10 yrs

NZG

Babirussa
pig

TB 3949

11 yrs

NZG

Warthog

N/A

NZG

Beaver

NZG

Beaver

NZG

Brazilian
tapir

N/A

16.5 yrs

NZG

Patas
Monkey

TB 4179

3 yrs

NZG

Warthog

NZG

Lesser
Kudu

TB 6340

NZG

Nyala

TB 6622

NZG

Patas
Monkey

TB 6828

NZG

Patas
Monkey

JHB
ZOO
JHB
ZOO
JHB
ZOO
VRHC

VRHC
VRHC

Lab no.

TB 3705

TB 3950
TB 4041

TB 5220

Age

18 yrs

Sex

F
M
M

Year

Culture

2003

M. tuberculosis

2003

M. tuberculosis

2003

M. tuberculosis

12.5 yrs

M

2003

ND

9 yrs

M

2003

M. tuberculosis

2004

M. tuberculosis

2004

ND

2004

M. tuberculosis

2005

M. tuberculosis

2007

M. tuberculosis

9.5 yrs

13 years
13 yrs

F
M

M
F
M

IS6110
RFLP
ND
ND

Genetic typing
VNTR
Locus: A B C D E F
2 3 5 3 4 2.4
2 1 4 3* 3 2.1
4 2 4 3* 5 3.3

ND
N/A
ND
ND
N/A

ND
ND

N/A
12 5 3 6 5 2.4
5 3 5 3 6 3.3
N/A
2 3 4 3 4 3.4
4 3 4 4 * 3 1.5
4 3 3 3 4 2.4

NZG-7
5 yrs

M

2008

M. tuberculosis

adult

F

2008

M. tuberculosis

TB 7005

adult

F

2008

Negative

Scimitar
horned oryx

030507

6
months

F

2007

ND1

Waterbuck

TB 7033

14 yrs

F

2008

M. tuberculosis

Nyala

TB 7082

11 yrs

F

2008

No isolation

Vervet
monkey

TB 7041

1 yr

2008

M. tuberculosis

Vervet
monkey

TB 7042

Vervet
monkey

TB 7043

NZG-8
NZG-9
NZG-9

1 3 5 3* 5 1.5
1 3 5 3 * 4 2.4
N/A
N/A

N/A

M
9 yrs

ND
N/A

4 3 5 3 5 2.4
N/A
2 2 5 3 4 1.3

ND
2008

M. tuberculosis

ND

2 2 5 3 4 1.3

2008

M. tuberculosis

ND

2 2 5 3 4 1.3

M
adult

F
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Farm

Sable
antelope

TB 5232

Adult

F

2005

M. tuberculosis

ND

3 3 4 3 4 2.4

Private
zoo

Capuchin
monkey

TB 5628

unknow
n

F

2006

M. tuberculosis

CM-1

X 3 3 3 5 2.4

Private
zoo

Capuchin
monkey

2007

M. tuberculosis

CM-1

6 3 3 3 5 2.4

Private
zoo

Capuchin
monkey

TB 6954

unknow
n

M

2008

M. tuberculosis

CM-1

X 3 3 3 5 2.4

RF

Baboon

TB 6767

adult

F

Freeranging

Baboon

TB 7067

adult

F

TB 6536

4 yrs

M

2008
2009

M. tuberculosis
M. tuberculosis

CB-1
ND

5 4 5 4 4 2.4
4 3 5 3* 5 2 4

N/A Not applicable; ND Not done; JHB Johannesburg; VRHC Vervet monkey rehabilitation centre; RF
Research facility
1
DNA extraction and PCR amplification was performed on sections from formalin-fixed, paraffin embedded tissues
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Introduction
Theileria parva is the causative agent of Corridor disease
in cattle in South Africa and the African buffalo (Syncerus
caffer) is the reservoir host. As it is a threat to farming
communities in the endemic areas of the country (1),
interaction between cattle and buffalo is limited. Buffalo
have to be tested to show that they are free of the parasite
before translocation, and this has resulted in an increased
demand and cost of disease-free animals (2). The tests
used for the diagnosis of T. parva should therefore be
sensitive and specific for accurate diagnosis. However,
benign and non-pathogenic Theileria species that co-exist
with T. parva in infected animals compromise the
specificity and sensitivity of the tests used. Real-time PCR
reduces the time and labour required for attainment of
results (3, 4) and usually limits the subjectivity that occurs
in the interpretation of results obtained from conventional
and serological methods (5). A real-time PCR assay based
on the 18S rRNA gene has been developed (6) and is
currently used, together with other diagnostic tests, for the
diagnosis of T. parva infections in cattle and buffalo in
South Africa. However, the sensitivity of this test is
compromised by Theileria sp. (buffalo) which has 18S
rRNA sequences that are very similar to that of T. parva.
Alternative tests that accurately identify and differentiate
between pathogenic and non-pathogenic Theileria species
in cattle and buffalo are therefore needed. Recently, a
nested fluorescence resonance energy transfer (FRET)
real-time PCR based on the cytochrome oxidase subunit
III (coxIII) gene was developed for simultaneous detection
and differentiation, by melting curve analysis, of seven
Theileria spp. in cattle samples (7). The aim of the current
study was to evaluate this assay for use in the
identification and differentiation of Theileria spp. in
mixed infections in buffalo. Results obtained were
compared to those obtained by the reverse line blot (RLB)
hybridization assay. Both assays can simultaneously detect
and differentiate different Theileria spp. in mixed
infections.
Materials and methods
Samples and DNA extraction: A total of 224 samples
(buffalo; n=219; cattle; n=5), collected either in EDTA
tubes or on filter paper, were analysed.
The buffalo samples originated from African buffalo in
different game parks in South Africa and Mozambique.

Cattle samples were obtained from the Agricultural
Research Council-Onderstepoort Veterinary Institute
(ARC-OVI). DNA was extracted using the QIAamp®
DNA Extraction Kit (QIAGEN, Southern Cross
Biotechologies), or the High Pure PCR Template
Preparation kit (Roche Diagnostics, Mannheim, Germany)
according to the manufacturers‘ protocols, and stored at 20 °C until further analysis.
Polymerase Chain Reaction: A nested PCR protocol was
used for the amplification of the coxIII gene of the
parasite.
Primers
F3Cox
(5‘AAGATGAATCCGATTTGATGA-3‘) and MJCox (5‘AAATGGACTATGTAAGTTAACCTAT-3‘) were used
in a primary conventional hot start PCR reaction, and
primers FCox (5‘-CAACATTGTTAAAGCTATCCAA3‘) and nRCox (5‘-TTATAGTACAGGATTAGATAC-3‘)
together with the AnchorCox1-6FAM and SensorCox1Cy5 probes were used for the nested FRET real-time PCR.
The primary PCR consisted of 1µl yellow sub (GENEO
BioProductions, Hamburg, Germany), 5 µl of 1X Go Taq
buffer (Promega), 1.65 mM MgCl2, 2.5 mM dNTPs, 25
pM of each primer, 0.5 U Taq Polymerase (Promega), 5 µl
(~ 100 ng) DNA and PCR grade water to a total volume of
25 µl. All PCR products from the primary amplification
were analysed by real-time PCR. The FRET real-time
PCR was done using the Rotor Gene 3000 (Corbett
Research, Australia) with 0.5 µl of the primary PCR
product, 1X Go Taq buffer (Promega), 1.65 mM MgCl2,
2.5 mM dNTPs, 25 pM of primers Fcox, and nRCox, each
of the sensor and anchor probes, 5U Taq polymerase and
water to a total volume of 25 µl. The programme included
a hold at 95⁰ C for 15 min, 40 cycles each of denaturation
at 95⁰ C for 30 s, annealing at 56⁰ C for 45 s, extension at
72⁰ C for 60 s.
Melting curves were generated by heating the samples
from 33⁰ C to 99⁰ C. Plasmid DNA from coxIII gene
clones obtained from buffalo-derived Theileria sp.
(buffalo), and cattle-derived T. parva, T. taurotragi, T.
buffeli, T. velifera and T. mutans (all obtained from the
Department of Animal Health, Institute of Tropical
Medicine, Antwerp, Belgium) were used as positive
controls and molecular grade water as a negative control.
All controls were included in each PCR run. The results
were compared with those obtained from analysis by the

Page 95

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand
RLB assay (8) using Theileria and Babesia species- and
genus-specific probes as previously described (9).
Cloning and sequencing: Primary PCR products of the
coxIII gene of 10 selected samples were purified using the
High Pure PCR product purification kit (Roche
Diagnostics, Manheim, Germany) according to the
manufacturer‘s instructions. Ligation and transformation
was done using the pCRII TOPO TA cloning vector
(Invitrogen) as recommended by the manufacturer.
Ninety-three recombinants were screened using the FRET
real-time PCR as described above. Based on the PCR
results, desired clones were then cultured overnight in LBbroth, after which they were re-grown on fresh agar plates
and send for sequencing in Belgium, and South Africa.
Sequence and phylogenetic analysis: The coxIII sequences
were assembled and edited using GAP4 of the Staden
software package (version 1.6.0 for Windows) (10). Mafft
(version 5) multiple sequence alignment (11) was used to
align the sequences with published Theileria coxIII
sequences from GenBank and manually edited using
BioEdit (version 7) (12). Phylogenetic trees were
constructed using MEGA 4.0 (13) for neighbor-joining
analysis with bootstrapping of 1000 replicates/tree (14);
PAUP* (v4b10) (15) for maximum-parsmony and
maximum likelihood methods, and MrBayes v.3.1.2 (16)
for Bayesian inference. The TrN + I + G substitution
method was determined as the best fit model by Modeltest
v.3.7 (17) and used in the likelihood and Bayesian
analysis. The coxIII sequence of Theileria equi
(AB499091) was used as the outgroup in all trees.
Consensus trees were edited using the MEGA 4.0
programme.
Results
Amplicons of approximately 1000 bp were obtained from
primary PCR amplification of Theileria positive samples.
Real-time PCR analysis allowed for the detection and
discrimination of the different species based on differences
in their melting temperatures as indicated in Figure 1.
Using the real-time PCR test, T. parva and Theileria sp.
(buffalo) were the most commonly detected species (Table
1) with prevalences of 83.5% and 55.8%, respectively.
Theileria taurotragi, T. buffeli and T. mutans were
identified in 17.9%, 5.8% and 2.2% of samples,
respectively. Theileria velifera was not identified in any of
the samples, and 4.5% of the samples were negative or
below detection limit. These results were compared to
those obtained by the RLB assay as shown in Table 1. The
Theileria parva and Theileria sp. (buffalo) were also
identified as the most commonly occurring species by the
RLB assay. The RLB detected more infections of T.
mutans and T. buffeli than the real-time PCR assay, and,
unlike results obtained using the real-time PCR assay,
23.7% of samples were positive for T. velifera and no T.
taurotragi infections were detected by the RLB.
Of the 14 samples that only had a Theileria/Babesia
genus-specific signal on the RLB assay, 11 showed mixed
Theileria spp. infections and 3 were negative on real-time
PCR. The following species were detected from 93 clones

analysed by the real-time PCR assay: T. parva (13); T.
mutans (10); T. buffeli (7); Theileria sp. (buffalo) (9); T.
velifera (2); T. taurotragi (17). In addition, 14 clones had
non-specific melting peaks which were either between the
peaks of T. mutans and T. buffeli; or T. buffeli and T.
taurotragi, and 21 clones were negative or below detection
limit. One sample (A2) was positive for T. parva and
Theileria sp. (buffalo) when analysed with both assays,
but sequences of clones 1.1 and 1.7 from this sample
grouped with T. velifera sequences. Neither assay detected
T. velifera infection in this sample. Representative clones
selected for sequencing were mainly those that were
positive for T. taurotragi and those that had non-specific
peaks. Sequences from these clones grouped together with
T. buffeli sequences. A total of 32 sequences (27 new
sequences obtained in this study and 5 sequences obtained
from GenBank) were included in the phylogenetic
analysis. The topologies of the trees generated by the
different methods were similar and confirmed the variation
that was observed in the sequence alignment. The
groupings in the trees were supported by high bootstrap
values and posterior probabilities (results not shown).
Table 1: Comparison of the results obtained from analyses
of buffalo and cattle samples (n=224) by the RLB and
FRET real-time PCR assays.

115 (51.3)
92 (41.1)
88 (39.3)
0
77 (34.4)
53 (23.7)

FRET realtime PCR
No. (%)
187 (83.5)
125 (55.8)
5 (2.2)
40 (17.9)
13 (5.8)
0

14 (6.3)

N/A

22 (9.8)

10 (4.5)

RLB
No. (%)

Species
T. parva
Theileria sp. (buffalo)
T. mutans
T. taurotragi
T. buffeli
T. velifera
Theileria/Babesia genusspecific probe
Negative/Below
detection limit
dF/dT

c
b
a
a
a

d
e

f

g

h

Temperature (⁰C)
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Figure 1 Melting curve analysis of the coxIII gene
plasmid controls of Theileria spp. as determined by the
FRET real-time PCR assay. The species identified are (a)
Theileria sp. (buffalo)(±40 ⁰C); (b) T. velifera (±46 ⁰C), (c)
T. parva (±48 ⁰C), (d) T. taurotragi (±54 ⁰C), (e) T. buffeli
(±60 ⁰C) and (f) T. mutans (±64 ⁰C). Non-specific peaks
(g, (±62.5⁰C) were observed from some clones. No
flourescence was detected from the negative control (h).
Discussion and Conclusion
The newly developed FRET real-time assay was
previously found to be specific and sensitive in the
diagnosis and discrimination of Theileria spp. in cattle (7),
and the test was shown to be as sensitive as the 18S rRNA
gene assay (6) in the diagnosis of T. parva infections in
blood from infected animals. In the current study,, the
FRET real-time PCR assay detected more T. parva and
Theileria sp. (buffalo) infections than the RLB assay and
therefore seems to be the more sensitive test, although the
sensitivities of the two assays were not compared.
Additionally, the real-time PCR test identified Theileria
spp. infections in approximately half of the samples that
were negative or below detection limit of the RLB assay.
However, T. taurotragi was identified by the real-time
assay in 17.9% of the analysed buffalo samples, but to our
knowledge this Theileria species has never been isolated
from the African buffalo. Furthermore, the assay detected
fewer T. mutans and T. buffeli infections, and did not
detect T. velifera infections at all. The decreased
sensitivity of the test for these species, together with the
mis-identification of T. taurotragi and the detection of
species without apparent melting peaks, is due to extensive
sequence variation of the coxIII gene in Theileria spp. in
the buffalo population as shown by the sequence and
phylogenetic analyses in this study. All control samples
were detected as expected. However, with the exception of
Theileria sp. (buffalo), all the clones used as positive
controls in this study were derived from cattle samples.
These findings, combined with the fact that the test has
previously been shown to be specific and sensitive in the
diagnosis and discrimination of Theileria spp. in cattle (7),
suggest that there is less sequence heterogeneity in
Theileria spp. populations in cattle than those in buffalo.
The melting peaks of T. velifera and T. parva are very
close to each other, and therefore accurate identification of
these species might be compromised. The new sequences
obtained in this study can be used for the development of
new primers and probes in order to increase the specificity
of the coxIII real-time PCR in the diagnosis of mixed
Theileria infections in the South African buffalo
population.
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Introduction

Results and discussion

About 8.3 million of rural households in Vietnam (70%)
have the poultry production. The income‘s poultry
production represents about 19% of total household (1, 2).
In 2007, the quantity of poultry flock in Vietnam has
reached about 226 million heads (3), an increase of 5.3%
compared to production in 2006, but a diminution of 11%
compared to that in 2003. This reduction was caused by
an outbreak of the H5N1 virus among poultry, resulting in
the culling of millions of birds in 2004 (4). This
occurrence had large economical and sociological impacts
with an estimated loss of about 3,000 billion Vietnam
dong (5). The risk of avian influenza (AI) on the poultry
flock was large, particularly on the backyard poultry
production systems (6). The Red River Delta (RRD)
region has the highest poultry production, contributing to
30% of total national flock (3).

Typology of poultry production systems

Ha Tay Province plays an important role in the supply of
meat to Hanoi City, and supply of chicks/ducks to other
provinces. From early 2004, the producers have adapted
their production in the context of epidemic of the AI to
respond to market demand better. This research aims to
analyze the explicative factors of poultry development
through an identification of poultry farming systems.

+ System 2: Layer poultry at semi-commercial with
minimal to moderate bio-security level. This system keeps
regularly layer hens or ducks and parent hens, ducks or
Muscovy ducks (MD) at semi-commercial scale using
industrial feed. Parent hens are both confined and grazed
in good facilities or personal fields while layer ducks and
MD are popularly raised in area around villages or on rice
fields. The layer hens are ISA Brown, Egypt and Ross
508. Layer ducks are raised in the rice fields for taking the
residual paddy. There are about 500 birds per farm a year
with a characterization of some races in the same farm.

Materials and methods
Selection of surveyed sites: Household farms raising
poultry at different production scales in Ha Tay province
in the center of the highest poultry production region,
RRD were selected. Five communes in two districts were
selected basing on the agro-ecological patterns and the
diversification of poultry systems. This research was
conducted from December, 2008 to August, 2009.
Methods: The research began by the collection of official
data of the poultry production from the reports of DLP,
FAO, GSO, and the key persons in these zones for better
understanding the poultry production in the province.
The various poultry production systems were then
identified by the interviews through the stratified
sampling method. Over 270 poultry farms and veterinary
agents were interviewed, following a structure
questionnaire. Information collected allows the
characterization of the poultry production (sub-) systems
by the scale of breeding.
Financial analysis method is based on the concept of
value-added, with the flow of inputs and outputs.

The scale of poultry flock and the type of poultry races
are really diversified in each ecological zone. There are
four main farming systems characterized by types of
production and levels of risks with epidemic disease.
+ System 1: Chicken integrated production by a contract
between farmers and enterprises with high bio-security
level. The enterprises supply the chicks, chickenfeed,
vaccines, drugs, technicians. The farmers have to build
the hen-house and raise chickens with a good process.
The farmers receive their wages according to production
results. There are about 6,600 young hens or 18,000
broilers per farm or from 2 to 4 flocks a year. This system
is a characteristic of big commercial production with high
potential productivity as ISA Brown, Sasso or Cobb 707.

+ System 3: Broiler poultry production at semicommercial scale with low to minimal bio-security level.
Most of farms in these sub-systems keep integrating many
chickens and ducks in the same farm household. The local
chickens and broiler ducks are freely grazed in a personal
surface or transhumant on rice fields. The cross-bred
broilers are popularly raised such as CV Super Meat and
French MD. Most of broilers aren‘t vaccinated. The
broilers are kept very intensive with many flocks per year
with industrial feed. In average, there are only 1,130
broiler chickens and 1,600 broiler ducks per farm a year.
+ System 4: Village/backyard poultry production system
with minimal bio-security level. This farming system has
small investment; freely ranged poultry and farmers
produces themselves old day chicks and its mostly local
breeds. The head of birds are really limited with only 5
parent hens, 2 layer ducks, 60 broiler chickens and 35
broiler ducks per farm a year.
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General characteristics of poultry production systems
There are 53% of household farms both raising chickens
and ducks on the same surface (7). The broiler ducks are
kept indoors in night time or free-grazed around the
village. There are regular contact and interaction between
birds of different households.
The semi-commercial poultry production was beginning
on early 1990s, but integration production was only
beginning on early 2000s. So the farmers‘ experience in
the field of poultry production is only from 6 to 12 years.
The average age of household heads is from 41 to 46
years old. Each household has 2 main objectives for
keeping the poultry. One is to have poultry products to
use in the family during the Tet festival or different
celebrations. The other is to sell the rest poultry flock to
have some monetary income. The poultry is not isolated
from other domestic animals. The breeding duration is
short with broiler ducks such as MD.
The implicit risks in poultry production
Source of day old chicks and ducklings (DOCs): Before
the epidemic disease of AI on 2004, state enterprises and
foreign enterprises were playing an important role for
supplying DOCs to household farms. Therefore, the origin
and the quality of DOCs were controlled. Since the AI in
this time and government control measures against the AI,
poultry egg incubation is limited or forbidden, while the
demand in DOCs from breeders is really high by the lack
of poultry meats on the market after each campaign
against epidemic disease. Then, the explosion of private
hatching incubator of poultry eggs keeps the production
out of control of appropriate authorities.
70% of household farms who bought DOCs for laying as
parental birds are from private hatching incubators. Thus
the technical and scientific knowledge of breeders depend
to the system of private incubatory farms. While AI risk is
high in those private incubatory farms by the lack of
control from authorities and parental poultry flock aren‘t
vaccinated against the AI.
In addition, the resources of chicks depend largely on
informal imports from China such as the races of chickens
of Luong Phuong, ducks of Bau Canh Trang, layer ducks
of Triet Giang, etc. The white chicks (industrial chickens)
are principally supplied by the foreign enterprises such as
CP Group Thailand, Japfa Indonesia and some state
enterprises such as Luong My, DABACO.
Vaccination and the epidemic risks: The producers can
only improve their knowledge by having accumulated
experience, or through marketing campaigns of veterinary
medicine enterprises. Most of the farmers don‘t know the
name of vaccines against AI disease caused by H5N1
virus. The scientific knowledge of poultry breeders is still
very limited. The sick adult poultry is mainly sold at low
prices to consumers through intermediaries. The dead
chicks and ducklings are thrown to public rivers, ponds or
rice-fields. Finally, in the mind of breeders the use of
antibiotics is popular in poultry production.

Only birds in system 1 and layer hens are vaccinated well
by a strict schedule, while the layer ducks and French MD
are regularly not vaccinated, especially during the layer
period. The broiler ducks and the birds in the backyard
system are not vaccinated.
The epidemic risks in poultry often happen from this year
to another. Over 60% of households have encountered a
problem with epidemic disease with significant poultry
death rate. The French MD has often contracted an
epidemic disease with up 70% of households.
Fluctuation risk of prices of inputs and outputs: The
fluctuation of input and output prices concerning the
poultry production is very high due to instability of these
prices on the international market. The pinnacle of high
fluctuation of prices is from 09 to 10/2008. The price of
concentrated feed for broiler chicken and for broiler duck
is 0.7$/kg and 0.5$/kg, respectively; and the price of
maize is 0.3 $/kg. From early 2009, the prices of feed
decreased from 15%-20%, still higher than those before
2008.
The farmers will normally reduce their scale of animal
production when the prices of feed increased and the
prices of outputs such as broiler poultry and its products
began decreasing. The prices of chicks reduced during
2008-09.
However, the prices of local broiler chickens and color
chickens are usually kept stable, from 3.4 - 3.7 $/kg with
local chickens and from 1.8 - 2.1 $/kg with color chickens
through the price of broiler duck strongly decreased to
1.2$/kg or a reduction rate of 25%. The fluctuation risk of
prices of inputs and outputs strongly influenced on
poultry production, resulting in unsustainable production.
Economic results in poultry production: Over 86% of
birds of systems 1, 2 and 3 are sold to some small special
poultry markets around the Hanoi City through
intermediaries. The number of bird which reserves for the
familial self-consumption demands in system 4 occupies
up to 40%.
Economic results in these systems are very unsettled. The
color reproductive hen production has a good economic
performance (about 8.2 $ per hen per cycle), but many
layer ducks, reproductive MD and broiler ducks farms are
not making profit due to the cause of epidemic disease
and the great fluctuations of input and output prices in the
poultry production. Many farms lost about 1,600$ per
year. Broiler poultry production at semi-commercial scale
has a low economic result, with average is from 520 to
870$ per farm a year. The net income from poultry
production in the systems 1 & 2 occupies from 30% 60% of total income of a household. While the net income
from layer ducks in system 2, broiler poultry in system 2
and backyard system is about less than from 150 $ to 200
$ per farm a year, making up about 6.4%-8.3% of net
income in a household.
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Conclusions
The poultry production in this region is facing grave
difficulties. The epidemic diseases in poultry are more or
less due to lack of scientific knowledge of producers. The
large fluctuations of prices of inputs, outputs are also
important problems.
The quality of DOCs is not controlled. The economic
results in these farming systems are very unsettled, the
color reproductive hen production has a good economic
performance but ducks, MD production are loss-making.
The observations mentioned above seem to be the main
factors causing an unsustainable poultry production in this
province. In order to have sustainable development in the
next coming years, it is necessary to equip farmers with
good scientific knowledge or good practical poultry
production systems (HACCP) to farmers. The
Government needs provide the useful information on
regional and international poultry markets. Moreover, it is
necessary to encourage the establishment of a network of
poultry production with supply chains aided with good
traceability systems to provide high quality poultry
products.
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Introduction
All gibbons are listed under CITES Appendix I (8),
precluding all international commercial trade in the
species. Gibbon species are protected in most countries
where they are found by national laws (e.g. China, India,
Indonesia, Thailand, Vietnam). All species have important
populations in protected area (4). Expansion of genetic
diversity and animal numbers in demographically isolated
captive and wild populations are urgently required.
Unfortunately there is no easy way for developing country
like Indonesia to deal with conservation issues when the
expanding human population has ever growing needs.
One of method to promote population growth as well as to
preserve genetic diversity in captivity, a captive
management program included their daily activity was
recommended. Field studies provide opportunities to
evaluate how behavior is affected by unpredictable
ecological and demographic pressure. Integrating data
from both captive and field studies of the same species
has become an increasingly important source of insights
into what primates are capable for doing, and what kinds
of stimuli trigger varied responses (11). Special for
Siamang, almost individuals of Siamang
arrived at
Greenland sanctuary were the result of confiscations and
the remainder were received as donations. For gibbon in
captivity there is no such information how the limited area
will influence their behavior including their moving,
resting eating and so on. Beside limited area, in this
experiment, it was evaluated how the change habitat will
influence their behavior with impression on stress
behavior. This study aims to provide; 1) daily activity of
the male and female Symphalangus syndactylus
(Siamang) in Menoreh Green Land sanctuary both normal
or abnormal activity, 2) comparison daily activity between
estrus and non-estrus female and 3) abnormal behavior .
Activities budget as moving, resting, feeding and
grooming were used as (1) method. In order to explore the
role of wildlife rescue center and the effect of
confiscations, the origin of the animals that arrive at the
wildlife rescue centres was analyzed.
Materials and methods
Animals.
Six male and 1 female adult Siamang (7-15 years old)
with a body weight of 5-8 kg were used in this study.
They were maintained at the Menoreh Green Land rescue
center, Kulon Progo, Yogyakarta after they confiscated
around 2 months until 2 years ago. They were maintained
at individually display cage. All animals were fed once

daily, at around 10 am after cage cleaning, as well as a
diet of fresh fruit and vegetables, such as: papaya, banana,
kangkung or spinach and for water ad libitum.
Housing.
The Siamang at Menoreh Green land were caged
individually, consist of big display cage 2 m (width) x 3 m
(Length) x 2 m (Height). The cage was built by iron mesh
including the roof to facilitate their brachiation
locomotion. During the rest, he usually move to a small
sleeping cage with size approximately 60 cm (width) x 60
cm (length) x 80 cm (height) which was hang on the
corner. Temperrtatur at the cage ranged between 23 to
30oC with relative humudity ranged from 70 to 80%.
Behavior recording
Observation were made by one observer, on average of 56 days per week from 09.00 am to 15.00 pm. The Scan
sampling method with five minutes duartion for each
sample point was used (1) during visiting hours. Methods
was used to allocate the activities of the animals (resting,
moving, feeding and grooming)(3). Feeding is defined as
the preparation and ingestion of food; moving is all
locomotors activity including brachiating; calling is
vocalization that sound loud, long and in stereotype
pattern that are made by female Siamang. Grooming is
defined as social grooming and self grooming. Grooming
activity was defined as beginning when hands or mouth of
an individual touched his own or another body and ended
when these were no longer in contact. Resting excluded
feeding, grooming, moving calling and other activities.
Stereotypic activities is stress indicator such as molting
their hair, self hitting head and no activities.
Results and Discussions
In study 1, daily activity between male and female was
almost the same except autogrooming (male: 40.6% vs
female: 9.11%) and calling (male: 13.24% vs female:
35.88%) (Figure 1). Moving ,included brachiating is the
highest daily activity (76.23%) even they are in captivity
which food is availabel. It would be tend that moving is
no one for searching food but habituating in captivity.
This results are almost the same as (10) such as: moving
74,72%, resting: 63,79%, grooming: 40,6%, feeding:
24,17%, calling: 13,24%, and copulation: 2,13%,.
Unfortunately, those result are very different from
provious research. It was reported that in many American
zoos the mean number of activity bouts/day overall, rest,
feed, and travel. The differentiation maybe due to
unsimilar periods of observation as reprorted as (2).
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percentage (%)

For calling, both male and female Siamang have a
laryngeal sac that inflates during vocalization to produce
monophasic boom (7). The mean percentage of daily
activities spent vocalizing is higher in captivity than in the
wild, it was around 4 times than in the wild (9) and
depends on weather. The weather has an indirect affect
upon vocalization onset; in Woodland Park zoo,
vocalization did occur when it rained (2).
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Figure 1. Proportions of daily activity between male and
female exhibited by Greenland rescue center observed.
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Figure 2. Comparison data between estrus and non-estrus
activity of female.
In study 2, daily activity would be devided in estrus and
non-estrus female. The highest percentage of activity was
moving namely 74.72% for non-estrus. This condition
would increase when female was getting estrus up to
77.89% (Figure 2) and it was the same as previous study.
In estrus, percentage of moving and calling would be
increased. Even female siamang would be placed in
individual cage, duet song still would be observed.

Study 3 observed the abnormal behavior. This behavior
exhibited maybe due to many factors such as individual
cage, the change habitat, and their history as confiscated
animals. Previous study in India reported that singlyhoused macaque individuals exhibited significantly higher
levels of abnormal behaviour than did group-housed
macaques (5). Even they have a different social life,
Siamang also need a small family for his living (6). In this
study, most of animals were come from confiscation by
the authorities and one from donated people to The rescue
center. Captive environments such as these biologically
and spatially restrict the animal from performing its
species-specific behaviour. Such an inability to adapt to
their artificial surroundings results in the exhibition of
behavioural patterns typical to captive animals (6).
Presence of abnormal behaviours in the behavioural
repertoire of a captive primate is used to demonstrate the
need for animal behaviour studies to be included in the
management strategies towards improved primate
husbandry in that captive.
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Abstract
Mastitis is an economically important health problem in
dairy cows often resulting in decreased milk quality and
quantity. Proper milking hygiene is known as one of the
best practice for microorganisms and mastitis control,
however some mastitis-causing pathogens still can be
found on teat skin. Such condition could be risk
contamination
The study was conducted to determine the relationship
between microorganisms on teat skin and its matched
quarter milk sample. Twenty-four milking cows from six
small holder dairy farms in Khon Kaen, Thailand were
randomly selected, of which 96 samples of teat skin swab
and 96 quarter milk samples were aseptically collected for
microbiological identification.
Many microorganisms
were found on teat skin such as Coagulase negative
staphylococci
(CNS),
Corynaebaterium
bovis,
Streptococcus uberis, Escherichia coli, Serratia sp.,
Klebsiella sp. and yeast. Most of them are common
pathogens that cause mastitis in dairy cows. While, only
CNS, C. bovis, and Streptococcus agalactiae were isolated
from quarter milk samples, accounted for 21.88%.
Apparently, in this study, certain microorganisms were
found in matched teat skin and quarter milk sample,
including CNS, C. bovis, Streptococcus agalactiae and C.
bovis accounted for 5, 3, 1 and 1 pairs. The relationship in
this study was only based on the microbiological procedure
and could not clearly explain the contamination of
microorganisms found on teat skins into quarters.
Therefore, further study should be done.
Introduction
Mastitis is one of the most economically important
diseases in dairy farming (1). The causal serious
microorganisms are S. aureus, and S. agalactiae.
Additionally, the environmental pathogens from teat end
skin should be concerned because the teat end is the main
port of entry for mastitis-causing pathogens. In many
cases, mastitis problem never come down, whereas other
cases have repeated infection. This problem may possibly
due to the interaction with colonization of normal flora on
teat skin especially; the high bacterial numbers on the
surface of teat end will increase the probability of
intramammary infection causing mastitis (2). Therefore,
the study was conducted to determine the relationship
between microorganisms on teat skin and its matched
quarter milk sample.
Materials and Methods
Herd and sampling: The study was conducted between
March and May 2009. Six small holder dairy farms in

Muang, Khon Kaen Province, Thailand were randomly
selected to this study. Twenty-four Crossbred Holstein
Friesian (≥85% HF), milking cows with a range of 100200 days in milk and less than 6 lactation numbers were
included. All dairy cows were healthy especially without
clinical mastitis and milked twice daily. Ninety six
samples of teat skin swab and 96 milk quarter milk
samples were aseptically collected for microbiological
identification after the afternoon milking.
Teat end and milk sampling: After milking, all quarters
were swabbed at the teat end using sterile cotton swabs.
Consequently, they were put in tubes containing 5 ml of
0.85% NSS. Later, quarter milk samples were aseptically
collected in 30-ml sterile plastic bottles. All samples were
stored in an ice box and transported to microbiological
laboratory within an hour.
Laboratory procedures: Microbiological procedures for
bacterial identification were standardized among
laboratories and performed according to the guidelines of
National Mastitis Council (NMC, 1999). Somatic cell
count was also determined by DeLaval  cell counter DCC.
Statistical analysis: The overall udder and teat end quarters
prevalence of bacteriological findings was calculated for
each pathogen at each sampling occasion. The
microorganisms were matched between teat end swabs and
quarter milk samples.
Results and Discussion
The microorganisms isolated from quarter milk samples
included Corynebacterium bovis, Streptococcus agalactiae
and Coagulase negative staphylococci, which were
commonly found in this area and accounted for 21.88%.
All infected quarters had higher somatic cell count than
healthy quarters (Table 1). Besides, from teat end skin, the
majority of bacterial isolates were environmental
microorganisms such as CNS, C. bovis and Klebsiella spp.
In addition, the mean log numerics of microorganisms
were 2.77, 2.95 and 2.92, respectively (Table 2).
Only 9 pathogens from quarter milk samples were matched
with teat end skin samples consisting of 5 pairs of CNS
and 4 pairs of C. bovis. Consequently, the geometric means
of somatic cell count were 5.28 and 6.00 respectively.
Previous study reported that CNS was frequently isolated
from cows‘ skin and teat canal that was difficult to
experimentally induce mastitis (3). However, CNS now
become predominant over S. aureus in many countries and
can cause moderately increase somatic cell count and
persist in mammary gland (4). Recently, C. bovis was the
most common intramammary bacteria which have been
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corresponded to a previous report of C. bovis
intramammary infection with mild inflammation (5).
Corynebateria is one of the most important floras on teat
skin surface and teat canal which could inhibit mastitis
pathogens in vitro (6). Moreover, in an experimental
infection found quarters colonized with C. bovis by
intramammary could against S. aureus and S. agalactiae.
In different quarters colonized with C. bovis by exposed
orifice could not against both of pathogens (7) that mean
colonization of C. bovis was probably inhibited other
mastitis-causing
pathogens.
However,
pathogens
colonization could be harmful to developing secretory
tissue (8). In our study, CNS and C. bovis are the major
population that found in teat end samples. Interestingly, a
few CNS and C. bovis isolated from teat end samples were
matched to those from quarter milk samples. These occur
was inability to develop intramammary infection or
probably transient colonization or was limited to teat canal
area due to bactericidal action of keratin (9). Our results
could not prove that microorganisms from teat skin
contaminated into quarters and will be the cause of mastitis
which need furthermore study.

Table 2 The percentage of microorganisms from teat end
skin with numerical of pathogens obtained from six farms
in Khon Kaen, Thailand.
Number
Bacterial
Percentage
Mean log
of
identification
(%)
CFU/ml
quarters
CNS
76
79.17
2.77
C. bovis
38
39.58
2.95
Env. strep.
3
3.13
1.93
E. coli
12
12.50
2.29
Serratia spp.
5
5.21
2.57
Enterobacter spp.
5
5.21
2.26
Klebsiella spp.
21
21.88
2.92
Yeast
9
9.38
2.08
Other
18
18.75
2.78
CNS = Coagulase negative staphylococci
C. bovis = Corynebacterium bovis
Env. Strep. = Environmental streptococci
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Table 1 The percentage of bacteriologically positive
samples and somatic cell count from quarter milk samples
obtained from six farms in Khon Kaen Province, Thailand.
Bacterial
Number
Percentage
SCC*
identification of quarters
(%)
(cells/ml.)
CNS
5
5.21
5.28
S. agalactiae
6
6.25
6.37
C. bovis
12
12.50
5.99
NG
75
78.13
5.26
CNS = Coagulase negative staphylococci
S. agalactiae = Streptococcus agalactiae
C. bovis = Corynebacterium bovis
NG = No growth
SCC = the geometric mean of somatic cell count in
positive quarters in each pathogen
(log SCC 200,000 = 5.30)
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Introduction
Goats and sheep are widely distributed and have been
shown to play a major role in rural economies (1, 2).
Small ruminants are managed under many production
systems such as feral, trans-human, extensive, intensive
and under zero grazing systems (3). In the arid and semiarid areas, small ruminants are the principal source of
income (4)) and play a major role in human survival
during droughts and famines (5). Diseases, including
Peste des petitis ruminants (PPR) have been recognized
as one of the major factor that limits small ruminants
production in a wide range of agro-climatic zones (3,6)).
They reduce productivity on a clinical and sub-clinical
level. They cause production losses such as reduced
weight gains, impairing growth, lowered milk and meat
production, high veterinary costs and mortalities,
especially in the young. Peste des petitis ruminants
(PPR), caused by PPR virus (PPRV, genus Morbillivirus),
is a highly contagious and infectious viral disease of
domestic and wild small ruminants with great economic
importance (7, 8, 9, 10). The disease is endemic and
widespread in sheep and goats in Asia, West, Central and
East Africa (11, 12, 13, 14). However, the pattern of
PPRV infection, seroprevalence and underlying risk
factors in small ruminants in Tanzania has not been
systematically studied to-date. Such information could be
useful towards understanding the economic importance
and epidemiology of PPR in Tanzania. Therefore, the
objectives of this study were to determine through a serosurvey, the prevalence of PPR in unvaccinated, naturally
infected small ruminants, and to identify risk factors and
quantify their degree of association with PPR in small
ruminant population kept under different management
practices. Furthermore the study aim at identifying
specific fingerprints of this recent PPR outbreak in
Tanzania
Materials and methods
Study sites: This rapid exploratory cross-sectional survey
was conducted in randomly selected goats and sheep
flocks in 7 districts of the Arusha, Manyara and
Kilimanjaro regions, north Tanzania (Figure 1). The 7

districts bordering to Kenya to the north (high risk) were
chosen because of their close proximity to Kajiado area in
Southern Kenya, where PPR has been reported to have
decimated small ruminants in the recent past (15). These
seven districts which covers an area of 56,852 km2 lies
between Latitude 2o 11‘ and 6o 14‘ South of Equator, and
Longitude 35o 11‘ and 38o 26‘ East of Greenwich and
receives an average annual rainfall of 1100 mm which is
bimodal in distribution. The long rains fall between
March- May and the short rains fall between October –
December. The amount and duration of rainfall varies
from year to year and from season to season.
Temperatures vary between 13oC to 31oC through-out the
year, the coldest month being July and warmest months
being October and March, prior to the rains.
Study design, husbandry and animal selection: The
sample frame was based on a cluster model with a
sheep/goat-keeping village or watering points as an
epidemiological unit. A seroprevalence of 10% was
assumed and some 43 villages were randomly selected for
the survey from a sampling frame of 312 villages based
on (16)) manual. At least 40 animals (15 sheep and 25
goats) were sampled from each village or from
neighboring watering point if the former did not have
enough animals to be sampled. The grid location of each
study village was recorded using a GPS receiver
(Magellan TM-System Corporation, California) positioned
clear of heavy vegetation and buildings. The latitude and
longitude of each village was then logged into Garmin,
PC X5 version 2.09 software (Garmin Corp., Olathe
Kansas, USA).The goats and sheep are maintained in a
pastoral or agro-pastoral open grazing system from 7.30
a.m to 4.30 p.m daily. No supplementary feeding is
practiced. The animals are housed at night in bomas or
kraals constructed from thorny tree branches to protect
them from thieves and predators. The breeding system
used in many flocks is natural mating, with service bucks
and rams running freely with females all year round.
Restricted mating, to control breeding is used only during
the rain season. The use of aprons which involve tying a
piece of dried hide or hard plastic around the navel is the
widely used technology. The animals recruited into the
study were all of indigenous breeds, Small East African
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goat and few Galla cross breeds. Blackhead Persian
sheep and crosses between the Red Maasai and Blackhead
Persian are the main sheep breed kept.
Data collection: Flock and animal level data were
gathered through direct observation, face-to- face personal
interviews, using crossed format farm questionnaire on
the 43 selected villages. Information collected included
any vaccination history, production system and
administrative location of the animals. Animal level
variables collected included specie, age and sex. Age was
estimated by dentition and classified as kids or lambs (≤3
months); weaners (>3 to ≤ 9 months) and adult: (≥ 9
months). Flock location by administrative district and
production system (as factors) were considered as
explanatory variables in the analyses of sero-conversion
to PPRV infection. The husbandry practices or flock
production system employed was ‗classified‘ as agropastoralist (AP) and extensive grazing or pastoral (P).
Production system was considered an explanatory
variable for the reason that, it may influence variations in
available feed or grazing practices. Also production
system may indicate broad geographic variations in the
contact with infected or healthy carrier animals. The study
was conducted during the period of August to September,
2008.
Figure 1: A map of Tanzania showing the study districts
and location of study farms
Republic of Kenya

Sera collection and laboratory analysis: Approximately 5
ml of blood sample was collected from the jugular vein of
each animal using plain vacutainer tubes (Becton
Dickson, UK) and needle. Each sample from each animal
was labelled by using codes describing the specific animal
and flock/farm. Sera were separated from the clot that
was allowed to form while the tubes were slanted over
night. Decanted sera were aliquoted in about 1.5 ml
amounts in cryovials and preserved at –20 0C until use.
A monoclonal antibody (MAb) based competitive ELISA
was used for the detection of antibodies to PPRV (17).
The competitive ELISA used in the present investigation
had high diagnostic specificity (98.5%) and sensitivity
(93.4%) for the detection of PPRV antibody in
convalescent sera when compared with the gold standard

virus neutralizing test(VNT) (18). All serum samples
tested in the present study were processed in duplicate as
per the standard protocol. Briefly, the ELISA plates(Nunc
Immuno1-Maxisorb) were coated with a 1:100 dilution of
PPRV antigen (50 μl/well) derived from(Madin-Darby
Bovine Kidney(MDBK) cell culture and the plates were
incubated at 37°C for 1 h with constant agitation.
Unbound antigen was washed away using diluted
PBS(0.01 M, pH 7.4 ± 0.2) followed with the addition of
45μl of blocking buffer to each of the wells (PBS
containing 0.2% PPRV negative goat serum and
0.1%Tween 20). Twenty microtitres of the test and
control serum samples (negative, weak positive and
strong positive) were then added (in duplicate) followed
with the addition of 40 μl of MAb (except to the
conjugate control wells) at a concentration of 1:100 in
blocking buffer. The plates were then incubated for 1 h
with constant agitation. All of the wells were washed with
PBS after each incubation period. Rabbit antimousehorseradish peroxidase (HRPO) conjugate, diluted 1:1000
in blocking buffer was added to each well (50 μl/well) and
the plates were incubated for 1 h at 37°C with constant
agitation. Substrate solution (O-phenylenediamine
dihydrochloride containing H2O2) was added to each well
(50 μl/well) allowing 10 min for a colour reaction to
develop. The colour reaction was halted with the addition
of an equal volume of 1 M H2SO4. The ELISA micro
plates were read with an immunoskan reader (Flow
laboratories, UK) with an inference filter of 492 nm. The
reader was connected to a computer loaded with ELISA
Data Information (EDI) software which was used to
automate the reading and calculation of the percentage
inhibition (PI) values. The OD (Optical Density) values
were converted to percentage inhibition using the
following formula:
PI = 100 – (OD Control or test serum / OD MAb control)
* 100
The samples with PI ≥ 50 %( cut-off) were considered
positives for PPRV infection.
Tissue samples collection and analysis: Tissue samples,
comprising spleen, liver, kidney, lungs were collected
from clinically sick animals for PPRV molecular
diagnosis. Selected regions of PPRV genome were
amplified by RT-PCR and the resulting amplicons were
sequenced for Phylogenetic analysis (19)
Data analysis: Villages, farms, individual animal and
geo-reference derived data were stored in Microsoft
Access. Descriptive statistics for the animal and flock
level explanatory variables examined in the study were
developed using Microsoft excel, (Microsoft Inc., USA).
Sero-conversion status (positive or negative) was
investigated as a binary outcome variable in logistic
regression models using EGRET for windows version 2.0
(Cytel Software Corp., Seattle, USA). Explanatory
variables investigated were animal specie, sex, age,
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administrative district where the flock was located (as
factors) and production system (classified as AP and P).
Substitution and elimination of these variables was
performed to produce the most parsimonious
multivariable model in which no variables could be
removed without significantly altering model deviance. A
probability of the less than 5% was used to indicate a
significant difference. Separate statistical analyses were
performed for the data from the two species because
previous studies have indicated that virus infection rate
and epidemiology may be very different in the two
species (20, 21). Study village location maps were created
in ArcView 3.3(ESRI, Redlands, California, USA)
Result
Descriptive statistics: All selected farms / flocks and
watering points were visited, owners interviewed and a
total of 1549 small ruminants (892 goats and 657 sheep)
kept on 91 farms from 43 villages were examined and
sera collected. The number of sheep and goats examined
and sampled per village varies from 8 to 20 and 15 to 25
respectively. Seven (0.10%) sheep and twelve goats
(1.34%) were found to have signs of illness (labored
breathing) and diarrhoea during sampling. Of the sampled
goats, seventeen (1.9%) were graded (crosses of
indigenous and exotic breeds) and 98.1% indigenous
breed. No history of vaccination was recorded in the last
one past year prior to the current survey. The proportions
of animals in each category of each variable investigated
during the study are shown in Table 1.
Table 1 The proportions of sheep and goats in each
category (and mean serum antibody prevalence profiles)
of each variable investigated during the study.
Sheep(n = 657)
Variable
N
%

No pos.
(%)

Goats(n = 892)
N
%
No pos.
(%)

Geographical location
Ngorongo
102
Longido
89
Monduli
109
Karatu
150
Mbulu
78
Siha
55
Simanjiro
75
Production system
APa
260

15.5
13.5
16.6
22.8
11.8
8.4
11.4

44(43.1)
76(85.4)
39(35.8)
47(31.3)
42(54.5)
14(25.4)
0(0)

211
167
106
110
143
65
90

23.6
18.7
11.9
12.3
16.1
7.3
10.1

129(61.1)
147(88.1)
37(34.9)
30(27.3)
61(42.6)
37(57.0)
0(0)

39.6

105(40.9)

318

35.6

126(39.6)

Pb
Sex
Male

397

60.4

157(39.5)

574

64.4

317(55.2)

249

37.9

109(43.8)

378

42.4

171(45.2)

Female
Age group
Lamb/kid

408

62.1

153(37.5)

514

57.6

272(52.9)

34
154

5.2
23.4

15(44.1)
58(37.7)

110
223

12.3
25.0

35(31.8)
146(65.5)

469

71.4

189(40.3)

559

62.7

262(46.9)

Weaners
Adult
a

= Agro-pastoral ; b = Pastoral ; N = number of observation

PPRV sequencing: Nucleotide sequence data on PPRV
showed the isolate clustered with isolates (lineage3)
commonly occurring in PPR endemic areas of East
Africa, namely Uganda and Kenya, with 100% homology
(Fig 2)
Antibody response to PPRV: Out of 43 villages sampled,
37 had at least one individual animal PPRV sero-positive,
which implies a seroprevalence of 86 %( range, 2.5-100)
among villages. A significantly high mean seroprevalence
of PPRV was recorded in goats (49.5%), compared to
sheep (39.8%), with the likelihood of PPR occurrence
being higher in goats than in sheep ([Odd ratio] OR
=1.48; P < 0.001 for goats).The overall seroprevalence in
goats and sheep was 45.4%. The seroprevalence of PPRV
in sheep and goats by variable investigated are
summarized in Table 1. The highest seroprevalence was
85% in sheep and 88% in goats in Longido district. PPRV
antibodies were not detected in sheep and goat population
in Simanjiro

Variables influencing serum antibody prevalence in goats
and sheep:
The variables that remained significant explanatory factor
of seropositivity to PPRV in the final multivariable
regression model are shown in Table 2.
Table 2 Variables associated with sero-conversion to PPR
virus in goats and sheep
Variable
Farm District vs.
Simanjiro-RF
Mbulu
Siha
Ngorongoro
Karatu
Monduli
Longido
Pastoral vs.
Agropastoral-RF
Sex: male vs.
females -RF

Sheep
Goats
Odds ratios (95% Confidence interval of OR)
2.47 (1.76 -8.79)*
1.43 (0.63-3.20)
2.52 (1.36 -4.67)**
2.66 (1.35 -5.29) *
5.47(2.76-10.92) **
44.84(19.7-103.9) **

1.84(1.04 -3.25)*
3.50(1.64-4.67) *
2.46 (1.31-4.62) *
2.37 (1.13-4.97) *
2.23 (1.23-4.56)*
4.72 (2.56-7.56) **

2.08 (1.55-2.78) **

2.50 (1.04-6.00)*

1.53(1.15 -2.04) *

NA

Asterisks indicate the level of significance (* P<0.05, ** P<0.001), OR
= Odds Ratio, CI = confidence interval, RF = reference factor, NA = not
applicable
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The likelihood that an animal was sero-positive for PPRV
increased significantly with grazing (P < 0.001 for all
species). The likelihood that sheep was sero-positive for
PPRV varied significantly with geographic location.
Sheep located in Mbulu, Karatu, Monduli, Ngorongoro
and Longido districts were significantly high likely to
have seroconverted to PPRV than animals located in Siha
and Simanjiro. Male sheep were significantly more likely
to have sero-converted to PPRV than females (OR = 1.5,
P = 0.002 for male sheep). Goats located in Mbulu, Siha,
Ngorongoro, Karatu, Monduli and Longido were
significantly more likely to have seroconverted to PPRV
(OR = 1.84, 3.50, 2.46, 2.37, 2.23, 4.72 respectively, P<
0.005 for both) than goats located in Simanjiro.
Discussion
This study has added considerable detail to the
understanding of the geographical distribution of PPR in
Tanzania. Infection with PPRV was demonstrated in 6
districts (out of 7 surveyed), that are considered to be high
risk areas for PPR due to the proximity of these districts
with Kenya (where PPR virus has been reported
circulating over the last two years) to the north. The high
detected seroprevalence shows the significance of contact
infections. Variation in seroprevalence is probably related
to the intensity of movement of livestock, uncontrolled
grazing and trade of small ruminants. According to
anecdotal reports from the field animal health workers,
the animal owners widely import bucks (Galla goats) and
rams (Blackhead Persian) for breeding purposes. This
might be one reason for the higher percentages of PPRV
sero-positive animals found in these districts.
There are no reports on PPR seroprevalence in
Tanzania with which to compare the results of this study
(22, 23). However, data from a study in West and central
Africa and other environments similar to Tanzania
indicate that PPRV antibodies can be quite widespread
among goats and sheep flocks raised in the tropics. For
example, using serum neutralization (SN) and
haemagglutination (HA) tests, prevalence rates as high as
45.5%, 78% and 92.5% respectively, have been reported
in Cameroon, Enugu state in Nigeria and Sudan
(24,25,26). Using the more sensitive Monoclonal
antibody-based competitive ELISA (c-ELISA) method,
high prevalence rate (up to 51%) was reported in some
areas of Pakistan (27). The variability in the
seroprevalence of antibodies to PPRV between reports
could be attributed to difference in management system of
the small ruminants or levels of natural immunity or
diagnostic test and sampling procedures used or technical
knowledge of the investigator (21, 22, 28). Molecular
characterization of PPRV has demonstrated a country
related group of strains, which may offer useful
epidemiological information (19). This is well
exemplified in this study, suggesting the commonalities of

PPRV strain in East Africa. Results from this study
pinpoint that the possible source of PPR outbreak in
Tanzania is through downward movement of goat/sheep
from Kenya. The study revealed that PPRV infections
affected both species. The seroprevalence of antibodies to
PPRV in the two species revealed that there was variation
in their susceptibility. Goat population showed a
relatively higher level of serum antibodies against PPRV
than sheep. This was similar to past findings (20, 29, 30)
where sheep were found to be less severely affected than
goats. Goats were reported to be often affected by an
acute form of the disease but sheep usually suffer from a
sub-acute or chronic form (20). In addition, the fecundity
of goats is higher than that of sheep, so new born kids
replace a large proportion of the goat each year. New born
animals become susceptible to PPRV infection at 3 to 4
months of age (28), corresponding with the natural
decline in maternal antibodies (31), and this large number
of young susceptible stock may also account for the
severity of PPRV infection in the goat population.The
overall detected seroprevalence (39.8% in sheep and
49.5% in goats) in this study shows high levels of
infection among animals regarded as healthy since at a
time of sampling, majority (98.5%) were physically
looking healthy. It also suggests that these animals may
be healthy carriers of PPR virus. Statistical analyses
demonstrated a significant relatedness of seroprevalence
with the management / production system. Animals in
pastoral system had significantly higher seroprevalence
than animals under agro-pastoral system. The relatively
high positive association could be explained by the
increased potential of exposure to infected or
contaminated pasture or healthy carrier animals during
grazing. Free grazing give animals from different farms
and locations the opportunity to meet and graze as a flock.
Under this condition, healthy carriers may shade the virus
and contaminate the environment. No significant sex
related differences (P>0.05) in seroprevalence were
observed in goats. Other studies in Africa have also
reported sex related differences in seroprevalence in goats
(21, 32) where females were observed to be more
susceptible to disease than their male counterparts. On the
other hand a significant difference between sexes was
observed in sheep (P<0.05). In this study, male sheep
showed a relatively higher level of serum antibodies
against PPRV than their female counterparts. Male sheep
are sold for meat at the local market earlier at
approximately 1 to 2 years of age (the age at which the
desired body weight is reached), but female sheep which
are used for flock expansion are kept for a longer period
of time. Under such situation, recovered (convalescent)
animals will have detectable levels of circulating antibody
in their serum.In conclusion, there was evidence that
exposure of goats and sheep to PPRV was high and
widespread despite of considerable variation between
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species. Furthermore, there was evidence of geographical
variation in the distribution of virus amongst the districts
under study. Since no vaccination has been carried out
against PPR, our result confirms natural transmission of
PPR virus under field conditions for the first time in
Tanzania. Molecular epidemiology results from the
present study indicated that PPRV isolate are similar to
isolates that caused PPR outbreaks in neighbouring
countries of Kenya and Uganda.The results of our study
suggest that further research targeting virus isolation,
involving large samples, capturing wildlife and exploring
seasonal occurrence are obviously needed to define the
epidemiology of PPR in Tanzania.
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Introduction
Haemophilus parasuis is one of the important bacterial
pathogens of respiratory tract of pig. It causes
polyserositis, polyarthritis and meningitis, so called
Glässer‘s disease (9). The morbidity and mortality rates
are rather high in a herd with Glässer‘s disease. The
detection of the bacteria from pathological lesions can be
used for disease diagnosis (9). However, difficulty of
bacterial cultivation is often seen due to low heat
resistance of bacteria in nature (6), and the capability for
growth outside pig host, which require V-factor or
nicotinamide adenine dinucleotide (NAD) to survive on
culture medium. Culturability of the bacteria can be
different from various sites of lesions (10). Conceivably,
the bacteria can rarely be isolated from infected pigs,
which previously long-term treated with antibiotics. This
leads to the assumption that the real prevalence of the
disease possibly be underestimated.
Polymerase chain reaction (PCR) amplification of 16s
rRNA gene has been employed to identify H. parasuis
(8). The sensitivity of 16s rRNA gene PCR was actually
high as shown to be capable of detecting 100 cfu of H.
parasuis, or 0.69 pg of H. parasuis DNA. This PCR was
also shown to be species-specific. To identify the suitable
sampling sites for H. parasuis detection, the 16s rRNA
gene PCR and bacterial culture were used for detection of
H. parasuis from clinical samples taken from various
sampling sites from death pigs with Glässer‘s disease.
Materials and methods
1. Pig farm
A nursery pig production farm in Ratchaburi Province,
Thailand was used for this study. It was previously
diagnosed as Glässer‘s disease outbreak in nursery pigs
according to history of disease outbreak, clinical signs,
pathology, and by PCR. To control the outbreak,
amoxicillin 150 ppm and chlortetracycline 450 ppm were
mixed with feed during weeks 5-8 of age. Cefotaxime or
amoxicillin was also injected to sick pigs. The morbidity
and mortality rates (including culling) were 30% and
15%, respectively.
2. Sample collections
Thirty-three nursery pigs died on the visiting days were
freshly dissected. The clinical samples were taken from
various sampling sites: nasal, tonsil, tracheal (middle part)
and lung (both diaphragmatic lobes), swabs using aseptic
technique. The thoracic and/or abdominal fluid samples of
approximately 1 ml were collected, if available. All

clinical samples were placed on ice in a close container
and submitted to diagnostic laboratory for bacterial
culture and 16 s rRNA PCR on the farm visiting day.
3. Bacterial culture
The clinical samples were processed for cultivation of H.
parasuis on 7% sheep blood agar by cross-streaked with
Staphylococcus aureus. The plates were incubated at 37°C
for 24-36 hours. The characteristics of H. parasuis
colonies consisted of non-haemolytic and were capable of
showing satellitism. The Gram staining was negative,
with positive catalase. Then, the colonies were
subcultured and stored at -70°C, before use.
4. Preparation of bacterial genomic DNA
The bacterial genomic DNA was prepared from two types
of the samples as bacterial colonies and swabs/fluid. For
the preparation from bacterial colonies, a loop of 2-3 pure
culture of H. parasuis overnight grown on 7% sheep
blood agar was gently suspended in microcentrifuge tube
containing 400 µl of sterile PBS, pH 7.4. The bacterial
suspensions were then boiled at 100°C for 10 minutes,
and cooled down. The tubes were then centrifuged at
13,000 rpm for 5 minutes. The supernatant containing
genomic DNA was carefully collected in a new
microcentrifuge tube and frozen at -20°C until use.
The swabs from necropsied pigs were swirled in
microcentrifuge tube containing 400 µl of sterile PBS pH
7.4 for 2 minutes. The suspensions were then boiled in
water bath as above described. An approximate 50 µl of
thoracic or abdominal samples were added to 400 µl of
sterile PBS pH 7.4 and boiled as above described. The
supernatant was stored at -20°C until use.
5. PCR amplification
The PCR protocol for amplification of 16s rRNA gene of
H. parasuis was performed according to (8) with a
modification of PCR compositions, in which consisted of
2 µl boiled template DNA, 3.3 mM HPS-forward primer
(5‘ GTG ATG AGG AAG GGT GGT GT 3‘), 3.3 mM
HPS-reward primer (5‘ GGC TTC GTC ACC CTC TGT
3‘), 7.5 µl Nuclease free water and 12.5 µl 2X PCR
master mix (Fermentas) (0.05 U/µl Taq DNA polymerase,
4 mM MgCl2 and 0.4 mM of each dNTP). A total of 30
cycles PCR amplification composed of denaturation step
at 94°C for 30 seconds, annealing step at 52°C for 30
seconds, and extension step at 72°C for 2 minutes. The
expected PCR product size was 821 base pairs.
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Results
During an outbreak of Glässer disease in a nursery pig
production farm, presence of H. parasuis from various
sampling sites located in respiratory tract of death piglets,
was examined using bacterial cultivation and PCR
amplification of 16s rRNA gene. Eight out of 33 pigs
harboured H. parasuis in at least one sites of their
respiratory tract. Thoracic fluid samples appeared to be
the most suitable sample which gave the highest number
of positive culture. This was followed by lung swab,
abdominal fluid, and tracheal swabs (Table 1). All isolates
were tested positive to 16s rRNA gene PCR. In contrast,
H. parasuis was not revived from nasal and tonsil swabs
taken from the same pigs due to contamination.
The 16s rRNA gene PCR was used for amplification of H.
parasuis DNA directly from swab and fluid samples. A
total of 23 out of 33 pigs were positive to PCR. Tonsil
swab was apparently the most appropriate sample site for
PCR, followed by tracheal swab, lung swab, and nasal
swab (Table 1).
Table 1 Numbers of H. parasuis detected from various
sampling sites of death pigs by bacterial culture and 16s
rRNA gene PCR.
Sampling sites
Nasal swabs
Tonsil swabs
Tracheal swabs
Lung swabs
Thoracic fluid
Abdominal fluid

No. of positive/total samples (%)
Bacterial culture

PCR

0/33 (0%)
0/29 (0%)
1/31 (3.2%)
3/32 (9.4%)
5/25 (20%)
2/9 (22.2%)

2/33 (6%)
21/29 (72.4%)
4/31 (12.9%)
3/32 (9.4%)
0/25 (0%)
0/9 (0%)

Discussion
In this study, number of pigs positive to H. parasuis
cultivation and PCR appeared to be different from various
sampling sites in the respiratory tract. Number of pigs
with H. parasuis isolated from lower respiratory tract of
necropsy cases. This showed a trend of better survival in
microaerobic conditions than those isolated from nose or
tonsil. This was due to contamination of the samples by
nature. Some necropsy pigs were positive to PCR
amplification of 16s rRNA gene, but bacterial cultivation
was failed. This finding confirmed that PCR gives a
higher sensitivity than bacterial culture (5), especially
from the tonsil in which the bacteria appear to survive and
multiply. This low rate of culturability also may be due to
the impact of continuous and long antimicrobial usage
under the field conditions which reflect the capability of
ex vivo survival of H. parasuis. In contrast, some lung
swab, thoracic and abdominal fluid samples were positive
to bacterial cultivation, but PCR amplification did not
yield any undetectable product. This phenomenon is
similar to previous report (10), which might be due to the
subtle amount of DNA in tested clinical samples in which
H. parasuis became viable on enriched culture medium.
Another explanation could be due to the small quantity of
fluid taken from pleuritic or peritonitis lesions that
perhaps containing very low amount of DNA.

Contamination of clinical samples, especially lung swabs,
might also cause difficulty in isolation of H. parasuis
from other bacterial colonies on culture medium.
Detection of H. parasuis could be successful from
sweeping of colonies on contaminated culture medium
(10). This might be an alternative method, rather than
using single colonies. Contamination of thoracic and/or
abdominal fluid samples was seldom found in this study.
For this reason, the chance of detection of H. parasuis
from transudate was apparently enhanced, whereas the
likelihood of contamination in other samples seemed
larger, particularly from nasal and tonsil swabs.
Using PCR amplification of 16s rRNA PCR could not
specify the pathogenicity of the isolates. Detection of
virulence factor of the isolates could indicate their
virulence and pathogenicity (2, 4). Previously, only a few
virulence factors of H. parasuis have been reported:
fimbriae (7), transferrin binding proteins (1) and
neuraminidase (sialidase) activity (3). Therefore,
identification and characterization of the putative
virulence genes of H. parasuis becomes challenged
topics.
In conclusion, this study showed a number of detectable
H. parasuis isolates from various sampling sites of death
pigs. The suitable samples sites for isolation of H.
parasuis from pathological lesions are lung swabs,
thoracic and abdominal fluid. This can also be assumable
that the bacteria from the lesions are virulent and/or
invasive.
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Introduction
Glässer‘s disease is caused by Haemophilus parasuis, one
of the important bacterial pathogens of respiratory tract of
pig. It causes polyserositis, polyarthritis and meningitis. It
can be diagnosed based on bacterial detection, including
isolation of the bacteria from lesions (10). Amplification
of 16s rRNA gene of H. parasuis was found successful
with a high sensitivity and specificity, which is useful for
diagnosis (9). Isolation of H. parasuis from nose and
trachea of pigs is considered to be a colonization step of
the pathogenesis (10). This could potentially causes
rhimitis as shown in a previous report (11). From this
circumstance, to provide epidemiological data and
diagnosis of Glässer‘s disease outbreak in a pig farm, the
16s rRNA gene PCR and bacterial culture were used in
this study to observe the natural exposure to H. parasuis
in piglets for a consecutive period of 8 weeks.
Materials and methods
Pig farm
A nursery pig production farm in Ratchaburi Province,
Thailand, was selected for this study in which previously
diagnosed as Glässer‘s disease outbreak based on history
of disease outbreak, clinical signs, pathological findings,
bacteriology and PCR detection,
Sample collections
Nasal swabs, from both sides of 30 live piglets from
weeks 1-8 of age, were weekly collected using aseptic
technique. All clinical samples were kept on ice in
polystrylene box and submitted to the laboratory on the
day of farm visit.
Bacterial culture
H. parasuis was cultured on 7% sheep blood agar by
cross-streaked with Staphylococcus aureus. The plates
were incubated at 37°C for 24-36 hours. The
characteristics of H. parasuis colonies included nonhaemolytic and capable of showing satellitism. The Gram
staining was negative, with positive catalase. Then, the
colonies were kept at -70°C before use.
Preparation of bacterial genomic DNA
The genomic DNA of H. parasuis was prepared by
boiling technique. For the preparation from bacterial
colonies, a loop of 2-3 pure culture of H. parasuis
overnight grown on 7% sheep blood agar was gently
suspended in microcentrifuge tube containing 400 µl of
sterile phosphate buffered saline (PBS), pH 7.4. The
bacterial suspensions were then boiled at 100°C for 10
minutes, and cooled down. The tubes were centrifuged at
13,000 rpm for 5 minutes. The supernatant containing
genomic DNA was carefully collected in a new
microcentrifuge tube and frozen at -20°C until use.

The genomic DNA preparation from nasal swabs were
performed by swirling swab in microcentrifuge tube
containing 400 µl of sterile PBS pH 7.4 for 2 minutes.
The suspensions were boiled as above described and the
supernatant was collected and stored at -20°C until use.
PCR amplification of H. parasuis 16s rRNA gene
The PCR amplification of 16s rRNA gene of H. parasuis
was performed according to (9) with a modification. The
reaction composed of 2 µl boiled template DNA, 3.3 mM
HPS-forward primer (5‘ GTG ATG AGG AAG GGT
GGT GT 3‘), 3.3 mM HPS-reward primer (5‘ GGC TTC
GTC ACC CTC TGT 3‘), 7.5 µl Nuclease free water and
12.5 µl 2X PCR master mix (Fermentas) (0.05 U/µl Taq
DNA polymerase, 4 mM MgCl2 and 0.4 mM of each
dNTP). The amplification consisted of 30 cycles:
denaturation step at 94°C for 30 seconds, annealing step at
52°C for 30 seconds, and extension step at 72°C for 2
minutes. The PCR product size was 821 base pairs.
Results
Bacterial cultivation and PCR amplification of 16s rRNA
gene of H. parasuis from nose of individual 30 live,
clinical healthy piglets, from a nursery pig production
farm with Glässer disease outbreak, were observed for a
consecutive collection at weeks 1-8. Following the
attempts to cultivate H. parasuis from nasal swabs, only 1
out of 30 piglets showed positive culture at week 8 of the
observation. The colonies were confirmed to be H.
parasuis by 16s rRNA gene PCR amplification (Table 1).
A total number of 27 out of 30 pigs (90%) became
positive to PCR. The most number of pigs positive to
PCR was found at week 7, followed by weeks 3, 4, 5, 6, 8,
2 and 1, (Table 1).
Table 1 Number of H. parasuis detected from nose of live
piglets from weeks 1-8 of age by bacterial culture and 16s
rRNA gene PCR.
Weeks of age
1
2
3
4
5
6
7
8

No. of positive/total samples (%)
Bacterial culture
PCR
0/30 (0%)
1/30 (3.3%)
0/28 (0%)
6/28 (21.4%)
0/28 (0%)
20/28 (71.4%)
0/28 (0%)
19/28 (67.9%)
0/26 (0%)
17/26 (65.4%)
0/25 (0%)
16/25 (64%)
0/23 (0%)
21/23 (91.3%)
1/23(4.3%)
11/23 (47.8%)
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Discussion
Detection of H. parasuis by bacterial cultivation is
routinely used for diagnosis. The colony can be confirmed
using PCR amplification of 16s rRNA gene. In this study,
presence of H. parasuis in nose was individually
monitored from 30 live, clinical healthy piglets, during
weeks 1-8 of age. Only one pig at week 8 of age
harboured the culturable bacteria. However, based on
PCR amplification, the bacteria began detectable from
another pig at week 1 of age, which apparently occurs in
conventional pig herds (4). This indicates a natural
exposure of piglet to H. parasuis and possible
colonization of H. parasuis in the pig host (10).
Furthermore, nasal cavity and trachea are preferential sites
for H. parasuis colonization (10). Number of PCR
positive pigs then became dramatically increasing from
week 3 of observation. This finding indicated spreading of
H. parasuis among the observed population. Our result is
consistent with a previous report that H. parasuis can be
cultivated from clinical healthy pigs (6). This possibly
suggests that maternal immunity gives a protection
following infection, since no clinical signs were observed
from immunized piglets challenged with pathogenic H.
parasuis (1, 10). Results from PCR amplification of 16s
rRNA gene of the isolates obtained from this study,
nonetheless, did not reflect their pathogenicity, unless
known virulence genes (2, 3, 5, 6, 8) of the isolates, which
is necessary for indicating their virulence/pathogenicity,
were detected. Perceptively, if H. parasuis could be
cultivated from lung lesions, thoracic, or abdominal fluid
samples,
it
potentially
indicates
the
virulence/pathogenicity of the isolates to cause systemic
infection. However, it is noteworthy to emphasize the
pathogenicity of H. parasuis based on a previous report
that showed the inducible purulent rhinitis in pigs
experimentally inoculated with pathogenic H. parasuis
(11). Although, detection of H. parasuis from pig nose do
not imply that the isolates were pathogenic, but this could
represent the likelihood of the isolates to probably become
virulent in other occasions under stress conditions, and
cause disease. Therefore, a subpopulation of pigs carrying
H. parasuis should be taken into account as a potential
source of disease transmission in nursery units.

Acknowledgements
This research work is granted by Chulalongkorn
University research fund RG19/2552. We sincerely thank
Dr. C. Turni, Professor R. Thanawongnuwech and Mrs. P.
Klakai for providing H. parasuis reference strains.
References
(11)
Blanco et al., 2004. Vet Microbiol 103: 21-7.
(12)
Charland et al., 1995. Can J Microbiol 41: 70-4.
(13)
Hill et al., 2003. Vet Microbiol 96: 189-202.
(14)
Kott, 1983. M.S. thesis. Iowa State University,
Ames.
(15)
Lichtensteiger & Vimr, 1997. FEMS Microbiol
Lett 152: 269-74.
(16)
Metcalf & MacInnes, 2007. Can J Vet Res 71:
181-8.
(17)
Moller & Kilian, 1990. J Clin Microbiol 28:
2711-6.
(18)
Munch et al., 1992. Zentralbl Veterinarmed B
39: 59-64.
(19)
Oliveira et al., 2001. Can J Vet Res 65: 161-7.
(20)
Rapp-Gabrielson et al. (2006). Diseases of Swine
th
9 edit: 681-690.
(21)
Vahle et al., 1997. Can J Vet Res 61: 200-6.

Detection rate of H. parasuis by PCR appeared higher
than bacterial culture, which is supported by the fact that
PCR amplification of H. parasuis DNA is more sensitive
than conventional bacterial culture method (9).
Under field conditions, clinical healthy piglets were
naturally exposed to H. parasuis, based on PCR
evidences, during an outbreak of Glässer‘s disease. This
was demonstrable as earliest as week 1 of age. Detection
rate began considerably increasing from week 3 of age.
PCR amplification of 16s rRNA gene offers a better
opportunity in identification of H. parasuis carriers and
this, together with PCR amplification of virulence genes,
provide a useful tool for further epidemiological
investigation.
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Introduction
Japanese Encephalitis Virus (JEV) is causing severe
disease in humans in large parts of Asia. The virus is also
associated with reproductive failures in sows, causing an
increased rate of stillbirths and mummified fetuses [1, 2],
as shown in studies conducted in areas where the disease is
epidemic. The virus belongs to the genus Flavivirus and is
transmitted by mosquitoes, just as the closely related
Dengue virus and West Nile virus. In areas where the
vectors occur only during the warmer seasons the disease
is epidemic, whereas the virus cause endemic disease in
areas with tropical climate where mosquitoes are present
all year around, such as the Mekong Delta region in
southern Vietnam [3, 4]. Japanese Encephalitis is an
emerging disease and has been spreading to most of South
and East Asia, all the way to northern Australia [5, 6]. If
temperatures and humidity increase due to climate changes
it may be expected that the virus would spread further and
that more areas could become endemic for the disease [7].
Since the knowledge of the impact of JEV on sows
reproductive performance in endemic areas is scanty we
investigated the association between JEV exposure with
reproductive performance in sows in the Mekong Delta in
Vietnam, as measured by number of alive and stillborn
piglets.
Materials and methods
Four farms in the Mekong Delta were selected and within
the farms sows were selected if they were in the second
week of lactation or in the second month of gestation. In
total serum from 315 sows, as well as data on reproductive
performance, was collected in March, August and
December 1999 [8]. Serum was analyzed for the presence
of IgG antibodies against JEV using a commercial indirect
IgG Enzyme Linked Immunosorbent Assay ELISA)
(Shenzhen Lvshiyuan Biotechnology Co Ltd., Shenzhen,
China). Statistical analyses were performed using SAS for
Windows 9.2 (SAS Institute Inc., Cary, NC, USA).
Univariable analyses were used to analyze for the
differences between farms. In the multivariable analyses
performed to study the association of risk factors and
seropositivity (the Glimmix procedure), and seropositivity
and reproductive performance (the Glimmix and the Mixed
procedures), farms were used as random effects.

Results and discussion
The seroprevalence differed significantly (p< 0.0001)
between the farms. For all 315 sows the
seroprevalence was 60% but varied from 31 to 79%
between the four farms. This is in accordance with earlier
studies in the same area [9]. The only factor that was
associated with an increased risk for seropositivity in the
multivariable analyses was age. Sows that were above 3.5
years had an odds ratio of 6.4 (95% confidence interval 2.2
– 18.3) for being seropositive compared to sows less than
1.5 years of age. In an endemic area the seroprevalence is
expected to increase with age and this has also been shown
in studies on humans [10].
Negative effects of infection on reproduction have been
reported from countries where JEV cause epidemics [1,
11] and may be of economic importance for the pig
production [12]. In this analysis there was however no
association between seropositivity and the number of
stillborn piglets. The only association that could be
observed between seropositivity and the number of piglets
born alive was in interaction with breed (p = 0.04). Mouse
strain differences, in the extent to which placenta and
fetuses are infected by JEV, have been observed before
[13] and this could also be the case with different breeds of
pigs. The overall lack of negative association between JEV
seropositivity and reproduction could be explained by the
continuous presence of the vector mosquitoes, which could
transfer the virus before gilts are mated the first time. This
would give the gilts immunity during the first and
subsequent pregnancies. Our noteworthy results thus
suggest that endemic circumstances with a high and
constant infection pressure could lead to that negative
impacts of the virus in sows might not be observed.
Acknowledgements
This study was supported by the Swedish International
Development Cooperation Agency / Department of
Research Cooperation (Sida/SAREC).
References
1. Burns, K. 1950. P. Soc. Exp. Biol. Med. 75(2): p. 621 5.
2. Shimizu, T., et al. 1954. Jpn. J. Exp. Med. 24(6): p.
363 -75

Page 114

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand
3. Do, Q.H., et al. 1994.Trop. Med., 36(4): p. 202-214.
4. Nguyen, H.T. and T.Y. Nguyen. 1995. SE. Asian J.
Trop. Med. 26(3): p. 47-50.
5. Mackenzie, J., et al. 2002. Curr. Top. Microbiol. 267:
p. 49-73
6. Endy, T.P. and A. Nisalak. 2002. Curr. Top. Microbiol.
267): p. 11-48.
7. Khasnis, A.A. and M.D. Nettleman. 2005. Arch. Med.
Res. 36(6): p. 689-696.
8. Boqvist, S., et al. 2002 Theriogenology. 58(7): p. 13271335.
9. Thu, H.T.V., et al. 2006. Veterinary sciences and
technique (in Vietnamese), XIII(4): p. 73-77.
10. Grossman, R.A., et al. 1973. J. Epidemiol., 98(2): p.
121-132.
11. Morimoto, T., et al. 1972. Natl. I. Anim. Health Q.
12(3): p. 127-136
12. Platt, K.B. and H.S. Joo. 2006. in Diseases of swine
B.E. Straw, et al., Editors. Blackwell Publishing
Professional: Iowa. p. 359-365.
13. Fujisaki, Y., et al. Natl. I. Anim. Health Q. 1976.
16(3): p. 97-106.

Page 115

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Highly Pathogenic Avian Influenza H5N1 Circulate in Healthy Chickens: A Study
on Hemagglutinin Protein
Hein Min Tun1, 2, Alongkorn Amonsin2, Frederick Chi-Ching Leung1*
1
School of Biological Sciences, The University of Hong Kong, Hong Kong SAR
2
Department of Veterinary Public Health, Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand
*
Corresponding author
Keywords: HPAI H5N1, Healthy chickens, Hemagglutinin
Introduction
Influenza viruses are belonged to the family of
Orthomyxoviridae which compromises enveloped viruses
with segmented RNA genomes of negative polarity. The
genome of Influenza A viruses is composed of eight RNA
segments which encoding 10 proteins. Based on the
antigenicity of the hemagglutinin (HA) and neuraminidase
(NA) surface glycoprotein, the influenza A viruses were
currently identified 16 HA and 9 NA subtypes. All known
subtypes of influenza A viruses are naturally circulating
in the Orders Anseriformes (i.e., ducks, geese, and swan)
and Charadriiformes (i.e., gulls, terns, surfbirds, and
sandpipers) [1]. Beside asymptomatically maintained in
these hosts, there have been some recent exceptions with
the high pathogenic H5N1 influenza viruses. Based on
their pathogenicity in chickens, avian influenza A viruses
can be divided into viruses of high and low pathogenicity.
All highly pathogenic avian influenza viruses known to
date belong to H5 and H7 subtypes. However, only a
small percentage of H5 and H7 viruses are highly
pathogenic [2]. The typical genetic characteristic of HPAI
H5N1 on HA genes relied on a series of basic amino acids
at the cleavage site (-RRKKR-). Since 1997, highly
pathogenic avian influenza viruses (HPAI) H5N1 have
caused several outbreaks in poultry in Southeast Asia that
have gone ahead to the death or depopulation of
significant numbers of chickens. These outbreaks are
together with the sporadic transmission of HPAI H5N1
viruses to humans with case fatality rate of more than
50%. Since the first emerging, HPAI H5N1 influenza
viruses have become endemic in poultry populations in
Southeast Asia and have spread to not less than 60
countries [3]. The extent of control measures, the number
of live poultry markets, and the numbers of poultry
backyard flocks may have determined if HPAI H5N1
became endemic or caused only localized outbreaks. In
Thailand, HPAI H5N1 outbreaks in poultry were reported
on 23 January 2004 for the first emerging in that country.
The first wave of outbreak continued until May 2004 and
followed by two more waves in 2005. Sporadic outbreaks
were reported from 2006 to 2008. Thailand has
experienced significant damage in the international
poultry trade due to the HPAI outbreaks. Human have
also infected from HAPI infection. As of April 2009, 25
confirmed cases have been reported, including 17
fatalities [4]. Since the first emerged of HPAI H5N1,
surveillance activities were conducted by isolation of
viruses from both live and dead poultry. After 2 years
later of the first introduction of HPAI H5N1 into
Thailand, some H5N1 viruses have been isolated from
healthy chicken without any clinical signs, but their HA

gene show the same genetic cauterization of HPAI viruses
at the cleavage site [5]. This study has intended to analyze
on HA protein of H5N1 isolated from healthy chicken
(CU-321 and NIAH606988) and compared with the HPAI
H5N1 native strain of Thailand (A/chicken/NakornPatom/Thailand/CU-K2/2004) which has been isolated
from the first outbreak in Thailand.
Material and methods
Sequence analysis: The sequences of hemagglutinin of
H5N1 viruses from both health chickens and dead chicken
were analyzed in this report. Two isolates (CU-321 and
NIAH606988) were collected from healthy chickens
during 2006 and compared with the typical HPAI H5N1
isolate (CU-K2) isolated from dead chicken during first
outbreak in Thailand. The protein sequences of HA are
available at NCBI with accession number (EU616833,
AB450568, AY590568). In these sequences, signal
peptide segment was predicted using Signal P3.0 server
[6]. The signal peptide segment was deleted from all these
sequences prior to aligning using ClustalW multiple
alignment tools available at MEGA 4. The alignments
were then analyzed for differences in their amino acids at
specific positions. Hydrophobicity values were obtained
from the tool ProtScale at ExPASy choosing Kyte &
Doolittle hydrophobicity scale [7]. Antigenic sites in
protein were predicted using program Antigenic [8].
Motif prediction: Glycosylation motif was predicted in all
HA protein sequences of H5N1 viruses isolated from
healthy and dead chickens using Scan Prosite at ExPASy
Sever [9].
Comparison of tertiary structure of HA proteins: Tertiary
structure of the HA proteins were predicted by 3DJIGSAW Protein Comparative Modeling Server
(http://bmm.cancerresearchuk.org/~3djigsaw/).
Result
Sequence analyses and hydrophathy-index: In this study,
sequences analysis of HA from both healthy and dead
chickens show different in amino acid mutations at
specific positions. However, the basic amino acid in HA
cleavage sites show high pathogenic characteristic in all
strains. Five identical amino acid substitutions were
identified on HA protein sequences of H5N1 isolates from
healthy chickens. Among those substitutions, only one
amino acid substitution in position 137 shows the
hydrophobicity changes. The Q137 L137 mutation
result in the substitution of hydrophilic Glu by
hydrophobic Leu (Table 1).
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Antigenic sites: Table 3 shows the antigenicity profile of
H5N1 HA from healthy chicken. Three potential antigenic
sites with high score are 125-140, 143-153 and 170-177.
The antigenic segment comprising residues 129 to 133
correspond to immunodominant site SA. Therefore,
antigenic segment (125-140) predicted in H5N1 HA from
healthy chickens is an important site. The important
mutation (Q137L) shown in above is also located in the
important antigenic segment (125-140) (Table 2).
Glycosylation motif: There are seven potential
glycosylation sites in H5N1 HA. Our sequence analysis
data showed that Q137L137 mutation is located in one
of the important glycosylation motif called ATP/GTP
binding motif (Table 3). The ATP/GTP binding motif
influences on the production of natural antibody by the
host. Therefore, the mutation occurred in ATP/GTP
binding motif also favors H5N1 circulating in healthy
chicken by improving the immune respond of the host.
3D structure of HA: The diverse 3D structure of HA
proteins of H5N1 may be responsible for decrease in
pathogenicity of the viruses (Figure 1).
Discussion
These results suggest that several factors contribute to the
pathogenesis of viral infection. For example mutations in
HA which changes hydrophathy-index is one important
source of pathogenicity. Other important sources of
antigenic variations are mutations at the antigenic sites of
surface viral protein hemagglutinin, addition of
glycosylation motif at the antigenic site. To be concluded
that the bioinformatics prediction models help on better
understanding of amino acid substitution on certain
protein sequences. This study provides the possible
selection pressure on HA protein which favors H5N1
circulating in healthy chickens. However, further studies
should be conducted on other proteins rather than HA.
The epidemiological data on sampling also contribute
better understanding on evolutionary and host adaptation
of H5N1 avian influenza viruses.
Table 1: Amino Acid mutations in HA protein of H5N1
strains from healthy chicken at specific positions and their
physic-chemical properties
Residue
position

Residue
change

Chemical
property change

21

KR

68

KE

93

DN

137

QL

150

IV

Hydrophilic
Hydrophilic
Hydrophilic
Hydrophilic
Hydrophilic
Hydrophilic
Hydrophilic
Hydrophobic
Hydrophobic
Hydrophobic

Hydrophobicity
change (Kyte
Doolittle)
0.2780.211

Table 2: Predicted antigenic sites in HA protein of H5N1
isolates
Position
Antigenic Segment
Score
125140
EASLGVSSACPYLGKS
1.158
143153
FRNVVWLVKKN
1.165
170177
DLLVLWGI
1.150
Table 3: ATP/GTP binding motif
H5N1 Strains
ATP/GTP binding motif
CU-K2
ACPYQGKS
CU-321 / NIAH606988
ACPYLGKS

Figure 1: Tertiary structure of HA proteins of H5N1
isolates from healthy (left) and dead chicken (right)
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Introduction
The Republic of Korea experienced outbreaks of Highly
Pathogenic Avian Influenza (HPAI) during the period of
2003/2004, 2006/2007 and 2008. Although these
outbreaks were successfully eradicated, there is still a
potentiality of the reoccurrence of HPAI in the future,
considering that possible routes of introduction into the
country including migratory birds and their flight from
countries with epidemics of HPAI (1, 2). Therefore it has
become increasingly important to understand and identify
risk factors in the production system of domestic poultry
in Republic of Korea to prevent introduction of HPAI
into poultry farms.
Materials and methods
The potential risk factors for the introduction of Avian
Influenza (AI) into domestic poultry farms were selected
based on our previous study which had been conducted in
2008. On the previous study, we collected foreign datum
about the risk factors related to prevalence of poultry
diseases and investigated domestic poultry production
system. And through 3 times of HPAI outbreak in
2003/2004, 2006/2007 and 2008, we concluded several
transmitting factors by retrospective analysis and the risk
assessment method which we had developed. The method
was applied to assess risk factors inducing introduction
and transmission of HPAI outbreaks to domestic poultry
farms. Also, we did case-control study by using univariate
and multivariate analysis, and then we confirmed the
significant risk factors. As a result of our previous studies,
we selected the final risk factors that would be used for
the survey. The questionnaires for the survey were
divided into 3 major categories such as farm management,
facts related to bird and eggs and farm bio-security or
visitors control, which were then subcategorized. The
survey was performed through on site visits by staffs of
Livestock Health Control Association (LHCA) in
Republic of Korea. In this study, total of 349 farms were
surveyed across the country (111 of layer-chicken farms,
39 of breeding chicken farms, 79 of Korean native
chicken farms, 91 of meat duck farms and 29 of breeding
duck farms).
Result
1. Factors related to farm management (Table 1)
All-in and All-out system was predominant in layer
(73%) and breeding chicken farms (85%), but was not
fully established in native chicken (56%) and meat duck

farms (50%). For vaccination, majority of layer chicken
(94%) and breeding chicken farms (97%) conducted
vaccination based on a vaccination program, in contrast to
most meat duck farms (44%), which didn‘t perform
vaccination. For feces removal, majority of breeding
chicken farms (51%) utilized specialized companies, in
contrast to other farm types, which was disposal by the
farms themselves. Percentage of existence of other poultry
farms within 1 km was high in layer chicken farms (65%).
Table 1 Results of survey to assess possible risk factors
for HPAI infection in poultry by breeds
Factors
related
to
farm
management
(percentage, %)
Variables

Answer

All-in all-out
by poultry
house

Yes
No
Etc.
Yes
No
No answer
Self removal
of selling
Service
company
Fertilizer
plant
Mixed
Etc
No answer
Vaccination
program
Vaccination
only when
clinical sign
No
Mixed
No answer
Yes
No
No answer

Other
animals
existence

Way to
remove or
sell feces

Way to
perform
vaccination

Other poultry
farm within
1km

Layer
chicken

Breeding
chicken

75
18
9
57
40
3

85
15
52
38
10

Korean
native
chicken
36
56
8
72
27
1

53

23

74

73

28

51

13

12

14

21

3

8

1
5
-

5
-

1
8
1

2
4
1

94

97

49

34

4

3

22

18

1
1
65
32
4

44
51
5

29
37
62
1

44
1
3
44
51
5

Meat
duck
36
50
14
85
15
-

2. Factors related to poultry and egg (Table 2)
For the introduction of live poultry, hatchery of the
affiliated company was the major source for breeding
chicken (54%) and meat duck (31%) farms, while
contracted hatchery farms was the major source for native
chicken farms (38%). For the route of sales, layer chicken
(73%) and native chicken farms (31%) sold their products
through agents, while breeding chicken farms (36%) were
through the affiliated company and meat duck farms
(36%) sold directly to the slaughter house or farms, which
was not shown in Table 2. For the removal of dead
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bodies, burying or burning was the most common method
for the all types of poultry farms. Enforced molting was
performed in the majority of layer chicken farms (75%),
but not in breeding chicken farms (72%). For the way of
disposing damaged eggs, the percentage of selling by
special seller (60%) was high in layer chicken farms,
while discarding (81%) was high in breeding duck farms.
Table 2 Results of survey to assess possible risk factors
for HPAI infection in poultry by breeds
Factors
related
to
poultry
and
egg
(percentage, %)
Variable

Route of
introduction

Way to
dispose
dead
bodies

Enforced
molting

Way to
dispose
damaged
eggs

Answer
Affiliated
company
Contracted
hatchery
Middleman
Self hatchery
Mixed
Etc.
No answer
Burying/burning
Supply for
animal
Selling
Excretion
Rendering
Mixed
Etc.
No answer
Yes
No
No answer
Discard
Special seller
Self selling
Etc.
Mixed
No answer

Layer
chicken

Breeding
chicken

Korean
native
chicken

Meat
duck

Breeding
duck

54

-

9

31

-

31

-

38

23

-

10
5
58

56

32
20
1
72

21
5
19
1
73

-

5

13

9

3

-

2
22
1
7
5
75
20
5
20
60
8
3
8
1

8
3
5
13
2
18
72
10
26
18
33
8
10
5

8
5
6
-

13
7
2
2
-

81
4
4
7
4
-

3. Factors related to bio-security on farms (Table 3)
Most of farm owners in all breeds don‘t possess other
farms. The percentage that owners hire foreign employee
was relatively higher in layer (26%) and breeding chicken
(49%) farms than Korean native chicken (1%) and meat
duck farms (9%).
Table 3 Results of survey to assess possible risk factors
for HPAI infection in poultry by breeds
Factors related to bio-security on farms
(percentage, %)
Variable

Possession of
another farms

Foreign employees
External parking
lot of farm
Boundary between
farm and out
Car-disinfecting
facilities at the
entrance of farm

Layer
chicken

Breeding
chicken

Yes
No
No
answer
Yes
No
No
answer
Yes
No
Yes
No
Yes

10
82

26
64

Korean
native
chicken
3
96

8

10

1

4

26
72

49
51

1
92

9
80

2

-

7

11

36
64
46
54
66

56
44
33
67
95

31
69
50
50
23

31
69
60
40
30

No

34

5

77

70

Answer

Meat
duck
11
85

Warning sign at
the entrance of
farm
Disinfecting
footholds at the
entrance of farm

Yes

67

82

37

46

No

33

18

63

54

Yes

86

79

35

58

No

14

21

65

42

In breeding chicken farms, the percentage of possessing
external parking lot was high (56%). Boundary between
farm and out was equipped in most of meat duck farms
(60%). In most of breeding chicken farms, there were cardisinfecting facilities at the entrance of farm (95%).
Warning sign at the entrance of farm was placed in most
of layer (67%) and breeding (82%) chicken farms.
Discussion
This is the first study that is performed to reveal the real
situation of domestic poultry production system in
Republic of Korea. And also this study shows the risk
factor that may introduce poultry diseases, especially
HPAI, to domestic poultry farms. According to each of
study result, we could realize our weakness on our poultry
system.
For the factors related to farm management, the
percentage of all-in and all-out system was high in layer
and breeding chicken farms rather than in native chicken
and meat duck farms. That means there can be more
chance for disease organisms to be introduced to layer and
breeding chicken farms when introduction and shipment
of chicken is frequent. And in most of layer chicken farms,
there were another poultry farms within 1km, and that
means there‘s more risk of poultry diseases to be
transmitted to or from other farms.
For the factors related to poultry and eggs, way to
dispose dead bodies was burying or burning in most of
poultry farms. While burying and burning is a way to
rarely transmit diseases, there has to be consideration of
better way to dispose dead bodies. And in most of layer
chicken farms, damaged eggs were disposed by special
seller. So we need to investigate further on special seller.
For the factors related to bio-security on farms, the
percentage of hiring foreign employees was high in
breeding chicken farms. And that means we need to more
focus on managing foreign employees working for
breeding chicken farms and investigate further on their
management system. External parking lot was well
equipped in most of breeding chicken farms. And other
factors related to bio-security only except boundary
between farm and out were high in most of breeding
chicken farms. So we can conclude that most of breeding
chicken farms are well maintained with high bio-security.
However, in most of Korean native chicken and meat
duck farms, overall status of bio-security is low.
From our study, we could find the weakness on our
domestic poultry production system by its purposes. So in
the future, we can use this result to improve our poultry
system.
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Introduction
Phaeohyphomycosis is a general term for an infection by
any of a number of dematiaceous or pigmented fungi.
Most of the fungi associated with the disease are
considered as opportunistic. This fungi are ubiquitous and
recovered from vegetative matter and soil all over the
world.
The several fungal species implicated in
phaeohyphomycosis of the dogs and cats. Most common
fungal species reported in dogs are Curvularia spp.,
Bipolaris
spicifera
Phialemonium
obovatum,
Phialemonium curvatum, Pseudomicrodocium suttonii,
Ochroconis gallopavum. and Cladosporium spp; eg;
Xylohypha bantiana or Cladophialophora bantiana (1-5).
In this report, we describe the clinical and histopathology
of phaeohyphomycosis due to Cladosporium spp. in dogs.
Materials and methods
Three dogs were 1) a 6-year-old male Thai Bangkaew
breed, 2) a 3-year-old female mixed breed and 3) a 8-yearold female mixed breed. Clinically, the dog no.1 was
found a large round mass, 9 cm in diameter adhesion to
the lumbar vertebra and vena cava and the omentum. The
mass located at behind the spleen by using the
radiography and ultrasonography. The abdomen was
enlargement without any clinical signs. The serum
chemistry, complete blood counting and blood parasites
tests done by the SNAP4DX test kit (IDEXX Labs). Dog
no. 2 was found a large mass, 7 cm. in diameter adhesion
to the cranial part of spleen. The splenectomy was done.
The dog no. 3 was found ulcerative wound at the skin of
left tarsus. The surgical removal of the wound was
performed. The cytologic preparation of the samples of
the dog no. 1&2 were stained with Giemsa, Gomori
methenamine silver (GMS), and periodic acid–Schiff
reaction (PAS) stain. The biopsy samples of all cases
were collected in the 10% buffered formalin and routinely
processed for histopathology. Four microns thickness
tissue sections were stained with hematoxylin and
eosin (H&E), GMS, PAS and Masson Fontana. The
fresh samples of case 1&2 were submitted for fungal
culture.
Results
The clinical sign of all dogs were normal condition,
except for the dog no.3 showed chronic wound at the
tarsus. Only dog no. 1 was found positive for Ehrlichia
canis. Macroscopically, biopsy samples of dog no.1 and 2
were encapsulated, indistinct white-yellowish cut surface
with multifocal black pigmentation (Fig.1).
The
subcutaneous sample of dog no. 3 were non-encapsulated
white-yellowish subcutaneous tissue with black spots.
Microscopically, multifocal pyogranuloma composed of a

light brown pigmented fungal organisms forms
characteristic C-shaped scrolls, surrounding by many
neutrophils, macrophages and some multinucleated giant
cells (Fig.2). The fungi were brown, oblong, segmented
branching hypha and periodic constrictions forming
terminal globose dilatation which were chlamydoconidia
by hematoxylin-eosin staining (Fig.3). The hypha and
chlamydoconidia were best demonstrated with either
GMS or PAS stains. The Masson Fontana stain clearly
demonstrated melanin pigment at the periphery of Cshaped scrolls (Fig.4). The fugal culture demonstrated
the black fungi and morphologically confirmed as
Cladosporium spp.

Figure 1 Biopsy samples of dog no. 2. The mass adhered
to the spleen (S) is encapsulation, white-yellowish cut
surface with multifocal black pigmentation.

Figure 2 Multifocal pyogranuloma composed by a light
brown pigmented fungal organisms forms characteristic
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C-shaped scrolls, surrounding by many neutrophils and
macrophages. H&E stain. Bar= 200 um.

Figure 3 The fungi are brown, oblong, segmented
branching hypha and periodic constrictions forming
terminal globose dilatation which are chlamydoconidia
(arrows). H&E stain. Bar= 70 um.

and localized infections in brain, subcutis and bone. (2,9).
The visceral organs has been commonly involved with the
systemic infections. Interestingly, the cases no. 1 and 2
were locally mass in the abdominal cavity.
The pathogenesis of the diseases of all cases are obscure.
The route of infection in the abdominal cavity of case no.
1 and 2 are still unknown, while of case no. 3 might be the
wound. Traumatic implantation and wound contamination
by the organism are thought to be the primary modes of
infection (9). These fungi may be transient commensals
on the skin and claws of dogs and cats.
Phaeohyphomycosis in human and is associated with
immunosuppression. In dogs, both healthy and immune
dysfunction commonly found. The history of the dogs no.
2&3 present in this report revealed no apparent factors
that could predisposing to mycosis such as
immunosuppresion. In addition, erhlichiosis of dog no. 1
might be involved in immunosuppression. This blood
parasite may have been related in the fatal cases (3,4)
Based on the results of histopathology and mycological
testing, all the cases was diagnosed phaeohyphomycosis.
This is the first report of phaeohyphomycosis in 3 Thai
dogs and deals with the different anatomical sites of
lesions.
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Figure 4 The black color of melanin pigment present at
the periphery of C-shaped scrolls. Masson Fontana stain.
Bar= 70 um.
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Discussion
The Masson Fontana stain clearly demonstrated melanin
pigment at the periphery of C-shaped scrolls (2). The
black staining of the fungal structures is due to the present
of melanin, which is the pathognomonic for
phaeohyphomycosis. This stain is the best histochemical
method of pathology for confirming the pigmented fungi.
Cladosporium spp. was isolated from the sample of dog
no. 2. Previous reports of Cladosporium spp. infection in
dogs and cat are likely to have related organisms C.
bantiana (6) and C. cladosporioides (7). However, the
cultured fungal colony and microscopical appearance
cannot always identify the species (8). The further
investigation on the fungal species need to be confirmed
by molecular analysis.
Previous reports of phaeohyphomycosis in dogs
demonstrated the various anatomical site of the lesions.
Most commonly reported as systemic infection (1,3-5,7)

Page 121

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Parvovirus infections in cats: an example of cross-species virus transmission
Mara Battilani* Andrea Balboni
Department of Veterinary Public Health and Animal Pathology, University of Bologna, Italy
*Corresponding author
Keywords: Parvovirus, emerging, cats, viral host-switching
Introduction
Parvoviruses are non-enveloped single-stranded DNA
viruses which infect a wide range of mammalian species,
including several members of the order Carnivora (1).
Parvoviruses of carnivores include three closely related
autonomous parvoviruses: canine parvovirus (CPV),
feline panleukopenia virus (FPV) and mink enteritis virus
(MEV). Feline panleukopenia virus (FPV), the prototype
parvovirus of carnivores, is responsible for a
homonymous disease, a highly contagious sickness which
was signaled at the beginning of the 20th century
occurring in cats, characterized by severe leukopenia,
gastroenteritis, reproductive disorders and nervous signs.
Instead, CPV emerged as a new pathogen for dogs in the
1970s and has shown a completely different evolutionary
pattern when compared to FPV. While recent studies have
shown FPV to be in an evolutionary stasis, the original
CPV-2 evolved after its emergence and has now been
completely replaced by the new variants CPV-2a, 2b and
2c which have penetrated the feline host range; they are
able to infect both dogs and cats whereas the original
CPV-2 does not replicate in cats.
The recent emergence of CPV-2 represents a rare and
important model of disease emergence through crossspecies transmission, where the process of viral host
switching has been observed in real-time
Since cats are susceptible to both CPV-2 and FPV viruses,
superinfection and co-infection with multiple parvovirus
strains may occur, potentially facilitating recombination
and high genetic heterogeneity (2, 3). In the light of the
importance of cats as a potential source of genetic
diversity for parvoviruses, parvovirus strains detected in
cats with clinical signs of panleukopenia were analyzed,
and molecular characterization, sequence diversity and
genetic complexity were evaluated on the VP2 capsid
gene.

with a set of primers designed for both feline and canine
parvovirus (P1 forward 5'ATGAGTGATGGAGCAGTTC-3' and VP reverse 5'TTCTAGGTGCTAGTTGAG-3').
The amplification products of 1745 bp were cloned into
the PCR 4/TOPO vector using the TOPO cloning kit
(Invitrogen, Netherlands); fourtheen, eight and ten
recombinant clones for the strains 116/05, 1469/02 and
998/08, respectively, were sequenced.
The complete VP2 nucleotide sequences obtained were
compared to sequences available from the GenBank; a
variety of statistical analyses regarding nucleotide
diversity and sequence variability were carried out on the
sequence data set using the versatile program DNASP
version 5.10.00 (5).
Sequence datasets were screened for recombination using
Genetic Algorithms for Recombination Detection
(GARD) (6).
Result
All samples analysed displayed very high genetic
complexity. Summaries of sample sequence variability are
presented in Table 1.
Table 1 Summaries of sample sequence variability
Sample Sb πc
SynDifd NSynDif
(a)e
1469/02
(n = 8)

10

998/08
(n = 10)

34

116/05
(n = 14)

19

0.00153

NSyn
fractionf

4

6

0.60

19

15

0.44

7

12

0.63

(SE 0.00018)
0.00913
(SE 0.00266)
0.00156
(SE 0.00036)

a

Materials and methods
Samples: Three parvovirus strains (reference numbers
1469/02, 116/05, 998/08) were obtained from naturally
infected domestic cats with clinical signs referable to
feline panleukopenia. Confirmation of parvovirus
infection was carried out by PCR amplification on
biological specimens (fecal or gut samples) as previously
described (4).
Molecular characterization of viral strains
Viral DNA was extracted from specimens using a
commercial kit and the entire VP2 gene was amplified

n, sample size, bS, polymorphic sites, cπ, nucleotide
diversity, dSynDif: total number of synonymous
differences, eNSynDif: total number of non-synonymous
differences, fNSyn fraction: non-synonymous fraction
Sequence analysis of 14 clones of strain 116/05 has
evidenced 10 different viral populations. Several
synonymous and non-synonymous substitutions were
detected by comparison of the sequences clones with a
clear prevalence of the number of non-synonymous
mutations. Analysing the amino acid positions which
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distinguish the antigenic types of CPV, it was seen that, in
the same animal, two CPV variants coexist: the prevalent
antigenic type in the viral population is 2a, but clone 5
belongs to the new variant CPV-2c.
Comparison of the nucleotide sequences of the 1469/02
clones evidenced 8 different viral populations. Analysing
the amino acid positions which distinguish the feline and
canine parvovirus species and the antigenic types of CPV,
it was seen that all clones of 1469/02 belonged to the new
variant CPV-2c. Sequence analysis of 10 clones of strain
998/08 showed 4 main viral populations: clones 1, 3, 4, 7,
12, 13 are typical FPV, while clone 9 is an FPV strain
with unique characteristics due to the presence of coding
change VP2 Leu 498-to-Ser. Clones 6 and 20 are typical
CPV-2a, and finally clone 15, is a true intermediate
between CPV and FPV, since analyzing the 10 important
host-specific amino acids of FPV and CPV, showed that
there were eight residues identical to CPV-2a and two
amino acids identical to FPV. The mutation frequency and
the percentage of mutated viral clones were used as
indicators of population diversity. The mutation frequency
was of the order of one mutation every 7.2  10-4 nt to 2 
10-3 nt (Table 2). No potential recombination events were
detected in the data set of the viral clones.
Table 2 Quasispecies variation in the viral populations
detected within infected hosts
Sample % Mutated Total
Mutation
clones
mutations/bases frequency
sequenced
1469/02

100 (8/8)

10/13960

7.2  10-4

998/08

60 (6/10)

34/17450

2  10-3

116/05

57 (8/14)

19/24430

7.8  10-4

Discussion
A particularly significant finding in this study was the
unusual genetic complexity reported for parvovirus
strains, with different viral populations belonging to new
variants of the CPV which coexisted in the infected cats, a
phenomenon which resembles the quasispecies
distribution found in RNA virus populations. It is
interesting to note that, in both samples 1469/02 and
116/05 the antigenic CPV variant 2c was detected.
Experimental data and field observations reported a
unique antigenic pattern exhibited by CPV-2c that could
confer biological advantages on this variant, such as the
possibility of escaping the adaptive immune system and
the chance of increasing the complexity and diversity of
the quasispecies. Diversity in viral quasispecies has been
described as a mechanism for avoiding host resistance
responses or a reservoir for maintaining variants with a

selective advantage in other environments, and it has been
correlated with the ability of infecting numerous hosts (7),
having relevant biological implications for viral evolution
and pathogenesis. If variant CPV-2c can circulate as a
quasispecies, the variation between individual viral
genomes in vivo could contribute to persistence in the
host. Furthermore, a higher degree of diversity in
persistent infection rather than in acute infection has also
been observed for other ssDNA viruses, and mixed
infections due to multiple variants might also be an
important multiplier of genetic diversity. Furthermore, it
is necessary to point out the genetic complexity observed
in another sample (998/08), analyzed in this study.
Sample 998/08 contained two distinct species of
parvovirus, FPV and CPV type 2a, and in particular, a
CPV variant which is a true intermediate between the two
species has been identified. Since Datamonkey analysis
excluded the fact that recombination events took place, it
has been hypothised that these coding changes are the
result of de novo mutations arising during in vivo
infection as an adaptation of CPV into the new
environment. A previous study demonstrated that CPV
has emerged as a host range variant of FPV and this
variant has acquired the ability to infect dogs through
multistep changes in its capsid protein controlling critical
molecular interaction with host cell receptor TfR binding
(8). This type of multistep adaptation has already been
seen for other viruses, such as the influenza virus, and it is
favoured when viable intermediate viruses can be selected
(9). The emergence of CPV has also involved the
interspecies transmission between wild and domestic
carnivores, a hypothesis confirmed by the detection of
FPV-like strains with intermediate characteristics between
CPV/FPV (10). The report of clone 15 in sample 998/08
which contained FPV- and CPV-specific epitopes stresses
the importance of this mechanism of multistep mutation
in the production of new variants and in the emergence of
new viruses.
Furthermore, the mutation frequency detected in sample
998/08 was of the order of 2  10-3, a value analogous to
the RNA virus, and higher when compared to the annual
substitution rate of the order of 10 4 to 105 nt. estimates of
carnivore parvovirus. This result supports the importance
of coinfection as a potential source of genetic diversity,
confirming previous reports about the intrahost diversity
of parvoviruses (3). On the other hand, the higher genetic
heterogeneity detected in sample 998/08 which contains
both the CPV and the FPV parvovirus species, points out
the importance of coinfection with multiple species of
parvovirus as a source of genetic complexity and the
predominant epidemiological role of cats as a) carriers of
carnivore parvovirus since it is susceptible to both viruses
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and b) sources of new variants of parvoviruses. Although
coinfection with CPV and FPV would be a plausible
event, to the author‘s knowledge, it has not previously
been reported in the natural state.
Conclusions
In conclusion, this study provides new important results
about the evolutionary dynamics of CPV infections in
cats, showing that CPV has presumably started a new
process of readaptation in the feline host and confirming
the importance of viral host switching as a mechanism for
the emergence of new viruses..
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Introduction
Recently, biomedical research has developed very fast.
The choice of animal model is one of manner to get the
succesfull research such as diabetic rat model. Diabetes is
the world‘s largest endocrine disease with deranged
carbohydrate,
fats
and
protein
metabolism.
Unfortunately, in Indonesia the animal model of diabetic
have not developed yet, variation of dose still very wide
(from 20-120 mg/BW), so that data were obtained still no
stable. There are several techniques for inducing diabetic
tipe I which include the chemical distruction such as
Streptozotocin (STZ). STZ is a nitrosurea derivative
isolated from Streptomyces achromogenes with broadspectrum antibiotic and anti-neoplastic activity [3]. It is a
powerful alkylating agent that has been shown to interfere
with glucose transport [4], glucokinase function [45] and
induce multiple DNA strand breaks [5]. A single large
dose of streptozotocin can produce diabetes in rodents,
probably as a result of direct toxic effects. Alternatively,
multiple small doses of streptozotocin are used (e.g. 40
mg/kg on five consecutive days). In susceptible rodents
this induces an insulinopenic diabetes in which immune
destruction plays a role, as in human Type 1 diabetes (3).
Based on mechanism, STZ injection also leads to the
degeneration of the Langerhans islets beta cells.
Understanding strain differences in the diabetogenic
activity of STZ is essential for the use of this diabetic
agent in different animal models. Therefore, the aim of
this studies are to induce experimental diabetes mellitus
using STZ in order to make the rat diabetic animal model
for facilitating researcher by: 1) determining optimum
single dose of STZ towards level of insulin and blood
glucose in a common strains of laboratory rats namely
Sprague-Dawley (SD) rats; 2) determining recovery of
insulin, after destruction of the Langerhans islets beta
cells.
Materials and methods
Animals.
Sixty female Sprague dawley(8) rats weighing 150-200 g
were used with the approval of the Institute Animal Ethics
Committee. Animals were fed a standard pellet (PT Japfa
Comfeed, Indonesia Lipton Ltd) and reverse osmosis
water ad libitum and maintained at 24-28°C temperature,
60-70% relative humidity, and 12 hours day and night
cycle. Animals described as fasted were deprived of food
for 12 hours but had free access to water.
Induction of diabetes in rats : Sixty adult Sprague
dawley rats (75-90 days old) were used for inducing

diabetes. The animals were devided into 2 groups and
injected by STZ dissolved in 0.1M citrate buffer, pH 4.5 (7).at
the single dose of 40 and 60 mg/kg of the body weight
intraperitoneally. Streptozotocin induces diabetes within 7
days by destroying the beta cells. All groups were kept in
metabolic cages individually and separately. Also, 4 rats
in each group received an ip injection of long-acting
human insulin at 1 U/kg once daily for 30 days (1) to
normalize the insulin sensitivity. Level of insulin, glucose,
and the effects of STZ in Langerhans islet were
demonstrated using Gomori stain.
Serum Glucose Levels
Severity of the induced diabetic state was assessed by
once/ten days monitoring of blood glucose levels using
the
Microlab. For baseline, blood was withdrawn from
infraorbitalis vein immediately before STZ, then repeated
at the day 10,20,30 and 40. Prior to collet blood, all of
animals was given ketamin HCl in dose 10 mg/BW as
anaesthizied agent. Blood then centrifuge at 500 g for 10
minutes to obtain serum. Animals whose blood glucose
level exceeded 200 mg/dl at 24 h after treatment were
considered diabetic. Serum was separated using a
centrifuge Serum was then placed in labeled plastic tubes
and stored at –20ºC until testing.
Histopathological studies: At the end of the study, all the
surviving animals of the respective groups were sacrificed
by an overdose of ether anesthesia. After exsanguinations
of the animal‘s pancreas were removed immediately and
washed with saline. The pancreas was fixed in 10% of
neutral formalin. The sections of 3-5 mm thickness were
stained with hematoxylin and eosin for histopathological
studies.
ELISA for Insulin hormone concentration: The insulin
kit is a solid phase enzyme–linked immunosorbent assay
based on the principle of competitive binding which is
read at the length wave of 450.
Results and Discussions
Physical Animal Respons Towards STZ.
The first respons which observed after injecting STZ were
polyuria
and
polyphagia
(2)
hyperglycemia,
hypoinsulinemia and polydipsia (6). If clinical sign would
be shown for 7 until 10 days wolud be predicted for
irreversible distructive of the Langerhans islet beta sel
(Akbarsadeh). In this study,clinical sign such as
polyphagia would be demostrated in the third day with
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average water consumption was 65 ml/day for dose 40
mg/BW and 80 ml/day for 60 mg/BW (Table 1).
Table 1. Respon SRZ towards percentage of mortality
and water consumption

Treatment
40 mg/BW
60 mg/BW
control

Mortality
(%)
0
0.33
0

Water
consumption
water/ml/rat
60
80
20

Respon Insulin because of STZ injection.
Level insulin after STZ-induced are as follow:
for
control groups 5.53 ± 1.88 ng/mL; at dose 40 mg/BW:
3.94 ± 1.53 ng/mL, and at the dose of 60 mg/BW is 2.75
± 0.64 (Figure 1).

Histopatological Study.
Using Gomori stain, also demonstrated mildly positif of
vacuola and granule was getting decreased. It is to be
concluded that both of dose 40 mg/kg bw and 60 mg/kg
bw is proved to induce Diabetic (Figure 3), even
decreasing number of granule in that dose 60 mg/BW
more sever than 40 mg/BW

Figure 3. Comparison number of percentage of granula
(arrow) between dose 40 mg/BW (left) and 60 mg/BW
(right)
In conclusion, it appears that Sprague dawley rats are
susceptible to a single intraperitoneal dose both of 40
mg/BW and 60 mg/BW but 40 mg/BW more stable even
respon of STZ induced is longer period than 60 mg/BW.
Decreasing insulin at dose of 60 mg/BW faster in respon
of STZ than another, but potency of recovering is faster
than 40 mg/BW, so that the dose of 40 mg/BW more
stable.

Figure 1. Respon insulin after injecting of STZ
This condition seems that dose of 60 mg/BW give the
fastest respon. Decreasing of insulin would occured 3
days after STZ injection but it getting increase again at
week-5; for dose of 40 mg/BW, even respon of STZ in
level insulin slower but recovering was getting longer
than 60 mg/BW namely week-6. It would be said that
dose of 40 mg/BW more stable than another.
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Figure 2.The Effects STZ injection on the blodd glucose
The result showed that in the dose of 40 mg/kg bw, the
highest glucose level were detected at 214-268 mg/dL
after ip STZ injection. In the dose of 60 mg/kg bw, the
highest glucose level were obtained at 350-400 mg/dL
whereas the lowest level at the 21st day.
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Introduction
Myxoma virus and the new potency of myxoma virus
Myxoma virus is the prototypic member of the
Leporipoxvirus genus of Poxviridae family of viruses, can
infect only lagomorphs which causes lethal disease
myxomatosis in European rabbits (Oryctolagus
cuniculus). Due to the host specific nature of myxoma
virus, the virus was used to control feral rabbit population
in Australia and Europe without any report that the
released virus caused any disease in humans or in any
other animal species other than rabbits (1). Recently,
myxoma virus has been reported to be able to selectively
infect and kill human tumor cells. Myxoma virus has
properties as an oncolytic virus. The viruses propagate
selectively in tumor tissue and destroy it without causing
excessive damage to normal non-cancerous tissues (5,4).
Cancer is still a major cause of morbidity/mortality
worldwide and there remains an urgent need to find
innovative therapeutic strategies for the treatment of
metastatic cancers. The oncolytic properties of myxoma
virus, make the viruses emerge as a promising candidate
for virotherapy to treat a variety of human cancers (3).
The potential of myxoma virus as an oncolytic virus has
been tested in several in vitro and in vivo experimentation.
As an oncolytic virus, myxoma virus must meet some
criteria
for efficacy and safety to become an effective cancer
therapy . (4)
Oncolytic virus pathogenesis
One of the key tropism steps that can influence the ability
of an oncolytic virus to distinguish normal cells from
tumor cells is virus binding and entry followed by
replication and the neoplastic tissue damage. There were
four mechanisms of tumor targeting by oncolytic viruses :
(a) Transcriptional targeting : the targeting tumor cells
possess the gene encodes an early viral protein that is
essential for successful completion of the virus lifecycle ;
(b) Translational targeting : the oncolytic virus is capable
to put out viral proteins action so that impaired in their
respond to interferon to shut off translation ; (c) Proapoptotic targeting : the oncolytic virus is capable to
disable viral proteins that prevent apoptosis. ; (d)
Transductional targeting : the virus gains entry to its
target cells through a receptor expressed more abundantly
on tumor cells than on normal cells (5).
The basic mechanisms for this selective killing of cancer
cells by myxoma virus is still being investigated, however
two significant contributing factors are the fact that most

human cancer cells lack normal Interferon (INF) and
Tumor Necrosis Factor (TNF) and many cancer cells
possess excessive levels of activated Akt, which facilitates
myxoma virus replication. The tumor microenvironment
itself create multiple barriers to efficient virus replication,
such as creating an anoxic and necrotic mileu, the effect
of tumor vasculature and the deposition of extracellular
matrix creating a physical barrier to virus spread within
the tumor. Thus, the stimulation of an effective combined
antiviral/anti-tumor immune response is likely critical to
success oncolytic virus. Like cancer cells of human origin,
many mouse cancer cells are also fully permissive to
myxoma virus infection, even though mice (like humans)
are not permissive hosts for the myxoma virus (4,6)
Safety and efficacy myxoma virus for use in human
Viral Infection to specificity tumor cell is the key to
safety, more over the virus causing minimal damage and
destruction to normal tissues. Special concern should also
be given to the possibility that an oncolytic virus could
arise into a pathogen as it propagates in the human cells,
and to the possibility of person to-person transmission (5)
. As oncolytic virus use to treatment human cancer cells,
myxoma virus should preferentially only replicate within
cancer cells, spread within tumor tissues, avoid infecting
normal cells and tissues, open for genetic manipulation to
improve its safety and efficacy, and be nonpathogenic to
humans and other animal (4). Myxoma virus has excellent
potential because of its natural ability to selectively kill
cancer cells, the absence of deleterious effects on normal
stem cell functions, and lack of toxicity, as demonstrated
using even extremely immunodeficient animal models (2).
For efficacy, oncolytic viruses must be capable of
penetrating host defenses to access growing tumors,
whether primary or metastatic. They must also be capable
of propagating sufficiently at the target site to destroy
infected tumors before the oncolytic viruses infection is
controlled and eliminated by the immune system.
Therefore the virus deliverance to reach the tumor cells
should be well thought-out. Some considered matters
such as virus delivery via the bloodstream , serotype
switching ,polymer coating , antibody depletion, antibody
evasion, the size of the viral particles extravasation ,
intratumoral spread of the virus , immunosuppression are
impact the viral efficacy (5)
The myxoma virus was effectively killed only the cells
within the tumor where it was directly injected and was
not able migrated to metastatic tumor in the other area.
This matter could be because of interferon clearance of
myxoma virus outside of the tumor area and/or the lack of
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a permissive migratory cell to carry the virus to a distant
tumor site (6). All the studies of myxoma virus suggest
that the virus has the ability to target and kill cancer cells
in situ even without any genetic manipulation of the virus
and without exhibiting any detectable toxicity to the
animals. (4)
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Introduction
Iran, because of neighbouring of contaminated countries
to rinder pest, have already had some epidemic diseases,
but each time they controled with quickly action. Further
more some reports announced the mucosal disease
incidence annual. These diseases are the same as the
rinder pest in signs and are ceating some difficulties in
eradication and campaigning programs. The mucosal viral
infections caused, high losses to Iranian animal husbandry
industry. BVD-MD, IBR and MCF are the most important
viral agents caused rinder pest like mucosal diseases.
BVD-MD has a worldwide distribution. The virus has the
ability to cross the placenta and caused permanent
infection. This disease was first reported in USA. In Iran
at the first time, Mirshamsi diagnosed the disease in 1969
and obtained 16-89% the infectious rate by SN test. In
1971, the infection to pesti virus reported 4-60% in
different provinces. Hazrati (1971) isolated the virus from
imported cows have been purchased from UK. Kargar
(2004) reported the positive cases by ELISA and RT-PCR
and could confirmed with RFLP technique into two
genogroup: 1 and 2. Studies carried out in Iran during a
five year period 1991 to 1996 showed that 52% positive
reaction in sera collected from cows by SN test (6, 7, 8,
9).
IBR has a worldwide distribution. The UK study in 1960
indicated that less than 10% of cattle sera were positive.
Bovine herpes virus in Iran, for the first time isolated
from the number of pregnant cow imported by Hazrati in
1973. Kargar (2000) reported 30% infectious rate in
serum samples. Kargar et al. (2003) diagnosed bovine
herpes virus type 1 from different isolated virus by PCR
(4, 8, 9).
Malignant Catarrhal Fever (MCF) is one of the most
important viral diseases of livestock in terms of the
etiology of two type related to Wildebeest form from
herpes virus 1 alcelaphine (AlHV-1) and related forms of
sheep (SA-MCF) which the herpes virus 2 from sheep
(OvHV-2) is caused. In cattle the disease is an acute form
and has a worldwide distribution and is usually seen in
individual. Cows in all ages and races are susceptible to
disease. The morbidity rate is 1-5% but the mortality rate
is 90-100%. Disease transmission from infected cattle
takes place but this hypothesis is that sheep has an

effective role as a source of disease transmission to cattle.
This disease in Africa naturally in animals as well as
wildlife is seen. North America and other regions
increased serum antibody following contact with cattle
infected sheep and goats can be seen, but that was without
clinical signs of stress, and immunosuppressive agents can
cause disease will be. In the presence of illness in Iran
there are many reports, such as report of Etminani in
1972. Ahouraei et al. (1989) in study of cows in northern
and western regions of the country that were suspected of
the disease, citrated blood samples for virus isolation and
histopathology tests of various tissue samples were
prepared and evaluated. By inoculation of buffycoats to
calf thyroid primery cells, able to see the cythopathic
effect. Observations on histopathology in all cases was
similar to MCF infection. Momtaz et al. (2005) in the
molecular study, the presence of herpes simplex virus 2 in
cattle and sheep in Iran by PCR could observed only two
bands have had viral genome on whole blood samples
taken from cows meet clinical MCF, healthy cows and
sheep older than 1 year (1, 2, 3, 5).
Materials and methods
To study the limitations and difficulties in controlling
viral agents caused rinder pest like mucosal diseases in
Iran, the SWOT method was used.
The prioritized list of strengths:
- Considered to be an effective viral agents caused
rinder pest like mucosal diseases and high
economic importance in animal husbandry
industry.
- There are veterinary offices and diagnostic
laboratories in most areas of the country for rapid
diagnosis of viral diseases prevalence.
- There are informations about different viral
factors and relatively accurate information of the
prevalence of rinder pest like mucosal diseases.
- There are related laws regarding the control of
some diseases in Iranian veterinary organization.
- Using the imported vaccine under veterinary
organizations in preventing some viral diseases.
- Possible domestic production of some vaccines
need to be declared veterinary organization.
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The prioritized list of weaknesses:
- Lack of approved programs for prevention and
control of viral agents caused rinder pest like
mucosal diseases.
- Lack of sufficient qualified personnel expert.
- Lack of adequate credit.
- Inadequate coordination between relevant
centers.
- Lack of comprehensive studies in the country to
detect and identify different viral diseases.
- Lack of proper quarantine and border controls.
- Non-producing vaccine in the country.
- Expensive existing vaccines.
The prioritized list of opportunities:
- There is a non-governmental veterinary sector in
most regions of country.
- There are outstanding professors and researchers
in the country.
- There are different research centers related to the
subject.
- There are models of successful effective in
controlling viral agents caused rinder pest like
mucosal diseases in other countries.
- Optimal development and use of electronic
services in the diagnosis of animal diseases.
The prioritized list of threats:
- There is a focus contaminated effective in viral
agents caused rinder pest like mucosal diseases
in livestock and quickly and easily transfer this
disease in the country.
- Conflicts with neighboring countries in the
region and various viral diseases and agents of
illegal imports (smuggling) and their livestock
slaughtered illegally in cities.
- Extent and distribution of regions used in
keeping and breeding of livestock and
populations are particularly susceptible of
industrial husbandry.
- Non-executive coordination and research centers
in viral disease control programs.
- Absence of a completely effective method for
prevention of viral diseases and disease control
interventions in various factors.
- Limited supply of vaccine required the expensive
and its imports.
Result and Discussion
By SWOT analysis and strategies to control diseases were
introduced. Finally, executive programs for controlling
viral factors is presented.
Use of strengths to exploit opportunities:

- Using the information of the status of diseases and
health and economic importance for the attention of their
authorities and system administrators to support disease
control program.
- Increased motivation and staff veterinarian with the
moral and material support.
- The correct implementation of laws developed by the
department of veterinary medicine in effective control of
viral agents caused rinder pest like mucosal diseases in
livestock.
- Use the new systems such as information technology
implementation and control of diseases.
- Providing appropriate vaccines, and recorded several
requirements.
Using the opportunities to eliminate weaknesses:
- To justify the authorities field on allocating financial and
human resources required for the project.
- Coordination between all diagnostic centers for research
and control programs and effective in combating viral
agents caused rinder pest like mucosal diseases in
livestock.
- Level husbandry knowledge about risks of viral diseases
and public health recommendations in this regard.
- Legal clash with the law has been given to those who do
not observe the use of related laws.
- Control of animal trafficking phenomenon.
- Efforts made in vaccine production.
Using the strengths to avoid threats:
- Funding plan effective control of viral diseases in
animals through the justification of viral agents caused
rinder pest like mucosal diseases authorities regarding
human and economic benefits resulting from the project.
- Using scientific abilities and expertise centers in the
country to plan for a comprehensive disease control.
- Staff planning - guidance and supervision of disease
control programs to create coordination between various
organizations.
- Use the electronic services and optimum use of effective
methods of viral agents caused rinder pest like mucosal
diseases in livestock.
- Development of comprehensive training farmers through
local media and various educational methods.
Reduce the weaknesses and avoid threats:
- To carry out program of financial and executive level in
a particular area or province.
- Receive part of the cost provider of financial resources
or assistance available to people providing part of the
credit plan if needed.
- Provide the necessary conditions for structural reform in
health management and breeding centers and keeping
livestock.
- Study on different methods and effective in controlling
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and combating diseases affecting livestock viral agents
caused rinder pest like mucosal diseases.
Executable program for controlling of the viral agents
caused rinder pest like mucosal diseases:
Expected that after implementation of prevention
programs and effective control of viral diseases in a fiveyear term viral factors creator approximately 40-50
percent of these diseases in animal country would be
decreased. Project executive as veterinary care and viral
agents caused rinder pest like mucosal diseases fully
productive, independent, passive and multi-region will be
actively, although various factors in the development of
complications of viral diseases throughout the country (a
complex of factors) are involved.
Projects and strategies are considered as follows:
• Equipping the laboratory diagnosis of veterinary
provincial offices.
• Development and production of appropriate and
effective vaccines against viral agents caused rinder pest
like mucosal diseases in cooperation with the agencies
concerned.
• Implementation of a quarantine and biosicurity
regulations in each infectious diseases.
• Implementation of training courses for experts and
farmers.
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Introduction
Abortion is an important problem and difficulties in
animal husbandry and caused economic losses yearly. The
viral agents that caused classicaly abortion in large animal
are:
Border disease that observed in sheep with relative
expanding in the world. At first in 1959 described by
Hughes in England. In Iran Gholami et al. (1996) studied
on the factors of abortion in ewes and showed abnormality
in body surface covering and several symptoms and
lesions
such
as
hydroencephaly,
micromyelia,
arthrogryposis and scoliosis. Ghaboosi et al. (1997)
conducted a few isolated viral agents caused abortion in
sheep and goat and detected border disease by SN test.
Keyvanfar (1998) in survey of serum sample collected
from different provinces, obtained 11.9% infectious rate
by ELISA and 12.8% by SN test. Fakoor (2008) obtained
29% infectious rate. In totally, the border disease has been
approved in Iran (7, 8, 9).
Bluetongue is an acute disease in ruminant and insects are
biological vectors. The first report of disease in USA was
in 1950. In Iran the disease spread by the host and vector
in several regions of country. Keyvanfar et al. (1974)
reported the 7.6% infectious rate in slaughtered animals.
Gholami et al. (1996) reported the disease too (1, 8, 9).
Akabane is able to cause abortion. Blood and Whitten has
been reported the arthrogryposis and hydroencephaly in
cattle in 1956 in Australia. Oya et al. (1961) isolated the
virus from culicoides mosquitoes. In Iran Ahouraei et al.
(1989) reported about of 7% of abortion in a herd of
Holstein cow and were observed the signs in 6.5% of
newborns (2, 8, 9).
IBR has a worldwide distribution. The UK study in 1960
indicated that less than 10% of cattle sera were positive.
Bovine herpes virus in Iran, for the first time isolated from
the number of pregnant cow imported by Hazrati in 1973.
Kargar (2000) reported 30% infectious rate in serum
samples. Kargar et al. (2003) diagnosed bovine herpes
virus type 1 from different isolated virus by PCR (3, 8, 9).
BVD-MD has a worldwide distribution. The virus has the
ability to cross the placenta and caused permanent
infection. This disease was first reported in USA. In Iran
at the first time, Mirshamsi diagnosed the disease in 1969
and obtained 16-89% the infectious rate by SN test. In

1971, the infection to pesti virus reported 4-60% in
different provinces. Hazrati (1971) isolated the virus from
imported cows have been purchased from UK. Kargar
(2004) reported the positive cases by ELISA and RT-PCR
and could confirmed with RFLP technique into two
genogroup: 1 and 2. Studies carried out in Iran during a
five year period 1991 to 1996 showed that 52% positive
reaction in sera collected from cows by SN test (4, 6, 8,
9).
Rift Valley Fever is a viral disease that shared between
humans and livestock. This disease mainly in Africa. In
Iran, although the mosquitoes there but fortunately the
disease in Iran so far has not been reported. But this
disease in Saudi Arabia has had (in 2000) that this is
important and concerns about the arrival of the disease is
always there (8, 9).
Bovine Herpes Virus type 4 is important in abortion and
observe around the world. For the first time was isolated
in 1976 by Maldren from cattle. In 1988 the prevalence
has been reported in Egypt. In Iran the first isolation of
virus has been made by Kargar in 1996. Kargar et al.
(2001) in serological study of BHV types 1 and 4 in
industrial cow husbandry, they were reported the positive
cases of antibodies against IBR (97.3%) and BHV-4
(75.4%) alone or combination (4.3%) by SN method (5, 8,
9).
Materials and methods
To study the limitations and difficulties in controlling viral
diseases affecting abortion in livestock animals in Iran, the
SWOT method was used.
The prioritized list of strengths:
- Considered to be an effective viral diseases in
livestock abortion and high economic importance
in animal husbandry industry.
- There are veterinary offices and diagnostic
laboratories in most areas of the country for rapid
diagnosis of viral diseases prevalence.
- There are informations about different viral
factors and relatively accurate information of the
prevalence of viral diseases, effective in abortion.
- There are related laws regarding the control of
some diseases in Iranian veterinary organization.
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-

Using the imported vaccine under veterinary
organizations in preventing some viral diseases.
- Possible domestic production of some vaccines
need to be declared Veterinary Organization.
The prioritized list of weaknesses:
- Lack of approved programs for prevention and
control of viral diseases affecting livestock
abortion.
- Lack of sufficient qualified personnel expert.
- Lack of adequate credit.
- Inadequate coordination between relevant
centers.
- Lack of comprehensive studies in the country to
detect and identify different viral diseases.
- Lack of proper quarantine and border controls.
- Non-producing vaccine in the country.
- Expensive existing vaccines.
The prioritized list of opportunities:
- There is a non-governmental veterinary sector in
most regions of country.
- There are outstanding professors and researchers in
the country.
- There are different research centers related to the
subject.
- There are models of successful effective in
controlling viral diseases of livestock abortion in
other countries.
- Optimal development and use of electronic services
in the diagnosis of animal diseases.
The prioritized list of threats:
- There is a focus contaminated effective in viral
diseases of livestock abortion and quickly and
easily transfer this disease in the country.
- Conflicts with neighboring countries in the region
and various viral diseases and agents of illegal
imports (smuggling) and their livestock
slaughtered illegally in cities.
- Extent and distribution of regions used in keeping
and breeding of livestock and livestock
populations are particularly susceptible of
industrial husbandry.
- Non-executive coordination and research centers
in viral disease control programs.
- Absence of a completely effective method for
prevention of viral diseases and disease control
interventions in various factors.
- Limited supply of vaccine required the expensive
and its imports.

Result and Discussion
By SWOT analysis and strategies to control diseases were
introduced. Finally, executive programs for controlling
viral factors is presented.
Use of strengths to exploit opportunities:
- Using the information of the status of diseases and health
and economic importance for the attention of their
authorities and system administrators to support disease
control program.
- Increased motivation and staff veterinarian with the
moral and material support.
- The correct implementation of laws developed by the
Department of Veterinary Medicine in effective control of
viral diseases in livestock abortion.
- Use the new systems such as information technology
implementation and control of diseases.
- Providing appropriate vaccines, and recorded several
requirements.
Using the opportunities to eliminate weaknesses:
- To justify the authorities field on allocating financial and
human resources required for the Project.
- Coordination between all diagnostic centers for research
and control programs and effective in combating viral
diseases of livestock abortion.
- Level husbandry knowledge about risks of viral diseases
and public health recommendations in this regard.
- Legal clash with the law has been given to those who do
not observe the use of related laws.
- Control of animal trafficking phenomenon.
- Efforts made in vaccine production.
Using the strengths to avoid threats:
- Funding plan effective control of viral diseases in
animals through the justification of abortion authorities
regarding human and economic benefits resulting from the
Project.
- Using scientific abilities and expertise centers in the
country to plan for a comprehensive disease control.
- Staff Planning - guidance and supervision of disease
control programs to create coordination between various
organizations.
- Use the electronic services and optimum use of effective
methods of viral diseases in livestock abortion.
- Development of comprehensive training farmers through
local media and various educational methods.
Reduce the weaknesses and avoid threats:
- To carry out program of financial and executive level in
a particular area or province.
- Receive part of the cost provider of financial resources or
assistance available to people providing part of the credit
plan if needed.

Page 133

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand
- Provide the necessary conditions for structural reform in
health management and breeding centers and keeping
livestock.
- Study on different methods and effective in controlling
and combating diseases affecting livestock abortion.
Executable program for controlling diseases affecting
livestock abortion:

(8) OIE (2006) Manual of diagnostic tests and
vaccines.
(9) Radostits et al., 2007. Veterinary Medicine, Bailliere
Tindall.

Expected that after implementation of prevention
programs and effective control of viral diseases in a fiveyear term viral factors creator approximately 40-50
percent of these diseases in animal country would be
decreased. Project executive as veterinary care and
diseases of abortion fully productive, independent, passive
and multi-region will be actively, although various factors
in the development of complications of abortion
throughout the country (a complex of factors) are
involved.
This regard, it is necessary condition report based on
special forms to be conducted by provincial capitals and if
the prevalence of abortion in the epidemiological unit of
the second level ranging from 5 percent increasingly be
more than adequate to obtain samples of illness and sent to
the laboratory. Due to complications of abortion in sheep
and goats in the second half of each year and most events
of abortion in cattle in all seasons to determine the overall
annual evaluation at the end of each year and results
calculated according to the type of samples and illness
studies are announced to the provinces be.
Projects and strategies are considered as follows:
• Equipping the laboratory diagnosis of Veterinary
provincial offices.
• Development and production of appropriate and effective
vaccines against agents causing abortion in cooperation
with the agencies concerned.
• Implementation of a quarantine and biosicurity
regulations in each infectious diseases.
• Implementation of training courses for experts and
farmers.
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Introduction
Equine influenza (EI) is caused by a type A
Orthomyxovirus
trains
(or
subtypes)
influenza viruses described according to their type
(A,B,C)، host species ,location of first isolated country
,strain number ,year of first isolation ,and antigenic
subtype. Strains known to cause disease in equides are
H7N7 ( A/eq/Prague/56,equine ,first isolated in
Czechoslovakia in 1956 ) and H3N8 ( a/eq/Miami /2/63
influenza ,equine) ,first isolated in Miami ,strain 2 ,isolated
in 1963. EI affects horses , donkeys ,mules ,and other
equidae . An outbreak involving a modified H3N8 subtype
was happened in Isfahan one of the provinces of that is
in centre of Iran, in 2009 (2)..As for all viral disease
,treatment is largely supportive. Prevention and control is
carried out by inactivated or killed intramuscular and
intranasal vaccines that are commercially available (1,5)
so, we successed to provide an effectiveness control
programme and overcome equine Influenza virus( EIV)
disease(7), it is optimize about the important strategies ,it
was suggested and carried out . It is possible to be
overcome both control and prevention even eradication
of EIV when وan epidemic is occurred in all public and
privacy racing and training centers (3,6).Usually in most
middle east countries around Iran like as Turkey , Indian
….. EI V epidemic was often occurred and then
distributed to other countries as Iran .Recently by follow
up this control program of EI , it was possible to overcome
of EIV and then controlling EIV disease
Material and methods was carried as fallows:
1- Interpretation and analysis of present status EI disease
in Iran
2- Interpretation and analysis of problems and limitation of
controlling EI disease
3-Annalysis of results research and experiments of other
successful countries .
4- Identification of main goals of research in controlling EI
disease.
5- Identification and grading proposal and then performed
control program.
The aim of the surveillance program for equine influenza
in 2008 was to estimate the prevalence of the infection in
all over the Iran unvaccinated in population of vaccinated
horses.In addition to horses from in limited numbers were
screened for infection with subtypes influenza virus. The
ultimate goal of the program was to eradicate EI from the
Iran horse population.

Materials and methods
blood samples from the animals were taken one to two
months after the first sampling. These samples were
doubly tested in all three tests. .Due to the known cross
reactions in the serological tests between equine influenza
and other equine viral agents ,blood samples from seropositive flocks were tested with a sensitive PCR In Iran
there are almost 180 thousand horses with totally 84
active horse clubs (both private and public centers ), In
January 2008, Iran veterinary organization made a
decision to prevent and planned controlled program for
some viral animal diseases that EIV was one of them .In
this study a control program was written and performed
for a few horse population both surveillance and control
program for influenza virus disease was performed . It was
a prerequisite that is should be able to detect infected flock
more efficiently than the old one. The expenses .how ever
,should not exceed the costs of the existing program to any
great extent . These conditions limited the annual number
of flocks and animals to be included in the program . Thus,
the flocks participating in horse circles seemed to be a
suitable population for the purpose . .The horse circles
represent the top of the training system. . Approximately
2,400 population were part of this training system in 2008
,of a total of more than 180/000 horse flocks .It was
decided to start with the population participating in the
mare circles, and then gradually include more of the other
flocks as the examined flocks were declared free from
equine influenza…All training flocks would be tested
during the period 2008-2009 ,with all flocks at the
veterinary institute in Iran .The PCR was designed to
amplify sequences form belonging to the same mare circle
tested the same year by the Iran Animal Health
Organization(IAHO). The program in 2008 was based on
serological examination of blood samples from the selected
horses for antibodies against influenza virus with ELISA
(6) . Sero-positive Elisa – results were verified by another
ELISA and an agar gel immuno diffusion test (AGIDT)
.new developed both equine influenza and other viral
equine disease ,followed by sequencing to differentiate
between the two virus sub- types.. The inspectors at the
abattoirs still play an important role in the program by
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monitoring horse and especially horse lungs for detection
of suspicious cases consisting with equine influenza virus
infection
Result
Equine flu vaccines were developed in the mid 1960s , in
response to the world wide epidemic of the "Miami"
strain, ,were not terribly effective (!,5) .Things have
moved immeasurably since then .Manufacturers regularly
update their flu vaccine to ensures they are effective
against the latest strains of flu virus. (8,9) Prevention and
control program seem very important . A lot of number
of serum samples that were tested for antibodies against
EIV were tested in 2008 and 96% of these were
negative regarding to antibodies against EI and 1.4% was
antibody positive EIV was found in o.6% of the individual
blood samples tested .(6)
Discussion
Special zones were established in 2008 in areas with
many remaining EI infected horses. In these zones ,
specific testing schemes were followed before animals
could be sold or allowed access to common pasture for
limited time (7 ). Iran veterinary organization was
engaged specifically for more intensive follow up of
infected horses .In addition , .information to veterinarians
,other advisors and farmers about the disease and how to
act to avoid re-infection was enforced .The ultimate goal
of control and eradicating EIV in Iran is now considered
achieved . The mopping –up in a few herds is still going
on.
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Introduction
Bluetongue (BT) is an infectious, non-contagious, genus
(or subfamily) within the Reoviridae family and insectborn virus disease of ruminants of variable clinical
severity. Clinical disease is found primary in sheep,
although cattle and goats may also be affected
(1,2).Twenty–five serotypes of BTV have been
recognized worldwide (3,4,5). Serodiagnosis of this
disease is based on detection of P2 and P7 antigen (6,7).
BT infection can be determined based on the presence of
P7 protein .Epidemic prevalence of BT in Iran will
depend on the BTV situation where the vectors originate,
the climate patterns and the susceptibility of host. The
incidence of BTV are determined largely by the
distribution of insect vectors( midge Culicoides species)
and by climatic changes including temperature, humidity,
wind stream and rainfall. Breaking down the infection
cycle, the incidence and mortality of the disease led to the
idea of BTV as an emerging exotic disease that threatened
ruminants (2,3,8,9). Monthly weather reports for these
provinces in a year were kindly supplied by a few
numbers of centers of weather bureau in western north
provinces of Iran. The aim of this study was to
investigate statistically the seroprevalence of Bluetongue
disease from sheep in western provinces of Iran , without
consideration of age, species and sex.
Materials and methods
Serum samples from 981 sheep were collected from
across of western provinces of Iran from April to March
2007. The Elisa kit (BT, France) was used for the
detection of BTV antibodies, according to the
manufacturers instruction. The assay of Eliza was
performed as follows:
1-All the wells of the of microplate were coated with
vp7protein.
2- suspected serum samples to be tested were diluted and
incubated in the wells and any antibody specific to vp7
present in the serum would formed an antigen –antibody
immune complex

3-An anti-vp7 antibody coupled to the peroxidase
was added in the wells If the suspected serums
contain specific vp7 antibodies ,the vp7 sites are masked
and the conjugate cannot bind on the corresponding
epitops .On the contrary ,the conjugate can bind on the
vp7
After washing ,the enzyme substrate (TMB) was added
to the conjugate forming a blue compound becoming
yellow after blocking . The intensity of the color was an
inverse measure of the proportion of anti-vp7 antibodies
present in the suspected serum samples to test.
Results and Discussion
In table 1, shows the results of Elisa assay, 548 out of
total 981 sera samples were found to be positive (55.9%).
Table 1.The frequency of serological (Elisa) test in
different month.
Results

Month
April
May
June
July
August
Sep
Oct
Nov
Dec
Jan
Feb
March
Total

12
41
45
55
29
10
24
21
19
78
83
16
433

100%
58.6%
34.1%
53.9%
30.2%
16.4%
92.3%
25.9%
21.8%
59.5%
67.5%
26.7%
44.1%

Total

+
0
29
87
47
67
51
2
60
68
53
40
44
548

0%
41.4%
65.9%
46.1%
69.8%
83.6%
7.7%
74.1%
78.2%
40.5%
32.5%
73.3%
55.9%

12
70
132
102
96
61
26
81
87
131
123
60
981

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

The proportion of the positive cases in different month
was significant (P<0.001). The frequency of serological
test was also summarized in table 1. The incidence of
positive results, however, varied considerably in different
seasons.
The frequencies of positive cases were from spring to
autumn, especially in summer (figure 1).
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Figure 1. Incidence of positive results in different seasons
From the obtained results, they may be dependent or
associated with different epidemiologic factors.(2,10)
Analysis of climate variables in the province are also
worthy to be mentioned that, there was no correlation
between temperature and speed of windflaw.
Pearson correlation coefficient between temperature and
mean of sunny hours is r =o.965 (p<0.001). The
correlation between temperature and rainfall, temperature
and humidity and the mean of sunny hours and rainfall
were r= -0.93(p<0.001), r =-0.975(p<0.001) and r = 0.885 (p<0.001) respectively.
There were not significant correlation between speed of
windflaw and mean of sunny hours (r = 0.36) and between
speed of windflaw and humidity (r = 0.005). In
comparison, the correlation between the climate changes
and serological test showed to be significant between
positive and negative sera
(table 2- Mean and standard deviation of climate factors
in positive & Negative sera
Table 2- Mean and standard deviation of climate factors
in positive & Negative sera
Climate
changes

Number

positive results

Negative results

References
P-Value

(1) Bando., 1975. 18th Annual proceeding American

Positive

Negative

Mean

SD*

Mean

SD*

Temperature

548

433

12.38

9.9

10.41

10.2

0.002

Speed of
wind flaw

548

433

12.81

1.09

13.22

1.29

0.000

Sunny hours

548

433

245.88

113.42

226.03

105.750

0.005

Rainfall

548

433

52.30

47.83

64.70

49.61

0.000

Humidity

548

433

61.57

6.40

62.77

6.35

0.003

The significant criteria were considered as correlation
between the incidence of disease ( or life cycle of
Culicoides ) and the climate changes ( to account for nonlinearity in the seroprevalence-climate changes
relationship) Data were analyzed statistically by use of
Chi square (p<0.001).
*SD =Standard Deviation

The usual range for Bluetongue disease is between
latitude 35°S and 40°N in Iran. These range in western
provinces of Iran are between 42° to 44° N. Seasonal
migrations of animals in these provinces of the study
areas were common. These may suggest that BTV has
been endemic for some time in western provinces of Iran.
During this study the majority of samples were collected
from different areas along seasonal migrations (men and
animals), however, there is no relationship between
seroprevalence and movement patterns either spatially or
distribution out. The apparent absence of BTV antibody
in negative sera (44.1%) may reflect difference between
the areas of provinces their habitants and their interaction
with vectors and climate changes.
Vector distribution is based on climatic and
environmental conditions (10,11) and also because one
gene controls BTV competency in vector (10), hence
phenotypic expression of the gene may be influenced by
temperature, rainfall, soil pH, and other factors. The role
of these vectors in over entering of BTV in Culicoides
spp, appears to be based on temperature.
In the case of, environmental temperature not to be
sufficient for complete viral protein assembly, incomplete
virus will remain in the intestinal cells of the vector until
the critical temperature for virus assembly is reached. So,
there is relationship between climate changes in different
month and seroprevalence of disease. It was found, as
seen in figure 1, that positive sera samples represent an
increase in rate of infection at the end of March to in the
middle of November.
There is a peak in numbers of incidence during summer
(the end of June) at the rainy season and before the
beginning of the hot season. Therefore, the provinces are
located in incursion zones where BT appear every decade
or so, association with climate changes seems to be one
of the most probable factors. Research has shown
correlation between ecological specification of vector
(Culicoides) and different climate throughout seasons.

Association of veterinary laboratory diagnosticians.
(2) Hompage of handistatus II., 1966-2002..
( 3)Baldet et al., 2003... 3th imternation symposium on
Bluetonge, Taormina, Sicily (Italy), (Oct) 26-29.
(4) Boorman et al., 1970. (Diptera, Ceratopogonidae)
from pirbright, surrey, Entomologist‘s gazette,: vol.
21(Sep)
(5) Osburn., 2003. third international symposium on BT,
Taormina, Sicily, (Italy)
(6) Jenning et al., 1980. Vet Microbiology . 5: 13--18
(7) Martyin et al., 1990. virus record 18: 165-178
(8) Sellers et al., 1978. J.Heg.cambm... 189-196.
(9) Gard et al., 1989. Vet Microbiology. 20 (4): 315-322.
( 10 )Carporade et al., 2003.:. 3rd internationl symposium
on Bluetongue.Taormina, Sicily (Italy).
(11) Knipe et al , 2001. Fundemental virology.4th edn.
:793-842.
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Introduction
On January 23, 2004, the Thai national reference
laboratory (National Institute of Animal Health [NIAH])
officially confirmed the presence of an H5 HPAI virus in
a layer chicken farm in Suphanburi Province (1) .The
route by which this virus was introduced could not be
traced. The virus was characterized as the H5N1 subtype,
a member of the 2000 avian influenza lineage. The FAO
and OIE (FAO 2004) recommend that a mix of measures
appropriate for each particular country should be adopted
and that all available measures should be considered by
veterinary authorities, including vaccination. Since then,
many measures have been introduced in Thailand to
control this disease and to prevent infection. Thai
government, by the cooperation among Department of
Livestock Development (DLD), Ministry of Public health
and Ministry of Interior, applied the several control
measures (consist of surveillance, stamping out, cleaning
and disinfection, animal movement control, farm
biosecurity and public awareness, but the vaccination was
not selected to be the control measure) to and reduce the
risk of infection and disease (2). However, a factor that
affects the success of control measures implementation is
understands of farmers on the control measures,
particularly small scale farmers. Therefore, the objective
of this study was to evaluate knowledge, attitude and
practices (KAP) of small scale poultry farmers in
Northern Thailand regarding control measures of HPAI.
Materials and methods
The study was performed in Chiang Mai and Phitsanulok
province, in Northern Thailand, during 2008-2009. The
standardized questionnaires, regarding the knowledge,
attitude and practices (KAP) of HPAI control measures
were used as the tool of data collection. The data were
collected from small scale poultry farmers; consist of 160
fighting cock, 160 backyard, 14 layer, 27 broiler, and 115
duck farmers. All data were analyzed by descriptive
analysis and were described in percentage.
Result
Table 1 The mean percentage of corrected answer,
divided by group of farmer.
Group
Mean
S.D.
Fighting
68.94
20.64
Backyard
62.57
23.07
Layer
98.81
3.03
Broiler
98.15
4.81
Duck
85.87
25.96
Total

73.43

Table 2 The percentage of corrected answer in each topic,
divided by group of farmer.
Knowledge
concerning

Farmer
Fighting
Backyard Layer Broiler Duck
cock

The objective of
Surveillance and
investigation.
Stamping out and
compensation
Cleaning and
disinfection
Animal movement
control
Farm biosecurity.

79.4

83.1

100.0

92.6

86.1

88.1

85.0

100.0

100.0

85.2

87.5

84.4

100.0

100.0

91.3

ND

ND

100.0

100.0

90.4

55.0

35.0

100.0

96.3

83.5

90.0

ND

100.0

100.0

89.6

61.2

60.6

85.7

96.3

81.7

88.1

82.4

100.0

92.6

80.0

68.1

68.1

100.0

100.0

87.0

18.1

32.7

100.0

100.0

87.8

Farm biosecurity.

43.8

32.5

100.0

100.0

77.4

Public awareness.

86.2

ND

100.0

100.0

90.4

Public awareness.
The methods of
Surveillance and
investigation.
Stamping out and
compensation
Cleaning and
disinfection
Animal movement
control

Table 3 The opinion of farmers on the HPAI control
measures.
Farmer
Their opinion
agreed with
Overall control
measures
implementation
Surveillance and
investigation.
Stamping out and
compensation
Cleaning and
disinfection
Animal movement
control
Farm biosecurity.
Public awareness.
Vaccine using in
Thailand

Fighting
Cock Backyard Layer

Broiler Duck

88.8

91.3

92.9

80.8

80.0

76.9

93.1

100.0

96.2

94.8

61.9

81.3

50.0

57.7

62.6

94.4

48.1

92.5

100.0

100.0

43.8

90.0

85.7

76.9

76.5

85.6

77.5

92.9

100.0

50.4

93.1

95.6

92.9

96.2

95.7

75.0

87.5

57.1

53.9

67.0

24.93
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Table 4 The practices of farmers regarding the HPAI
control measures.
Proportion of
farmers
Reported their
abnormal high
mortality rate
poultry to the
officer
Allowed the
officers to destroy
their abnormal high
mortality rate
poultry.
Correctly handled
their death poultry.
Cleaned after
working with the
poultry.
Used disinfectant
to clean the area
after got the
abnormal high
mortality rate in
their poultry flock.
Moved their birds
to another place
during the HPAI
outbreak
Had transported
their poultry
without disease
checking from the
officers.
Changed their
poultry raising
practice
Gathered the AI
information from
television.
Required more AI
information.

Farmer
Fighting
cock

Back
yard

Layer

Broiler

Duck

78.7

86.3

64.3

48.7

7.0

92.5

96.3

92.9

65.4

93.9

89.4

93.7

78.6

80.1

91.3

88.7

93.8

100.0

100.0

97.4

94.4

81.3

85.7

85.6

91.3

25.6

6.2

7.1

100.0

25.2

50.7

35.5

28.6

15.0

26.3

55.7

36.3

66.7

74.4

58.3

85.6

81.9

92.9

96.4

72.2

84.4

83.7

78.6

69.8

82.6

early reporting of abnormal death of poultry, however
only the fighting cock paid attention in reporting.
Disinfection with spraying was the most popular
procedures. More than 80% of farmers used disinfection
in their farms. Farmers need supports from the
government in re-structuring of farm or changing job. At
the recent period, more than 75% of the fighting cock and
backyard farmers paid attention to vaccination as the
early period of outbreak. It would be concluded that the
small scale farmers realized importance of the control
measures with good cooperation. But they were the high
risk groups, because of their practices. The developments
of their KAP need to be performed.
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Discussion
The results showed that, overall farmers could address
the answer more than 60% of all the questions. This
indicated that the farmers had good knowledge about
control measures. But the cooperation between farmers
and government has varied among type of farmers. More
than 80% of layer and broiler farmers showed more
understanding in biosecurity with good practices (>65%).
Duck farmer realized the importance with some changes
in their practices because of forcing from the government.
More than 50% of fighting cock farmers and backyard
poultry farmers had good knowledge but less than half of
them did not followed the animal movement control
measure.. While the early period of HPAI outbreak, the
farmers disagree with massive culling (3). But, in the
recent year, more than 60% of farmers agreed and
cooperated with this control measure. The overall farmers
gave credits of works to officers of Department of
Livestock Development. They realized the importance of
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Introduction
Somatic cell count (SCC) is an indicator of inflammatory
of udder in dairy cattle in which known as mastitis. SCC
including leukocytes (polymorphonuclear cells: PMN)
and epithelium cell. Evaluation tools of the SCC in milk
sample are California Mastitis Test (CMT), direct
microscopic somatic cell count (DMSCC), electrical cell
counter-Fossomatic counter (FC) and Coulter counter
(CC) (2). CMT is mostly used as cow site test for SCC in
case of subclinical mastitis. Electrical cell counters are
used in laboratory for cell count purpose. However,
DMSCC is the reference standard (4). However, this
method is difficult. DMSCC may have the human errors
of up to 20% in the case of inexperienced technician (1).
CMT and Electrical cell counters are currently used to
assess the number of SCC in milk (9). In this study, we
investigated the correlations between CMT, FC and CC.
Materials and methods
Animals: Three commercial dairy cattle herds in Western
part of Thailand were sampled. The total of 324 quarter
milk samples were collected from 81 milking cows.
Milk sampling: Individual quarter milk samples were
collected prior to the evening milking. Premilking quarter
milk samples (20-25 ml.) were taken after disinfection of
the teat end with 70 % alcohol and kept 4 ○c
Cytological test: The CMT, FC and CC were on every
quarter sample, according to the procedures recommended
for cow milk (3,7). The CMT was performed at the cow
site, and reactions were scored 0,1,2,3. The Electronic cell
counters were coulter counter (model ZM) and
Fossomatic counter (model 5000).
Data analysis: The SCC was transformed to Logarithm
(cells/ml.). The correlations between cell count using
electronic counters and CMT scores were determined.
Analysis of variances were conducted to compare result of
electrical cell counter and CMT.
Result
Correlations between cell counting tools using electronic
counters and CMT scores are in Table 1.The high
significant positive correlation (r = 0.88) was observed
between cell count results by CC and FC. In Table 2,
average SCC determined by CC and FC are presented by
each CMT scores. For both cell counting methods, the cell

count increased as the CMT scores increased. Analysis of
variances result showed that FC and CC were different
(p< 0.05). CMT score 2 and 3 were not different when
compare result of FC and CMT score.
Table 1: Correlations among cell counting result from
Coulter counter (CC) and Fossomatic counter (FC) and
CMT scores.
Method compared

Correlation
coefficienta
0.88
0.65
0.68

CC
FC
CMT FC
CMT CC
a
P<0.05

Table 2: Means (log10) of the somatic cell count on milk
obtained by Coulter counter (CC) and Fossomatic counter
(FC) by scores of California Mastitis Test (CMT)
CMT
Score
0
1
2
3

Number
of
samples
236
49
27
6

CC

FC

Mean

SD

Mean

SD

4.910
5.624
6.164
6.924

0.459
0.583
0.770
0.653

4.858
5.707
6.161
6.813

0.546
0.660
0.645
0.426

Discussion
A significant high correlation (r=0.88) was observed
between cell count results by CC and FC. Similar
correlation coefficients were reported in cell count of goat
milk (6) between CC and FC (r = 0.74). For both cell
counting methods can be utilizing for enumeration
somatic cells in milk cattle (5). Correlation between FC
and CMT scores (r = 0.65), between CC and CMT scores
(r = 0.68). Opposite the previous works showed
correlation coefficients between FC and CMT method
more than correlation coefficients between CC and CMT
method (6, 8).
CMT is convenient and considered cheap for cow site
testing for subclinical mastitis. However, this method is
depending on the person who perform test. In this study,
we showed that CMT score was correlated with both
electronic cell counters. In Thailand, SCC is used as milk
quality grading and pricing. Therefore most milk plants
use DMSCC and electronic counters. However, Thai dairy
farmers have used CMT irregularly and have not realized
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the milk quality in term of SCC. The education of CMT
uses and SCC need to be more emphasized.
Acknowledgement
Veterinary Research and Development Center (Western
region) and Student Training Center & Livestock
Hospital, Faculty of Veterinary Science, Chulalongkorn
University.
References
(1) Chuanchuen et al., 1996. Proceeding of dairy
cattle.p.135-144.
(2) Dohoo, I.R. and Leslie, K.E. 1991. Prev. Vet.
Med. 13: 225-237.
(3) Hinz et al., 1992. In: Standard Methods for the
Examination of Dairy Products. 16 th ed. R.T.
Marshall (ed.). 334-338.
(4) International Dairy Federations. 1995. Doc.305.
Brussels Belgium. 78p.
(5) Miller et al., 1986. J. Dairy Sci. 69: 1942-1946
(6) Poutrel, B. and Lerondelle, C. 1983. J. Dairy Sci.
66: 2575-2579.
(7) Rice, N.D. 1981. Institute of Agriculture and
National resources: UNL. Extension. 1-5.
(8) Roguinsky et al., 1980. Le Lait. 60: 27–32.
(9) Schmidt-Madsen, P. 1975. J. Dairy Res. 42:227239.

Page 142

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Possible presence of cattle-derived Theileria parva parasites in South Africa
K.P. Sibeko1*, M.C. Oosthuizen1, D. Geysen2, F.T. Potgieter3, M. Troskie1, A. Latif3, J.A.W. Coetzer1, N.E. Collins1
1
Department of Veterinary Tropical Diseases, Faculty of Veterinary Science, University of Pretoria, South Africa
2
Department of Animal Health, Institute of Tropical Medicine, Belgium
3
Agricultural Research Council-Onderstepoort Veterinary Institute, South Africa
*Corresponding author
Keywords: Theileria parva, theileriosis, p67 gene, p104 gene, PIM gene
Introduction
Between 2002 and 2004, there were seasonal outbreaks of
what was initially suspected to be babesiosis on a farm
near Ladysmith, KwaZulu-Natal, South Africa, as the
farm is located outside the designated T. parva-infected
area (1). The presence of T. parva infections on this farm
was later reported and the source of infection attributed to
possible contact with infected buffalo or T. parva-infected
ticks, but such contact could not be confirmed (1). The
seasonality of the outbreaks, which were between
December and March, suggested that the parasite
responsible for the infections is similar to that responsible
for January disease in Zimbabwe. There is no evidence
that parasites that are responsible for January disease
occurs in South Africa and the clinical disease is currently
not recognized (2). It became imperative that it is
established whether the parasite population circulating in
that farm was cattle- or buffalo-derived since contact with
buffalo could not be confirmed and January disease is not
believed to occur in South Africa. Therefore, the present
study was undertaken to characterize T. parva parasites
circulating among cattle in the farm near Ladysmith,
KwaZulu-Natal, South Africa.
Material and methods
Samples collection and DNA isolation:
Thirty-six
blood samples obtained from cattle in the Ladysmith farm
were investigated, including two samples that had
previously tested positive for T. parva DNA (1). The High
Pure PCR Template Preparation kit (Roche Diagnostics,
Mannheim, Germany) was used for extraction of DNA,
which was subsequently eluted in 100 µl elution buffer. A
T. parva hybridization probe-based real-time PCR assay
(3) was used to screen for T. parva positive samples.
Amplification of antigenic genes p67, p104 and PIM: A
semi-nested PCR was used for amplification of the
variable region of the p104 and PIM genes (4) while a
standard PCR was employed for amplification of the p67
gene (5).
Sequence analysis of the variable regions of the p67, p104
and PIM genes: Amplicons obtained from amplification
of p67, p104 and PIM genes were cloned into cloning
vectors before sequencing. All sequences were assembled
and edited using the GAP4 program of the Staden
package (version 1.6.0 for Windows) (6, 7, 8). A multiple
sequence alignment of p67 and p104 amino acid
sequences was performed using MAFFT version 6 (9)
(http://align.bmr.kyushu-u.ac.jp/mafft/software).
PIM
amino acid sequences were aligned using MacClade v4.0
(10); the alignment was adjusted manually because of the
highly polymorphic structure of the PIM gene.

Results
p67, p104 and PIM amplicon analysis:
Fourteen T.
parva positive samples were identified from a total of 37
samples screened. Theileria parva positive samples were
subsequently used for amplification of the variable region
of the p67, p104 and PIM genes. p67 single amplicons of
sizes 0.9 Kb or 1.1 Kb were obtained from 8 of the 14 T.
parva-positive samples analyzed (Table 1). A p104 PCR
product of ~800 bp in size was obtained from the same 8
samples while single amplicons of sizes 900 Kb and 1.2
Kb were obtained from 6/8 samples, from amplification of
the PIM gene (Table 1).
Sequence analysis:
Because of low parasitemia,
only 4/8 samples that produced p67 amplicons could be
used for sequencing (Table 2). p67 sequences
characteristic of alleles 1 (cattle-type) and 2 (buffalo-type)
were obtained from 0.9 and 1.1 kb amplicons,
respectively. The p67 allele 1 sequence was obtained from
Lad 10 clone and was identical to the Muguga p67
sequence (5). Allele 2 sequences were obtained from Lad
17, Lad I438 and Lad M119 DNA clones (Table 2).
p104 amino acid sequences obtained from T. parva
samples analyzed in this study were not identical to the
p104 sequences previously reported (12) except for one
sequence obtained from Lad10 which was very similar to
that of the T. parva Muguga, with sequence identity of
99% in the region analyzed (Table 2).
Three types of PIM sequences were identified including
the previously reported cattle-type and buffalo-type (13)
and the novel mixed-type. Cattle-type PIM sequences
were obtained from clones produced from Lad 02 and Lad
10 PIM amplicons. A buffalo-type PIM sequence was
obtained from one of the clones produced from Lad I438
and mixed-type sequences were obtained from clones
produced from Lad I438 and Lad M119 amplicons (Table
2).
Table 1 PCR products obtained from amplification of the
variable regions of the p67, p104 and PIM genes
Sample
p67 (kb)
p104 (kb)
PIM (kb)
name
Lad 02
0.9
0.8
0.95
Lad 06
0.9
0.8
0.95
Lad 10
0.9
0.8
0.95
Lad 11
1.1
0.8
Lad 15
1.1
0.8
Lad 17
1.1
0.8
1.2
Lad I438
1.1
0.8
1.2
Lad M119
1.1
0.8
1.2
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Table 2 Sequence types obtained from sequencing of the
p67, p104 and PIM genes
Sample
p67
p104
PIM
name
Lad 02
Cattle-type
Lad 10
Cattle-type Cattle-type Cattle-type
Lad 15
Novel
Lad 17
BuffaloNovel
Mixed-type
type
Lad I438
BuffaloBuffalotype, Mixedtype
type
Lad M119 BuffaloMixed-type
type
Discussion
Following the introduction of ECF to South Africa in
1902, an estimated 5.5 million deaths of cattle were
attributed to ECF. The control and the ultimate
eradication of the disease cost the country R100 million
(12). In 1989 the cost of cattle theileriosis, East Coast
fever (ECF), was estimated at $186 million in 11 affected
countries in the African region (13). Therefore, cattle
theileriosis (ECF) is an economically important disease in
the African region. As a result of outbreaks that occurred
in a farm near Ladysmith, KwaZulu-Natal, South Africa
(1); in this study we attempted to characterize T. parva
parasites circulating among cattle in this farm.
Cattle-type p67, p104 and PIM alleles were identified
from three T. parva samples obtained from cattle from a
farm near Ladysmith. These cattle-type alleles were
almost identical to those previously identified in a cattlederived T. parva stock, Muguga (5, 14, 15), which causes
ECF in Kenya, East Africa. It was an unexpected finding
to identify Muguga-like cattle-type alleles from these
animals, since ECF was not diagnosed in animals on this
farm, and there have not been reports of ECF in South
Africa since its eradication in the early 1950s.
The initial report attributed the source of T. parva
infection on the Ladysmith farm to possible contact with
infected buffalo or T. parva-infected ticks (1); however,
such contact could not be confirmed. p67, p104 and PIM
alleles obtained from T. parva samples from other animals
from this farm were either buffalo-type or ‗novel‘ (or
mixed-type in the case of PIM) supporting the assumption
that parasite population circulating on this farm may have
originated from buffalo. While findings in this study may
suggest that there may have been transmission of T. parva
from buffalo to cattle on the Ladysmith farm, possibly
followed by cattle-to-cattle transmission, the data
obtained in this study cannot be used to establish the route
of infection, i.e. if the parasite was transmitted from
buffalo-to-cattle, cattle-to-cattle or cattle-to-buffalo.
Furthermore, it is still not clear if the parasite that caused
ECF in South Africa in the early part of the 20 th century
was transmitted to buffalo during the ECF epidemic, or
whether South African strains of T. parva could
eventually become adapted to cattle and cause ECF.

The ‗mixed‘ PIM sequences identified in this study
appeared to be recombinants of cattle- and buffalo-type
sequences. There was no evidence from data obtained in
this study to suggest that mixed-type PIM sequences were
due to PCR artifacts generated by in vitro cross-over
events. Although the ‗mixed‘ PIM sequences identified in
this study may well represent recombination events, we
do not know the full extent of the recombination in the
rest of the genome in T. parva parasites. Data obtained
from this study suggests that T. parva parasites with the
‗mixed‘ PIM allele can establish in cattle however it
remains to be determined if these parasites can cause
disease. In fact, very few buffalo-type PIM sequences
were identified in cattle, suggesting that there may have
been selection for both ‗mixed‘-type and cattle-type PIM
sequences in cattle.
The presence in South African T. parva field samples of
alleles associated with T. parva parasites responsible for
classical ECF remains a concern and the significance of
the different alleles, particularly the novel variants, in the
epidemiology of theileriosis in South Africa needs to be
established.
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Introduction
Laminitis in dairy cattle can deteriorate animal welfare
and productivity. Claw lesions of subclinical laminitis; i.e.
hemorrhage of sole and hemorrhage of white line are
important predisposing factor for lameness and affecting
to milk production and reproduction (1). Laminitis is a
damage and inflammation of the dermal layers inside the
foot. Various forms of laminitis can be divided into four
categories; acute, subacute, subclinical and chronic
laminitis (2). Subclinical laminitis associated with feeding
management, diets high in net energy of lactation with
low fiber intake may increase risk of subclinical laminitis
(3). Mechanisms of subclinical laminitis involve ruminal
acidosis and vasoactive mediators; i.e. histamine,
endotoxin disturbed vascular circulation in capillary of
hoof (4). In Thailand, feeding management in small
holder dairy farms is typically concentrate diets
containing low NDF and rice straw as roughages sources
which are the risk factors for laminitis (5). However, the
relationship
between
subclinical
laminitis
and
reproductive performance has never been reported in Thai
small holder dairy farm. Therefore, the aim of the study
was to investigate the effects of subclinical laminitis on
reproductive performance of postpartum dairy cows in
small holder dairy farms.
Materials and methods
Farm selection and characteristics: A cross-sectional
study was carried out, seventy-three cows of 22 small
holder farms in the central and northeast regions of
Thailand were used. The study performed during May
2008 to January 2009. The average number of milking
cows of the farm in the current study was 25.62  11.02.
All cows were 86.19% crossbred Holstein Freisian.
Average of parity and days in milk (DIM) of all cows
were 2.77  1.54 and 130.33  68.0, respectively. All
cows were kept in loose-housing system. The stall floor
was concrete with sand or mud in 17 farms and nonconcrete in 5 farms. In all herds, concentrates and
roughages were fed separately. Concentrates were fed
twice per day in 18 farms and more than two times per
day in 4 farms. The footbath and routine hoof trimming
were not available in any of the farms.
Evaluation of subclinical laminitis lesion: In each farm,
20% of milking cows were randomly trimmed using
technique of Toussaint (6). Subclinical laminitis was
assessed based on hemorrhage of the sole and white line
lesion by using 4-point laminitis score according to

Fjeldaas et al. (7) as no lesion (score 0), slight
hemorrhagic discoloration (score 1), moderate
hemorrhage covering > 20% of the sole surface or white
line area (score 2) and extensive hemorrhage covering >
50% of the sole surface or white line area (score 3). Low
lesion score group was a cow showing score 0 or 1, while
high lesion score or subclinical laminitis group was
classified as score 2 or 3.

a

c

b

d

Figure 1 laminitis lesion: score 0 (a), score 1 (b), score 2
(c), score 3 (d)
Reproductive
data
collection:
Individual
cow
reproductive data includeed lactation number, days in
milk, calving date, first artificial insemination date, last
artificial insemination date, number of insemination and
reproductive status. Reproductive data indices were
calculated as calving to first service interval, calving to
conception interval, number of service per conception and
calving interval.
Statistical analysis: The analysis were performed using
SPSS version 17. Relationship of subclinical laminitis and
calving to first service interval longer than 90 days,
calving to conception interval longer than 120 days and
conception at first service were evaluated with binary
logistic regression model, while calving to first service
interval, calving to conception interval, number of service
per conception and calving interval was subjected to
Mann-Whitney U test
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Result
The prevalence of laminitis lesion score 0, 1, 2 and 3 was
26.03%, 34.25%, 30.14% and 9.58% respectively.
Number of farms with low ( 25%), high (> 25%-74%)
and very high ( 75%) prevalence of subclinical laminitis
were shown in table 1.
Table 1 Number of farms showing low, high and very
high prevalence of subclinical laminitis.
Prevalence No. of Average prevalence of subclinical
farms
laminitis in farms (mean  SD)
Low
12
15.42  11.57
High
5
48.95  17.03
Very high
5
81.00  10.84
Reproductive indices of calving to first service interval
longer than 90 days, calving to conception interval longer
than 120 days and conception at first service were
described in table 2.
Table 2 Percentage of cows showing calving to first
service interval longer than 90 days, calving to conception
interval longer than120 days and conception at first
service.
calving to 1st
calving to
conception
group
service > 90
conception
at first
days (%)
>120 days (%) service (%)
1
29.54
45.45
43.18
2
27.58
41.37
55.17
P-value
0.85
0.73
0.31
1, low lesion score group (score 0 or 1)
2, high lesion score group (score 2 or 3)
Average of calving to first service interval, calving to
conception interval, number of service per conception and
calving interval in low lesion score groups and high lesion
score groups are in table 3.
Table 3 Average of reproductive performance indices in
low lesion score and high lesion score groups.
group
1
2
P-value

calving to 1st
calving to
no. of
calving
service
conception
service/
interval
(days)
(days)
conception
(days)
80.82  24.86 122.39  54.55 2.07  1.24 399.75  54.54
78.72  19.30 124.72  73.54 2.31  1.77 418.14  62.85
0.92
0.70
0.93
0.21

1, low lesion score group (score 0 or 1)
2, high lesion score group (score 2 or 3)
The results showed no significant association between
laminitis lesion score and calving to first service interval,
calving to conception interval, number of service per
conception and calving interval. However, calving
interval in high lesion score group were poorer than those
of low lesion score group (418.14  62.85 and 399.75 
54.54, respectively).
Discussion
Prevalence of subclinical laminitis (score 2 or 3) found in
this study was 39.72%. Prevalence of subclinical laminitis
was in this study greater than that reported by Fjeldaas et

al. (7), in which the prevalence of subclinical laminitis in
12 Norwegian beef-cow herds was 18%. The high
prevalence of subclinical laminitis in this study could be
explained by the feeding pattern. In Thailand, feeding
management in small holder dairy farms is typically high
concentrate diets in postpartum cows, which contain
inadequate roughages sources. It has been know to
associated with ruminal acidosis which subsequently lead
to subclinical laminitis. Melendez et al. found most
lameness was related to subclinical laminitis, that poorer
conception rates at first service, a greater incidence of
ovarian cysts, and poorer pregnancy rates (8). Many
researchers found effects of lameness on fertility and
reproductive performance, such as calving to conception
interval increase in lame cows as well as number of
services per conception (9). Sogstad et al. indicated that
claw lesion was the most important cause of lameness and
impaired reproductive performance in dairy cows (10).
The fact that cows with sole ulcer had greater interval of
calving to last service and longer calving interval, and the
association between moderate and severe white line
fissures with increased return rate from previous
insemination indicated effects of lameness on
reproduction. Poor reproductive performance in lameness
cow suggested that pain-induced stress and lameness
appeared to have suppressed the playful behavior during
estrus (11). While laminitis related with acidosis might be
involved in poorer reproductive performance by effects of
endotoxins on ovulation or blood concentrations of
progesterone (12). Although, the study did not find
associations
between subclinical
laminitis and
reproductive performance, possibly because of a small
number of the cows and difference number of samples in
each group. However, the present study is the first report
of the prevalence of subclinical laminitis in small holder
dairy farms in Thailand, which showing that calving
interval in subclinical laminitis group were poorer than
those of low lesion score group. Hoever, this study did not
include lameness cows. Therefore, relationship between
laminitis and reproduction was not clearly examined. In
the future, study of lameness and laminitis should explore
at the relationship to reproductive performance.
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Introduction
Sub clinical mastitis is the main problem in dairy farm.
This mastitis represents from 76-95%
(1, 2,).
Approximately 95% of all mastitis infections caused by
Streptococcus agalactiae, Staphylococcus aureus,
Streptococcus dysagalactiae, Streptococcus uberis and
Escherichia coli, whereas 5% of them caused by other
microorganisms.
Once bacterium reaches a host surface, it must adherence
to host cell to colonize them. In udder only bacteria that
can adhere to mucosal surfaces will be able to stay in
site.To be able infecting the host, bacteria should be able
to adherence/adhesion to the epithelial cell. In the
pathogenesis of subclinical mastitis, the adhesion process
is very important in the initiation step of bacteria
colonization on the mammary cell surface. The
importance of the ability of a bacterial adhesion is related
to the pathogenesis of bacteria itself. According to (2) that
the phenomenon of hemagglutination is a good model for
studying cell adhesion and mechanisms of bacterial
infection on the host cell. Patients with subclinical
mastitis in cows antigen protein, hemagglutinin protein
hydrophobicity and predicted an important role in the
process of adhesion and colonization of bacteria on the
udder epithelial cells. That adhesion ability is affected by
the surface character of bacteria, which is represented in
hydrophobic character and the ability to hemagglutinate
the erythrocytes. The purpose of this research is to
determine the adhesion ability of Staphylococcus aureus,
Streptococcus sp., Esherichia.coli, to the epithelial cells.
Materials and Methods
Isolates of Staphylococcus aureus (18 isolates),
Streptococcus sp. (18 isolates), and Esherichia.coli (2
isolates) were isolated from dairy milk and used in this
research. All isolates are then tested by hydrophobicity
test and hemagglutination test. Ammonium Sulfate
(NH4)2SO4) was used for the hydrophobicity test using
concentration of 2,0M. The erythrocyte solution was used
for the hemagglutination test using concentration of 1,0%.
All isolates were then selected based on their
hydrophobicity and hemagglutination ability. Adhesion
ability to mammary epithelial cells of postpartum mice by
labeling of fluorescein Isothiiocyanate (FITC)

Results and Discussion
Tabel 1. Total of the bacteria that adhesion to epithelial
cells of udder by labelling of FITC
Isolate

Code

HA
/SAT
S. aureus
16CK +/S. aureus
14BK -/+
Streptococcus sp
3AP
+/Streptococcus sp.
3 CP
-/E. coli
42C
+/*)
Mean was counted from total of
to 20 epithelials cells of udder

Adhesion
Mean
(range) *
373 (5-40)
18,65
87
(1-10)
4,35
415
(5-42)
20,75
209
(2-27)
10,45
47
(0-5)
2,35
bacteria that adhesion

In this study used isolates of Staphylococcus aureus
16CK that have a hemagglutinin and is hydrophilic and 14
BK who did not have hemagtinin but is
hydrophobic. Isolates of Streptococcus sp was used 3AP
that has hydrophilic as well as hemagglutinin and 3 CP
who had no hemagglutinin and hydrophilic and
Escherchia
coli
42C
a
hemagglutinin
and
hydrophilic. According to (3) the bacterial infection
process always begins with the adhesion process on the
surface of host cells. The importance of the ability of a
bacterial adhesion is related to the pathogenesis of
bacteria itself. Comparative observations adhesion ability
of bacteria S. aureus, Streptococcus sp, and Escherchia
coli in udder epithelial cells in rats of this study are
presented in Table 1. The highest adhesion ability
occurred in isolates of Streptococcus sp 3AP which
average 20.75 bacteria/ epithelial cell udder, S.aureus
16CK average is 18.65 bacteria/udder epithelial cells, and
E.coli 42C adhesion ability shows the lowest average is
2.35 bacteria/epithelial cell
.
Statistical test results between S. aureus and
Streptococcus sp T-Test using SPSS 12.0 program
showed that the adhesion ability between the two isolates
of the bacteria did not differ significantly (.590 Sig). This
means that the adhesion between the both have the same
capabilities, this state has alleged both hemagglutinin with
negative hydrophobicity properties. Whereas in E. coli
that has turned out to show the ability of haemagglutinin
adhesion lowest average is 2.35 bacteria/ udder epithelial
cells. Based on the results of statistical tests using SPSS
T-Test Program 12.0 shows that between E. coli and
S.aureus and Streptococcus sp were significantly different
(.000 Sig). This indicates that the adhesion ability of
E.coli lowest when compared with S.aureus or
Streptococcus sp. In this study used isolates of
Staphylococcus aureus is 16CK that have a hemagglutinin
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and is hydrophilic and 14 BK who did not have
hemagtinin but is hydrophobic. Isolates of Streptococcus
sp 3AP was used that has hydrophilic as well as
hemagglutinin 3 CP who had no hemagglutinin and
hydrophilic and Escherchia coli 42C isolates that have a
hemagglutinin and hydrophilic. The bacterial infection
process always begins with the adhesion process on the
surface of host cells (1). Comparative observations
adhesion ability of bacteria Staphylococcus aureus,
Streptococcus sp, and Escherchia coli udder epithelial
cells in rats of this study are presented in Table 1. The
highest adhesion ability occurred in isolates of
Streptococcus sp 3AP 20.75 average bacteria / epithelial
cell udder, Staphylococcus aureus 16CK average is 18.65
bacterium / udder epithelial cells, and Escherichia coli
adhesion ability 42c shows the lowest average is 2.35
bacteria
/
epithelial
cell
udder.
Statistical test results between Staphylococcus aureus and
Streptococcus sp T-Test using SPSS 12.0 program
showed that the adhesion ability between the two isolates
of the bacteria did not differ significantly (.590 Sig). This
means that the adhesion between the both have the same
capabilities, this state has alleged both hemagglutinin with
negative
hydrophobicity
properties. Whereas
in
Escherichia coli that has turned out to show the ability of
haemagglutinin adhesion lowest average is 2.35 bacteria /
udder epithelial cells. Based on the results of statistical
tests using SPSS T-Test Program 12.0 shows that between
Echerichia coli and Staphylococcus aureus and
Streptococcus sp were significantly different (.000
Sig). This indicates that the adhesion ability of Echerichia
coli lowest when compared with Staphylococcus aureus
or Streptococcus agalactiae. According to Smith, 1977;
Gastra and De Graaf, 1982, Wibawan et al., 1992), a
specific adhesion mechanism has been known to play an
important role in the adhesion process for Escherichia
coli, Neisseria, Streptococcus and Micoplasma with a
variety of host epithelial cells in the body.
Staphylococcus aureus 16CK with has the hemagglutinin
showed
a
stronger
adhesion
ability
(18.65
bacteria/epithelial cells) than S.aureus 14BK. . The
isolates when compared with E. coli which have no
hemagglutinin will have lower adhesion values (4, 35
bacteria/epithelial cells). Results of statistical tests using
SPSS T-Test Program 12.0 shows the difference is very
significant (.000 Sig). This means that S.aureus that had
the hemagglutinin will stronger adhesion ability than
those who do not have the haemagglutinin. Aaccording to
(3) that the hemagglutinin of S. aureus that has attached
to the udder epithelial cells is much higher than those who
do not have hemaglitinin. (4) S.aureus which has the
hemagglutinin will adhesion in mammary epithelial cells
in the form of small groups (clusters) with the number
ranging from two to five clusters per udder epithelial
cells. In addition to bacterial properties of haemagglutinin
and hydrophobicity properties of bacterial surface which
contains a lot of protein also affects the adhesion, so that
bacteria are more easily attached to the hydrophobic host
cells of the bacteria that are hydrophilic (1). However, not
all bacteria that have a hemagglutinin has a hydrophobic

properties. In accordance with research that has been done
(5) showed that the hemagglutinin of S.aureus has no
relation with the nature of hydrophobicity. Based on the
results obtained in this study, isolate of S. aureus 16CK
which have haemagglutinin with negative hydrophobicity,
(hydrophyl) while isolate of S.aureus 14BK do not have
hemagglutinin and does not have hydrophobic.
Result of Streptococcus sp 3AP on this study indicate that
the isolates with has haemagglutinin, more powerful
abilities to adherence to epithelial cells (20.75 bacteria/
udder epithelial cells, whereas isolates Streptococcus sp
3CP that has no hemagglutinin showed lower adhesion
capacity (7.75 bacteria/epithelial cell udder). Both isolates
showed a negative hydrophobicity properties.Results of
statistical tests using SPSS T-Test Program 12.0 shows a
very significant difference (Sig .007) among isolates and
3 CP and 3AP. This indicates that the hemagglutinin is
responsible for the adhesion properties of Streptococcus
sp. Adhesion ability of Streptococcus sp 3AP in the study
(20.75bacteria/udder epithelial cells) is lower when
compared to the previous study (1). Streptococcus sp
which is hydrophobic and has proved hemagglutinin
showed strongs adhesion ability (109 bacteria/udder
epithelial cells). This difference is presumably because
the isolates Streptococcus sp 3AP has hemaglutinin but
showed hydrophilic properties. Based on these adhesion
tests it appears that hydrophobic and haemagglutinin
protein responsible for adhesion properties of
Streptococcus sp. Whereas the hydrophilic isolates and
has no hemagglutinin showed a low adhesion ability of
the 5 bacteria/epithelial cell udder (1) and on the ability of
isolates of this study Streptococcus sp 3CP the adherent
ability is not much different from 7.75 bacteria/udder
epithelial cells. According (7) S.agalactiae isolates are
able to agglutinate rabbit erythrocytes have a tendency
that is hydrophobic. Opinion of (8) states that S. Suis
which have hemagglutinin activity are not always
hydrophobic. Furthermore (9) also stated that S. epidermis
which have hemagglutinin activity has no relationship
with
bacterial
surface
hydrophobicity.
The presence of hemagglutinin ptorein affect adhesion
ability of bacteria to epithelial cells udder
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Materials and Methods
Before inoculation with WRF, OPF were ground (1-3cm),
sterilized and wetted to 67% humidity. The fungi inocula
were prepared in malt agar media incubated at 24°C for 1
week. Then, OPF was inoculated with WRF and
incubated at 30°C for 3 and 9 weeks. After the incubation
period the samples were dried at 60 °C for 96 h and NDF,
ADF, and ADL were determined according to (5). After
the fungi inoculation, incubation and drying of the
samples, the fungi inoculated OPF were tested in vitro for
their potential to improve OPF ruminal digestibility and
compared with a control (non-treated OPF). Rumen fluid
was collected from sheep consuming 15g OPF/100g DM.
In vitro total gas production was recorded at 0, 1, 2, 4, 6,
8, 10, 12, 20, 24, 34, 48, 72 and 96h and total net volatile
fatty acids (VFA) productions were assessed after 96h
incubation at 39°C. Relative selectivity (Srel) of fungi to
degrade lignin was determined according to (2)
L1  L 2 * (100  WL) / 100 , where, L1 is the
Srel 
WL
initial lignin content (g/100g DM), L2 lignin content
(g/100g DM) after WRF treatment and WL the weight
loss (g/100g DM).
Results and discussion
In this study (Fig. 1) Lentinula edodes (0.98), Ganoderma
lucidum (0.92) and Pleurotus eryngii (0.82) showed the
highest Srel for lignin degradation of OPF when inoculated
for 3 weeks. Generally, increasing the incubation period

to 9 weeks resulted in a decreased Srel, although for P.
eryngii and P. ostreatus the decrease was negligible. This
higher
1

LE3
GL3
PE3

0.8

0.6
Srel

Introduction
Oil palm fronds (OPF) represent a major agricultural byproduct from the oil palm industry in Malaysia. These
OPF are composed of carbohydrates, mostly in the form
of structural cell walls of which part is bound to lignin
which limits carbohydrate availability for microbial
fermentation and consequently its ruminal degradability.
White rot fungi (WRF) have been proposed to improve
the low digestibility of e.g. wheat straw (4). These WRF
are the most effective basidiomycetes for biological pretreatment as they degrade lignin more extensively and
rapidly than any other known groups of organisms (3).
The objective of this study was to find among ten
different WRF (Bjerkandera adusta (BA), Ceriporiopsis
subvermispora (CS), Ganoderma lucidum (GL), Lentinula
edodes (LE), Phanerochaete chrysosporium (PC), Phlebia
brevispora (PB), Schizophyllum commune (SC), Pleurotus
eryngii (PE), Pleurotus ostreatus (PO) and Trametes
versicolor (TV)) one or more WRF which selectively
degrade lignin without simultaneous degradation of
hemicellulose and cellulose and which improve rumen
digestibility.
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PO
SC

CS3 LE9
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Fig. 1 Relative selectivity of WRF for lignin degradation
and lignin loss (g/100 g DM) during fungi inoculation
for 3 and 9 weeks. CS-Ceriporiopsis subvermispora, GLGanoderma lucidum, LE-Lentinula edodes, PCPhanerochaete chrysosporium, PB-Phlebia brevispora,
SC-Schizophyllum commune, PE-Pleurotus eryngii; POPleurotus ostreatus.
Table 1. Total net VFA (µmol VFA/560mg OPF)
production during in vitro incubation of OPF inoculated
with WRF for 3 and 9 weeks.
Weeks
Treatment
3
9
Bjerkandera adusta
2158ab
2323ab
Ceriporiopsis subvermispora
3417c*
2304ab
bc
Ganoderma lucidum
2584
3039bcd*
bc
Lentinula edodes
2664
3689†d*
bc
Phanerochaete chrysosporium
2820
2797abc
bc
Phlebia brevispora
3003
3577†cd*
ab
Schizophyllum commune
2469
2895bcd*
ab
Pleurotus eryngii
2197
2963bcd
ab
Pleurotus ostreatus
2216
2231ab
†a
Trametes versicolor
1712
1921†a
Control
2701
2701
SEM
167
182
a,b,c,d- different superscripts on same column show significant
differences (p<0.05) between fungi; *- Weeks (week 3 vs. week
9) differ significantly (p<0.05); † - Significantly different from
control (p<0.05).
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Srel for lignin degradation after 3 weeks of incubation
compared with longer inoculation periods indicate the
initial weight loss of the substrate to be associated with
lignin degradation, whereas, in later stages the weight loss
is linked to both lignin and polysaccharide degradation
(2).
In vitro total VFA production (Table 1) for OPF
inoculated with Trametes versicolor (1712 µmol and 1921
µmol for 3 and 9 weeks inoculation, respectively) were
significantly lower than the control. On the other hand,
total VFA production was significantly higher for OPF
inoculated for 9 weeks with Lentinula edodes and Phlebia
brevispora compared with the control. Furthermore, OPF
inoculated with Ceriporiopsis subvermispora for 3 weeks
resulted in the highest total VFA production compared to
all other WRF, whereas for 9 weeks inoculation with
fungi, Lentinula edodes showed the highest total VFA
production. Oil palm fronds exposed to Ganoderma
lucidum, Lentinula edodes, Phlebia brevispora and
Schizophyllum commune for 9 weeks vs. 3 weeks revealed
higher total VFA productions during 96 h rumen in vitro
incubations. The relationship between Srel of lignin
degradation and total VFA production was not always as
expected. For example, Phlebia brevispora did not result
in the highest Srel, nor the highest lignin loss, yet it
resulted in higher total VFA production compared with
the control. On the other hand, Ganoderma lucidum
resulted in one of the highest Srel indices, however this
was not reflected in a higher total VFA production.
Similarly, Pleurotus eryngii showed a constant Srel index
for 3 and 9 weeks inoculation, yet total lignin loss was
increased from week 3 to week 9. However, its total VFA
production was not increased accordingly. This was
hypothesized to be due to toxic compounds which impair
ruminal bacterial activity, resulting in lower VFA
production, despite the hemicellulose and cellulose
availability through lignin degradation. To confirm this
hypothesis, a cellulase assay was performed to assess the
cellulose availability for ruminal bacteria, after WRF
inoculation.
Cellulase assay
For Ceriporiopsis subvermispora, Ganoderma lucidum,
Lentinula edodes, Phlebia brevispora and Pleurotus
eryngii results of Srel indices and in vitro total VFA
production were in conflict. Therefore, organic matter
digestibility (OMD) of these treatments was determined
with an in vitro cellulase technique (1).

Table 2. Organic matter digestibility of OPF inoculated
for 3 and 9 weeks with WRF (g/100 g OM)
OM degraded
Fungi
Week 3
Week 9
t
Ceriporiopsis subvermispora
39.6†*bc
32.8
Ganoderma lucidum
38.5†*bc
26.8
Lentinula edodes
36.7†*ab
30.3
Phlebia brevispora
44.3†*c
27.9
Pleurotus eryngii
26.6
30.2a
Control
24.9
24.9
SEM
1.56
1.58
a,b,c, - different superscripts on same column show significant
differences (p<0.05) between fungi); † - Significantly different from
control (p<0.05); t-trend to differ from control; *- Weeks (week 3 vs.
week 9) differ significantly (p<0.05); SEM – Standard error of the mean

The cellulase assay was performed according to (1).
Results are presented in Table 2.
The OMD was highest for OPF inoculated with
Ceriporiopsis subvermispora for 3 (trend) and 9 weeks
(Table 2). Further, OMD was higher than the control for
OPF inoculated for 9 weeks with Ganoderma lucidum,
Lentinula edodes and Phlebia brevispora. Lignin
degradation (Figure 1) explained 53% of the variation in
cellulase degradation (Table 2) for the selected WRF,
whereas it explained only 5% of the variation in microbial
VFA production from the same WRF (Table 1).
OMD and to a lesser extent VFA production seemed to be
determined by the total lignin degradation rather than by
the Srel for lignin degradation. Relative selectivity for
lignin degradation and cellulase degradation were even
negatively related, presumably because of the negative
relationship between selective and total lignin
degradation.
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Introduction
Climatic conditions and shortage of water resources had
increased costs of animal feeds in many countries. Use of
agricultural by-products obtained after processing of fruits,
vegetables, crops and nuts, such as pistachio by-products
(PB), is often a useful way of overcoming this problem.
Iran is the greatest pistachio producer in the world. The
most three important exported pistachio nuts of Iran are
Ohadi, Akbari and Kaleghuchi (8). The current way of
dealing with pistachio by-products in Iran, using such
byproducts as animal feeds is a means of recycling that
reduces environmental pollution (4). De-hulling of
pistachio soon after harvest produces up to 400,000
tones/year of PB in Iran. Storage of this by-product is
difficult due to its high moisture content of 700 g/kg.
Drying is one method of preserving PB, but and it can
also be ensiled since it has a relatively low pH of 4.4 after
ensiling. The nutritive value of PB varies depending on
variations in the pistachios cultivars, growing practices,
kernel maturity and the de-hulling process. The crude
protein (CP) content of PB varies from 92 to 120 g/kg on
a dry matter (DM) basis, NDF from 300 to 360 g/kg DM
and ADF from 210 to 280 g/kg DM (3) The metabolisable
energy (ME) content of PB may vary from 7.1 to 7.5
MJ/kg DM (3), and the DM degradability of PB was 463
g/kg (3). However, PB contains a high level of tannins (13)
which can have an adverse effect on nutrient utilization
and can be toxic at high intake levels (11) due to their
ability to bind proteins, minerals and carbohydrates in the
gastrointestinal tract of animals (7). Several methods have
been used to deactivate tannins to improve their
nutritional value (6), such as anaerobic storage (silage),
drying and/or addition of polyethylene glycol.
Ben Salem et al. (2005) noted that anaerobic storage of
shrubs decreased the concentration of phenolic
compounds and Makkar (2003) reported that drying was
found to be effective in decreasing tannin levels in oak
leaves. This study was completed to evaluate the
effectiveness of ensilage treatments in deactivating PB
tannins and enhance nutritive value and digestibility of
two varieties of pistachio by-products.
Materials and methods
Fresh PB, which contains hulls, twigs, leaves, shells and
green kernels, was collected from the 20 samples of each
PB variety were collected from Toosdasht factory in

khorasan razavi (Bardaskan) in Iran and directly two
samples of these byproducts were ensiled two months in
Silage, which were inserted into a plastic bucket, pressed
and sealed. Ensiled samples were freeze-dried, ground to
pass a 1mm sieve and stored at −20 ◦C. The freeze-dried,
ensiled PB were analysed for dry matter (DM, method
930.15), ash (method 924.05) of AOAC (1990). Ash-free
neutral detergent fiber (NDF) was determined, without
sodium sulphite, according to Van Soest et al. (1991).
ADF (method 973.18 of AOAC, 1990), was determined
and expressed exclusive of residual ash. Silage pH was
determined on expressed juice obtained by thorough
mixing of 50 g of fresh silage with 125 ml of distilled
water and allowing standing at 25 ◦C for 1 h. After
decanting the silage extract into a small beaker, the pH
was measured (5) using a portable digital pH meter. To
determine dry matter degradability (in situ) with method
Ørskov and McDonald (1979) in 4 replicates for PB in 7
time. The experimental data were analyzed as a
completely randomized by using the procedure of SAS
(2002).
Result
There were some differences between chemical
compositions of different pistachio by-products. As be
seen in table 1, Ash content of akbari pistachio by-product
was upper than ohadi and the akbari variety had the
lowest EE among them and also content NDF and ADF of
akbari pistachio by-product was upper than ohadi.
According to the table 2, the of different Digestibility PB
were significantly different (P<0.05), The Degradability
of Akbari pistachio by-product was higher than Ohadi,
although it had more ash and NDF and ADF and lower
EE than Ohadi.
Table 1 Chemical composition of different pistachio byproducts
Varietie
Ohadi
Akbari

EE
10
9

CP
11.1
11.2

Ash
11.2
12

ADF
26
34

NDF
30.5
37

The Potential degradability (a+b) and the Effective
Degradability (ED) of the PB were influenced (p<0.05)
by variety.
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In the samples, the DM disappearance characteristics
(a+b, ED) of Akbari were higher (p<0.05) than Ohadi.
Table 2 In situ degradability of different pistachio byproduct and hull
Ohadi

Akbari

Incubation times
12

57b

65a

24

73b

76.9a

48

77b

82.9a

72

81

83

96

82.3b

86a

Degradability Parameter
A+B

84.33b

87.82a

ED (k= 0.05)

64.01b

69.40a

a+b: The potential degradability (g/kg DM); ED: The
effective degradability of dry matter calculated for an
outflow rate of 0.05/h (g/kg DM). Means with different
letters within varieties differ (p<0.05)
Discussion
In situ degradability of Akbari was significantly higher
than ohadi variety. The differences between in situ
degradability of varieties of pistachio by-products seem to
be dependent on other factors in addition to their
determined chemical composition, such as phenolic
compounds (Hydrolysable and Condensed tannins).
Therefore, more researches are needed for upgrading the
nutritional value of PB as well as the feeding methods to
ruminants regarding local conditions.
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Introduction
The pig is born with low body energy stores and devoid of
serum immunoglobulins. Colostrum and milk provide
both nutritional and immunological sources essentially for
the survival and development of the neonatal pig. The
production of colostrum and milk, however, very variable
among sows and the factors affecting this variability are
not well known (1). Sow nutrition before and after
parturition seems to impact on quantity and quality of
their colostral and milk production (2). In this study,
effects of Thai herbal mixer (Andrographis paniculata,
Curcuma longa and Monmordica charantia; HerbatobMix®) on colostrums and milk of sows were examined.
Materials and methods
The experiment was carried out in a commercial pig farm
in Khon Kaen Province, Thailand, under commercial pig
production conditions. The crossbreed (Large White x
Landrace) sows used in this study were in the 3rd to 5th
parity. Seventeen sows were allocated randomly to three
treatments which was as follows: (a) control group fed
with conventional diet without herbal mixer; (b) and (c)
supplemented with 3 gram per day of herbal mixer at 4
and 2 weeks before farrowing respectively and 6 gram per
day from farrowing until weaning in both groups. Birth
and weaning weight of piglets were recorded. Weight gain
were calculated and used for monitor growth
performance.On farrowing day Sow colostrums were
evaluated for percentage of fat, protein and lactose using
Milkoscan.

Table 1 piglets Average Weight Gain during 21 day
lactation
Treatments
Average Weight Gain±SD
control (a)
3.41±0.51b
4 weeks (b)
3.91±0.80a
2 weeks (c)
4.02±0.57a
mean with different letter differ significantly (p< 0.05)
Table 2 colostral composition of sows on parturition date
Treatments
Fat (%)
Protein (%) Lactose (%)
control (a)
7.78±2.79
14.99±4.64
3.38±0.69a
4 weeks (b)
8.81±2.34
17.70±4.08
2.43±0.42b
2 weeks (c)
5.66±0.73
16.59±1.47
3.07±0.27ab
mean with different letter differ significantly (p< 0.05)
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Result
After 21 days of lactation, growth of piglet was
significantly increased in herbal mixer supplement groups
b and c (3.91 ±0.80 kg and 4.02 ±0.57 kg) compared to
the control group (a) (3.41 ±0.51 kg) (Table 1). For
colostral composition analysis, however, only percentage
of lactose was significantly increased in control group (a)
(Table 2).
Discussion
The result indicated that herbal mixer (Herbatob-Mix®)
supplemented in sow diet can improve piglet growth. This
should be the result of increasing milk production during
lactation in sows acquired herbal mixer. The work of
Noblet and Etienne 2009 (3) do support this idea.
Although our result shown that percentage of lactose in
control group (a) higher than the 4 weeks group (b),
however in the present study this increase of lactose in
control group (a) had less affect on piglet growth.
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Introduction
Consumer concerns over food safety have increased over
the past several years and salmonellosis is realized to be a
major public health problem in almost every country. A
large number of food animal sources have been identified
as reservoirs of Salmonella, with poultry products
continuing to contribute significantly to the incidence of
foodborne disease (1), leading to a great concern to the
poultry industry. To prevent contamination of chicken
meat, it is important to control Salmonella infection along
the production chain. Numerous routes of contamination
exist during the growth period of the birds, but rearing
conditions on the farm are considered a key point in
controlling
Salmonella.
Persistent
environmental
contamination of housing is an important factor in the
maintenance of Salmonella infections in poultry flocks.
While cleaning and disinfection (C&D) typically does not
achieve total elimination of Salmonella from the poultry
houses, failure to achieve good decontamination of e.g.
equipment such as feeders and drinkers in particular is
claimed to be responsible for early re-exposure of new
flocks to Salmonella (2). Therefore, effectiveness of C&D
of broiler houses between flocks has to be evaluated.
However, as yet no information is available on the
effectiveness of current C&D procedures in the poultry
industry in Thailand. This study was conducted in order to
determine the efficacy of practiced C&D regimens to
reduce and/or to eliminate Salmonella in broiler houses in
a specific production compartment under field conditions
and to identify the most common serotypes of Salmonella
from the broiler housing environments before and after
C&D.
Materials and methods
Study population: A total of 10 Salmonella positive
broiler houses of a company‘s compartment in Northern
Thailand, whose broiler flocks had been identified as
contaminated with Salmonella before the study started,
were investigated from November 2008 to April 2009.
The broiler flocks were raised under an evaporative
cooling system. The raising period on average lasted 35
days on an all-in all-out basis.
Sample collection: Swab samples from different sites
including dust and water samples were collected inside
the broiler houses before C&D, within 1 day after the
birds had been removed for slaughter, and sampling was
repeated at the same sites after the C&D process. Using

wet and dry technique, gauze swabs were vigorously
swabbed against approximately 250 cm2 from each
quarters of the house, in total 0.1 m2. Then, the gauze
swabs were pooled into one sample. Dust samples were
collected by way of autoclaved brushes. Water samples
were collected from the end of the pipe line in a broiler
house. A total of 291 samples were obtained.
Laboratory methods: Salmonella spp. were detected
using ISO 6579(2002) Annex D (3) and ISO 19250
culture methods (4). Pooled surface gauzed swab samples
and 25 g of dust samples were placed into 225 ml sterile
buffered peptone water (BPW) while 1000 ml of water
samples was mixed with 1000 ml of double strength
BPW. Then, samples were incubated at 37ºC for 18 hr.
After pre-enrichment, 0.1 ml of the broth were transferred
into Modified Semi-solid Rappaport-Vassiliadis medium
(MSRV) as a single selective enrichment medium, while
Rappaport-Vassiliadis broth with soya (RVS) was used
for water samples. The inoculated media were incubated
at 41.5°C for 24 hr. If a plate was negative after 24 hours,
it was incubated for a further 24 hours. The samples were
streaked on Brilliant-Phenol Red-Bile-Lactose-Saccharose
Agar (BPLS) and Xylose Lysine Deoxycholate Agars
(XLD) and further incubated 37°C for 24 hr. Five
characteristic colonies were transferred into Nutrient agar
and incubated overnight at 37ºC before biochemical
confirmation was performed. Salmonella isolations were
then serotyped by slide agglutination following the
Kauffmann-White scheme.
Statistical analysis: Data were analysed using STATA
version 9 program. To determine the efficacy of C&D
regimes, efficacy was calculated by the following
formula:
% Efficacy = 100 – (% remaining positive)
% remaining positive = (Percentage of Salmonella after
C&D x 100)/Percentage of Salmonella before C&D
The McNemar test was used to compare prevalences of
Salmonella retained after C&D.
Results
Cleaning and disinfection practices employed: After the
birds were moved out to the slaughter house, removable
equipment such as feeding troughs was commonly
removed for C&D. C&D process of the broiler houses
started from dry cleaning by removal of litter and organic
materials. This was followed by wet cleaning, starting
with soaking; in this step water was sprayed onto ceilings,
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walls and floors respectively and left overnight. 3 out of
10 farms used NaOH in this step in order to soften organic
matter. Washing and rinsing by use of high pressure water
at least 2 times was the next step to remove the remaining
organic material from top to bottom of the houses, and to
wash the NaOH out of the house. Then, the houses were
left to dry for 1 to 2 days before disinfectants were
applied by spraying. The disinfectant used was a
combination of gluteraldehyde 15% w/v and quaternary
ammonium compound 10% w/v. After spraying, the
disinfectant was allowed to dry completely.
Effectiveness of C&D: Before C&D, 71 out of 149
samples were found positive with Salmonella spp.
(47.7%; CI: 39.5-55.7). The reduction by C&D was
noticeable, as after C&D 24 out of 142 samples were
found positive with Salmonella spp. (16.9%; CI: 10.723.1): The overall resulting C&D efficacy was 64.6%.
The percentage of Salmonella spp. after C&D was
significantly lower than before C&D (p<0.01, McNemar
test).
The overall percentages of Salmonella spp. contaminated
samples of individual broiler houses before and after
C&D are shown in Table 1.
Table 1 Efficacy of cleaning and disinfection procedures
against Salmonella in study broiler houses
Broiler Stage of
Salmonella
house
C&D
No. of
Positive % Efficacy
code
positive
(%)
of C&D
AK
Before
11/15
73.3
70.8
After
3/14
21.4
AJ
Before
7/15
46.7
69.4
After
2/14
14.3
CC
Before
7/15
46.7
85.7
After
1/15
6.7
BK
Before
6/15
40.0
50.0
After
3/15
20.0
BH
Before
11/15
73.3
81.8
After
2/15
13.3
CL
Before
9/15
60.0
64.3
After
3/14
21.4
BS
Before
7/15
46.7
54.1
After
3/14
21.4
AZ
Before
4/15
26.7
-7.1
After
4/14
28.6
DC
Before
4/14
28.6
73.1
After
1/13
7.7
AW
Before
5/15
33.3
57.1
After
2/14
14.3
Reduction efficacy in houses with the highest pre-C&D
contamination rates in fact was moderate.
Total
elimination of Salmonella was not achieved in any of the
houses. Contamination levels of only 2 out of 10 houses
were statistically significantly improved (p<0.05,
McNemar test), one house even showed a higher
contamination rate after C&D.
Table 2 contains the corresponding calculation results for
the efficacy of C&D procedures against Salmonella by
sampling sites. The C&D process reduced the percentages
Salmonella positivity for walls, lamps and gas pipes, air
defection blinds, water troughs and ventilation fans up to

100% by showing negative for Salmonella in all houses.
In contrast, at 2 sampling sites even higher percentages of
Salmonella were identified after C&D, being the floors
inside the houses and the dust sample resulting in negative
efficacy of C&D at -25% and -42.9%, respectively.
Table 2 Efficacy of cleaning and disinfection procedures
against Salmonella by sample sites of broiler houses
Sample site
Stage
Salmonella
of
No. Positive % Efficacy of
C&D positive (%)
C&D
Wall
Before 4/10
40.0
100.0
After 0/10
0.0
Ceiling
Before 0/10
0.0
After 0/10
0.0
Lamp and gas
Before 2/9
22.2
100.0
pipe
After
0/9
0.0
Air defection
Before 2/10
20.0
100.0
blind
After 0/10
0.0
Feeding trough
Before 7/10
70.0
57.1
After 3/10
30.0
Water trough
Before 8/10
80.0
100.0
After 0/10
0.0
Water from
Before 3/10
30.0
66.7
pipeline
After 1/10
10.0
Separation fence Before 4/10
40.0
50.0
After 2/10
20.0
Floor inside of the Before 4/10
40.0
-25.0
house
After 5/10
50.0
Ventilation fan
Before 4/10
40.0
100.0
After 0/10
0.0
Dust
Before 7/10
70.0
-42.9
After
3/3
100.0
Floor of entrance Before 8/10
80.0
75.0
of the house
After 2/10
20.0
Door
Before 3/10
30.0
33.3
After 2/10
20.0
Feeding cart
Before 7/10
70.0
57.1
After 3/10
30.0
Floor of feed
Before 8/10
80.0
62.5
storage room
After 3/10
30.0
Serotypes of Salmonella spp. in broiler farms’
environments: Of the 95 Salmonella isolations, most
belonged to S. Enteritidis (77.9%, 74/95), followed by S.
Weltevreden (6.3%, 6/95), S. enterica (8,20:z4z23:-)(6.3%,
6/95), S. enterica (O3,10:-:z6)(4.2%, 4/95), S. Give (2.1%,
2/95), S. Brunei (2.1%, 2/95) and S. Mbandaka (1.1%,
1/95).
Discussion
The Salmonella status of the houses before placement of
day-old chicks is considered as an essential part in the
production system because of its definite influence on the
Salmonella status of the flock at the end of rearing (5).
Results of this study reflect the efficacy of C&D of broiler
houses in a local commercial broiler production system in
Thailand. The C&D regimes used overall show serious
deficiencies. In none of the houses Salmonella could be
totally eliminated, similar to results of previous research
on layer houses and broiler breeder houses (2)(6). The
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percentages of the efficacy of C&D ranged from -7.1% to
85.7%. This large difference indicates that farms
obviously do not carry out one standard program.
Procedures in total and in detail do vary from farm to
farm. Each C&D step employed is obviously not fully
understood; measures are rather carried out routinely and
mechanically by farmers and employees. It seems that
sample positivity from different sample sites principally
did not change much although positivity was exhibited on
a lower level after C&D. This would indicate that
generally only some dilution effect (lower contamination)
was achieved but no thorough disinfection. Even worse,
applying not proper C&D probably did help to spread the
bacteria within some house.
Sampling site can affect the detection of Salmonella
recovered from broiler house environment both before
and after C&D. Highly contaminated sampling sites
before C&D were water trough, floor of entrance of the
house, floor of feed storage room, feeding trough, dust
and feeding cart. While highly contaminated sampling
sites after C&D were dust, floor inside of the house,
feeding trough, feeding cart, floor of feed storage room,
separation fence, floor of entrance of the house, door and
water from the end of the pipeline, respectively. Water
used during wet cleaning is suspected to have served as a
vehicle to spread bacteria over the houses.
S. Enteritidis was identified as the most common serotype
reported in Thailand (7) and globally (8). It was also
previously reported as most common Salmonella serovar
in poultry and poultry products in Thailand (9)(10). In the
study, same Salmonella types were often detected from
the same broiler house at different times. S. Enteritidis
was accounted as the most predominant serotype both
before and after C&D. The serotypes which were found
only after C&D like S. Give and S. Mbandaka might have
come from contamination from other sites of the houses
during C&D. This fact suggests that the contamination of
chicken meat with these serotypes might originate from
the broiler house before placing of day-old chicks.
Salmonella persistence in broiler houses after C&D, and
contamination of the house before placing day-old chicks
are the main risk factors for the infection of a flock (5),
especially if the prerequisites and procedures for C&D are
not adequate. Significant associations were found between
the contamination level of a flock and the hygiene of the
broiler house, of the feed and water in the broiler house,
and of both animal and non-animal materials sampled in
the environment (11). In order to bring the Salmonella
health hazard under control, the overall process of C&D
has to be considered and specific critical points of
application have to be investigated in more detail. The
high variability of contamination within and between
farms still after C&D underlines that significant
improvement of the C&D procedure together with the
implementation of regular monitoring of its efficacy prior
to introduction of new flocks into houses are essential to
ensure that decontamination has been successful.

farmers and their staff for their invaluable assistance with
this study as well as colleagues in the Veterinary Public
Health Centre for Asia Pacific and the Faculty of
Veterinary Medicine, Chiang Mai University for their
assistance with arranging field work.
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Abstract
Antibacterial effect of cinnamon and mace oils on
different food model media (starch agar, meat agar and
sausage agar) against pathogenic bacteria and lactic acid
bacteria was evaluated by agar dilution. Salmonella
Senftenberg, Salmonella Rissen, Staphyloccus aureus and
Listeria monocytogenes were more sensitive to cinnamon
oil on sausage agar (MIC 0.063 mg/ml) than other media.
S. Rissen was the most resistant bacteria to mace oil on
sausage agar (MIC 22 mg/ml). All lactic acid bacteria
tested were more resistant to cinnamon and mace oils
than pathogenic bacteria. The effect of mixed essential oil
at different concentrations on controlling growth of S.
Rissen and S. aureus in fermented beef sausage was
studied. Cinnamon (1008 ppm) and mace (1375 ppm) oil
combination effectively decreased S. aureus viable counts
in beef sausage by 3.70 log CFU/g at the end of
fermentation period (96 h) at 30C. However, cinnamon
oil at the concentration as low as 252 ppm mixed with
mace oil (1375 ppm) was sufficient to cause decreasing
number of viable S. Rissen to below detection level (<1
log CFU/g).
Introduction
Fermented beef sausages are products made by mixing of
some ingredients including raw beef, fat, cooked rice, salt,
sugar, nitrite and some spices, garlic and pepper with or
without addition of starter cultures, and then they are
fermented in appropriate condition until the pH drop to <
4.5. During fermentation, lactic acid bacteria (LAB)
produced various inhibitory substances such as organic
acid, formic acid, ethanol, hydrogen peroxide, diacetyl,
benzoate and bacteriocins (1). However, the survival of
pathogen bacteria in meat products has been reported (2,
3). Some pathogenic bacteria such as S. aureus and
Salmonella can tolerate or adapt to a wide variety of
environmental stresses (4). S. aureus can grow and
produce enterotoxin during fermentation of sausages, and
enterotoxin still remains in foods although the organisms
die (5). Salmonella has been associated with food
poisoning in fermented meat products. Outbreak of
Salmonella Typhimurium DT 124 in salami was reported
in England in December 1987 and January 1988 which
affected 101 people (6), while outbreak of Salmonella
Typhimurium PT 193 in same product affected 83 people
in Italy (7). Besides, Boonmar et al. (2) reported that
Salmonella were detected in 81.25% of Thai fermented
pork sausages (nham). Therefore, this suggests the need to
control these pathogenic bacteria in fermented beef
sausage.

Spice essential oils have recently received a great interest
to use as natural antimicrobial in food products.
Koutsoumanis et al. (8) reported that oregano oil was
effective to inhibit Salmonella enteritidis in cod‘s roe
salad, while mint oil at
5-20 µl/g level inhibited S.
enteritidis in yogurt. Besides, the previous study found
that clove oil, oregano oil, rosemary oil and sage oil
inhibited Bacillus cereus, Listeria monocytogenes and S.
aureus in meat products (9,10,11,12). Therefore, it may
be possible to use some spice essential oils for controlling
of S. aureus and Salmonella in fermented beef sausage.
Materials and Methods
Preparation of essential oils: Dried spices of cinnamon
(Cinnamonum zeylanicum) and mace (Myristica fragrans)
were extracted by steam distillation for 3 hours.
Bacterial strains and inoculum preparation:
Nine
bacterial species were used in this study including five
species of pathogenic bacteria, Salmonella Rissen DMST
7097, Salmonella Senftenberg DMST 7113,Listeria
monocytogenes DMST 11256, Staphylococcus aureus
TISTR 118 and Pseudomonas fluorescens TISTR 358,
and four species of LAB, Pediococcus pentosaceus P0805
isolated from raw pork (13), Lactobacillus lactis isolated
from raw spotted featherback fish fillet (14),
Enterococcus faecalis 4IS17 isolated from fermented
shrimp and Enterococcus faecium 1IS11 isolated from
raw mussel (15). Cell turbidity were adjusted to match the
turbidity of 5-Mcfarland standard for pathogenic bacteria
and 2-Mcfarland standard for LAB with 0.1% peptone
water. The final cell concentration was approximately 10 8
CFU/ml.
Antibacterial activity of cinnamon and mace oil on
different food model media: Oils of cinnamon and mace
were determined for minimum inhibitory concentrations
(MICs) by agar dilution method (16) on three different
food model media against nine species of bacteria. Food
model media used in this study were starch agar (3 g beef
extract, 10 g soluble starch and 15 g agar/ 1000 ml), meat
agar (30 g beef extract, 10 g beef fat and agar 15 g / 1000
ml) and sausage agar (beef extract 30 g, beef fat oil 10 g,
12 g sodium chloride, 3 g sodium tri-polyphosphate, 10 g
glucose and 15 g agar/ 1000 ml and pH adjusted to 5.5
using lactic acid).
Effect of mixed cinnamon and mace oils against S. aureus
and S. Rissen in fermented beef sausage: Beef sausage
was prepared and tested using five distinct essential oil
combinations with respect to the results of the MIC from
previous experiments. The sausage batter was divided into
five equal portions by weight. Each portion of the sausage
mixture was inoculated with S. aureus (107 CFU/g), S.
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Rissen (107 CFU/g) and P. pentosaceus (104 CFU/g).
Then, mixed cinnamon and mace oils at five different
combinations was added in each portion of sausage
mixture (Table 1)
Table 1 Addition of cinnamon and mace oils in the
sausage mixture for preparation of experimental
fermented sausages
Treatments
C
EO1
EO2
EO3
EO4

Concentration of essential oil (ppm)
Cinnamon oil
Mace oil
0
0
126
1375
252
1375
504
1375
1008
1375

The beef sausage batter was tightly packed in
polyethylene plastic bag. All treatments of sausages were
fermented at 30C for 96 hours. The viable counts of S.
aureus and S. Rissen were analysed at 0, 24, 48, 72 and
96 hours of fermentation by spread plating onto BairdParker agar (supplemented with egg yolk and potassium
tellurite) and XLD agar, respectively. Total LAB counts
was determined by pour plating with MRS agar. Data
were analysed using analysis of variance to determine if
significant differences (P  0.05) existed between mean
values and using Duncan multiple range test to compare
between treatment means.
Results and Discussion
MICs of cinnamon and mace oils on food model agar: All
pathogenic bacteria tested were more sensitive to
cinnamon oil on sausage agar with MIC 0.063 mg/ml,
while P. fluorescens and S. aureus were resistant to
cinnamon oil on starch agar (Table 2). Among all
pathogenic bacteria, S. Rissen was the most resistant to
mace oil on sausage agar (MIC 22 mg/ml). Most LAB
were more resistant to cinnamon oil than pathogenic
bacteria. Cinnamon oil had high antimicrobial activity on
sausage agar. The effectiveness of this oil may be due to
its antimicrobial compounds such as cinnamaldehyde (17)
The constituents, structure and functional groups of
essential oil were important to antimicrobial activity,
especially the phenolics were the most effective
constituents. Besides, intrinsic properties of food (NaCl,
pH, protein and fat) can influence inhibitory activity of
essential oils (18, 19).
Table 2 Minimum inhibitory concentrations of cinnamon
and mace oils in starch agar, meat agar and sausage agar
Bacteria

Salmonella Rissen
Salmonella Senftenberg
Staphylococcus aureus
Listeria monocytogenes
Pseudomonas fluorescens
Pediococcus pentosaceus
Lactococcus lactis
Enterococcus faecalis
Enterococcus faecium

lower viable S. aureus cells (P<0.05) as compared to other
treatments. The sausage samples added with cinnamon oil
at the highest concentration (1008 ppm) had lowest counts
of S. Rissen with 1.48 log CFU/g after 48 h of
fermentation (Figure 1b), whereas the S. Rissen in
sausage with cinnamon oil at 252, 504 and 1008 ppm
could not be detected after 96-hour fermentation.

Minimum inhibitory concentration (mg/ml)
Starch agar
Meat agar
Sausage agar
CO
MO
CO
MO
CO
MO
0.063
8
1
6
0.063
22
14
6
1
6
0.063
18
0.25
6
1
10
0.063
14
0.063
6
1
6
0.063
18
0.063
8
0.015
6
ND
ND
4
4
2
6
1
22
0.063
4
2
6
0.063
8
0.125
6
2
20
0.5
22
4
4
2
6
2
22

CO, cinnamon oil; MO, mace oil; ND, not detected

Survival of S. aureus and S. Rissen in fermented beef
sausage: Survival of S. aureus in sausage samples of all
treatments decreased as fermentation time increased
(Figure 1a). After 96-hour fermentation, the sausage with
the highest cinnamon oil concentration had significantly

Figure 1 Anibacterial activity of mixed cinnamon and
mace oils against Staphylococcus aureus (a) and
Salmonella Rissen (b) in beef fermented sausage during
fermentation at 30C (C = control (no oil added); EO1 =
cinnamon oil at 126 ppm and mace oil at 1375 ppm; EO2
= cinnamon oil at 252 ppm and mace oil at 1375 ppm;
EO3 = cinnamon oil at 504 ppm and mace oil at 1375
ppm; EO4 = cinnamon oil at 1008 ppm and mace oil at
1375 ppm)
Inhibitory effect of cinnamon and mace oils against S.
aureus and S. Rissen in fermented beef sausage may be
due to their antimicrobial compounds such as phenolic
compounds (20) The phenolic compounds can disturb the
cell membrane which lead to the leakage of cell contents.
However, not only the effect of essential oils, but other
inhibitory substances produced during the fermentation,
such as lactic acid, hydrogen peroxide, diacetyl and
bacteriocins (21) could cause decreasing of S. aureus and
S. Rissen viable population. Holly and Patel (22) stated
that pH value of food is an important factor affecting the
activity of essential oils. At low pH, the hydrophobicity of
some essential oils increases, and they can dissolve in
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lipid phase of food and bacterial cell membrane. S.
Rissen, a gram-negative bacterium has more lipid in cell
wall than S. aureus, a gram-positive bacterium. Therefore,
at low pH condition in fermented sausage, more oil may
be dissolved into S. Rissen cells. This may be the reason
why S. Rissen was more sensitive to essential oil than S.
aureus.
Growth of lactic acid bacteria and pH change: LAB in all
sausage samples were not inhibited by mixed cinnamon
and mace oils added (Figure 2). LAB are the most
resistant gram-positive bacteria to spices (4). As
fermentation time increased, LAB counts increased, while
pH of the sausages decreased. At the end of fermentation
time (96 h), lactic acid bacteria counts were 11.60-12.33
CFU/g and pH values of all sausage were in the range of
4.23-4.28, but no significant difference was observed
between each treatment (P>0.05).

Figure 2 Growth of lactic acid bacteria during
fermentation of beef sausages added with mixed essential
oils at 30C (C = control (no oil added); EO1 = cinnamon
oil at 126 ppm and mace oil at 1375 ppm; EO2 =
cinnamon oil at 252 ppm and mace oil at 1375 ppm; EO3
= cinnamon oil at 504 ppm and mace oil at 1375 ppm;
EO4 = cinnamon oil at 1008 ppm and mace oil at 1375
ppm)
Conclusions
In conclusion, the combination of cinnamon and mace oils
in fermented beef sausage was effective to inhibit growth
of
S. aureus and S. Rissen. The combination of 1008
ppm cinnamon oil and 1375 ppm mace oil showed the
best results, but high concentration of cinnamon oil added
in food may not be accepted by consumers in sensory
aspect. Therefore, the further research concerning
combined application of mixed essential oils and other
additives such as lactic acid or bacteriocins should be
investigated to optimize their antimicrobial effects with
sensory acceptability.
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Introduction
Tilapia (Oreochromis nilotica) is one of the top five main
freshwater cultured species in Thailand. To date, Tilapia
production has been rapidly increasing to supply both
exportations and domestic consumptions. The fastgrowing massive production has led to inappropriate farm
management systems that induce stress and increase
susceptibility to infections in farmed tilapia (1).
Aeromonas hydrophila, a gram-negative bacterium, is an
opportunistic pathogen that commonly causes diseases in
tilapia resulting in the economic loss and also causes the
diseases in humans (1). In fish farming, the antimicrobial
agents have been mixed with feed for oral administration.
Improper use of antimicrobials has led to development of
multidrug resistance in fish pathogens including
A. hydrophila. As seen in other bacteria, resistance
mechanisms of A. hydrophila could be associated with
class 1 integrons (Figure 1) that plays an important role in
the wide spread of antimicrobial resistance genes among
gram-negative bacteria (2,3). In Thailand, antimicrobial
resistance and class 1 integrons in A. hydrophila isolated
from freshwater fish have never been reported. The aims
of this study were to determine the antimicrobial
resistance and characterize class 1 integrons in A.
hydrophila isolated from farmed tilapia in Thailand.

Intl1

gene cassettes
attl1

5´CS
497 bp

qacE1

gene cassettes
attC

variable regions

sul1

orfx

attC

3´CS
1,198 bp

Figure 1 The model of class 1 integrons. The 5´
conserved regions (5´CS) contains the int1 gene, which
encodes the type 1 integrase enzyme. The 3´CS contains
qacE1-sulI gene that encodes resistance to quaternary
ammonium compounds and sulfonamide.
Variable
regions contain gene cassettes encoding antibiotic
resistance (4).

A. hydrophila isolates: Fifty strains of A. hydrophila were
isolated from farmed tilapia in Thailand during 2007-2009
and stored in 20% glycerol at -80°C. All strains were
genetically confirmed by using multiplex polymerase
chain reaction (PCR) technique with specific primers as
previously described (5).
Test of antimicrobial susceptibility: Minimum Inhibitory
Concentrations (MICs) values were determined using a
serial two-fold agar dilution technique according to
Clinical and Laboratory Standards Institute (6). All the
strains were examined for their susceptibility to 16
antimicrobials commonly used in human or veterinary
medicine i.e., amoxicillin, carbenicilin, enrofloxacin,
ciprofloxacin, streptomycin, kanamycin, gentamicin,
tetracycline, oxytetracycline, minocycline, erythromycin,
rifampin, chloramphenicol, cefoperazone, trimetroprim
and sulphamethoxazole. Escherichia coli ATCC 25922
and Staphylococcus aureus ATCC 29213 were used as
quality control organisms.
Characterization of class 1 integrons: All strains were
tested for the presence of intl1, the integrase gene by PCR
using the IntlF and IntlR primers (7). All the intl1positive strains were tested for possession of typical 3′conserved regions using primers specific for the qacE∆1sul1 fused structure (7). These intl1-positive strains were
also screened for the presence of variable regions using
5′CS and 3′CS primers (7) and characterized for the
resistance gene cassettes in variable regions using DNA
sequencing and restriction endonucleases assay as
previously described (8). All PCR assays were performed
in a final volume of 25 μl using PCR Master Mix
(Fermentas®, Mainz, Germany). DNA template was
prepared by the whole cell boiled lysate procedure. PCR
products were purified using Nucleospin Gel Extraction
kit (Nucleospin®, Gutenberg, France) and then submitted
for sequencing by Dideoxy Chain Termination (Molecular
Informatic Lab, N.T., Hongkong). Nucleotide sequencing
analysis was performed using NCBI blast search to
characterize for the resistance gene cassettes in variable
regions.

Materials and methods
Test of transferability: The test for transferability of class
1 integrons were performed using conjugation technique
as previously described (8). The A. hydrophila strains
containing class 1 integrons with the resistance gene
cassettes were used as donors and the spontaneous

rifampicin-resistant derivatives of E. coli MG1655
(MG1655 rifR) were used as recipients (8).
Transconjugants were selected and screened for their
plasmids, investigated for the possession of class 1
integrons and resistance gene cassettes.
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Conclusions

Results and Discussion
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These results highlight the widespread of multidrug
resistance and resistance determinants among aquatic
pathogens and indicate the need of proper and prudent
antimicrobial uses in aquatic animals. Experiments are
under the progress to investigate the plasmid profile.
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Figure 2 Distribution of antimicrobial resistance in
A. hydrophila. amoxicillin (AMO), carbenicilin (CAR),
sulphamethoxazole
(SUL),
trimetroprim
(TMP)
enrofloxacin (ENR), ciprofloxacin (CIP), streptomycin
(STR), kanamycin (KAN), gentamicin (GEN),
tetracycline (TET), oxytetracycline (OTC), minocycline
(MIN), erythromycin (ERY), chloramphenicol (CHP),
rifampin (RIF) and cefoperazone (CEF).
Distribution of antimicrobial resistance of the
A. hydrophila is shown in figure 2. In this study, all
isolates were resistant to at least one antibiotic; most
isolates were resistant to streptomycin (92%),
trimetroprim (88%), amoxicillin (86%), carbenicilin
(82%) and sulphamethoxazole (62%). Resistance to
gentamicin, chloramphenicol, rifampin and cefoperazone
was not detected. Antibiotic resistance phenotypes could
be grouped into 29 patterns and the most common
resistance pattern was AMO-CAR-TMP-STR (20%).
Ninety four percent of the isolates were resistant to at
least 3 antimicrobial agents and considered multidrugresistant (MDR). Previous studies in The Netherlands
reported that isolates from catfish and eel farms of A.
hydrophila were resistant to ampicillin, oxytetracycline
and sulfamethoxazole at high levels (9). In India,
A. hydrophila isolates from fish were resistant to
ampicillin and colistin (10). The differences in the
resistance phenotypes depend on the geographical area
and antimicrobials used in the country. The intI1-positive
strains and their antimicrobial resistance pattern are
shown in table 1. Class 1 integrons were detected in 23
isolates (46%). Among these intI1-positive strains, 14
isolates (60.86%) harbored antibiotic resistance gene
cassettes inserted in variable regions i.e., aadA2 (33.33%),
dfrA1 (20%), dfrA12-aadA2 (33.33%). The incompleted
genes including partial aadA2 (6.67%) and partial dfrA12
(6.67%) were found. Sixteen (69.6%) strains carrying
class 1 integrons had typical 3′ conserved regions,
whereas 7 isolates did not possess the region. All of class
1 integrons positive strains were resistant to at least 5
antimicrobial agents. The conjugal experiments indicated
that A. hydrophila could horizontal transfer class 1
integrons to the E. coli recipient.
All of three
transconjugants, two transconjugants harbored the gene
cassettes of the donors i.e., partial aadA2 and aadA2 while
one strain harbored empty gene cassettes.

Table 1 Antimicrobial resistance patterns of intl1-positive
A. hydrophila strains (n =23)
Gene cassettes
Antimicrobial resistance patterns (n)*
Partial aadA2 CAR-SMZ-TMP-CIP-STR
aadA2
AMO-CAR-ENR-CIP-STR-TET-OTC (3)
aadA2
AMO-CAR-SMZ-TMP-ENR-CIP-STR-TET-OTC
dfrA1
AMO-SMZ-TMP-STR-TET-OTC
dfrA1
AMO-CAR-SMZ-TMP-ENR-CIP-STR
Partial dfrA12 AMO-SMZ-TMP-CIP-STR-KAN-ERY
dfrA12f-aadA2 AMO-SMZ-TMP-ENR-STR
dfrA12f-aadA2 AMO-SMZ-TMP-ENR-STR-KAN
dfrA12f-aadA2 AMO-CAR-SMZ-TMP-STR-TET-ERY
dfrA12f-aadA2 AMO-CAR-SMZ-TMP -STR-TET-OTC
dfrA12f-aadA2 AMO-CAR-SMZ-TMP-ENR-CIP-STR-TET-OTC
aadA2, dfrA1 AMO-CAR-SMZ-TMP-ENR-CIP-STR-TET-OTC
CAR-SMZ-TMP-STR-KAN
AMO-CAR-SMZ-TMP-STR-KAN (5)
AMO-CAR-SMZ-TMP-CIP-STR-TET-OTC
AMO-CAR-SMZ-TMP-STR-KAN-TET-OTC
AMO-SMZ-TMP-ENR-CIP-STR-KAN-TET-OTC
*The number is indicated in parenthesis, if it is not one.
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Introduction

120°-121°E), were purchased from the local fish markets

Many parasitic helminthes are of major socio-economic

in Kaohsiung, southern Taiwan, between March 2008 and

importance due to the diseases they cause in animals (1,

April 2009. Fresh fishes were placed on ice and

2). Parasites from the family Anisakidae include species
that are of veterinary, medical and economic importance.
Some of them are parasites of fish hosts living in marine

transported to the laboratory. Fish length, weight, sex and
date of purchase were recorded. The larvae or adult
worms of nematode were collected by examining the

environments. Infection by anisakids can affect the
commercial value of fish, particularly when larvae are
located in the musculature, and thus represent some
economical loss for the fisheries industry (3). It is also

stomach, intestine, the other visceral organ and the body
cavity of the fish hosts. For morphological studies, worms
were relaxed in tap-water, fixed in 70% ethanol at 60℃,

well recognized that some anisakids, such as Anisakis

stored in fresh 70% ethanol, and observed under

simplex, are transmissible to humans, where they can

microscopy (5). Anisakid larvae were identified to genus

cause significant clinical disease (4). Lots of fishes are

based on the morphology of the parasite. The following

voracious predators and a variety of prey is present in

morphological characters were used: (a) the shape and the

their diet, including pelagic and benthic species. High

presence of the boring tooth or three lips on the anterior

parasitic Anisakine nematode diversity should thus be

end; (b) the shape of the tail and the presence of the

predictable. While little is known about these aspects of

mucron, the caudal spine or the cactus tail; (c) the

anisakid nematodes infection in sea fish in Taiwan, the
aims of the present study were to characterize larval
samples from various species of fishes from the Taiwan
Strait,

based

mainly

on

their

position of the excretory pore; and (d) the length and
shape of the ventriculus and (e) the presence, length and
position of the anterior intestinal caecum and posterior

morphological
ventricular appendix (6-8). The identification of Anisakis

characteristics.

species were sequenced and analyzed by extraction of
genomic DNA and performance of PCR (9, 10).

Materials and methods
One hundred and four Trichiurus lepturus, 16 Scomber

Comparisons of fish length, sex, prevalence and intensity

japonicus,

Trachurus

of infection with Anisakine nematode were analyzed by

japonicus, 24 Myripristis murdjan and 12 Dentex

F-test and one-way ANOVA. Prevalence and mean

tumifrons were examined for Anisakine nematodes. Total

intensity indices were calculated according to Bush et al.

284 fish caught from southern Taiwan Strait(22°-23°N,

(11).

88

Megalaspis

cordyla,

40
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Result

significant. The mean intensity in T. lepturus was

Anisakine nematode larvae were found free in the visceral

correlated to season and it shows significantly increase in

cavity, or encapsulated on the external walls of the

July, October and September (Fig. 1). But, it was

stomach, intestine, liver and gonads of the examined fish

irrespective of fish sex.

hosts. In T. lepturus, some larvae penetrated the

Table 1 Prevalence of sea fish infected with Anisakine

musculature of the abdominal laps. In D. tumifrons, some

nematode

larvae coiled together and form masses in the terminal

Fish species

intestine. The recovered

Trichiurus
lepturus
Scomber japonicus
Megalaspis
cordyla Trachurus
japonicus
Myripristis
murdjan
Dentex
tumifrons

nematode

was

classified

and identified
as

Anisakis

Anisakine
simplex,

Hysterothylacium aduncum, Porrocaecum decipiens and
Raphidascaris trichiuri. Light microscopic examination
revealed larvae of A. simplex as well as P. decipiens in
five species of fish hosts (T. lepturus, S. japonicus, M.

Numbers of
Prevalence
Fish examined
(%)
144
80.6*
36
38.9
38
26.3
40
20.0
12
0.00
14
85.7*

cordyla, T. japonicus and D. tumifrons), larvae/adult of H.

* significantly different (P<0.01)

aduncum in two species of fish hosts (T. lepturus and S.

Table 2 The numbers and mean intensity of Anisakine

japonicus), and larvae/adult of R. trichiuri in three species

nematode in sea fish

of fish hosts (T. lepturus, S. japonicus and D. tumifrons).

Fish species

Numbers of
Larvae/worm
recovered
4756
94
27
18
0
237

In addition to Anisakine nematode, Lecithochirium
trichiuri (Trematoda) and Proteocephalus sp. (Cestoda)
were also found. In other respect, the prevalence of
Anisakine nematode infection is 80.6% (n=144 for T.
lepturus), 38.9% (n=36 for S. japonicus), 26.3% (n=38 for
M. cordyla), 20.0% (n=40 for T. japonicus), 0.0% (n=0
for M. murdjan) and 85.7% (n=14 for D. tumifrons),
respectively (Table 1). The prevalence of anisakid
infection is significantly higher in T. lepturus as well as in

Trichiurus
lepturus
Scomber japonicus
Megalaspis
cordyla Trachurus
japonicus
Myripristis
murdjan
Dentex
tumifrons

Mean
intensity
41.0*
6.7
2.7
2.3
0.0
19.8

* significantly different (P<0.01)
80

D. tumifrons than in the other fish hosts. The mean

41.0 (for T. lepturus), 6.7 (for S. japonicus), 2.7 (for M.
cordyla), 2.3 (for T. japonicus), 0.0 (for M. murdjan) and
19.8 (for D. tumifrons), respectively (Table 2). It shows
significantly considerable differences in the mean
intensities of anisakid infection between T. lepturus and

70

60
50

mean intensity

intensity of Anisakine nematode in examined fish hosts is

40
30

20

the other fish hosts. With regard to T. lepturus, no
relationship between prevalence of anisakid infection and
fish length was observed. The number of anisakid larvae

10

0
-

per fish ranged from 1 to 116. The relationship between

-

-

-

-

-

-

-

month

-

-

-

-

-

-

mean intensity and fish length was positive but not
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Figure 1 The dynamic change between month and mean

their stomach in that time. Since the small fishes could

intensity of Anisakine nematode recovered in Trichiurus

harbor the larval stage of Anisakine nematode and the

lepturus from Mar 2008 to Apr 2009.

larvae accumulate in the predator fish, such as T. lepturus,
the decrease of the larval burden were evidently

Discussion

discovered in the specific seasons. In conclusion, in our

In Taiwan, the six marine fish hosts examined in this

study we provide further data on the frequency of

study are all commercial fishes and routinely consumed in

Anisakine nematode in sea fishes, improving the picture

local population. Although most of the Anisakine

of the occurrence of this pathogenic parasitic family in

nematode stayed in the visceral cavity or in the

sea fishes in southern Taiwan..

mesenteries, they were still alive even in the frozen
transportation process. The active Anisakid larvae found
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can be explained by the predatory voracity of T. lepturus
and their feeding strategy being non-selective and
generalist. In other respect, Costa et al. (12) indicate that
the intensities of Anisakis sp. in Aphanopus carbo were
high irrespective of season. In our study, the result is
contradictory. It may be due to the climate change. Ocean
acidification, a direct result of rising carbon dioxide
levels, will have major effects on marine ecosystems, with
possible adverse consequences on fish stocks. We also
found that the catch of T. lepturus in the coastal waters of
south-western Taiwan has declined and simultaneously
their feeding intensity decreases from January to May,
because of the insufficiency of their food. In other words,
fewer numbers of small fishes as their diet were found in
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Introduction
Campylobacter are small, curved-to-spiral shaped,
flagellated Gram-negative rods, ranging from 0.5 to
8 μm in length and from 0.2 to 0.5 μm wide [1]. Of the
17 species within the genus Campylobacter [2] and
[3], Campylobacter jejuni and Campylobacter
coli are the most important from a food safety point
of view [4]. Since its emergence as a foodborne
pathogen in the 1970s, Campylobacter spp. are now
estimated to be the most common causative agent of
foodborne illnesses, followed by non-typhoidal
Salmonella and Shigella spp. [5]
The majority of
Campylobacter
infections in
humans originate from consumption of raw or
undercooked meat products, however, unpasteurized
milk, raw vegetables, environmental water sources,
and vegetables are all potential reservoirs.
Currently, there is limited information regarding the
prevalence of Campylobacter in seafood in Iran.
Therefore, this study was conducted to determine the
contamination rate of Campylobacter spp. from retail
raw and frozen shrimp using standard culture method
in Iran.
Materials and Methods
Samples: From August-December 2009, 136 shrimp
samples including 60 from frozen shrimp and 76 fresh
shrimp from retail shops in Isfahan were examined for
prevalence of Campylobacter by cultural and
biochemical analysis. All samples were taken by using
sterilized utensils, placed in separate sterile plastic
bags to prevent spilling and cross contamination, and
were immediately transported to the laboratory in a
cooler with ice packs and processed within 2 h.
Isolation
and
Identification
Campylobacter:
Twenty-five mL sample was transferred to 225 mL of
Preston enrichment broth base (HiMedia Laboratories,
M899)
containing
Campylobacter
selective
supplement IV (HiMedia Laboratories, FD042) and
5% (v/v) defibrinated sheep blood. After incubation at
42 °C for 24 h in a microaerophilic condition (85%
N2, 10% CO2, 5% O2), 0.1 mL of the enrichment was
then streaked onto Campylobacter selective agar base
(HiMedia Laboratories, M994) containing an
antibiotic supplement for the selective isolation of
Campylobacter species (HiMedia Laboratories,
FD006) and 5% (v/v) defibrinated sheep blood and
incubated for 48 h at 42 °C under the same condition.
For the chiller tank sample was, 50 mL of water
samples were added to 50 mL double-strength
Campylobacter enrichment broth (Preston enrichment

broth base, HiMedia Laboratories, M899) and
incubated as described above. One presumptive
Campylobacter colony from each selective agar plate
was subcultured and identification of presumptive
Campylobacter species was performed using standard
microbiological and biochemical procedures including
Gram staining, production of catalase, oxidase,
hippurate hydrolysis, urease activity, indoxyl acetate
hydrolysis, and susceptibility to cephalotin (Bolton et
al., [6] ).
Results
Table 1 shows the prevalence of Campylobacter spp.
isolated from shrimp samples in Isfahan, Iran. Using
cultural techniques, 7 of 136 shrimp samples (9.2%)
were found to be contaminated with Campylobacter.
The prevalence of Campylobacter spp. In fresh shrimp
was found 9.2%. No Campylobacter was isolated from
frozen shrimp samples.
There were significant
differences (P < 0.05) in the level of contamination
with Campylobacter between fresh and frozen shrimp
samples. The most prevalence rate of Campylobacter
species isolated from shrimp samples was C. coli
(71.4%); the remaining isolates were C. jejuni
(28.6%).
Table 1. Prevalence of Campylobacter spp. isolated
from fresh and frozen shrimp in Isfahan, Iran.
Meat
sample

No.
of
samples

Campylobacter
spp. positive

C. jejuni

C. coli

Fresh
shrimp

76

7 (9.2%)

0 (0.0%)

1 (100%)

Frozen
shrimp
Total

60

136

-

7 (5.1%)

-

-

2 (28.6%)

5 (71.4%)

Discussion
Due to relative increase in the consumption of seafood
in Iran, we included 136 shrimp samples in this study.
The results of this study show that shrimp is an
important source for Campylobacter infection. There
are very few data about prevalence of microbial
contamination on seafood.
In our study C. coli was far more common than C.
jejuni. Campylobacter jejuni has been reported to be
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the most frequent species recovered from food of
animal origin specially poultry meat [7 ,8 ,9]. Our
results on the prevalence of C. jejuni in raw shrimp are
not in agreement with data from other countries.
The result of this study can give useful information to
the researchers for the next studies about the
infections which wil occur by the Campylobacter spp.
in aquatic animals. Also this study shows that
acquatic animals such as shrimp, can be effective
source of Campylobacter spp. especially C.coli.
Freezing of shrimp with infected water and ice, is the
most important reasons of infected shrimp.
The recommendation is to use molecular methods with
more sample of different variety, in order to find out
the condition of infecious in aquatic animal with this
pathogen.
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Introduction
Equine influenza (EI) is caused by a type A
Orthomyxovirus
trains
(or
subtypes)
influenza viruses described according to their type
(A,B,C)، host species ,location of first isolated country
,strain number ,year of first isolation ,and antigenic
subtype. Strains known to cause disease in equides are
H7N7 ( A/eq/Prague/56,equine ,first isolated in
Czechoslovakia in 1956 ) and H3N8 ( a/eq/Miami /2/63
influenza ,equine) ,first isolated in Miami ,strain 2 ,isolated
in 1963. EI affects horses , donkeys ,mules ,and other
equidae . An outbreak involving a modified H3N8 subtype
was happened in Isfahan one of the provinces of that is
in centre of Iran, in 2009 (2)..As for all viral disease
,treatment is largely supportive. Prevention and control is
carried out by inactivated or killed intramuscular and
intranasal vaccines that are commercially available (1,5)
so, we successed to provide an effectiveness control
programme and overcome equine Influenza virus( EIV)
disease(7), it is optimize about the important strategies ,it
was suggested and carried out . It is possible to be
overcome both control and prevention even eradication
of EIV when وan epidemic is occurred in all public and
privacy racing and training centers (3,6).Usually in most
middle east countries around Iran like as Turkey , Indian
….. EI V epidemic was often occurred and then
distributed to other countries as Iran .Recently by follow
up this control program of EI , it was possible to overcome
of EIV and then controlling EIV disease
Material and methods was carried as fallows:
1- Interpretation and analysis of present status EI disease
in Iran
2- Interpretation and analysis of problems and limitation of
controlling EI disease
3-Annalysis of results research and experiments of other
successful countries .
4- Identification of main goals of research in controlling EI
disease.
5- Identification and grading proposal and then performed
control program.
The aim of the surveillance program for equine influenza
in 2008 was to estimate the prevalence of the infection in
all over the Iran unvaccinated in population of vaccinated
horses.In addition to horses from in limited numbers were
screened for infection with subtypes influenza virus. The

ultimate goal of the program was to eradicate EI from the
Iran horse population.
Materials and methods
blood samples from the animals were taken one to two
months after the first sampling. These samples were
doubly tested in all three tests. .Due to the known cross
reactions in the serological tests between equine influenza
and other equine viral agents ,blood samples from seropositive flocks were tested with a sensitive PCR In Iran
there are almost 180 thousand horses with totally 84
active horse clubs (both private and public centers ), In
January 2008, Iran veterinary organization made a
decision to prevent and planned controlled program for
some viral animal diseases that EIV was one of them .In
this study a control program was written and performed
for a few horse population both surveillance and control
program for influenza virus disease was performed . It was
a prerequisite that is should be able to detect infected flock
more efficiently than the old one. The expenses .how ever
,should not exceed the costs of the existing program to any
great extent . These conditions limited the annual number
of flocks and animals to be included in the program . Thus,
the flocks participating in horse circles seemed to be a
suitable population for the purpose . .The horse circles
represent the top of the training system. . Approximately
2,400 population were part of this training system in 2008
,of a total of more than 180/000 horse flocks .It was
decided to start with the population participating in the
mare circles, and then gradually include more of the other
flocks as the examined flocks were declared free from
equine influenza…All training flocks would be tested
during the period 2008-2009 ,with all flocks at the
veterinary institute in Iran .The PCR was designed to
amplify sequences form belonging to the same mare circle
tested the same year by the Iran Animal Health
Organization(IAHO). The program in 2008 was based on
serological examination of blood samples from the selected
horses for antibodies against influenza virus with ELISA
(6) . Sero-positive Elisa – results were verified by another
ELISA and an agar gel immuno diffusion test (AGIDT)
.new developed both equine influenza and other viral
equine disease ,followed by sequencing to differentiate
between the two virus sub- types.. The inspectors at the
abattoirs still play an important role in the program by
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monitoring horse and especially horse lungs for detection
of suspicious cases consisting with equine influenza virus
infection.
Result
Equine flu vaccines were developed in the mid 1960s , in
response to the world wide epidemic of the "Miami"
strain, ,were not terribly effective (!,5) .Things have
moved immeasurably since then .Manufacturers regularly
update their flu vaccine to ensures they are effective
against the latest strains of flu virus. (8,9) Prevention and
control program seem very important . A lot of number
of serum samples that were tested for antibodies against
EIV were tested in 2008 and 96% of these were
negative regarding to antibodies against EI and 1.4% was
antibody positive EIV was found in o.6% of the individual
blood samples tested .(6)
Discussion
Special zones were established in 2008 in areas with
many remaining EI infected horses. In these zones ,
specific testing schemes were followed before animals
could be sold or allowed access to common pasture for
limited time (7 ). Iran veterinary organization was
engaged specifically for more intensive follow up of
infected horses .In addition , .information to veterinarians
,other advisors and farmers about the disease and how to
act to avoid re-infection was enforced .The ultimate goal
of control and eradicating EIV in Iran is now considered
achieved . The mopping –up in a few herds is still going
on.
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INTRODUCTION
Nutraceutical food is defined as food or food
components that can provide health benefits to
consumers beyond its original function (Marriot, 2000).
Goat‘s milk, like in cow‘s milk, comprise of components
especially protein that has health benefits (Haenlein,
2001). McCullough (2003) stated that the content of
lactose and milk protein in goat‘s milk is almost the
same as in cow‘s milk. However, there is a difference in
the structure and immunologic effect of the protein, as
well as the fatty acid content which comprises of
medium chain fatty acid. Goat‘s milk is believed to be
more easily digestible and less allergenic than cow‘s
milk.
As a nutraceutical food, goat‘s milk can give a
solution to those who are allergic to cow‘s milk or soy
milk. The allergic reaction to cow‘s milk usually is
caused by lactose or milk protein. Lacto albumin and
Casein in goat‘s milk have a different structure to cow‘s
milk so that they will not cause an allergic reaction to
baby and kids that are sensitive to cow lacto albumin
(Lamonthe et al., 2007).
Cow‘s milk contains casein which is the main
allergen up to 33.7% compares to 3.9% in goat‘s milk
(Tomotake et al., 2006) and another casein, as anti
hypertension is higher in goat‘s milk (Lamonthe et al.,
2007).
Research shows that there is a difference in the
physico-chemical characteristic between goat‘s milk and
cow‘s milk. McCullough (2003) stated that fat globular

is relatively smaller in goat‘s milk and easier to digest. A
larger globular fat surface area in goat‘s milk allows it to
activate pancreas lipase. Tomotake et al. (2006) reported
that the total of short and medium chain fatty acid (C4,
C6, C8 and C10) reached 16.1% - 19.7% in goat‘s milk,
compares to 5.8% in cow‘s milk. Goat‘s milk contains
lower palmitic acid (C16) compares to cow‘s milk.
Experiment conducted by Alferez et al. (2003) using
experimental mouse showed that consuming of goat‘s
milk will enhance the presence of zinc and selenium.
Taking consideration of a few milk characterizations,
such as easily digested, great source of energy, and no
allergic reaction, therefore milk goat can be utilised as a
nutraceutical food.
In the past 10 years, researches on identification
and characterization of milk components shows that milk
protein plays the biggest role in modulate the immune
system. In vitro indicate that casein, whey protein,
lactoferin, and endogenous milk IgG has proven to
modulate proliferation of lymphocyte. This concludes
that the immunomodulator potential in milk protein is
unlimited, although there is a variation among species
(Martin et al., 2000). Caseinophosphorpeptides (CPPs)
has an anti hypertension effect, anti carries and anti
allergy (Fitzgerald et al. 2003).
This present research explore the potensial of goat‘s
milk protein isolated from local goat‘s milk as
immunomodulator in arthritis rheumatoid animal model
using Rattus norvegicus, wistar strain.

Materials and Methods
Materials :
Male Wistar white rat (Rattus novergicus) 2 months
old weighing 100-130 g (Cellular Molecular Biology
Laboratory FMIPA UB), Citrate Buffer pH4.5, Primary
Antibody Rat Anti iNOS (Santa Cruz biotechnology),
Secondary Antibody Anti Rabbit IgG Biotin labeled,
Apoptag Kit, iNOS Kit, Mayer Haematoxyllin coloring,
Eosin, Chromogen DAB (Santa Cruz Biotechnology),
PBS (Phosphate Buffer Saline). PBS PMSF, Tris HCl,
butanol, DI (Deionized Water), Hydrogen Peroxide
(H2O2) 3% (Dako. Inc), Aquades, Ethanol 70%, Ethanol
80%, Ethanol 90%, Ethanol 95%, Ethanol Absolute,
Xylol, Parafin, NaCl 0.9%, Entellan, Serum BSA
(Bovine Serum Albumin) (Sigma, USA), Aquades and
PBS-Tween.

Methods
Milk Protein Isolation. Cow and goat‘s milk is obtained
from rural farm. Goat‘s milk is collected in duplicate
from 3 different goats (A.B.C) . Milk Protein is isolated
using Aulani‘am method (2005). 4mM of PBS PMSF is
added to milk sample, Pellet of the protein is mixed with
Tris HCl 20 mM and kept in -20⁰ C until ready for the
next analysis. Isolated protein is identified by SDS
PAGE. Gel visualized using silver coloring or transfer
to nitrocellulose membrane.
Isolation of Specific Protein (PsI) Milk using Electro
Elution Technique
SDS-PAGE gel is cut along the desired band
(molecule weight of 36-55 kDa). Each gel cut is inserted
into nylon bag then inserted into block glass containing
PBS, stirred for 24 hours. Every 6 hours PBS is changed.
To identify that the protein is eluted, gel is colored in
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silver. If there is no band, it means that protein is eluted.
Protein from elution is tested as an immunomodulator to
prove goat‘s milk as an nutraceutical food.

Superoxide Dismutase (SOD) tissue activity
measurement.
SOD measurement is conducted
using spectrophotometer at 580 nm wavelength and color
reaction as an indicator. Superoxide dismutase activity is
calculated using standard curve .
MDA content Tissue measurement. MDA
analysis is conducted by measuring absorbance using
spectrophotometer at 531 nm wavelengths. MDA content
is calculated using standard curve.
Histopathology. The organ sample is fixed to stop
autolysis process on cells that caused by digestive
enzyme on lysosim released during the cell is dying. The
samples is dyed using HE and evaluated microscopically
for
the
change
of
the
tissue.

Potential of PsI goat’s milk as an Arthritis
Immunomodulator.
In this experiment, immunomodulator function is tested
using animal model rats (Rattus norvegicus, wistar
strain) body weight of 150g and treated with complete
Freud adjuvant (CFA) for arthritis rheumatoid. The
rheumatoid rats were then treated with PsI and
immunomodulator function is observed through analysis
of free radical MDA (malonaldialdehid) and SOD
(superoxide dismutase), Histopathology of specific
organs (joints) using HE.
Results and Discussion
Isolation of Cow and Goat’s milk Protein
Table 1 shows that there is a variation of protein
content in milk from various goat‘s milk sample
(A.B.C), cow‘s milk (S), and elution result. In the
mixture of goat‘s milk elution, we found a high protein
content of 51625 mg/L. This explains that protein isolate
comply the requirement to be applied as a bioactive
molecule which will be tested later as an anti
inflammation.
Characterization and Identification of Milk Protein
using SDS-PAGE
Milk protein samples then analyzed for protein
profile using SDS-PAGE. The result can be seen in
Figure 1.
Figure 1 shows that there is a specific protein in
goat‘s milk which is different from cow‘s milk protein
with molecule weight of 36-55 kDa. The calculation of
molecule weight on the band is explained in Table 2.
Specific protein isolated from goat‘s milk has the
molecule weight of 32 and 64 kDa. Some specific
protein of cow‘s milk which is not present in goat‘s milk
also detected with molecule weight of 19.3; 30.1; 66.8
and 86.0 kDa. This shows that cow‘s milk and goat‘s
milk contain potential specific protein that can be
developed into nutraceutical food. In the next
experiment, PsI is isolated from goat‘s milk using electro
elution to test immunomodulator function of the PsI.
Table 2 also indicates that milk protein with
molecule weight of 32 and 61.4 kDa only present in
goat‘s milk. Specific protein from cow‘s milk with
molecule weight of 19.3; 30.1; 66.7 and 86.0 kDa is not
present in goat‘s milk. Lamonthe et al. (2007) stated that
goat‘s milk protein has a different configuration to cow‘s
milk. Cow‘s milk contains higher β s1 casein compares
to goat‘s milk (Tomotake et al., 2006) where β-casein
which has an anti hypertension function is higher in
goat‘s milk (Lamothe et al., 2007). This allows specific

protein in goat‘s milk to be used as a bioactive substance
in nutraceutical food.
Goat ’ s milk protein specific ( PsI ) as
Immunomodulator in Arthritis Rheumatoid
animal model
Electro elution sample is kept and used as an
immunomodulator on arthritis animal model. Six rats are
used in this experiment (2 controls, 2 arthritis, and 2
arthritis with specific protein therapy).
After rat shows arthritis sign, a therapy is applied
for 14 days by feeding 100 µl of goat‘s milk isolated
protein until 14 days. The comparison macroscopic
figure between healthy rat (control), rheumatoid arthritis
and after therapy and the results of histopathology
examination of the tissue can be seen in Figure 2 and 3.
In Figure 2, healthy feet (A) of the animal model as
control shows no sign of inflammation. In contrast to
Figure 2B shows inflammation as a confirmation that rat
has arthritis rheumatoid. After treatment with PsI of
goat‘s milk (2C) shows there is reducing of
inflammation close to normal condition.
The Macroscopic data is confirmed with
histopathologic examination of the healthy, rheumatoid
and after therapy tissue using HE (Haematoxillyn Eosin)
coloring, as shown in Figure 3. Results shows that PsI
can reduce inflammation. It is proved from the figures
that the tissue of rhematoid arthritis (Figure 3B) is cured
after treatment with PsI of goat‘s milk (Figure 3C). This
condition almost the same with the tissue of healthy rat
(Figure 3A). These macroscopic and microscopic data is
supported with SOD data, where PsI can be functioning
as
an
antioxidant,
anti
inflammation
and
immunomodulator.
Table 3 shows SOD activity, where there is
reducing of SOD activity in arthritis rat and after the
application of PsI, SOD activity increase closer to SOD
in control animal. This result explain that goat‘s milk
PsI provide an anti oxidant effect through free radical
scavenger.
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CONCLUSION
Goat‘s milk Specific Protein can be applied as
anti oxidant and anti inflammation in arthritis
rheumatoid animal model.
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Table 1. Protein sample concentration
Sample
A
B
C
S
Elution Mixture

A1
0.010
0.151
0.173
1.036
0.182

Absorbance (541 µm)
A2
Average
0.039
0.025
0.124
0.138
0.152
0.163
0.042
0.039
0.231
0.207

Protein
(ppm)
612.5
3437.5
4062.5
975.0
5162.5

Table 2. Molecular weight of goat‘s and cow‘s milk protein
Molecule Weight (kDa)
Band
Goat (A)
Goat (B)
Goat (C)
1
142.5
142.5
142.5
2
97.6
97.6
97.6
3
4
82.5
82.5
82.5
5
6
61.4
61.4
61.4
7
43.0
43.0
43.0
8
32.0
32.0
32.0
9
10
25.4
25.4
25.4
11
21.5
21.5
21.5
12
13
16.7
16.7
16.7
14
14.7
14.7
14.7

protein
(ppmx fp)
6125
34375
40625
9750
51625

Cow
142.5
97.6
86.0
82.5
66.8
43.0
30.1
25.4
21.5
19.3
16.7
14.7

Table 3. SOD activity
Treatment
Control
Arthritis
After Therapy

Average (Unit)
73.45
6.34
53.45

A: Goat‘s milk A
B: Goat‘s milk B
C: Goat‘s milk C
S: Cow‘s milk
M: Marker protein

Figure 1. Protein profile of goat‘s milk and cow‘s milk analysed using SDS-PHAGE
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A

B

C

Figure 2. Normal feet (A) of rat, Rhematoid arthritis (B) and after treatment with Spesific protein (PsI) of goat‘s milk

A

B

C

Figure 3. Histopathologic results of Normal tissue (A) of rat, Rhematoid arthritis (B) and after treatment with Spesific
protein (PsI) of goat‘s milk

After therapy (Padaga, Figure 7)
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Abstract
In this study, we investigated the anthelmintic activity of [6]-shogaol, [10]-shogaol, [10]-gingerol and
[6]-gingerol, a constituent isolate from the roots of ginger ( Zingiber officinale ), against for Anisakis
simplex. The above constituents killed and reduced spontaneous movements on Anisakis simplex
larvae, respectively. We further examined the time course of [6]-shogaol-, [10]-shogaol-, [10]-gingeroland [6]-gingerol-induced loss of mobility on Anisakis simplex . The results showed that [6]-shogaol,
[10]-shogaol, [10]-gingerol and [6]-gingerol have maximum effects of spontaneous movement loss at
various concentrations from 24 to 72 h, respectively. In addition, the time course of mortality and the
percentage of loss of spontaneous movements were studied to ascertain various minimal effective doses
of [10]-gingerol and [10]-shogaol. Further studies revealed that [10]-gingerol exhibited a greater
maximum larvicidal effect and loss of spontaneous movements than [10]-shogaol and albendazole. In
addition, these constituents of ginger showed effects against DPPH and peroxyl radical under larvicidal
effect. Thus far, we found that these constituents of ginger are responsible for their larvicidal activity
against Anisakis simplex.
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Introduction
Presently, infectious diseases in pigs cause economic and
production losses for pig farming. It has been known that
subclinical diseases in pigs play an important role of the
losses. A way of reducing the influences of the most pig
diseases on production can be done by monitoring
immunological status and identifying carrier or infectious
pigs. The infectious diseases and the immunological status
is mostly diagnosed and determined, respectively, by the
use of pig blood as an appropriate and excellent sample.
There are also other benefits obtained from investigating
pig blood samples, for instance quantifying hormone
level, pharmacological and toxicological study. There are
many blood vessels of pigs, but the blood vessels lie
below a large amount of subcutaneous fat and muscle
mass thereby making difficulty of identification when
relying on external landmarks (1). Blood sampling in the
pig can present difficulties due to the inaccessibility of
good veins and arteries (2). The external jugular vein is
laying in jugular groove and always be used for collecting
pig blood samples. Experiences of pig blood collection
would improve efficiency of the blood collection,
especially for new veterinarians or veterinary students.
The pig blood collection is deemed to an important
practice for swine practitioners or veterinary students who
plan to work as swine practitioners. Therefore, the recent
study was aimed to investigate factors affecting ability of
veterinary students for collecting pig blood samples.
Materials and Methods
Animals: One hundred and sixty pigs from a commercial
pig farm were randomly selected for blood sampling for
the current study. All blood samples obtained from the
pigs were further analysis for determining antibody level
in a trial of vaccine efficiency. All experimental pigs are
representative of all age ranges of the pigs in the farm,
which are pigs at the age of 3, 5, 7, 11 and 15 weeks, gilts,
sows and boars. The pigs were classified into 3 sizes;
small (3, 5, 7 week-old pigs; n = 60), medium (7 and 11
week-old pigs; n = 40) and large (gilts, sows and boars; n
= 60) size.
Blood collection: Five students who have enrolled a
course of Clinical Practice and Special Problems in Swine
assigned for the 6th study year of veterinary students of
Mahanakorn University of Technology. All students were

trained for blood collection from external jugular veins of
medium size of pigs reared at the Faculty of Veterinary
Medicine. Subsequently, the students were trained in the
commercial pig farm and they had to collect blood
samples of the representative pigs in the farms, randomly.
The small pig is restrained in dorsal recumbency on a
floor. The legs are held back and the head pressed down
(2). The medium and large pigs were best restrained in the
standing position by placing a nylon rope around the
upper jaw behind the corner incisor teeth (2). Each pig
was collected blood for 10 ml. A swine practitioner, who
has experiences of pig blood collection, was assigned to
collect blood samples from some pigs for 8 times and the
blood collection durations used were recorded.
Measurements: The time of each step of the pig blood
collection was recorded. Restraining to release duration is
the time from stabilizing pig by restraining to releasing
pig after blood sample collected. The time from needle
puncture to withdrawing needle after blood obtaining was
defined as blood collection duration. Number of punctures
was counted when needle was withdrawn from skin of the
pig until blood sample collected. Stress score was given
by a student throughout the experiment with three levels;
score 1 (mild stress) = slightly red skin, score 2 (moderate
stress) = red skin and score 3 (severe stress) = dark red
skin.
Statistical analysis: Data were analyzed using SPSS (3).
Descriptive statistics including the mean, median and
range of all parameters were calculated. The values of all
measurements were compared among sizes of the pigs
using Kruskal-Wallis One-Way Analysis of Variance
procedure and were compared between male and female
students using Mann-Whitney test. Differences with
P<0.05 were regarded to have statistical significance.
Results
Each student had collected blood samples on the average
of 32 times. The results of the present study have been
shown in the Table 1. The ranges of the restraining to
release duration, blood collection duration and number of
punctures were rather wide, including all stress score
levels found. These indicated that there are not normally
distributed and median was used to show central tendency
of all measurements.
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The ranges of all measurements in large size pigs are
wider than those in the small and the medium size pigs.
There are also wider ranges of all measurements for the
male students when compared with those for the female
students. The durations of the restraining to release and
the blood collection in the medium size pigs and the
female students had the shortest duration (P<0.05) used,
when compared with those in the small and the large size
pigs and male students, respectively. The number of
punctures and stress score of the small and the medium
size and also the female students were lower (P<0.05)
than those of the large size pigs and the male students,
respectively.
The duration of blood collection of pigs by the swine
practitioner was 22.9  2 seconds. The durations used for
the medium size pigs and the female students were not
different from those for the swine practitioner whereas
there are longer duration of blood sampling (P>0.05) for
the small and the large size pigs and by the male students,
when compared with the duration used by the swine
practitioner.

implies that medium size pigs would be a suitable size and
model for training veterinary student to collect pig blood
samples.
The female veterinary students had shorter duration of pig
restraining and blood collecting than the male veterinary
students. The lower number of punctures and stress score
in the female students would support and explain the
shorter duration and less stress for blood collection from
the pigs. However, there is hardly to give the cause of
student sex influencing pig blood collection. This might
be the results that the female veterinary students get more
insight and perform pig blood collection meticulously. In
addition, the low number of veterinary students would
partly affect to the experimental results. Therefore, further
experiments with high number of veterinary students
should be conducted.
Under the current study, the veterinary students should be
trained for getting more ability to collect blood samples
from all sizes of pigs. The female veterinary students
tended to have more efficiency of pig blood collection
than the male veterinary students.

Discussion
The veterinary students took lowest time to collect blood
samples for the medium size pig. This would be explained
by the fact that small blood vessels for the small size pigs
and more difficulty of restraining the large size pigs,
which are in accordance with higher number of punctures
and stress score. As the earlier report (2), positioning of
the pig is very important, with the head raised and the
front legs positioned well to the rear. There is also deeper
external jugular vein from pig‘s skin in larger pigs (4).
There is also more deposition of subcutaneous fat in
larger size of pigs. There is also indicated that ability of
the students for collecting blood samples from medium
size pigs was similar to that of the swine practitioner. This
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Table 1 Classification of the experimental pigs and enrolled students and measurements of duration used,
number of punctures and stress score of blood sampling from 160 pigs by the 5 veterinary students, all values
expressed as mean (range; meadian)
Measurements
Restraining to release
Blood collection
Number of
Classification
Stress score*
duration (second)
duration (second)
punctures (time)
Pig size
Small
54.7b (3-227; 40.0)
34.9b (1-217; 22.5)
1.750a (1-5; 1.0)
1.067a (1-2; 1.0)
a
a
a
Medium
34.4 (10-140; 21.5)
25.8 (3-130; 10.5)
1.675 (1-4; 1.0)
1.000a (1-1; 1.0)
c
b
b
Large
165.9 (15-538; 125.5)
98.6 (3-543; 43.5)
2.650 (1-9; 2.0)
1.267b (1-3; 1.0)
Sex of the students
Male
181.0b (20-583; 120.0)
114.9b (4-543; 57.0)
2.857b (1-9; 2.0)
1.347b (1-3; 1.0)
a
a
a
Female
51.7 (3-362; 30.0)
30.8 (1-238; 17.0)
1.721 (1-5; 1.0)
1.027a (1-2; 1.0)
Overall
91.3 (3-583; 44.0)
54.9 (1-543; 22.0)
2.069 (1-9; 2.0)
1.125 (1-3; 1.0)
*
Stress score ranges from low to high = 1, 2 and 3.
a, b, c
Values in the same column in each classification with different superscript letters differ (P<0.05).
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Introduction
Osteoarthritis (OA) or Degenerative joint disease (DJD)
(1) is characterized by progressive degenerative changes of
joints(3). It is a slowly progressive degenerative disease of
articular cartilage of diarthrodial joints and degenerative
disease of articular cartilage and joint‘s osteophyte. The
dogs are suffering from pain and can not used this joint as
usual(4). The aims of treatment in osteoarthritis are
reliving pain and used the joint as normal. The successful
treatments need appropriate medical management
including; pharmacologic treatment, exercise management
and weight control. Normally, the diagnosis of
osteoarthritis depend on a patient‘s signalment, medical
history, clinical signs, physical examination finding,
radiographic findings and laboratory data(2). The level of
the biomolecules of cartilage in serum (keratin sulfate,
hyaluronan, collagen type II and chondroitin sulfate) is
used to diagnose at the beginning of osteoartritis and
evalulate the severity of the joint problem(2). In addition,
the biological marker was used for indicate the responsible
of
medical
treatment
such
as
nonsteriodal
antiinflammatory drugs and chondroprotective drugs.
Chondroitin sulfate is an articular cartilage
breakdown product liberated into synovial fluid (5-6) and
serum(7) and may be measured as biochemical marker
reflecting metabolism of cartilage(8-9). And of the most
important biomolecules of catilage is chondroitin sulfate. It
plays an important role in maintaining the normal function
of this tissue(10). Chondroitin sulfate proteoglycan, a
major biomolecular substance in cartilage matrix, is
released when deterioration of articular cartilage occurred.
Immunoassay using specific monoclonal antibodies, mAb
WF6 from Chiang Mai University, Thailand and mAb 3B3
from Seikagaku Corporation, Tokyo (Japan) can detect the
released chondroitin sulfate in serum. 3B3 epitope reflects
anabolism of cartilage and, in contrast, WF6 epitope
reflects catabolism of cartilage.

Materials and Methods
Serum samples were collected from 117 dogs in which 90
dogs were normal and 27 dogs had osteoarthritis problems.
Laboratory tests included complete blood count and blood
chemistry. Concentrations of chondroitin sulfate epitopes
(3B3 and WF6) were measured by competitive inhibition
ELISA(7). The serum samples were stored at -20 oC before
analysis.
A competitive inhibition ELISA for 3B3: In competitive
immunoassay with the monoclonal antibody 3B3 was
developed to analyse dogs serum for chondroitin 6-sulfate
3B3 (+) epitope after digestion with chondroitinase ABC.
Pig core aggrecan is used as coating antigen and
competitor, 3B3 monoclonalantibody (mAb 3B3) as
primary antibody and the IgM-specific peroxidase
conjugated anti-mouse immunoglobulin as secondary
antibody.
A competitive inhibition ELISA for WF6: Dogs serum
samples were also assayed by a competitive immunoassay
with monoclonal antibody WF6, which recognises native
epitopes in CS chains without chondroitinase ABC
digestion. Shark proteoglycan is used as coating antigen
and competitor, WF6 monoclonalantibody (mAb WF6) as
primary antibody and the IgM-specific peroxidase
conjugated anti-mouse immunoglobulin as secondary
antibody.
Results
The results showed that the osteoarthritis dogs had a
significantly higher concentration of WF6 epitope than the
normal dogs (613.42±919.92 vs 213.37±174.77 ng/ml)
(p<0.05). There was not significantly different in the
concentration of 3B3 epitope in osteoarthritis dogs and
normal dogs (64.74±104.97 vs 125.63±252.89 ng/ml)
(p>0.05). When compared among age groups in normal
dogs, there were not significant different in the level of
concentration for both 3B3 and WF6 epitopes.
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Discussion
This study indicated a high catabolism of cartilage in
osteoarthritis dogs and it suggested that chondroitin sulfate
WF6 epitope can be use as cartilage destruction marker in
diagnosis osteoarthritis and 3B3 epitope as cartilage
anabolism marker in following up osteoarthritic treatment.
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Introduction
Renal dysplasia (RD) refers to a disorganized development
of renal parenchyma due to defective interaction of ureteric
bud and metanephric blastema (1,2,3,4). RD is well known
and has been reported in human (5) and some animal
species such as dogs (4,6,7,8,9), cat (10), calf (11,12),
sheep (13), horse (14), pig (15), hamsters (16) and antelope
(17). In dogs, RD is a common cause of renal insufficiency
in many canine breeds e.g. Shih Tzu, Lhasa Apso, Great
Dane, Samoid, Alaskan Malamute, King Charles Spaniel
Bulldog and Labrador Retriever (6).
Objective: The objective of this study is to report the
occurrence and pathological features of renal dysplasia in a
slow loris (Nycticebus coucang), as it was rarely reported
in this primate species.
Materials and methods
Case history: A 3-year-old male slow loris (Nycticebus
coucang) was found dead without previously detectable
clinical sign. The carcass was submitted to Mahanakorn
Veterinary Diagnostic Center (MVDC) for investigation.
Necropsy and histopathology: Necropsy was performed
and photographic documented. Tissue samples were
collected and fixed in 10% phosphate buffered formalin for
histopathological examination using conventional paraffin
embedding technique with routinely hematoxylin and eosin
(H&E) staining. The H&E slides were examined under
light microscope (Zeiss, Germany).
Immunohistochemistry and special stains: Immunohistochemical (IHC) reaction using antibody against
pancytokeratin (1:200 AE1/AE3, Neo Marker, USA),
vimentin (1:1,000 V9, Neo Marker, USA) and factor VIIIrelated antigen (Neo Marker, USA) were also performed in
renal tissue to investigate IHC characteristic of cells in
altered kidney. Lebelled streptavidin-biotin (LSAB, Dako,
Denmark) technique with 3,3'-diaminobenzidine (DAB) as
a chromogen was applied to visualize
the
immunohistochemical reaction as previously described
(18). Special stains such as Azan-trichrome (Bio-Optica,
Italy) and periodic acid-Schiff or PAS (Bio-Optica, Italy)
were applied to renal tissue according to macroscopic
finding of small kidney. All tissue sections were
counterstained with hematoxylin and examined under light
microscope.
Results
Necropsy: Necropsy findings exhibited unilateral rupture
of the globe, mottle-enlarged liver, splenomegaly with red
pulps hyperplasia, massive pulmonary hemorrhages and
small shrunken left kidney (Fig. 1-2). Gross pathological
diagnosis of septicemia with eyeball rupture and renal

hypoplasia were proposed. The cause of death in this
animal is most likely due to sepsis.
Histopathology: Histopathological examination showed
many hyaline thrombi in renal glomerular capillaries.
Bacterial emboli in capillaries were detected in many
organs including kidney, lung, liver, spleen and brain.
Renal microscopic findings revealed the presence of fetal
glomeruli (Fig. 3) with variation in glomerular sizes,
dilated and disorganized renal tubules (Fig. 4-6), interstitial
accumulation of mesenchymal cells, proliferation of
collecting duct epithelium and interstitial and glomerular
fibrosis. Histopathological diagnosis of unilateral renal
dysplasia was considered based on characteristic
histological findings. The presence of multiple thrombi in
capillaries
indicated
disseminated
intravascular
coagulation (DIC).
1
2

UB

Vet.Path.MUT.

Vet.Path.MUT.

Figure 1-2 Gross pathological findings of kidneys: (1)
Small shrunken left kidney (arrow), UB = urinary bladder,
Bar = 1.2 c.m., (2) Sagittal section of left kidney with
segmental loss of cortical tissue (arrow heads), Bar = 0.5
cm.
3
4
M
M

M

Vet.Path.MUT.

Vet.Path.MUT.
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M

Vet.Path.MUT.

Vet.Path.MUT.

Figure 3-6 Histopathological findings of left kidney: (3)
presence of fetal glomeruli (arrows), M = mesenchymal
tissue, Bar = 20 m., (4) disorganized renal tubular
epithelium (arrows) with interstitial mesenchymal cells
(M), Bar = 20 m., (5) dilated dysplastic renal tubules
(arrows), M = interstitial mesenchymal tissue, Bar = 40
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m., (6) Higher magnification of dysplastic renal tubules
(arrows), M = mesenchymal tissue, Bar = 20 m.
Immunohistochemistry and special stains: The results of
immunohistochemical reaction to vimentin, pancytokeratin
and factor VIII-related antigen and special stains were
summarized in table 1. Some immature renal tubules were
immunohistochemically positive to vimentin (Fig. 7-8) and
negative to pancytokeratin (Fig. 9). Immunohistochemical
reaction to factor VIII-related antigen showed less positive
reaction in immature glomeruli and in interstitial tissue of
dysplastic areas. Azan-trichrome stain revealed pale blue
staining of interstitial extracellular matrix in many
dysplastic areas of left kidney (Fig. 10). Basement
membrane demonstrated by PAS staining was
discontinuously observed in some immature renal tubules
in affected areas.
Table 1 Summarized results of immunohistochemistry and
special stains in affected renal tissue
IHC & Special stain
Results
Vimentin
Positive in some immature and
metaplastic renal tubules
Pancytokeratin
Negative in some immature renal
tubules
Factor VIII
Less
positve
in
immature
glomeruli
Azan trichrome
Positive in interstitial extracellular
matrix in many dysplastic areas
PAS
Discontinuously
positive
in
basement membrane of some
immature renal tubules
7

8

G

Vet.Path.MUT.

9

Vet.Path.MUT.

10

in this animal is unknown. In the literatures, heriditary,
viral infection, hypovitaminosis A and occlusion of ureter
were reported. Generally, it is not possible to differentiate
RD from renal hypoplasia macroscopically. Both renal
hypoplasia and RD may result to small kidney, but the
hypoplastic kidney is histologically normal (2,13). Many
characteristic histopathological findings of RD in human
were documented e.g. presence of disorganized renal
parenchyma, presence of primitive ducts, ducts lined by
columnar epithelium and surrounded by connective tissue,
presence of fetal glomeruli and foci of metaplastic
cartilage (5). Pyelonephritis as the most common
complication of RD was not observed in this animal. Fetal
glomeruli observed in this animal were rare or lack of
capillaries as also confirmed by less positive IHC reaction
to
factor
VIII-related
antigen.
The
positive
immunoreactivity to vimentin of immature and
disorganized renal tubules observed in this animal may
imply abnormal development of these cells, since vimentin
is generally not detected in epithelial cells. Inappropriated
vascular formation and abnormal development of renal
parenchyma during nephrogenesis may play an important
role in the presence of immature glomeruli and
disorganized renal tubules observed in this animal. In
addition, discontinuously PAS positive in basement
membrane of some immature renal tubules may reflect
abnormality of basement membrane as also reported (19).
Conclusion: In this report we describe gross and
histopathological features of renal dysplasia (RD) in a
male slow loris (Nycticebus coucang), which is an
accidental finding. To the author knowledge, this case
might be the first report of RD in slow loris.
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Abstract
Antibiotic beads had been used to deliver local high levels of drug to the tissues for treatment of
local bacterial infections. Four types of beads, amikacin and kanamycin-calcium sulfate and polymethyl
methacrylate (PMMA) beads, had been studied for elution characteristics of antibiotic for 20 days in
vitro. Amikacin (injecting solution) and kanamycin (powder) were incorporated with calcium sulfate and
PMMA, in the ratio amikacin 500 mg/calcium sulfate 10 g, kanamycin 1 g/calcium sulfate 10 g,
amikacin 500 mg/PMMA 10 g and kanamycin 1g/PMMA 10 g, to prepare the beads. Concentrations of
eluted amikacin and kanamycin in phosphate buffer were determined by microbioassay. The eluted
antibiotics throughout 20 days were higher than minimum inhibitory concentration for Staphylococcus
aureus at 5 g/ml. Amikacin and kanamycin were released from calcium sulfate beads significantly
more than from PMMA beads. The initial release was rapidly and continued release was followed. The
results showed both amikacin and kanamycin-impregnated calcium sulfate and PMMA beads may be
effective materials for the treatment of local bacterial infections, especially malocclusive abscesses in
rabbit and osteomyelitis. In addition, calcium sulfate was a potential carrier for antibiotic delivery since
its low cost and long-term controlled release of antibiotic.
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Introduction

Results and Discussion

Adult canine brain-derived glial precursors namely
―Schwann cell-like brain glia (SCBG)‖ sharing a common
characteristic with Schwann cells and oligodendrocyte
precursor cells were recently described (1). Since Schwann
cells and olfactory ensheathing cells (OECs) have been
shown to promote neural regeneration in vivo, therefore,
SCBG might represent a new cell source for
transplantation purpose. To achieve this goal, a sufficient
number of SCBG is prerequisite. In the present study, we
investigated the in vitro properties of SCBG prior to and
after human telomerase reverse transcriptase (hTERT)induced immortalization.

Materials and Methods
Primary cultures of adult canine SCBG were prepared
from cerebrum of 3 six-month-old healthy beagles. After
purification with p75NTR antibodies, SCBG at passage 4
were transfected with pBabe puro-hTERT (Addgene) using
Lipofectamine™2000 (Invitrogen) (2, 3). The puromycinresistant clones were selected and expanded. SCBG 5-8
passages after transfection were used for RT-PCR,
proliferation assay and antigenic characterization.
Reverse transcriptase polymerase chain reactions (RTPCR) were done using a panel of specific primer pairs as
previously described (3).
Long-term proliferation assays for investigation the
growth kinetics of SCBG in culture, the constant cell
number were seeded and grown in the absence and
presence of fibroblast growth factor-2 (FGF-2; 20 ng/ml)
in 25-cm2 flasks. Cells were dislodged at confluency and
counted in a hemocytometer. The doubling times (DTs)
were calculated at every passage using the formula:
DTs (days) = Days in vitro x Log (cellsharvested/cellsseeded)
Log (2)
After the introduction of ectopic hTERT transfection, the
cumulative population doublings (CPDs) of nontransfected and transfected SCBG were determined by
summing the log until the last passage (4, 5).
Antigenic characterization was carried out by
immunostaining with the neurotrophin receptor p75
(p75NTR), ganglioside Q (A2B5), sulfatide (O4) and glial
fibrillary acidic protein (GFAP). All statistical analysis
was performed using the Statistical Analysis System,
version 9.1.

The SCBG displayed bi- to tripolar, spindle-shaped
morphology (Fig. A), proliferated throughout multiple
passages in the absence of FGF-2 for 2.5 months without
sign of senescence (Fig. C,
), could be freezed/thawed
for cell stocking and still respond to FGF-2 after thawing.
Spontaneous immortalization did not occur even under
long-term mitogenic stimulation (Fig. C,
). On the
contrary, hTERT-transfected cells showed the reduction of
proliferation independent of FGF-2 treatment (Fig. D) and
altered the A2B5, O4, GFAP but not p75NTR antigenic
expression (Fig. B, E-H). Transfection did not modulate
the mRNA expression of senescence-associated genes
including p53 and p16. This is the first report revealed the
similar behaviour regarding long-term proliferation and the
effect of hTERT transfection of SCBG to adult canine
Schwann cells and OECs (3, 5). Interestingly, the SCBG
might be considered as an attractive candidate for
translational studies of neural repair.
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Introduction
Matrix metalloproteinases (MMPs) are the predominant
family of proteinase enzymes that can degrade
extracellular matrix (ECM) and critical for maintaining
tissue homeostasis (1, 2). Their endogenous inhibitors,
tissue inhibitors of metalloproteinases (TIMPs), play an
opposite role as crucial regulators in diverse physiologic
and pathologic processes ranging from embryonic
development, tissue morphogenesis, wound healing,
angiogenesis, inflammation, signaling and cancer
metastasis (3). Interestingly, the regulation of the
MMP/TIMP counts for a fundamental biological process
including normal growth, lesion initiation and progression.
In this study, we determined the expression of various
MMPs and TIMPs in two canine glial cells, Schwann cells
and olfactory ensheathing cells (OECs).
Materials and Methods
Primary cultures of OECs and Schwann cells derived from
4 healthy dogs (6-month-old beagle) were isolated,
purified and maintained under standard conditions (37oC,
5% CO2, water-saturated atmosphere) (4). Cells from
passages 5-7 were grown in 6-well PLL-coated plates
(NuncTM) (1.6 x 105cells/well). Samples were collected
following 3 and 6 days post seeding for quantitative realtime PCR analysis (Mx3005PTM QPCR System,
Stratagene® Europe, Amsterdam, the Netherlands) (5).
Data were normalized with a normalization factor achieved
by geometric averaging of the two housekeeping genes
(EF1, HPRT) using the geNorm software version 3.5.
MMP-2

F: 5′-GGA GAT CTT CTT CTT CAA GGA CCG-3′

(89 bp)

R: 5′-AGA ATG TGG CTA CCA GCA GGG-3′

MMP-9

F: 5′- CAT GAC ATC TTC CAG TAC CAA G-3‘

(85 bp)

R: 5′- GGT TCA CCT CAT TCC GAG AA-3‘
P: 5‘-FAM-CTA CTT CTG CCA GGA CCG CTT CTA CT-TAMRA-3‘

MMP-12

F: 5′-CCC TTT TGA TGG CCG AGG TG-3′

(117 bp)

R: 5′-TTT GTG CCT TTG TAG GTT TTA GTC C-3′

MMP-13

F: 5′-GGC TTA GAG GTC ACT GGC AAA C-3′

(118 bp)

R: 5′-TGG ACC ACT TGA GAG TTC GGG-3′

MMP-14

F: 5′-GAT TCC TTC CCA GAC CTT GAT GTT T-3′

(116 bp)

R: 5′-GGA TGC CCA ATG GAA AGA CCT AC-3′

TIMP-1

F: 5′-ACG GAC ACT TGC AGA TCA AC-3′

(94 bp)

R: 5′-GCA GCA TAG GTC TTG GTG AA-3′

TIMP-2

F: 5′-CCA TCA AGC GGA TTC AGT-3′

(89 bp)

R: 5′-GGA AGG AGC CGT GTA GAT AA-3′

Results and Discussion

The results showed that the MMP-2 and TIMP-1 were
significantly up-regulated in Schwann cells while the
MMP-9, -12, -13, -14 and TIMP-2 were preferentially
presented in OECs. In addition, the MMP-2 expression in
Schwann cells was significantly higher at 6 days. In OECs,
the MMP-9 and -12 were initially up-regulated at early 3
days while the MMP-13 and -14 were increased at later 6
days. These findings indicate the differential expression
and regulation of MMP/TIMP balance between these two
glial cell types in normal condition. Although it is wellestablished that non-myelin-forming Schwann cells and
OECs are closely related glial cell types that share the
morphological and antigenic phenotype, growth factor
responsiveness in vitro, and the ability to myelinate a CNS
axon after transplantation into the lesioned nervous system
(6-8). Here we provide supplementary evidence revealing a
unique characteristic of each glial cell type which is in
accordance with a recent study disclosing a differential
gene expression in cultured rat Schwann cells and OECs
by using DNA arrays (9).
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Introduction
The female reproductive tract is frequently exposed to
pathogens. The mucosal surfaces are the primary sites of
pathogen entry in the body (1). The stage of the estrous
cycle and associated patency of the cervix may also
influence whether bacteria are found in a normal uterus
(2). In normal bitches, bacteria are always detected in the
uterus during proestrus and estrus, but rarely at other
stages of the estrous cycle. This may be due to bacteria
enter the uterus through the patent cervical canal during
estrus (3). The higher numbers of bacteria found in the
vagina at proestrus and estrus may also increase the chance
of bacteria entering the uterus. The presence of uterine
fluid with blood in these stages may provide a suitable
medium for bacterial growth. Moreover, the species of
bacteria in the uterus, cervix and vagina of the bitch during
proestrus and estrus are similar to those previously isolated
from the vagina. Conversely, the bacteria disappeared from
the uterus during early diestrus. There may be many
different processes involved in this uterine clearance such
as immunological, physical and a change in uterine
environment. The presence of many white blood cells in
the vaginal smear of early diestrus is well documented and
may reflect an inflammatory response of the uterus. The
lack of microorganisms during diestrus is important given
the sensitivity of the canine uterus to damage at these
stages. During anestrus, the uterus is usually free of
microorganisms, despite the uterus is more susceptible to
bacterial invasion at this stage when the epithelium is
being replaced. It is possible that microbes could enter the
uterus at this time and be removed once the endometrium
is repaired during late anestrus (4). Canine uterine
infections are associated with bacteria (5) and cause a
detrimental effect to the bitch. Uterine pathology of bitches
is always a result of bacterial infection that related to
pregnancy losses, infertility and severe illness (6). The
most common canine uterine disorder is pyometra (7).
Pyometra, by definition, is the accumulation of purulent
material within the uterine lumen of intact bitches (8).
Pyometra is considered a disease diestrus, although some
anestrous bitches can be diagnosed with pyometra (6).
Furthermore, pyometra in the bitch is also considered to
result from bacterial and hormonal interaction (9). The
importance of progesterone in the pathogenesis of the
spontaneous disease is attributed to its suppression of
immune responses, stimulation of endometrial gland
secretions which provide a suitable environment for
bacterial growth, functional closure of the cervix which
inhibits drainage of uterine exudates and mediation of
pyometra (3). The common bacterial isolated from uterus

of bitches with pyometra are Streptococcus spp., Klebsiella
spp., Staphylococcus spp., Pasteurella spp., Proteus spp.
and Pseudomonas spp. However, the bacteria,
predominantly isolated from the uterine content of affected
bitches are Gram-negative Escherichia coli (10). While,
the bacterial species most frequently isolated from the
vagina of bitches with genital disease are Escherichia coli,
β-hemolytic streptococci, Staphylococcus intermedius and
Pasteurella multocida. Meanwhile, Escherichia coli,
Staphylococcus intermedius and β-hemolytic streptococci
are the species most frequently isolated in pure culture
from bitches with vaginitis (11). The aim of this study was
to determine the relationship between bacteria in vagina
and uterus of bitches with closed-cervix and opened-cervix
pyometra.
Materials and methods
Animals: Intact bitches, age ranged from 1-10 years
submitted for ovariohysterectomy at the Small Animal
Teaching Hospital, Faculty of Veterinary Medicine,
Chulalongkorn University. Bitches were allocated into two
groups: Group 1, thirteen bitches presenting in closedcervix pyometra and Group 2, twenty bitches presenting in
opened-cervix pyometra. The diagnosis was based on
clinical signs, blood collection, and was usually confirmed
by radiography and/or ultrasonography (12)
Vaginal and uterine bacterial culture: Specimen collection
method described by Olson and Mather, 1978. Media used
for culture aerobic bacteria were described by Baba et al.,
1983. Bacteria were identified to family, species, or genus
according to the Manual for the Identification of Medical
Bacteria (13).
Statistical analysis: Data were analysed using descriptive
statistics.
Result
The bacterial species of bitches with closed-cervix and
opened-cervix pyometra found from this study were
presented in Table 1 and Table 2 respectively. In the
bitches with closed-cervix pyometra, the bacterial species
found in vagina in order of frequency were Escherichia
coli (38.46%), Enterobacter spp. (15.38%), Klebsiella spp.
(15.38%), Staphylococcus spp. (7.69%), Pseudomonas spp.
(7.69%) and Providential rettgeri (7.69%), when the
bacterial species from uterus of these bitches were
Escherichia coli (38.46%), Staphylococcus spp. (30.77%),
Streptococcus spp. (7.69%), Enterobacter spp. (7.69%),
Citrobacter spp. (7.69%) and Bacillus spp. (7.69%).
Bacterial species that found in vagina of opened-cervix
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pyometra were Escherichia coli (25%), Staphylococcus
spp. (20%), Enterobacter spp. (15%), Streptococcus spp.
(10%), Pseudomonas spp. (10%), Klebsiella spp. (10%),
Proteus spp. (10%) and Citrobacter spp. (5%), while,
those from uterus were Escherichia coli (40%), Klebsiella
spp. (15%), Streptococcus spp. (10%), Enterobacter spp.
(10%), Staphylococcus spp. (5%), Pseudomonas spp. (5%),
Proteus spp. (5%) and Citrobacter spp. (5%). Interestingly,
In 13 bitches with closed-cervix pyometra, we found that
bacterial species of 10 bitches (76.92%) were not related
between vagina and uterus. Meanwhile, in 20 bitches with
opened-cervix pyometra, the bacterial species between
vagina and uterus in 6 bitches (30%) had no relation.
Table 1 Bacterial species isolated from vagina and uterus
of bitches with closed-cervix pyometra
Dog
1
2
3
4
5
6
7
8
9
10
11
12
13

Bacterial species
Vagina
Uterus
Escherichia coli
Staphylococcus spp.
No growth
Staphylococcus spp.
Enterobacter spp.
Staphylococcus spp.
Klebsiella spp.
Staphylococcus spp.
Klebsiella spp.
Escherichia coli
Providential rettgeri
Escherichia coli
No growth
Escherichia coli
Escherichia coli
Streptococcus spp.
Staphylococcus spp.
Bacillus spp.
Escherichia coli
Citrobacter spp.
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Enterobacter spp.
Enterobacter spp.

Table 2 Bacterial species isolated from vagina and uterus
of bitches with opened-cervix pyometra
Dog
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Bacterial species
Vagina
Uterus
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Enterobacter spp.
Enterobacter spp.
Enterobacter spp.
Enterobacter spp.
Klebsiella spp.
Klebsiella spp.
Klebsiella spp.
Klebsiella spp.
Staphylococcus spp.
Staphylococcus spp.
Streptococcus spp.
Streptococcus spp.
Pseudomonas spp.
Pseudomonas spp.
Citrobacter spp.
Citrobacter spp.
Proteus spp.
Proteus spp.
Proteus spp.
Streptococcus spp.
Staphylococcus spp.
Escherichia coli
Staphylococcus spp.
No growth
Streptococcus spp.
No growth
Enterobacter spp.
Escherichia coli
Staphylococcus spp.
Pseudomonas spp.
Klebsiella spp.
Escherichia coli

Discussion
In previous study (non specify the type of pyometra),
common bacterial isolated from pyometra infections in
bitches were Streptococcus spp., Klebsiella spp.,
Staphylococcus spp., Pasteurella spp., Proteus spp. and
Pseudomonas spp. (14) which was accordant with this
study except only Pasteurella spp. that were not found
from this study. Similarly, the bacterial species in vagina
of bitches that found from this study were accordant with
the previous study (11) except only Pasteurella spp. that
was not found from this study. In bitches with closedcervix pyometra, there was only three dogs that found the
same type of bacteria in the vagina and uterus. While, in
other cases with closed-cervix pyometra found a different
bacterial species from vagina and uterus of the same dog
which were most of cases. This may be related to the
different existence of microorganism in vagina and uterus
and many different processes involved in the clearance of
bacteria (4). Other factors may be involved in the presence
of bacteria in vagina and uterus such as a primary
hormonal imbalance or abnormal response to normal
hormone levels affects the epithelial cells of the uterus and
facilitates bacterial adherence, colonization and growth
(14). The innate immune defense system of the female
reproductive tract is a complex and dynamic system
comprising specific physical or physicochemical barriers,
commensal microflora, antibiotic, cellular effectors as well
as bactericidal proteins and peptides (15) may be also
reflex to the presence of bacteria in vagina and uterus. In
the bitches with opened-cervix pyometra, the different
bacterial species between vagina and uterus were found in
only 6 cases from 20 cases. Whereas, in the most cases
were found the same type of bacterial species between
vagina and uterus. This finding may be due to the uterine
infection leading to drain the purulent discharge from
uterus to vagina by opening of cervix. Thus, the bacteria
from uterus may contaminate to vagina. In contrast, it may
be due to an increasing amount of bacteria in the vagina
that may flow through the cervical opening to the uterus. In
addition, Escherichia coli strains found in the disease may
originate from urinary tract infection (14). In bitches with
opened-cervix pyometra, the bacterial species could not be
isolated from uterus in 2 cases (10%) similar with the
previous studies reported that bacterial species could not
be isolated from uterus in 15% (16) and 17.6% (17). It has
been indicated that in such cases the bacteria that were
initially involved in the pathogenesis of pyometra may be
killed by uterine defense mechanisms (17). In conclusion,
the bacteria found in vagina may not be an initial cause of
uterine infection in bitches with closed-cervix pyometra.
Bacterial species in vagina of bitches with opened-cervix
pyometra may a cause of uterine infection or they could be
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found from a result of uterine drainage. Therefore, for the
eradication of bacteria in canine pyometra, bacterial swab
should be achieved from infection site in order to choose a
proper antimicrobial agent.
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Introduction
Cryopreservation is the important tool to conserve
valuable genetic materials for indefinite time (1).
Moreover, cryopreservation of epididymal sperm can
conserve the gametes even when the valuable animal
accidentally died, need to be castrated or cannot be done
by natural insemination. In decade, semen extender was
developed to be source of energy, buffer and protect
spermatozoa during freezing-thawing process (2).
However, the preparation of extender is complicate and
expensive. While, prostatic fluid, canine seminal
plasma, is natural extender. This fluid can be collected 1
to 30 ml. per ejaculation (3), however it is not usually
used in the process of sperm preservation or artificial
insemination (AI). Many previous studies were shown
several properties of seminal plasma. The benefits of
seminal plasma are source of energy, buffer (4), cell
membrane protection (5), delay sperm capacitation (6),
improving sperm transport, advancing time of ovulation
(7), immunological role (8) and uterine remodeling in
preparation for conceptus arrival (9). Therefore,
prostatic fluid is an interesting choice to replace or
reduce commercial semen extender in the
cryopreservation process. Since is a remnant fluid from
semen collection, easier to collect, more practical and
cheaper comparison to commercial semen extender. The
aim of this study is to evaluate the effects of preserved
homologous prostatic fluid exposed prior cooling, after
thawing or at both times to progressive motility,
viability and membrane integrity of canine epididymal
sperm compare to Egg yolk-Tris extender and Tris
buffer.
Materials and methods
Animals: 5 healthy male dogs, age 2-4 years with a good
breeding soundness by general examination were used
for prostatic fluid collection. 18 healthy male dogs, aged
1-7 years with a good breeding soundness by general
examination, process to castration at Small Animal
Teaching Hospital of Chulalongkorn University were
used for epididymal spermatozoa collection.
Preparation and Collection of prostatic fluid: Third
fraction fluid was collected by digital
manipulation (2). Prostatic fluid of each ejaculate was
separated from spermatozoa by centrifugation
(600xg for 10 min), then supernatants from each sample
were pooled and evaluated (10) (11) before transfer to a
1.5 ml. eppendorf and storage at -20˚C (12).
Collection of epididymal sperm and freezing methods:
Preserved prostatic fluid (PPF) and egg yolk, Tris, 3%

glycerol extender (EE-I) were thawed in water bath at
37˚C, after that kept at room temperature (25-28˚C).
After routine orchidectomy, epididymis will be
separated from testis. One epididymis was flushed by 1
ml preserved prostatic fluid to release epididymal
sperm, while the another one was flushed by egg yolk,
Tris, 3% glycerol extender (EE-I) into sterile plate (13).
Then, centrifuge at 600 x g for 5 minutes to remove the
diluents. Spermatozoa were cryopreserved described by
Rota et al. (14)
Extender for freezing and thawing: The semen extender
was prepared according to Axnér, et al. (15). All
solutions are kept at -20ºC until used.
Thawing methods: All straws were thawed in a waterbath at 37˚C for 15 seconds (16). Release thawed semen
in to thawing medium. One straw of each group was
diluted 1:2 with preserved prostatic fluid, while another
one was diluted 1:2 with Tris buffer (T).
Semen evaluation: Sperm progressive motility (17),
viability (18) and sperm membrane integrity by
Hypoosmotic swelling test (HOST) (20) were evaluated
immediately after release sperm from epididymis and
frozen- thawed semen. Sperm morphology (19) was
evaluated after release sperm from epididymis.
Statistical analysis: Sperm motility, viability and
membrane integrity before cooling process were
analyzed by Paired T-test. After thawing data were
analyzed by ANOVA. The statistical analysis was
performed using SAS version 9.0 (SAS, 2002). Values
are presented as mean ± SD. The level of significance is
set at P0.05.
Results
The spermatozoa quality recovered into PPF and EE-I
are shown in the Table 1. The sperm progressive
motility (87.5 + 7.7% versus 80 + 10.85%, P  0.01)
and sperm integrity (90.14 + 5.73% versus 87.23 +
6.79%, P0.05) of recovered sperm were significantly
higher in the PPF group.
Table 1. Semen quality (mean + SD) after recovery
from caudal epididymis into PPE and EE-I (n = 18)
Characteristics
Motility (%)
Viability (%)
HOST (%)
Normal head (%)
Normal Tail (%)

Flushing medium
PPF
EE-I
87.5 + 7.7a
80.0 + 10.9b
91.3 + 3.9
91.3 + 4.0
90.1 + 5.7a
87.2 + 6.8b
97.2 + 1.3
96.7 + 1.3
93.4 + 2.4
88.6 + 6.6
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The different superscript letters between columns are
significantly different (P<0.05)

After thawed sperm characteristics are shown in the
Table 2. No significant difference was observed in
sperm characteristics among all groups.
Table 2. Semen quality (mean + SD) after thawed into
PPF and T (n = 5)
Sperm
(%)
Motility

Recover into PPF
Recover into EE-I
PPF
T
PPF
T
30.0+25.5 28.0+22.8 40.0+18.7 28.0+13.0

Viability 32.8+12.2 34.2+17.1

39.6+18.9

33.7+16.0

HOST

23.8+9.6

17.1+8.6

25.8+7.79 18.5+12.5

Discussion
After epididymal sperm were recovered into PPF and
EE-I, sperm morphology are in normal range (19). The
progressive motility of epididymal sperm recovered into
PPF was significantly higher than into EE-I. This might
because of many components in seminal plasma which
is natural sperm transportation media. Fructose in
prostatic fluid supports energy for spermatozoa (21)
while sodium bicarbonate, inorganic compound,
supports activation of sperm motility (22). In addition,
Prostaglandin and Estrogen in the seminal plasma play
direct role on sperm transport (23). Percentage of
membrane integrity estimation using HOST of
epididymal sperm recovered in PPF group is
significantly higher than that in EE-I group. When
spermatozoa are exposed to seminal plasma, sperm
plasma membrane is coated by lipid, polypeptide and
protein (24). Thus, prostatic fluid may play a protection
role on sperm plasma membrane (25). Besides, there are
many kinds of inorganic and organic compounds from
seminal plasma to maintain membrane integrity of
spermatozoa.
No statistical differences between groups after thawing
in PPF or Tris (Table 2). However, thawing of
epididymal sperm recovered in EE-I using PPF tended
to show higher percentage of progressive motility and
viability. These expressions may indicate the
enhancement of epididymal sperm motility after
exposing to seminal plasma as that in the ejaculated
spermatozoa from natural semen ejaculation. The
observation took place right after thawing which was
usually done in any kind of cryopreserved sperm.
Practically, then the post-thawed sperm should be used
for insemination. Nonetheless, if post- thawed sperm
has to be stored for any reason, the sperm quality has to
be further assessed since the exposure of sperm with
prostatic fluid for a longer time may have adversely
affects on sperm motility and viability (26). In
conclusion, this study shows that preserved prostatic
fluid is a suitable solution used as flushing and thawing
media for canine epididymal sperm cryopreservation.
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Introduction
The reproductive cycle in the domestic dog (Canis
familiaris) is generally described as non-seasonal
monoestrus and divided into 4 stages: proestrus, estrus,
diestrus and anestrus. Diestrus (luteal phase) is unique
relative to others domestic animal (1). The luteal period
begin with the onset of cytologic diestrus until serum
progesterone concentrations less than 1.0 ng/ml (2,3). In
bitches, the corpus luteum (CL) is the unique source of
circulating progesterone during estrous cycle and
pregnancy (4). The function of CL in the first part of
luteal phase is autoregulation, but in the second part
regulated by luteotrophic supports. Luteinizing hormone
(LH) and prolactin (PRL) are the luteotrophic factor of
this species (5,6). Circulating progesterone in luteal
phase can be regulated by many pharmacologic
compounds, gonadotropin releasing hormone (GnRH)
agonist is one of those. GnRH is a hypothalamic
hormone that stimulates release of LH and follicular
stimulating hormone (FSH), those acts on the gonad to
regulate reproductive physiology (7). GnRH agonists are
peptides that are similar to GnRH but are modified site
of enzymatic degradation of GnRH. This enhances
receptor-binding affinity and decrease enzymatic
degradation, with having a longer half-life in circulation
and more potent than native GnRH. GnRH agonist
treatment initially induces large increase in LH and FSH
concentrations
(up-regulation;
flare-up
effect),
continued exposure decreases pulsatile secretion of LH
as a result of down-regulation of GnRH receptors on
gonadotrope cell (8). Deslorelin acetate (Suprelorin®),
potent and long-acting GnRH agonist, has been
commercially available in canine practice. Anestrous
bitches implanted with deslorelin show estrous signs
(flare-up effect), but long-term use of deslorelin may be
produce premature decline of progesterone levels,
resulting shortened of diestrus or abortion (9). However,
at lower dose (2.1 mg deslorelin), some of them have
normal pregnancy and give live pups (10). The flareeffect was not seen in bitches treated during diestrus
(serum progesterone concentrations > 5 ng/ml) (11),
prepubertal bitches (less than 5 months) (12) and in
bitches pre-treated with progestin, but the suppression
effect of progestin is questionable (9,13,14). Also, those

techniques are not practically long-term use and the
unfavorable side effects of progestin. Moreover, the
information about luteal phase following subcutaneously
implanted with GnRH agonist, 4.7 mg deslorelin, in
anestrous bitches is not yet clear. The aim of this study
was to: (i) compare luteal physiology following
subcutaneously implanted with GnRH agonist,
deslorelin, short or long-term and (ii) investigate the
effect of GnRH agonist, deslorelin, to pregnant bitches
after implantation in anestrous period.
Materials and methods
Animals: Two normal breeding soundness using
physical examination male dogs (1-3 years, 13-15 kg)
and eighteen healthy bitches (2-5 years, 8.5-13 kg), with
no history of hormonal treatment and reproductive
disease with fertile record. Bitches were considered
anestrus from serum progesterone concentrations (P4)
and vaginal cytology and then randomly allocated into 4
groups. Gr1 (n=4) was implanted 4.7 mg deslorelin and
remove at the first day of estrus or D0 (3), Gr2 (n=6)
was done the same as Gr1, but no removal of the
implant tillt the end of experiment. The bitches (Gr1 and
2) were naturally mated and artificial inseminated at
optimal time and detect pregnant. Gr3 (n=4) was used
the protocol as Gr2 but no mating or insemination. Gr4
(n=4) was untreated control with no implantation but
natural estrus observation.
GnRH agonist deslorelin: The potent long acting GnRH
agonist, deslorelin prepared as a biocompatible
cylindrical implant (12.5 mm long × 2.3 mm in
diameter) was developed, manufactured and supplied by
Peptech Animal Health Pty Limited, NSW, Australia.
Each implant contained 4.7 mg of active ingredient
deslorelin.
The site of implantation: The subcutaneous tissue at the
concave site of the left pinna and aseptic technique was
performed prior to implantation
Reproductive performance evaluation: Physical and
behavioral signs and vaginal cytology were evaluated
everyday to confirm stage of estrous cycle until the first
day of diestrus (2) and during estrous period, P4 was
evaluated for detect ovulation time and fertilization
period. Then, P4 was measured once a week during
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diestrous period until declining less than 1.0 ng/ml
Semen collection and evaluations: Physical examination,
semen collection and evaluation; motility, concentration
and total number of spermatozoa. Sperm parameter
evaluation was performed regularly twice a month (15).
Natural and artificial insemination (AI): Male and
female dogs in Gr1 and 2 were housed together and let
them mate naturally. Intravagina artificial insemination
with fresh semen was performed 3 times in day 2, 4 and
6 after day D0 to ensure the breeding (16).
Ultrasonographic examination for pregnancy detection
and fetal health evaluation: Examination began 17 day
after the estimated LH surge and was performed daily
until day25 (17). If pregnancy was detected,
examination was performed twice a week until the P4
less than 1.0 ng/ml.
Statistical analysis: using one-way analysis of variance
(ANOVA) for evaluates a mean interval of day in luteal
period in each group. The values are present as mean ±
standard deviation (SD). The level of significance will
set at P < 0.05. Mean ± SD concentrations of
progesterone were analyzed using descriptive statistic
Results
The site of implantation did not exhibit allergic or
inflammatory reaction. All bitches received deslorelin
showed proestrous-estrous signs. Diestrous period
(luteal period) did not differ significantly between Gr1,
2 and 4. Meanwhile, diestrous period in Gr2 was
significantly shorter than other groups. Duration of
diestrous in each group is summarized in table 1.
Table 1 The comparison of the duration of implantation
to proestrus, proestrus, estrus and diestrus between
groups
Group

Duration (days, mean±SD)
ImplantProestrus Estrus
Diestrus
proestrus

1(n=4)
2(n=6)
3(n=4)
4(n=4)

4.00 ± 0.86.25 ± 1.5
3.50 ± 1.5 6.67 ± 1.2
3.75 ± 0.5 8.25 ± 4.0
0
8.00 ± 0.8

5.75 ± 0.956.25±7.27 a
6.17 ± 2.145.16±12.56 a
8.75 ± 3.124.75±14.22 b
7.25 ± 1.554.25±1.71 a

The different superscript letters between columns are
significantly different (P < 0.05)
Serum progesterone concentrations rose during estrus
and started to decline around 2-4 weeks after D0. In
Gr3, serum progesterone concentrations seemed to be
sharply decline compared with other groups. Mean
serum progesterone concentrations in all groups are
presented in figure1.

Figure1. Mean serum progesterone concentrations
(ng/ml) from bitches in each group
Gr 1 and 2 were bred at optimal period in estrus to
fertile dogs. Three bitches in Gr 1 (n=4) and 3 from Gr
2 (n=6) were identified pregnant. All pregnant bitches
in Gr1 had normal pregnancy and parturition (average
4.3 pups) while in Gr 2, two of three bitches were
detected 4 and 6 embryonic sacs, later abortion started
on day 51 and 53, respectively and then completed
within 3 days. A pregnant bitch with an embryonic sac
in Gr2 remained pregnant to term and gave birth to a
pup.
Discussion
All bitches were received deslorelin implantation did
not show any inflammatory reaction at 10 days
intensive observation, suggesting that deslorelin and its
delivery system was safe for subcutaneous implantation
(11). Deslorelin implantation was a practical method for
estrous induction in anestrous bitches. Premature luteal
failure has been prevented by deslorelin removal at the
1st day of estrous (18). Although diestrous duration of
bitches from Gr2 was not statistically different from
that from Gr1, 45 day of diestrous duration is rather too
short in a normal cycle bitch. Diestrous duration in Gr2
and 3 was shorter than that of Gr1 and 4 should due to
down-regulation of pituitary GnRH receptors, causing
decrease in LH at a time, when CL dependent on
luteotrophic support, resulting premature luteal failure
(decreasing of progesterone levels) and abortion
(5,9,10). One bitch in Gr2 remained pregnant to term
with serum progesterone > 2.0 ng/ml prior to whelping
(1). This bitch delivered one pub, compared with the
aborted bitches from this group that had 4 and 6
embryos, this may due to less number of fetuses
probably demand a lower progesterone level for
pregnancy maintenance. The low fertility observed in
three bitches in Gr2 might cause by several factors such
as inappropriate endometrial preparation (19) and
down-regulation of GnRH receptors (8).
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These results demonstrate that induction of estrus in
anestrous bitches using 4.7 mg deslorelin implantation,
in a short period, is practical, effective and safe. A
long-term deslorelin implantation for contraception
could initially induce a flare-up effect then bitches
could mate naturally. The down-regulation by longterm GnRH releasing could result in a shorter duration
of P4 influent period especially in bitches without
mating (table 1.). The shortening of diestrus may affect
the embryonic survival in pregnant bitches, however,
the maintenance of pregnancy may persuade by several
factors.
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Introduction
Testis contains abundant of testicular sperm that can
be used for subsequent assisted reproduction such as
in vitro fertilization via intra-cytoplasmic sperm
injection (ICSI). This technique has been used to
rescue reproductive potentials of endangered species
that die unexpectedly or testicles have inevitably been
removed. However, the developmental rates of ICSIoocytes with testicular sperm were lower than
ejaculated sperm (1). In many circumstances, the in
vitro embryo production using testicular sperm cannot
be performed immediately. The optimal storage
technique of male gametes by means of cold storage
at 4C is therefore becoming the important issues for
short-term
preservation
especially
during
transportation. The study aimed to examine the
viability, DNA integrity of testicular sperm during 1
week of cold storage and to determine their
fertilizability via ICSI.
Materials and Methods
Cat testes were stored in Dulbecco‘s Phosphate
Buffered Saline (DPBS) supplemented with
antibiotics (100 IU/ml penicillin and 100 g/ml
streptomycin) at 4C. Sperm were extracted and
evaluated for viability and DNA fragmentation using
Ethidium homodimer-1 (a membrane-impermeable
DNA staining) and the TUNEL assay at 1, 3, 5 and 7
days post-cold storage. A single morphologically
normal sperm from chilled testes (Fig.1) was injected
directly into each metaphase II (MII) oocyte in order
to determine fertilizing ability of preserved testicular
sperm. Injection without sperm (sham injection) was
performed as the control group. After ICSI, injected
oocytes were activated by incubation with Hepes-SOF
(synthetic oviductal fluid) medium containing 7%
(v/v) Ethanol. The ICSI-oocytes were then cultured in
SOF containing with 4 mg/ml BSA and 100 IU/ml
penicillin in humidified condition of 5% CO2 in air at
38.5°C. The zygotes were fixed at 16-18 h postinjection and then stained with 4‘6‘Diamidino-2Phenylindole Dihydrochloride in order to examine the
fertilization rate. The normal fertilization was
classified by formation of male and female pronuclear
with the extrusion of the second polar body.
Parthenogenesis typifies by the formation of two
pronuclei without sperm injection or visible intact
sperm head was found within ooplasm after ICSI.

Results
The sperm viabilities during the first three days were
not different from fresh samples, however, their mean
percentages gradually decreased during cold storage.
Sperm viability was lowest (47.4%) at 7th day of cold
storage (P<0.05) (Table 1).
Table 1 Viability and DNA fragmentation
(Mean±SEM) of sperm preserved within testes for 1,
3, 5 and 7 days.
Day of

Viability

DNA fragmentation*

cold storage

(%)

(%)

D0

68.4 ± 1.8a

0.2 ± 0.1

D1

67.6 ± 2.2a,b

0.4 ± 0.2

a,b,c

D3

58.6 ± 3.8

0.5 ± 0.2

D5

55.7 ± 2.0b,c

0.7 ± 0.5

D7

47.4 ± 3.7c

1.0 ± 0.6

Different superscripts (a, b and c) within column denote
significantly difference (P< 0.05)
*% of DNA fragmentation of viable testicular sperm in
each preservation period
DNA fragmented testicular sperm was approximately
less than 1 % (range from 0.2-1%), and it did not
significantly differ (P>0.05) among the day of sperm
examination (Table 1).
Since these preserved testicular sperm exhibited only
a slowly twitching motility (range from 0.2 to 0.7%),
selection of spermatozoa for ICSI was therefore based
on sperm morphology (Fig.1)

Fig.1 The structure of testicular sperm including head
with normal size, midpiece and tail were selected for
ICSI.
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In this study, percentages of normal fertilized oocytes
were 40, 52.9, 50 and 38.9% at 16-18 h after ICSI
with sperm from 1, 3, 5 and 7 days post-cold storage,
respectively (Fig.2).
(17)
(15)

(16)
(18)

Fig.2 Percentage of fertilized oocytes (Mean±SEM) at
16-18 h post-injection with sperm from chilled testes
and without sperm (sham-group). Numbers above
each bar exhibit total injected oocytes in each group.
However, oocyte activation protocol used in this study
increased the rate of parthenogenic activation in both
sperm (30%) and sham (57.7%) injected oocytes.
Discussion and Conclusion
Preservation of testicular sperm within testis at 4C
maintained sperm viability in acceptable range
(approximately 50%) at least 7 days. We hypothesized
that testicular parenchyma may protect testicular
sperm from direct exposure to cold stress and also
rapid decrease of temperature. The percentage of
DNA fragmented sperm was low in the present study,
even though the sperm was preserved for 7 days. Our
result is in agreement with a report indicating that
DNA fragmentation diminishes slower than viability
of sperm (2).
We also conclude that sperm from chilled testes able
to fertilize in vitro matured oocytes via ICSI.
Nevertheless, ethanol treatment may not be suitable
for oocyte activation after ICSI due principally to the
high percentages of parthenogenic activation.
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Since the densities of 1:1.25, 1:5 and 1:20 resulted in the
significant difference in developmental competence, they
were selected for relative transcripts analysis comparing
to in vivo produced embryos (IVV) (Exp II). The embryos
cultured in high density (1:1.25) significantly upregulated
of BAX and HSP70 transcripts (P≤0.05) (Fig 1).

*

12.5

BAX
BCL-2

10.0
7.5
5.0
2.5

Table 1 Developmental competence and fragmentation of
embryonic cell nuclei of cat embryos cultured in group
(n=10) in different media volume
volume
(%) cleaved embryos to
(%) fragment
(µL)
(mean±SE)
Morula
Blastocyst
a
a
12.5
87.5±6.0
20.0±9.1
26.8±11.7a
a
ab
25
83.8±5.5
28.8±8.3
22.0±5.7a
a
b
50
97.5±1.4
48.8±9.2
14.6±1.3a
a
b
100
88.8±5.2
46.3±1.3
12.5±0.5a

1:
20

1:
5

1:
1.
25

IV
V

0.0

Embryo densities (10 EBS:media volume)

*
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HSP 70
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20
10

1:
20

1:
5

1:
1.
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0
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Results
In Exp I, cat embryos cultured in the densities of 1:5, 1:10
and 1:20 acquired higher developmental competence than
those cultured in the density of 1:1.25 and 1:2.5 (P≤0.05).
On the other hand, the fragmentation of the blastocyst cell
nuclei tended to increase when the densities were
increased (P>0.05) (Table 1).

a, b, c

Relative Quantitation (RQ)

Materials and Methods
Cumulus oocyte complexes (COCs) were matured and
fertilized in vitro with frozen-thawed semen. Only
cleaved embryos were randomly cultured in group (n=10)
in varied media volume (12.5, 25, 50, 100 and 200 µl)
comparable to the densities of 1:1.25, 1:2.5, 1:5, 1:10 and
1:20, respectively. The developmental competence was
assessed by means of morula and blastocyst rates. The
total number and fragmentation of embryonic nuclei was
additionally examined using DNA labeling (4', 6diamidino-2-phenyindole: DAPI) (ExpI). The densities
showing the significant difference of embryos‘
developmental capacity were selected to determine the
mRNA transcripts relatively to in vivo produced embryos
by real-time PCR. Only the blastocysts with the same
morphology were selected from each group (Exp II).

92.5±3.2a
51.3±5.2b
14.1±0.9a
Values within columns with different superscripts
were significantly different (P≤0.05).
200

Relative Quantitation (RQ)

Introduction
Embryo density (embryo number:media volume ratio)
affects the developmental competence of in vitro
produced embryos in several species (1). Gene expression
becomes as a tool for embryo quality evaluation. It
provides a valuable data of how the embryos survive in
the given condition (2). This study aimed to determine the
effects of embryo density on developmental competence
of embryos in relation to the relative transcripts of
survival related genes (BAX, BCL-2 and HSP70).

Embryo densities (10 EBS:media volume)

Fig 1 The comparison of specific transcripts (BAX, BCL2 and HSP70) analyzed by real-time PCR in feline
blastocysts produced in vivo (IVV) and in vitro. The in
vitro derived blastocysts were obtained from the density
of 1:1.25, 1:5 and 1:20. Values are the mean of three
independent experiments. Bars indicated upper and lower
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range values. *Superscripts indicated
differences (P≤0.05) in relative transcripts.

significant

Discussion
Embryo density affected the developmental competence
and relative transcripts of feline embryos. Increasing of
embryo densities negatively affected the embryo
development probably due to the accumulation of toxic
substance and stress (3). This was related to the increasing
of the pro-apoptotic (BAX) and stress response (HSP70)
transcripts in blastocysts cultured in high density. Since
the embryos showing the similar morphology could have
different of relative mRNA transcripts, measurement of
developmental competence combined with the gene
expression analysis could provide the way for developing
the sensitive method to determine the optimized culture
condition in the feline species.
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Introduction
Equine epididymal sperm are severely sensitive to
cryopreservation, and, as a result, pregnancy rate of mares
inseminated with frozen-thawed epididymal sperm is
often poor compared with non-frozen sperm. Relative
recently, cholesterol loading via cholesterol loaded
cyclodextrins (CLCs) has been proven a useful way for
improving quality of frozen-thawed sperm of boar (1),
stallion (2), bovine (3) and ram (4), in terms of sperm
characteristics and also pregnancy rates. However, given
that epididymal sperm differ from ejaculated sperm and
this technique has not been tested for epididymal sperm.
This study aimed to examine the effects of cholesterol
loaded cyclodextrins (CLCs) on the quality of stallion
epididymal sperm during cryopreservation process.
Materials and methods
Recovery of epididymal sperm: Epididymal sperm were
collected from the epididymides of Thai cross-breed
stallions (aged 3-12 years old) following routine
castration. The spermatic cord was ligated and the
testicles/epididymides were then transported in an
insulating box at 4-6 °C to the laboratory within 6 h.
Retrograde flushing was performed with Modified
Tyrode‘s media (TALP) using indwelling intravenous
catheter (22G) at room temperature (25°C). Pool
epididymal sperm from two epididymides of each stallion
were evaluated for motility, viability, acrosome integrity,
morphology and plasma membrane function. Only
epididymal sperm that had more than 50% of motility,
viability and normal morphology were only used in the
experiments.
Preparation and loading of CLCs: Cyclodextrins was
prepared as described by (3). A stock solution of 50 mg
CLCs/ml in modified Tyrode‘s medium (TALP, pH 7.4,
290 mOSm) was incubated at 37 °C in water bath prior to
use.
Cryopreservation and thawing of epididymal sperm:
Following CLCs loading and centrifugation, the sperm
pellet was resuspended and washed with glucose-EDTA
solution. The freezing extender containing 4% (v/v)
glycerol was slowly added into the sperm and then
equilibrated at 4 °C for 60 min before loading into 0.5 ml
freezing straw. Cryopreservation of epididymal sperm
was performed using a controlled-rate freezing technique.
The freezing curve was controlled by Cryogenesis
freezing program (Cryologic system, version 5,
Australia). The initial temperature was set at 4 °C, at
which the temperature was reduced to -20°C at a rate of 10 °C/min and then gradually reduced from -20°C down
to -120 °C at a rate of -8 °C/min. Thawing of frozen

semen was carried out at 37 °C in water bath for 30 sec.
Frozen-thawed sperm was then diluted (1:1) with non-fat
dry mike extender (NFDM).
Assessment of sperm quality: sperm quality (sperm
morphology, progressive motility, viability, plasma
membrane integrity, acrosome integrity, functional
integrity of plasma membrane, sperm DNA integrity and
longevity test) was assessed after 1h of sperm
equilibration (at 4 °C) and 10 mins, 2 h and 4 h after
freezing and thawing.
Experimental Design: Pooled epididymal sperm were
divided into 4 aliquots. Each aliquot was treated with
CLCs at concentrations of 1.5, 3.0, 6.0 mg of
CLCs/120x106 sperm for 15 min. Epididymal sperm
without CLCs loading was used as a control group.
Statistical analysis: The statistical analyses were
performed using SPSS (SPSS version 16.0). Descriptive
statistic was used to describe the semen quality before
cryopreservation. Comparisons between the mean of
motility, viability, head and tail morphology, acrosome
integrity, functional integrity of plasma membrane and
DNA integrity from different CLCs concentrations were
analyzed by one-way analysis of variance (ANOVA). Pvalues < 0.05 were considered statistical significance.
Results
From pooled data, the epididymal sperm used in this study
had 82.5 ± 4.3, 87.7 ± 2.3, 83.4 ± 2.6 and 83.1 ± 4.6 for
the mean percentages of motility, viability, intact
acrosome
and
functional
membrane
integrity,
respectively.
Sperm morphology (head and tail) was
similar between post-equilibration and cryopreservation.
Following cryopreservation process, quality of equine
epididymal sperm, in terms of viability, motility,
acrosomal and functional membrane integrity was
gradually decreased following sperm equilibration at 4°C
for 1 h and freeze-thaw. During sperm equilibration,
CLCs at 1.5 mg/120 x 106 sperm significantly improved
sperm motility and viability compared to non-CLCs
treated control and to other concentrations of CLCs (3 or
6 mg/120 x 106 sperm). Only 1.5 mg CLCs was
demonstrated to improve the sperm quality post-thawing
(viability, motility and acrosome integrity) compared to
non-CLCs treated frozen-thawed control. The higher
concentration of CLCs however, had negative effects on
sperm quality. CLCs at 1.5 mg/120 x 10 6 sperm improved
sperm longevity (sperm viability and motility) across all
incubation times (2 and 4 h) following cryopreservation
compared with control and other concentrations of CLCs
treated sperm. The effect of CLCs pretreatment on DNA
integrity of frozen-thawed sperm as determined by
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TUNEL assay, however, did not differ between all CLCs
concentrations and non-CLCs treated sperm. There were
only <4 % of frozen-thawed equine epididymal sperm
exhibited DNA fragmentation.
Discussion
In the present study, incorporation of cholesterol to the
sperm plasma membrane of equine epididymal sperm
using cholesterol loading cyclodextrin (CLCs) technique
prior to cryopreservation sperm improved sperm quality
during cryoprotectant equilibration and after freezing and
thawing. Up to our knowledge, the positive effects of
CLCs on sperm cryopreservability have only been reports
in ejaculated sperm. The relationship between amounts of
cholesterol in the sperm plasma membrane on
cryopreservability of sperm has however been
contradictory. Rather to add cholesterol, removal of
cholesterol from the sperm plasma membrane prior to
cryopreservation using methyl-beta-cyclodextrin, an
acceptor of cholesterol, improves frozen-thawed sperm
quality of pig (5) and fertilization rate in mouse (6).
Artificial removal of cholesterol appears to mimic the loss
of cholesterol during physiological sperm capacitation, a
process for sperm membrane modification and acquisition
of sperm to be capable of normal fertilization. Because
freezing and thawing causes a rapid loss of cholesterols
that induces premature capacitation-like, thereby
shortening the sperm longevity (7), it is therefore
preferable to increase the amount of cholesterol rather
than removing it from equine epididymal sperm plasma
membrane.
In the present study, we demonstrated the
positive effect of CLCs treatment (1.5 mg/120×106 sperm)
on sperm viability and motility of epididymal sperm
during sperm equilibration compared with non-CLCs
treated group. It is likely possible that adding cholesterol
to the epididymal sperm plasma membrane could
maintain membrane fluidity and also increase membrane
permeability of cryoprotectant (glycerol) and thereby
reducing the membrane osmotic stress (8). Our results
indicated that the effect of adding cholesterol to the sperm
plasma membrane by means of cholesterol loading
cyclodextrin was in a dose-dependent manner. CLCs at
1.5mg CLC/120×106 improved epididymal sperm quality
both post-equilibration and post-thawing. Similar results
have been reported for ejaculated sperm of bull (9)
stallion (2) and ram (4). Toxicity of CLCs at high
concentrations was similar to a previous report in bulls
(3). Excessive water efflux occurred during add or
removal of cholesterol from the sperm plasma membrane
could also be the cause of sperm death (10).
In conclusion, we firstly demonstrated that
incorporation of cholesterol by cholesterol-loaded methylcyclodextrin (CLCs) decrease chilling sensitivity and also
improve equine epididymal sperm cryopreservability.
This protective effect of CLCs on post-thawing sperm
quality, however, is in a dose-dependent manner. The
optimal concentration of CLCs for equine epididymal
sperm is 1.5 mg/120×106 sperm.
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Introduction
In Thailand, there are many horse sports such as Show
Jumping, Dressage, Polo, Racing and Endurance (1).
Especially the long distance endurance ride horse will be
forced to exercise for long period which usually cause
muscle problem (2,3,4) and muscle damages (5). The
muscle enzyme that regularly use for monitor muscle
damage, usage are Creatinine kinase (CK) and Aspartate
aminotransferase (AST) (6). The increasing of CK and
AST indicate that muscle have been damaged (7). The
objective of this study is to measure the changes of CK
and AST during and after the 40 kilometers long distance
exercise and determine the related risk of any muscle
damage from the exercise.
Material and Method
Experimental Animals
This study was done in 6 endurance horses which age
between 4 -8 year old, which has been passed and
recorded the 25 and 40 kilometers endurance ride with
Thailand Equestrian Federation before. All the
experimental horses were tested negative for Equine
Infectious Anemia and Surra before entering the study.
All the horses were good healthy and fit for the long
distance exercise.
Exercise Protocol
All the horses were ridden in the 60×45 meters sand
exercise arena at Faculty of Veterinary Science Mahidol
University, Salaya Campus. The total exercise distance
was 40 kilometers which were divided into 2 phases 25
kilometers, 15 kilometers accordingly. The average riding
speed between 12-15 km/h. After finish the 1st phase, the
horses were cooled down to reduce heart rate to under 56
BPM within 30 minutes and forced to rest for 40 minutes
before start the second phase. Then after finish the second
phase, The horses were cooled down again to reduce heart
rate to under 56 BPM within 30 minutes and forced to rest
for 2 hours according to The FEI : Rule of Endurance (8).
Data Collection and Analysis
The blood sample collected approximately 5 ml for 5
times (before exercise, after finish 1st phase, before start

of 2nd phase, after finish 2nd phase and 2 hours after finish
exercise) from Jugular vein in order to determine the level
of CK and AST.
Results
Table 1: The mean average (Mean±SD) of CK(IU/L)
and AST (IU/L).
Collection time

Parameters
AST (IU/L)

CK (IU/L)

Ref. range 160-412

Ref. range 60-330

360.82 ± 50.79
389.33 ± 63.81
408.95 ± 58.82
404.70 ± 31.37

232.95 ± 96.18
320.73 ± 136.77
315.70 ± 118.90
473.50 ± 229.87

397.77 ± 78.20
Reference range (Susan, 1997)

635.47 ± 318.14

st

Before start 1 phase
After finish 1st phase
Before start 2nd phase
After finish 2nd phase
2 Hours after finish
exercise

Discussion
The study found that the level of CK elevated after the
exercise which given the same result as previous of Peake
et al (2005) who reported that the level of CK increased
right after the exercise. Also the average of CK level of
each phase would be exceed the normal reference level
after the 2nd phase and still remain in high level at 2 hours
after exercise which not related with Kimberly (2001),
Susan (1997) and Stephen (2003) reported that CK have 2
hours half life. The 2 hours after exercise CK level was
over 250% compare to before exercise. According to
Stephen (2003), The level of CK should not exceed 2.5
time or 250% after exercise which could lead to muscle
damage. However, we should re-check the CK level
again at 24 hours after exercise, if the CK level reduce to
normal range so the muscle are not damaged. The level of
AST after exercise has rose but still remain in the normal
reference range and at 2 hours after exercise the AST
level do not elevate over 50% or 0.5 time of normal
referral range which related to the study of Stephen et al
(2003). In this study the author cannot collect the blood
samples at 18, 24 and 72 hours after exercise according to
limited of horses ownership. This could be another
interesting issue for the next study.

Page 198

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand
Acknowledgement
This study was funded by the Mahanakorn University of
Technology.
References
(1) Prawit Butudom 1993, Exercise and Dehydration in
horse., Thai Veterinary Journal 33(4): 15-27 (In Thai)
(2) Fowler, M.E. 1979. Veterinary problems during
endurance trail rides. Proceedings of the 25th
American association of equine practitioners. (AAEP)
(3) Carlson, G. P. 1985. Medical problems associated with
protracted heat and work stress in horses. Compend.
Cont. Educ. Pract. Vet. 7: 542-550.
(4) Schott, H.C. and Charlton, M.R. 1996. Post-exertional
ileus in an Arabian gelding. Compend. Cont. Educ.
Pract. Vet. 18: 559-563.
(5) Peake Jonathan M, Suzuki Katsuhiko, Wilson Gary,
Hordern Matthew, Nosaka Kazunori, Mackinnon
Muscle Damage, Plasma Cytokines, and Markers of
Neutrophil Activation. Medicine & Science in Sports
& Exercise. 37(5): 737-745
(6) Stephen M. Reed, Warwick M. Bayly, Debra C.
Sellon. 2003. Equine Internal Medicine. Saunders an
Imprint of Elsevier. England. 1680 p.
(7) Susan C. Eades. 1997. Laboratory Profiles of Equine
Diseases. Jonathan Peck Typographers.
St. Louis.
(8) Fédération Equestre Internationale, 2009, Rule for
endurance events 7th edition (web) www.fei.org
(9) Kimberly Rinker. (2001,August 16). Why A Muscle
Enzyme Test is Important for Race Horses. Available :
//www. suite101.com. (5/1/09).

Page 199

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Development of a Bovine Turbinate cell line and its application in isolation viral
antigen and vaccine Production for large animal diseases
Roya Sadri1* , Roozbeh . Fallahi1 Morteza. Kamalzadeh2 , Sousan Haghighi3
1-Animal Viral Diseases Research and Diagnosis Department, Razi Vaccine and Serum Research Institute, Karaj, Irnn
2- Quality control vaccine Department, Razi Vaccine and Serum Research Institute,Karaj, Iran
3-Animal viral vaccine productionRazi Vaccine and Serum Research Institute,Karaj, Iran,
*Corresponding author
Keywords: Bovine Turbinate cell line ,Cell culture- DNA ,RNA viruses ,Pox viridae
Introduction
A strain of bovine turbinate cell line was developed and
this new host system has extensively used , as adequately
potent sources ,for production of different viral antigen in
serial passages . The subcultures were slow-growing in
the early passages and were composed of heterogeneous
cell population .by continuously passage the growth rate
increased and more homogeneous cells mostly, of the
epithelia type ,were seen. The cell line strain is free of
adventitious agents as like as bovine viral diarrhea,
parainfluenza-3 and infectious bovine rhinotracheitis
viruses and also low and high passage bovine turbinate
cells were equally susceptible to most viral animal
diseases as west Nile, sindbis , vesicular stomatitis ,sheep
and goat pox virus , adeno and vaccina viruses and also
was susceptible to herpes simplex ,rinder- pest measles,
mumpes and canine distemper viruses ,although modal
chromosome number changed significantly between the 9
th and 81th passages no definite morphological changes
were observedAs generally primary cell culture has not
found a widespread application in modern virology as a
tool for isolation or identification of animal viruses .The
present report deal with the growth and susceptibility of a
bovine turbinate cell line strain to some animal viruses.
.The particular characteristic of this cell line strain was its
defectiveness in Mass vaccine production and was grown
in no modified medium as Hanks or stocker supplemented
with 2-5% calf serum and sensitivity to both DNA and
RNA viruses.To perform the infectivity assays , the TB
cell line were infected with pox viruses as DNA viruse
and incubated in 37c after, the cytopathogenic effects (
CPE) was consisted of scattered small islands then, the
CPE progressed ,and the whole sheet was affected and
most of the cells were detached from the glass surface .So
TB cell line has been recognized as the major cell cultures
suitable for both isolation and production of various viral
antigen and identification the titration vaccine and for
mass Production of live or killed DNA-RNA vaccines and
it is suggested to substitute in others cell culture system
as primary or secondary or vero cell line
Materials and Methods
Newborn bovine nasal turbinate epithelial cell cultures
were grown to confluent monolayers and characterized by
electron and light microscopy. The passaged nasal
turbinate cells retain some similar but not identical
morphological characteristics (e.g., microvilli, cuboidal
shape, dome formation, apparent mucin granules)
exhibited by parent tissue. Morphological properties,
however, were consistent with other nasal cell culture

systems that have been used to elucidate transport and
metabolic features of nasal mucosa. The activity of
aminopeptidases in homogenates of the turbinate cell
cultures was assayed with 4-methoxy-2-naphthylamides
of leucine, alanine, and arginine as substrates. The
observed pattern of hydrolysis, apparent kinetic
parameters, and inhibition by typical aminopeptidase
inhibitors, puromycin and bestatin, were consistent with
reported characteristics of aminopeptidases associated
with excised nasal epithelial cells. Results here form the
basis for consideration of the continuous newborn bovine
nasal turbinate epithelial cell line in examining the role of
aminopeptidases in determining the metabolic fate of
intranasal administered peptides and proteins.
Results and Discussion
As, serum-free medium (SFM) was used for the growth
of bovine turbinate (BT) cells for the production of viral
animal vaccine and , isolation of viral antigen after ,
formation of monolayer cells . Serum free cultures used
to propagate pox virus were compared to cultures
maintained in media supplemented with fetal calf serum
(FCS) or horse serum (HS). Serum free cultures were
more.effective and very promisin, than the others in
supporting the proliferation of pox virus. However, the
serum free cultures were unable to adequately support BT
cell proliferation compared to the serum-supplemented
cultures. No significant differences were seen between
cultures supplemented with HS or FCS used for the
production of pox virus or BT cells. The rate of BT cell
proliferation in response to SFM and different media
supplements was assessed in a 96-well plate format using
methylene blue staining assay. This technique was
superior to manual counting method and allowed quick
and accurate quantitative comparison between the
response of proliferating BT cells to different growth
conditions.
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.
monolayer was formed for capripox growth, and excluded
Introduction
completely when cells were being used for growth of
Pox disease. is an acute to chronic disease of sheep and
vaccine virus.
goats, highly contagious and characterized by generalized
pox lesions These diseases are not serologically
Inoculation new strain pox virus: After 24-48 hours of
distinguishable because of antigenic homology among
incubating cells at 37º C, cells formed confluent , and
them (1) Goat pox virus is highly host specific infecting
then the new strain virus was inoculated in these cells
only goats, but host specificity varies from isolate to
and adsorbed at 37c for an hour and then maintained in
isolate, Various strains of sheep and goat pox virus
incubator for 7-10 days , and usually after this period
(SGPV) cause disease only in sheep, others only in goats,
cells was degenerated. At first the cytopathogenic effects
and some in both sheep and goat (2). It is possible that
(CPE) was appeared as small islands and then, gradually
the host preference shown by different strains is due to
attached to each other and degenerated, then the culture
their adaptation to either goats or sheep in a restricted
was frozen and thawed 2-3 times to release virus
geographical area . Isolates of Capri poxvirus are not
completely and then the suspension was centrifuged
host specific and that sheep, goats and cattle recovered
(1800 rpm) for 20 minutes. The supernatant was
from infection with capripoxvirus isolates from a
inoculated in the next cell culture .On the final passage
heterologous host are immune to challenge with virulent
after 90-100% CPE was formed, the cultures were frozen
homologous virus.(3). Sharma and Dhanda considered
in -70 ºC and aliquot as 1.2 ml with 2% lactalbumin
the possibility of a single vaccine if, a strain of capripox
hydrolysate and sucrose as preservative in vaccine and
could found that was equally pathogenic for sheep and
then lyophilized and stored at -20ºC.
goats in 1971, now pox virus disease was effectively
controlled by routine vaccine using different strain of pox
virus In recent years, intensive method of management
Virus titration and minimum infecting dose: Titrations
may have played a main role in making viral pox disease
were carried out with ten fold dilutions of experimentally
a relatively uncommon disease. Nevertheless, foci of
prepared vaccine using a range of dilutions from 10 -1 to
infection have persisted in most of northwest and
10-7 in Hanks balanced salt solution without serum both in
southeast provinces of the Iran, so, mass vaccination of
tube and microtitre plates before and after freeze- drying
ruminants against capripox disease is still carried out
with lactalbumin hydrolysate and then, 0.1 ml of each
constantly. SGPV have been propagated successfully in
dilutions were inoculated in to previously prepared
various cell culture systems .Recently a new sheep isolate
subcultures. The cell were checked daily for the
was collected in an outbreak and then it was attenuated by
appearance of CPE and the end point. TCID50/ml were
serially passages in cell system. The present study
calculated by method according to Reed &Muench and
describes this new strain to develop a single vaccine.(4)
Karber (5)
Materials and methods
Virus strain: The virus strain used in this survey was a
new strain sheep , it was a modified strain of livestock
virus that was isolated from sheep in an outbreak and used
for development of single vaccine at Razi institute .It
produces a titre of 10-6.7 TCID50/ml.
Preparation of cell culture : Two type cells both primary
lamb kidney sub culture (P1LK) also, vero and bovine
turbinate cell line ( BTC) were prepared in Roux bottles
as described by Baxendale in1971 , using Derby
minimum essential media (DMEM) and Hanks media
containing that 5-10% fetal calf serum and
supplemented with triptose phosphate broth. (TPB). .The
fetal serum was reduced to %2-3 % when confluent

Vaccine preparation: Two-three batches of vaccine
were prepared from this new strain of capripox virus
grown on primary lamb kidney , vero and BTC. These
batches were prepared in final passages respectively.
Then vaccines were freezed – thawed using the
conventional method. Titer of this experimental new
vaccine was approximately 10-.6.7 TCID50/ml
Safety and potency test: The vaccine with 10-4 dilution
of final each batch vaccine was prepared and supposed as
one vaccinal dose. Three groups of sheep and goats (one
year old) from different Iranian races were selected and
injected by subcutaneously method delivering 1 ml to
each sheep and goat as fallows:
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Group 1:
10 sheep and goats each the single vaccine prepared in
primary lamb kidney cell culture at final passage.
Group 2:
10 sheep and goats each received the single vaccine
prepared in vero cell line at final passage.
Group 3:
20 susceptible sheep and goats were kept unvaccinated as
controls, in the same battery throughout the experiment.
The inoculation site of all sheep and goats were examined
daily for the evidence of take the vaccine or eventual
towards reactions for a period of twenty-one day. All
animals, including controls were challenged via 1 ml with
a field strain of virulent virus with the titer of 10-6
TCID50/ ml by intradermal injection on the right flanks of
small ruminants.
Stability of single vaccine: Vials of freeze - drying
vaccine were stored at -20 ºC for 18 months and for six
month at 4 ºC and then samples were titrated at three
monthly intervals both in tube and micro-titre plates
methods. Titre of single vaccine was stable approximately
up to 10-6.7 for a year. The results were suggested that,
sheep and goats were more susceptible to this new strain
of single vaccine to produce solid immunity.
Result
The new strain of sheep pox grew strongly in P1LK ,
vero and BTC cell culture and the CPE of infected cell
cultures was as, rounding of the cells followed by the
second phase of completely destruction cells and
detached from the Roux bottles only after 7-10 days. The
virus induced CPE was observed earlier in primary lamb
kidney than vero or bovine BTC , usually after a week or
ten days post inoculation (6). The titre of the virus was
increased gradually and reached maximum up to 10 - 6..5
or 10-6.7 on the final passages. Titration was usually
carried out, both in tube and microtitre plates, and
calculated with two methods , both by Karber and Reed
& Muench methods. (5) The results of the interadermal
challenge of the vaccinated sheep and goats with the
single vaccine was developed as inflammation, no
reaction or mild hypersensitivity at the inoculation site
within five days after injection was seen and disappeared
after a further time, ,control animals developed a 2-5 cm
diameter papule at the site of interadermal challenge by
day 5 after infection .The superficial lymph nodes became
large and two groups of control animals became pyrexic
and developed generalized papules with clinical signs of
pox disease (7 ) The neutralization index of sera were
collected on days 21,168, 292 and 359 from vaccinated
sheep and goats showed that the level of neutralizing
antibodies against capripoxvirus remained level at 0.8 ±
0.5 for the sheep and 1.0 ± 0.5 for the goats.

five days and completed within ten days. (8) .The single
vaccine was developed had significant difference in titer
from the conventional vaccines with titre 10-5.9 that is,
TCID50/ml was 0.6-0.8 log higher than conventional
vaccine that was prepared in Razi institute. .It was
founded that the titre was 10-3. TCID50/ml was the
minimum titer to protect sheep and goats against a
virulent field virus
(9 ). The vaccine was tested for safety and potency by
intradermally method and vaccinated animals were
observed for three weeks, the develope vaccine protect
both sheep and goats against virulent strains of capripox
virus for at least twelve month and produced no adverse
reactions in the susceptible Iranian breeds of sheep and
goats ( 10) , however, sheep and goats did response to
vaccination by developing precipitating antibodies and
resisting challenge.(11) The type of challenge used in
this experiment was intended to be severe and it is
unlikely that a vaccinated animal would encounter such a
challenge in a field situation.. There have been numerous
unsuccessful attempts to replace live capripox vaccine
with dead preparations .However, the shortage of
information on the immunity to pox virus infections
makes impossible a rational assessment of whether
effective dead pox vaccine could become a reality. In the
future Epidemiological survey have shown that single
strains of capripox virus cause epidemic disease in both
sheep and goats in the mixed flocks, usually seen in the
Middle East as Iran ,Indian, Turkey ……. even if ,
clinical disease is only seen in goats, it is possible that
subclinical disease caused by the same strain is also seen
in the sheep (12), so application a single vaccine for
protection the whole flock and prevention of presence
pox virus in the flock not showing clinical signs, has
many advantages so, by this met, it is possible to control
the re occurrence of this economically important disease
and eradicate capripox virus from areas or even country
by application of annual vaccine .programme.
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Discussion
The new strain virus was propagated in vero, BTC and
P1Lk .The vaccine virus was given some blind passages
for adaptation to cell culture and CPE were evident after
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Introduction
High ambient temperature leading to heat stress has been
associated with seasonal infertility. Temperature –
Humidity Index (THI) is commonly used to indicate the
degree of stress in dairy cattle. It has been shown that heat
stress impaired the development of the dominant of the
follicle during the pre-ovulatory period. Recent studies in
Belgium and Japan (1, 2) on postpartum resumption of
ovarian cyclicity indicated a high incidence of prolong
luteal phase after first ovulation postpartum, as well as
delayed first ovulation, in high-producing cows. However,
whether a similar increase in ovarian dysfunction occurs
in moderate-producing cows in different region are not
known. Additional knowledge related to the effect of high
temperature and humidity on ovarian function and
subsequent reproductive performance under tropical
conditions is needed. The present study aimed to
investigate the effects of heat stress on postpartum ovarian
activity,
plasma
metabolites
and
subsequence
reproductive performances in the hot and cool periods.
Materials and methods
The study was conducted in the first lactation crossbred
Holstein Friesian cows in two distinct periods. The first
period was from January to April and the cows calved
during this period were classified as group 1 (n=16). The
second period was from September to December and the
cows calved during this period were classified as group 2
(n=21). Milk samples were collected twice a week until
the 12th week post partum or until the first AI. Cows with
milk progesterone concentrations > 3 ng/mL on at least
two consecutive samples was considered to have a luteal
activity. Ovulation was considered to have taken place 5
days before the first increase in progesterone
concentration >3 ng/mL. Blood samples were collected at
-4 and -2 weeks before expected calving date, and then
once a week up to 12 wks postpartum or until the first AI
to determine plasma concentration of Non-esterified fatty
acids (NEFA), Cortisol and Insulin-like growth factor-1
(IGF-1). Concurrent with the blood sample BCS and live
weight were estimated. Temperature and humidity were
recorded hourly using automatic recorder placed in the
middle part of the barn. Reproductive performance of the
cows was evaluated by registration of intervals between
calving and the first AI, intervals between calving and
conception, conception rates, and services per conception.
Milk progesterone concentrations were analyzed using
Ovucheck® Milk ELISA (Biovet Inc., Saint-Hyacinthe,
Canada). Blood concentration of NEFA, Cortisol and
IGF-1 were analyzed using NEFA C kits (Wako Pure
Chemical Industries Ltd., Co., Osaka, Japan), Active®

Cortisol EIA (Diagnostic Systems Laboratories, Inc.
Texas, USA.) and Active® IGF-1 ELISA (Diagnostic
Systems Laboratories, Inc. Texas, USA.), respectively.
Temperature-humidity index (THI) was computed as
described by Garcia-Ispierto et al. (3) as following: THI =
(0.8*Mean Temp) + (RH/100)*(Mean Temp-14.4) +46.4
Statistical analysis was performed using SAS (4). The
proportion of cows that ovulated during the study was
analyzed by Chi-square. Reproductive measures were
analyzed either by ANOVA using a general linear model
or with the MIXED procedure for repeated measures.
Results are presented as LSmeans ± standard error of the
mean (SEM). Significant differences are reported at
P<0.05.
Results
Average THI (group 1: 74.10 ± 2.02 and group 2: 75.05 ±
2.20) was not significantly different between study
periods. The ovulation in cows calving in hot period was
81.25% (3/16) and in cool period was 90.48% (19/21).
The proportion of ovulation was not different between
groups (P=0.63). Reproductive performances were
presented in table 1.
Table 1. Reproductive measures in dairy cows during
hot and cool period (LSmeans ± SEM)
Measure
Group 1
Group 2
P
COV (d)
23.94 ± 5.13
43.05 ± 4.36
0.008
CAI (d)
111.03 ± 13.27 99.25 ± 7.97
0.23
CC (d)
190 ± 23.66
109.94 ± 15.14 0.008
FCR (%)
46.6
61.9
0.4
AI/C
2.19
1.92
0.6
COV= Calving to first ovulation interval, CAI = Calving
to first AI interval, CC = intervals between calving and
conception, FCR = First service conception rate, AI/C =
Number of service per conception
Live weight and BCS loss were higher in group 1
(P<0.05) than did in group 2. Plasma concentration of
NEFA, Cortisol of cows in group 1 were higher than in
group 2 (P < 0.05 and P<0.0001, respectively). Plasma
concentration of IGF-1 was not different between groups.
Discussion
We found no difference in temperature and humidity
between the periods of study. This indicated that climatic
condition impacted on dairy cows was equivalent. The
proportion of cows that went on to ovulate during the
study was not different but the interval from calving to
first ovulation was shorter in hot period. Short interval
from calving to first ovulation increased proportion of
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cows to be inseminated and become pregnant in a shorter
time than cows with long interval from calving to the first
ovulation.
However, in the present study, days open in cows calved
in hot period was longer than cows calved in the cool
period. This indicated that the success of reproduction to
get the pregnant cows was affected by several factors.
This may explain in part, that there was other factors
affecting the success of insemination resulted in longer
days open. In the present study, we found that live weight
and BCS loss in cows during the hot period were greater
than cows during the cool period. High ambient
temperature affects the dry matter intake (DMI) of the
cow. During hot period, DMI was reduced compared to
cool period (5). As a consequence of lowered DMI, cows
mobilized the energy reserve mainly fat to meet the
required energy for maintenance and production resulted
in lower live weight and BCS and increased in NEFA and
Cortisol (6, 7). The increased mobilization of body
reserves in early lactation has marked effects on fertility
and productivity of dairy cows (8, 9). The present study
indicated that reproductive performance of dairy cow in
the hot period was lower than the cool period. To achieve
the high reproductive efficiency in dairy farming the
various factors and multi-disciplinary approach should be
concerned.
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Introduction
Intracytoplasmic sperm injection (ICSI) in human is a
useful technique in obtaining a high fertilization rate and
pregnancy especially when the sperm number and quality
are insufficient for conventional in vitro fertilization (1)
however this technique is far less efficient in livestock
species (2). Even though the cause of the low success rate
is not clear, a failure of male pronucleus decondensation
has been proposed as one of potential factors (3-5). This is
likely due to the rigidity of sperm plasma membrane (4,6),
a large amount of acrosome and acrosomal enzymes (7)
and a tightly packed sperm chromatin (8). Several reports
demonstrated that one of the following sperm treatments
have been successfully to facilitate the decondensation of
male nuclear chromatin: 1) removal of both the plasma
membrane and acrosome from spermatozoa using
freezing and thawing or treatment the sperm with an
anionic detergent (Triton-X 100; TX-100) (9-10), and 2)
the reduction of disulfide bonds in sperm protamines by
dithiothreitol (DTT) (11-12).
The efficacy of these sperm treatments on sperm quality
has not been examined in buffalo spermatozoa. The
present experiment was performed to evaluate the effect
of sperm treatments (Freezing and Thawing, TX-100, and
DTT) on the acrosome and DNA integrity.
Materials and methods
Frozen-thawed semen from 3 bulls was used in this study.
The frozen semen was thawed at 37C for 30 sec and
washed two times with HEPES-buffered Tyrode‘s
medium (TALP-HEPES) containing 0.6% (w/v) bovine
serum albumin. Sperm pellet was then resuspended with
100 μl of TALP-HEPES. Spermatozoa were treated with
the following protocols: (1) 0.1% TX-100 for 1 min; (2)
freezing and thawing (without cryoprotectant); (3) 5mM
DTT for 20 min; (4) 0.1% TX-100 + 5 mM DTT; (5)
freezing and thawing + 5 mM DTT. Untreated sperm
served as control. Following treatment, the spermatozoa
were fixed and evaluated for acrosome integrity and
chromosome integrity using FITC-PNA/EthD-1 (Fig.1)
and TUNEL assays (Fig. 2), respectively.
Statistical analysis: Results were recorded as the
percentage ± SD. Data were analyzed using SAS (13).
Results and Discussion
The results showed that viability of buffalo spermatozoa
according to the FITC-PNA/EthD-1 staining was detected
only in control group (P<0.01). Exposing to DTT
treatment alone also disrupted the plasma membrane
integrity (0% viability). Both freezing and thawing and
TX-100 treatments were detrimental to the viability of

spermatozoa. However, TX-100 treatment apparently
caused a significant increase in the dead spermatozoa with
loss acrosome (82.2%± 7.8%; P<0.01) while freezing and
thawing treatment caused a significant increase in the
dead spermatozoa with reacted acrosome (74.0%± 4.0%;
P<0.05) as showed in Fig. 3. Furthermore, DNA
fragmentation following treatments of spermatozoa in
each group was less than 3% and it did not significantly
differ (P>0.01) among treatments. These results are
contradictory with previous report showing a significant
increase in the sperm DNA damage in DTT treatment
group (14). This may be due to different assessment
methods. For further investigation, spermatozoa
pretreated with these sperm treatments will be further
examined by intracytoplasmic sperm injection (ICSI).

Figure 1. Buffalo spermatozoa stained with FITCPNA/EthD-1: (A) live/reacted acrosome; (B) live/intact
acrosome; (C) dead/reacted acrosome; (D) dead/intact
acrosome; (E) dead/loss acrosome.

Figure 2. Buffalo spermatozoa stained with TUNEL: the
DNA fragmentation were identifying as having green
fluorescence intensity at sperm head (arrow).
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Figure 3. Percentage of dead spermatozoa with loss and
reacted acrosome after treating with TX-100, Freezing
and thawing compared to control groups in buffalo (grey
bar with different alphabet(a,b) differ P<0.01; white bar
with different alphabet(a,b) differ P<0.05).
Conclusion
The disintegration of sperm plasma membrane and
removal of acrosome in buffalo spermatozoa could be
performed by various methods while they do not
significantly affect to the DNA integrity.
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Introduction
The goat productions in Thailand are increasing
gradually (1). Artificial insemination was implemented
in some areas with the semen produced locally.
However, the information of goat production especially
semen profile in Thailand has been limited compared
with other species. Normally, semen will be collected
from matured bucks at puberty age (8-10 months) while
it was reported that the semen quality is poor and not
suitable for breeding (2). The study was aimed to
evaluate the semen profile in growing bucks.
Materials and Methods
The study started in October, 2009 when the bucks are 9
months old until the bucks are 17 months old (May,
2010). The semen was obtained from 9 bucks (75%
Saanen) every two weeks using artificial vagina. After
semen collection, they were evaluated for volume, pH,
concentration, motility, morphology (William‘s stain),
viability (eosine-aniline blue stain), membrane integrity
(hypoosmotic swelling test; 100 mOsm) and acrosome
integrity (FIT C PNA+PI).
Results
The mean+SD values of semen quality from 9 bucks
were presented in Table 1 and 2
Table 1 The volume (ml), concentration (109
spermatozoa/ml), the percentages of motility, live
spermatozoa, acrosome intact, normal head and normal
tail of semen in 9-13 months old bucks.

Discussion and Conclusion
The minimally acceptable values for volume,
motility, concentration and morphology are 0.5 ml,
70%, 2x109 spermatozoa/ml, 80%, respectively.
Most criteria are higher than minimal acceptable
values since they are 8 months old, except for the
motility. The motility was high at the age of 14
months (70.36+9.29%). From the result, we found
that some semen values dropped sharply in some
months (13 and 15 months). These may be affected
from other factors. In goat, many factors vary
sexual behavior and semen quality. Nutrition and
temperature are other factors which may limit
reproductive ability in subtropical and tropical
climates (3). In conclusion, the semen qualities
improve when the bucks are grown up. From this
study, the age of buck in Nan which gives the
appropriate semen quality is 14 months old.
However, some seasonal effects have to be
concerned.
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Table 2 The volume (ml), concentration (109
spermatozoa/ml), the percentages of motility, live
spermatozoa, acrosome intact, normal head and normal
tail of semen in 14-17 months old bucks.
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Introduction
Sperm plasma membrane lipids have an important role in
membrane fluidity and sperm motility. Dietary lipid
supplements have been used to improve sperm quality. In
boars, tuna oil improved progressive motility after 5
weeks of feeding (1), feeding shark oil increased velocity
and motility of sperm (2), and top-dressing boar diet with
n-3 fatty acids increased the number of sperm per
ejaculation after 7 weeks of supplementation (3). The
objective of the present study was determined the effect of
lipids and fatty acids on semen quality of sperm on boars
having low-normal quality (~70% motility and viability)
after adding tuna oil and vitamins on basic feed.
Materials and Methods
Five boars having low-normal motility were assigned in
the study. All boars were clarified to low-normal motility
status by evaluating 8 ejaculates prior to study. They
received the basic diet together with tuna oil (40 ml.) for
16 weeks consecutively. Duration of this present study
was divided into 2 periods, Period 1 represented the
semen collected first 8 weeks, whereas Period 2
represented the semen collected during the next 8 weeks.
We assumed that period 8 weeks are convenient for
maximum of spermatogenesis and epidymidal transport.
Semen was then centrifuged to separate sperm from
seminal plasma and both kept at -20°C until analyzed.
The lipids were classified into their major by thin layer
chromatography. Phospholipid was eluted from the plates
by washing three times with 2 ml methanol, and the other
lipid classes were eluted with diethyl ether. Free
cholesterol was determined by a colorimetric assay. The
fatty acid extract was analyzed by gas-liquid
chromatography (SP-2330 capillary column [SIS,
Ringoes, NJ, USA], 120 m at 120 to 210°C, 4°C/min, He
1.0 mL/min) (1,4). All data analysis was performed with
SAS 9.1 (The SAS Institute Inc., Cary, NC, USA).
Normal distribution of residuals from the statistical
models was tested using the UNIVARIATE procedure
option NORMAL. Since the data did not follow a normal
distribution, it was arcsine-transformed before inclusion
in the model. Sperm parameters, lipid composition in
sperm plasma membrane are presented as mean±SD. All

parameters were subjected to analysis of variance which
was performed using the MIXED-procedure.
Results and Discussion
The sperm motility and viability were significantly
increased and also sperm number which were
significantly increased during Period 2 comparing with
Period 1 (P≤0.05). However, there were no statistically
significant alteration in sperm morphology and
permeability (Table 1). Sperm from Period 2 had a higher
total lipid content, percentage phospholipids and
percentage cholesterol (P≤0.05) than those from Control
and Period 1 (Table 2). Regarding fatty acid
compositions, Period 2 had higher (P≤0.05) percentages
of DHA and total n-3 fatty acids (P≤0.05) than those from
low motility boars (Table 2). In contrast, Period 2 had
lower percentage saturated fatty acids, total n-6: n-3 ratio,
and DPA: DHA ratio (P≤0.05 for each; Table 2). In
seminal plasma, total lipid content, percentage
cholesterol, percentages of phospholipids, DHA and total
n-3 fatty acids were not different in all periods. Increasing
of the number of sperm (3), sperm motility and
viability (1) were associated with the n-3 PUFA content in
sperm plasma membranes, which play an important role
in sperm motility, viability and fluidity. Supplementing
with a source of n-3 PUFA to the boar diet can improve
motility, viability and number of sperm.
Table 1
Semen characteristics of boars with Period 2 and 1
(Means ± SD).
Characteristics

Period 2

Period 1

Sperm per ejaculate (×10 9)

88.6±44.5a

74.9±35.8b

Sperm motility, %

82.6±5.2a

70.4±11.3b

Sperm viability, %

86.7±5.8a

73.5±13.9b

Normal morphology, %

96.2±1.9a

95.1±3.2a

Normal plasma membrane, %

83.3±7.4a

84.7±8.3a

Rows with different superscripts (a,b) differ P≤0.05
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Table 2
Lipid and fatty acid profiles of spermatozoa from boars
with normal and low motility (Means ± SD).
Period 2

Period 1

169.21±14.35a

154.13±18.66 b

Cholesterol, %

33.85±1.97 a

30.12±2.58 b

Cholesterol ester, %

1.44±0.19 a

1.45±0.46 a

Phospholipids, %

64.20±2.01 a

60.78±2.48 b

Saturated

25.66±1.44 a

33.93±1.37 b

22:5(n-6) DPA

13.76±1.20 a

12.76±2.17 b

22:6(n-3) DHA

18.46±4.96 a

11.43±3.33 b

Total (n-6)

42.13±2.16 a

41.01±4.12 a

Total (n-3)

18.75±5.31 a

14.15±2.63 b

Total (n-6):(n-3)

2.51±0.59 a

2.82±1.17 b

DPA:DHA

0.95±0.42 a

1.33±0.91 b

Total lipid

Phospholipid fatty acids (%)

Rows with different superscripts (a,b) differ P≤0.05
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Introduction
Nowadays, the evaporative cooling system (EVAP) is
normally used for housing boars in Thailand for
increasing the semen output. The semen qualities of the
boars are affected by several factors such as, breed,
season and housing (1). There are large variations in
freezability of semen between breeds and between
individual boars within the same breeds (2). Generally,
in the larger breed, such as the Yorkshire tended to
produce a greater volume of semen per ejaculate and
showed significant difference in sperm production in
fresh semen among the breed of boar.(3). However, the
variation of semen quality and freezability between
different purebred and crossbred boar breeds used in
Thailand has not been evaluated. The objective of the
present study was to compare the effect of Duroc
purebred (D) and crossbred Pietrain x Duroc (P x D)
boars which kept in EVAP on fresh and frozen-thawed
semen qualities in Thailand.
Materials and Methods
Each sperm-rich fraction of one ejaculates from 5
purebred boars ( 5 Duroc; 5 ejaculates) and 5 crossbred
boars (5 Pietrain x Duroc; 5 ejaculates) aged between
one and three-year old were included in the
experiment. The boars are routinely used during a
period from December 2009 to January 2010 in
commercial boar stud in Chonburi province, Thailand.
Each boar was kept in each pen (9 m2/boar) and was
fed with 2.2-3.0 kg/day of a commercial feed
containing 14-18% crude protein, and 3,000-3,200 kcal
DE/kg. All boars were accessed to water ad libitum.
The ejaculates were collected once a week using the
gloved-hand technique. Fresh semen with a minimum
of 70% sperm motility was used for freezing with some
modifications. Semen parameters including volume
(ml), sperm concentration (x106 spz/ml) measured by
Spermacue®(Minitube, Tiefenbach, Germany), total
number of sperm per ejaculates (x109 spz), subjective
motility, viability and plasma-membrane integrity
(HOS-test) were evaluated. Frozen semen was thawed

by 37 °C for 30 seconds and evaluated as same
parameters above. The difference of fresh and frozenthawed semen qualities between breeds was evaluated
using the General linear model procedure (GLM) of
SAS version 9.0. The models included boar breeds and
age in which the semen were collected as fixed effect
and included boar identity nested within breed as
random effect. The least-square means were obtained
and were compared using unpaired t- test. p <0.05 was
regarded as a significant difference.
Result
The fresh and frozen-thawed semen qualities between
breed are presented in Table 1. Summary across the
volume, concentration, total sperm per ejaculates,
subjective motility and viability of fresh semen were
188.7±86.6 ml, 409.2±86.9 x 10 6 sperm/ml, 77.5±40.5
x 109 sperm/ejaculate, 74.0±12.2% of motility and
79.1±9.1% of viability, respectively.
Table 1 Least squares means±standard error (SE) of
fresh and frozen boar semen qualities in
purebred Duroc (D) and crossbred Pietrain x Duroc (P
x D) boars
(N = number of boar; N/A = not available)
Fresh (N=5)
Parameters

Frozen
PxD

D
(N=5)

PxD
(N=5)

D
(N=5)

Volume

161.4±38.6

216.0±38.
6

N/A

N/A

Concentration

431.4±39.7

387.0±39.
7

1,000.2
± 131.3

711.6
± 131.3

70.6±18.9

84.4 ±
18.9

N/A

N/A

Motility

71.0±5.6

77.0 ± 5.6

23.0 ± 5.6

Viability

77.6±4.3

80.6 ± 4.3

32.0±5.1

6

(N=5)

(x10 spz/ml)

Total
sperm
(x109spz/ml)

14.0 ±
5.6
29.0 ±
5.1
16.4 ±
2.0

HOS44.2±4.6
43.6 ± 4.5
16.0 ± 2.0
test
a, b
Means with different superscripts within row for
each parameters are significantly difference (p<0.05)
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Discussion
This study showed that the semen qualities before and
after freezing did not differ between purebred and
crossbred but both of frozen semen can be affected
from extremely reducing temperature similar to result
from Buranaamnuay (2). It has been stated that both
volume and concentration of the boar semen had a
heritability of 0.58 and 0.49, respectively (4).
However, Barbas and Mascarenhas (5) found that there
were variations in sperm quality among boars and
ejaculations in the same boar. Individuality seems to be
main factor influencing ejaculated variability in sperm
cryosurvival, there was no significant different
between purebred and crossbred Duroc. In conclusions,
semen of D and P x D boars kept in evaporative
cooling system in Thailand was frozen under same
condition with a satisfied result after freezing.
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Introduction
The primary cell cultures are widely used in research and
diagnosis of viral diseases. In research, the primary cell
culture provide potential experimental and educational
models for basic and comparative studies of cellular
physiology, genetics, toxicology and studies about
chromosome (karyotype, morphology and abnormalities).
The most important of the primary cell culture defined
when any of suitable cell lines for some species such as
honey bee that doesn‘t prepared. Also the primary cell
culture is an introduction for cell line production. There
are several specific methods currently used to produce
monolayer primary cell culture including: enzymatic
disaggregation method, that usually used by trypsin (in
short or long time trypsinization) and without enzymatic
disaggregation, by planting minced tissue. In short time
trypsinization, the tissues trypsinized 10-15 minutes for 34 times at room temperature and in long time
trypsinization an overnight (16 hr) trypsinization of
tissues done at 4 oC . The Planting minced tissue is a
quick method that employs multiple explants of tissues as
the simplest way to produce monolayer cultures (6,10,11).
There are several experiments to obtain primary and
continuous cell cultures from various tissues and organs
of insects. Kolokol‘tsova et al. (1995) succeeded to
prepare the primary cultures of Lepidoptera insect cells
(6). So they prepared a new cell line from cotton-ball
worm pupa ovaries (5). Oland et al. (1997) prepared the
primary cultures and acute slices of the nervous system of
the moth (Manduca sexta) (9). Eide (2003) established a
cell line from long-term primary embryonic house fly cell
cultures (2). Murata et al. (2006) published an article
about Blowfly primary cell culture (8).
Research in honey bee cell culture is lower than the other
insects and limited to some reports. Kressl and Bicker
(1992) published an article entitled dissociated neurons of
the pupal honey bee brain in cell culture (7). Gascuel et al.
(1991) succeeded to grow antennal lobe cells from pupal
honey bees in culture (3). Jirasripongpun et al. (2003)
studied on primary cell culture preparation from bee larva
(4). Bergem et al. (2006) succeeded to maintaine the
honey bee embryonic cells in vitro culture (1).
Materials and methods
Sample collection:
Some healthy honey bee larva aged 5-7 days and pupa
aged 12-15 days collected and disinfected by suitable
methods. For disinfection of external surface of larva,
they immersed for 3-5 minutes in 70% ethanol. Then the
gastrointestinal tract removed by forceps and remained
body tranfered to an antibiotic solution (200µg/ml
Gentamicin, 500 µg/ml Polymixin B, 500 µg/ml

Neomycin and 100 IU/ml Bacitracin) for 3 hours at 4 oC.
After this time, the tissues were minced to pieces
approximately 1mm in size and prepare to next stages. For
disinfection of pupa, they immersed in 500ppm, cold
chlorine household bleach for 3-5 minutes followed many
times rinsing in sterile water and dissected for sampling
organs. The next stages were as the same as the larva.
Enzymatic disaggregation method:
In short time trypsinization, the fragments washed in cold
PBS and transfered to a erlenmeyer containing 5 volumes
of trypsin (0.25% solution in PBS, Fluka, Biochemika)
and placed on magnetic stirrer and stirred at speed low
enough to avoid foaming. After 10 min decanted as much
supernatant trypsin digestion solution as possible and
repeated with trypsinization again for 2 times. Then
harvesting the dispersed cells and pouring the supernatant
digestion fluid through sterile gauze done and centrifuged
at 4oC for 10 min at 200xg. The pellet collected and
transfered to the cell culture flasks added Grace‘s Insect
Medium (GIPCO) supplemented with 15% FBS (GIPCO).
The cell suspension stained with 0.1% Trypan blue and
counted by haemocytometer and incubated at 28 oC, if the
count was suitable. Subculturing done after confluent cell
sheet has formed.
In long time trypsinization, the volume of trypsin was 50
and placed on magnetic stirrer for 18 hr (overnight) at
4oC. The harvesting the cell was similar to previous
method.
Planting Minced Tissue Method:
After mincing the tissues, several fragments transfered to
a culture flask with a smooth-curved glass pasteur pipet at
the rate of one fragment per 1-1.5cm of growth area and
distributed uniformly with a large-bore pipet. To allow
adhesion, the vessels transfered to incubator for 1 hr.
After this time, the appropriate volume of growth
medium, added and moved to incubator and allowed 2-3
days for beginning the growth and for strong attachment
to take place. When the internal surface of the flask,
filled, the tissues fragments excavated by a pipet and
allowed the cells to continuing the growth. Subculturing,
done after confluent cell sheet has formed.
Result
Enzymatic disaggregation method:
The results in both, short and long time trypsinization of
different stages of larva and pupa was good, but the
number and condition of the grew cells in long time
trypsinization (overnight) was better than the short time.
The results obtained from pupa was better than the larva.
All of the cells continued to growth for 4-5 passages.
Planting Minced Tissue Method:
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In both larva and pupa, the growth cells from edges of
fragments was good.When the surface of the flask, filled,
the tissues fragments excavated and filled again after a
few days. Subculturing, done after confluent cell sheet has
formed. The results obtained from this method was better
than the enzymatic disaggregation method.

Figure 1. Primary cell culture obtained from honey bee
larva in short time trypsinization, after 72 hours.

Figure 2. Primary cell culture obtained from honey bee
pupa in long time trypsinization, after 72 hours.

Discussion
Primary cultures can be initiated reliably and successfully
by widely used general methods: enzymatic digestion
(disaggregation), without enzymatic digestion by planting
minced tissues. The planting of minced tissue has the
advantage of being simple and taking little time. For such
digestion, the most widely employed enzyme is trypsin.
The usual final concentration is 0.25%. Alternatively,
other proteolytic enzymes may be used those of pancreatic
origin, collagenase or the microbial enzyme pronase.
Pronase is used at a 0.1% concenteration, but it is
considerably more expensive than trypsin and therefore
has not been widely used. Digestion can be effected under
static conditions with only occasional shaking, but
continually stirred (nonfoaming) suspensions are much
preferred. Optimal cell densities (number/ml) for
initiating primary cultures from representative fish range
from 400000 to 1 million. In this study the number of
alive cells after counting was at this range. The most
insect cell and tissue culture has been carried out with
Grace medium. The best temperature for growth of honey
bee cells is 28oC. The usual level of medium
supplementation with serum is 10-20%. For primary fish
cell culture, 15% FBS is favorable (10, 11).
Research in honey bee cell culture is lower than the other
insects. This research is the first study on honey bee cell
culture in Iran. Whereas, there are some reports on
diagnosis of honey bee viral diseases in Iran, this study
could be useful in virus isolation and different research
studies and can be used in preparation of the honey bee
cell lines.
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Figure 3. The grew cells from edges of fragments in
primary cell culture obtained from honey bee pupa in
planting minced tissue method, after 72 hours.
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Introduction
Thai dairy farming has been carried on for over 50
years. The Department of Livestock Development
(DLD), Dairy Farming Promotion Organization of
Thailand (DPO) and Department of Extension and
Cooperatives are responsible for intensively promoting
dairy farming and dairy industry. Dairy production is
still relevant for Thai economics because dairy
products increase annually and the income from dairy
farming points to a more profitable business compared
to crop production. They are usually family run
enterprises, most dairy farms are classified as small
holder dairy farms (< 20 lactating cows. The breed of
dairy cattle, climate conditions, tropical diseases and
availability of feed resources are the most challenges
for Thai dairy industry. Nutrition and feeding of dairy
cattle are key success factors of dairy farming in
Thailand. Feeding practices by smallholder farmers
are simple and depend on available feed resources in
various seasons. Shortage of fresh roughage in dry
season generally occurs, rice straws are commonly
used almost 6-8 months per year in many regions.
Supplement of concentrate are offered in all dairy
farm, mostly separated from roughage and the
concentrate to roughage ratio is too high. Crop-residues
and industrial by-products could be used in many
regions. DLD sampled bulk milk during 2007-2008
and reported that milk from 40% of dairy farms
contained average somatic cells higher than 500,000
cells/ml. The examination of milk components showed
average fat and protein contents that were less than
standard, 3.2% and 2.8%, respectively, in 20% of the
farms and average total solids percentage was less than
12.00 in 50% of the farms (1). The update and
continuing studies of milk quality from dairy
cooperatives still showed similar figures. The aim of
this study was to determine that feeding affected
health, milk quality and production in Thai dairy farms
and to convince that Dairy Herd Health and Production
Management programme (HHPM) is a tool to improve
milk quality and production.
Material and methods
Studies on relationship of feeding, health and milk
quality in Thai dairy cows were analyzed to show the

impact on production as well as to suggest the
improvement. The studies were carried out in farm
practices in Thailand, which were not designed as
experimental studies.
Results
Negative energy balance (NEB): A preliminary studies
of NEB had carried out in 10 dairy farms in Khon
Kean province to provide information on feeding and
health. Energy from feed (concentrate and roughage)
was 2.65±0.34 Mcal/kg and average milk production
was 15.0±2.7. The subclinical ketosis in these farms
was
demonstrated
by
increased
level
of
betahydroxybutyrate (BHBA) and decreased in levels
of glucose (2). Studied in Kampangsaen and NakhonPathom showed that periparturient dairy cows suffered
some degree of NEB and a survey of ketosis in this
area found that approximately 20% of cows had
subclinical ketosis (3). The relationship of NEB and
reproductive performance was studied in post partum
dairy cows in small scale dairy farms. The results
showed the increase in level of BHBA, decrease in
level of glucose and body condition scoring (BCS) but
no significant difference in average days after calving
to first service and to conception (4). A survey in 1-2
weeks post partum cows in large scale farm found that
32 % of cows had BHBA higher than 1.2 mg/dl (not
published).
Dietary crude protein – urea nitrogen: High protein
diets could decrease fertility and reduce reproductive
performance. Previous studies demonstrated the impact
of crude protein diet on conception rate. A preliminary
study of blood urea nitrogen (BUN) had been
conducted in Khon Kean province. The percentage of
crude protein in feed was 9.9±1.2 and average BUN
levels was very low in all cows (5.86±3.72 mg/dl) (2).
Feeding of high protein diets (19% CP) in the early
lactation seemed to increase milk yield, milk protein
yield and body weight compared with cows fed 16%CP
(5). A strong relation of crude protein intake to BUN
was demonstrated but correlation to number of service
per conception was not found (6). The effect of urea
supplement in concentrate on serum urea nitrogen
(SUN) on fertility in small holder dairy farms was
studied. SUN and BCS of cows receiving concentrate
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with urea were significantly higher than those
receiving concentrate without urea, and fertility
seemed to be better than the group fed concentrate
without urea supplementation (7).
Acidosis: Feeding diets high in grain and other highly
fermentable carbohydrates to dairy cows increases milk
production, but also increases the risk of ruminal
acidosis and leads to laminitis. The prevalence of
subclinical ruminal acidosis (SARA) during post
calving in small holder dairy farms in Kampangsan
dairy cooperative, determined by rumenocentesis 2-4
hours after feeding to detect SARA (ruminal pH < 6.0),
was 30% (8). The prevalence of SARA in dairy cows
belonging to the Khon Kaen dairy cooperative at
before partum, 30 days postpartum and 50 days
postpartum were 25.4%, 42.6% and 42.0%,
respectively (rumen fluid collected by stomach tube 24 hrs after feeding; ruminal pH < 5.8). The relative risk
ratio (RR) of SARA to milk fat composition and to
subclinical mastitis was 2.88 and 0.7, respectively (9).
Subclinical laminitis of milking cows in small holder
dairy farms, showed relationship with feeding pattern,
which the concentrate to roughage ratio was high (10).
Studies on relationship of SARA and reproductive
performance were performed in post partum dairy
cows in small holder dairy farms in Thailand. Number
of service per conception and calving interval in high
lesion score group were poorer than those of low lesion
score group (11).
Supplementation of essential trace elements:
Administration of vitamin ADE in post partum dairy
cows resulted the reduction of retained placenta and
increasing conception rate (12). Selenium and vitamin
E supplement in feed was linked to reduction of
subclinical mastitis cases. During supplementation, a
better non-specific immune response of leucocytes
phagocytosis was found and increased recovery rate in
clinical mastitis in dairy cattle in Thailand (13, 14, 15).
Improve feeding by a tool of Dairy Herd Health and
Production Management programme (HHPM): The
impact of FTA and AFTA, world milk price and
international competition on dairy industry are
considered. Milk quality and cost efficiency are main
concern. Many dairy experts suggested that HHPM is a
tool for a production of milk quality with cost
efficiency by improvement of cattle health and milk
quality. Studies in Thailand clearly demonstrated that
HHPM could increase profits, enhance reproductive
performances, production and milk quality (16, 17).
Nevertheless, only a few dairy farms and dairy
cooperatives employ HHPM due to limited man power,

time, and lack of money. Fortunately, Ministry of
Agriculture and Cooperatives supported 20 dairy
cooperatives to run HHPM under veterinary advices
for at least 6 years starting at the end of 2009. This will
lead to more understanding of farm and feeding
management in Thai dairy condition and expectation
improvement of milk production and quality as well as
sustainable dairy farms in Thailand in the near future.
Discussion
Feeding practices had a strong effect on health and
production in dairy cow in Thailand. They could
increase the risk of production diseases such as
negative energy balance, rumen acidosis, retained
placenta, repeated breeding and mastitis. The studies
showed that ketosis are still found in Thai dairy farms
both in small holder and large scale dairy farms. The
suggestions of feeding to prevent ketosis are informed
and supplementation of gluconeogenic precursors such
as propylene glycol has been introduced to prevent
ketosis in Thai dairy cow. In the situation of zero
grazing dairy farms in Thailand which is characterized
as sub optimal feeding, it is found that percentage of
crude protein is not enough and relates to low milk
protein yield and could affect the reproductive
performance. The relationship of SARA to milk
quality, reproductive performance and mastitis in dairy
cattle were found. Supplementation of vitamins or
minerals in lactating cows could increase milk yield
and reproductive performance and also reduce somatic
cells count. The main cost of dairy farming in
Thailand, about 60-70 % is the feed. At farm level,
farmers could not seek sufficient feed resources, fresh
roughage, crop-residues and industrial by-products to
formulate feeding as requirement for dairy cattle. They
try to follow the feeding recommendations from
nutritionists but not all could manage. The most
efficient approach to dairy improvement could be a
veterinarian HHPM. The routine monitoring and farm
visit will give a close perspective of farm management
particularly feeding management. Examination of
BCS, reproduction and udder health of each cow will
support the evaluation of health, detection of
subclinical cases in early state, then provide prevention
and control of clinical cases in time.
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Introduction
Leucaena leucocephala is a leguminous plant widely
available in Thailand and contains relatively high protein.
Its production is high in the rainy season but may be
limited in the dry season. To make the most usefullness of
this plant as animal roughage, ensiling is an alternative. It
is known that Leucaena leucocephala contains mimosine,
which is toxic to non-ruminants and ruminants (1).
Various techniques to reduce this toxicity have been
reported, and ensiling is one of them. There are some
reports demontrating that around 90% of mimosine is
destroyed after 14 - 21 days of ensiling (2, 3, 4).
Degradation of mimosine to 3-hydroxy-4(1H)-pyridone is
shown to be caused almost entirely by endogenous
enzymes in the leaf and not by fermentation during
ensiling (5). Since Leucaena leucocephala is a legume. It
contains low soluble carbohydrate and high buffering
capacity; therefore, silage additives should be added.
However, the report on mimosine content residue in
leucaena silage is limited and inconsistent. This study
aimed to evaluate the effect of different additives
including salt, molasses, and cassava root meal on
ensiling process of fresh leucaena forage (FLF), by
determination of the change of pH and mimosine
concentration during ensiling period.

A

B

C

D

Figure 1 Fresh leucaena forage (A) were mixed with
different additives and kept in sealed double plastic bags
(B) and were opened to collect samples (C, D) for
determination of pH, dry matter and mimosine content.

Materials and methods
Ensiling: The fresh leucaena forage (FLF) with leaves and
petioles were used in this study. A batch of FLF used for
the whole study was collected from the same day and
location. Cassava root meal and molasses were used as
additives in making silage of FLF. Dry matter (DM) and
mimosine concentration of FLF, cassava root meal and
molasses are showed in table 1.
Table 1 Dry matter and mimosine concentration of fresh
leucaena forage (FLF), cassava root meal and molasses.
Material
FLF
Cassava root meal
Molasses

Dry matter (%)
29.8
87.0
73.0

Mimosine
(% of DM)
3.09
< 0.001
< 0.001

FLF was mixed with salt (NaCL) at a rate of 0.5% (w/w)
and with cassava root meal or molasses at 0, 5, 10, 15 and
20% of FLF. In total, 252 silos were used according to a
block and factorial design with 14 treatments for 5
measuring times and 3 replicates per treatment. The silos
were prepared in sealed double plastic bags with a
capacity of 1 kg and were kept under shade (Figure 1).
The 14 treatments were control (no additive); NaCl (0.5%
of FLF); NaCL + cassava root meal at 5%, 10%, 15% and
20%; cassava root meat at 5%, 10%, 15% and 20%; and
molasses at at 5%, 10%, 15% and 20%. Silage samples
were taken after 0, 7, 14, 21, 28 and 35 days of ensiling
and stored at -20ºC until analysis for pH, DM, mimosine
content. For mimosine measurement, FLF and silage
samples were stored at -80ºC for freeze dry process.
Chemical analysis: Water extracts were made of silage
samples (25 g silage/250ml) to determine pH value by pH
meter. Mimosine concentration was determined by high
performance liquid chromatography (HPLC) as described
by Tangendjaja et al. (6).
Statistical analysis: The data were subjected to analysis of
variance (ANOVA) using the repeated measurement of
NCSS 2007. Bonferroni (all-pairwise) was used for
multiple comparison test. The level of significance was
preset at P < 0.05.
Results
The pH of the silages in all treatments decreased during
35 days of ensiling process. However, only FLF mixed
with molasses had a marked decrease in mean pH from
6.00 ± 0.13 at day 0 to 4.50 ± 0.13 at day 7 of ensiling and
the mean pH remained constant until 35 days of ensiling.
Mean percentage of dry mater was 34.41 ± 2.30. The
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mean pH of silages with 5% molasses was higher than
that of silages with 10%, 15% and 20% of molasses. The
mean pH of silages with 5% and 10% molasses differed
between each other and was higher than that of silages
with 15% and 20% molasses, whereas the mean pH of
silages with 15% did not differ from 20 % molasses. The
mean pH in other treatments slightly decreased from day
0 to day 35 of ensiling, and all mean pH of these
treatments were higher than 5, which illustrated in Figure
2.

LL

LLs0.5

LLm20

LLc20

LLs0.5c20

7.0
6.5
6.0

pH

5.5
5.0
4.5
4.0
3.5
3.0
0

7

14

21

28

35

Day of ensiling

Figure 2 Mean pH of leucaena silage with and without
additives during 5 weeks of ensiling process. LL =
leucaena forage without additives, LLs0.5 = leucaena
forage with 0.5% NaCl, LLc20 = leucaena forage with
20% cassava root meal, LLm20 = leucaena forage with
20% molasses, LLs0.5c20 = leucaena forage with 0.5%
NaCl and 20% cassava root meal.
Mimosine concentrations in leucaena silages during
ensiling process are presented in Figure 3. For each
treatment, ensiling period had an effect on mimosine
concentrations. For each sampling period, treatment also
had an effect on mimosine concentrations. However, there
was no effect of sampling period and treatment interaction
on mimosine concentrations. The mean mimosine
concentration from 14 treatments during 28 days of
ensling was 71.62 ± 13.32 ppm.
LL

LLs0.5

LLm20

LLc20

LLs0.5c20

Mimosine concentration (ppm)

140

Figure 3 Mean mimosine concentration of leucaena silage
with and without additives during 4 weeks of ensiling
process. LL = leucaena forage without additives, LLs0.5 =
leucaena forage with 0.5% NaCl, LLc20 = leucaena
forage with 20% cassava root meal, LLm20 = leucaena
forage with 20% molasses, LLs0.5c20 = leucaena forage
with 0.5% NaCl and 20% cassava root meal.
Discussion
The good quality of legume silages should have the pH
level approximately around 4.3 - 4.7 and a percentage of
dry matter ranged from 30 to 40. Because Leucaena
contains low soluble carbohydrate and high buffering
capacity, silage additives should be added. In this study,
only FLF treated with molasses had a marked decrease in
pH within 7 days of ensiling and the mean pH remained
constant until 35 days of ensiling. Other treatments
slightly decreased the pH from day 0 to day 35 of ensiling,
and mean pH of these treatments were higher than 5,
which might indicate a poor quality of silage. Mimosine
concentrations of all treatments seemed to be unaffected
by ensiling process. It could be suggested that pH and/or
ensiling period could not reduce mimosine content in the
FLF silage, which was similar to the report described
previously (5) but was not in agreement with other reports
(2, 3, 4). In conclusion, FLF could be prepared as silage
by adding molasses at a level of 5%. However, adding
different levels of molasses would depend on the quality
of the silage and economic points of view. Ensiling
process did not reduce mimosine contents in FLF silage;
therefore, application of leuceana silage as the roughage
to the animals should be aware of mimosine toxicity.
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Introduction
Methane produced during anaerobic fermentation in the
rumen represents 2 to 12% gross energy loss to the host
animal and contributes 15-20% to global production of
methane as greenhouse gas (1, 2). Methanogenesis in the
rumen is influenced by protozoa (3) because parts of the
methanogens are ecto- and endosymbiotically-associated
with protozoa (4). Hence, defaunation often was
associated with reduced methane formation and the
complete removal of protozoa from the rumen was
reported to reduce methane release by an average of 20–
30% (5). However, the efficacy of coconut oil in methane
reduction was even higher (6), suggesting that the
methane-suppressing activity of coconut oil is not (only)
dependent on protozoa.
The in vitro supplementation of coconut oil (Co) and
krabok (K) oil, rich in the medium chain fatty acids
(MCFA) lauric (C12:0) (Co: 33.9% and K: 44.4%) and
myristic acid (C14:0) (Co: 13.9%and K: 43.7%) is
reported to decreased methane output (7). Therefore, the
objective of the present study was to compare the effect
of coconut oil and krabok oil on rumen fermentation and
ciliate protozoa in beef cows.
Materials and methods
Animals: The study was done as a 3x3 Latin square
design with three rumen fistulated beef cows. The
experimental diets consisted of Thai total mixed ration
(TMR). The substrate used was a standard TMR (per 95
kg: 3 kg Soybean meal, 15.0 kg Tomato dry, 5.0 kg Rice
bran, 40.0 kg Cassava chip, 20.0 kg Rice straw, 2.0 kg
Urea, 7.0 kg Molasses, 1.0 kg Salt, 0.3 kg Sulfur, 0.7 kg
Di-calcium phosphate, 0.5 kg Oysters meal, 0.5 kg
Mineral premix) supplemented with either 25.5 g/kg of
tallow (control) or the same quantity of coconut oil or
krabok oil (19.2 g/kg DM) + tallow (6.3 g/kg DM),
providing equal amounts of C12+C14 from coconut or
krabok oil. Water was provided ad libitum. The animals
were adjusted to the basal diet (Thai TMR only) for 14
days. The adaptation time was followed by three
experimental periods of 28 days. At beginning of each
period, cows were weighed to adjust the feed supply to
1.5 % of body weight, which was kept constant during
the experimental period and supplied in two daily meals.
Rumen sample collection: Rumen contents were
collected on the day 23 and 27 of each period at 0, 3, 6,
9 and 12 h after the morning feeding (07.30 h) by
sampling in different directions of the rumen. Samples
were divided into three portions. One portion of rumen

contents (10 ml) was stored at -80 °C until DNA
extraction, the second rumen contents aliquot (10 ml)
was acidified with 0.2 ml phosphoric:formic (10:1) and
stored at -20 °C until VFA analysis. Further, the last
portion of rumen contents (1 ml) was fixed with formalin
(10% formalin solution in normal saline) and stored at 4°
C for determination of protozoal numbers by
microscopy.
Volatile fatty acid (VFA): Samples for VFA analysis
were pooled per day and cow, centrifuged at 15000x g
(4°C) for 10 min. The supernatant was filtered through
nylon membrane (0.2 µm) and transferred to vials. The
VFA analysis was done using gas chromatography
(Schimadzu GC-14A, Belgium) (8).
Protozoal counts: Counting was done using
haemacytometer (Boeco, Germany) of 0.1 mm depth on
43X (High power) of microscope (Model Olympus
BX50) (9).
Diversity of Ciliate protozoa: Total DNA was extracted
from 0.5 g of rumen sample following the method of
Boeckaert (10). A nested PCR approach was used to
amplify a fragment of the 18S rRNA gene of ciliates for
DGGE (10). In the first PCR, the general eukaryotic
primer Euk1A and the ciliate specific primer 539r were
combined. In the second PCR run, the ciliate specific
primer 316f and the general eukaryotic primer Euk516rGC were used. By using this specific combination of
primers, most of the degeneracies present in the ciliate
specific primers were avoided for DGGE analysis. The
final concentrations of the different components in the
mastermix were according to manufacturer‘s instructions
(Promega, Madison, USA) and contained 1 μl DNA
extract (first run) or 1 μl of PCR product (second run), 1
μl of each primer (10 μM stock), 1 μl dNTP mix (0.2
mM), 10 μl GoTaq® Reaction buffer with 1.5 mM
MgCl2 (1 x), 0.25 μl GoTaq® DNA polymerase (1.25 u)
and DNase-, RNase-free filter-sterilized water (Sigma,
Bornem, Belgium) to a final volume of 50 μl.
Amplification conditions used were initial denaturation at
94 °C for 5 min; 35 cycles of denaturation at 94 °C for 1
min, annealing at 54 °C for 1 min, extension at 72 °C for
2 min; final extension at 72 °C for 12 min.
DGGE analysis: Ciliate DGGE analysis was performed
using the Bio-Rad D gene system (Bio-Rad, Hercules,
CA). PCR fragments were loaded onto a 7% (w/v)
polyacrylamide gel (77.8% acrylamide 40%, 22.2% bisacrylamide 2%) in 1 x TAE buffer (40 mM Tris, 20 mM
acetate, 2 mM EDTA, pH 8.5) with denaturing gradient
ranging from 40% to 60%. The electrophoresis was run
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for 16 h at 60 °C and 45 V. DGGE patterns were
visualized by staining with SYBR Green I nucleic acid
gel stain (Molecular Probes, Eugene OR, USA). The
obtained DGGE patterns were analysed with the
BioNumerics software version 3.5 (Applied Maths,
Kortrijk, Belgium). Similarities were calculated by the
Pearson correlation, which takes into account band
intensity and band position. The clustering algorithm of
Ward was used to calculate dendrograms (10).
Statistical analysis: Parameters were statistically
analysed using a mixed model, with sampling time as a
repeated measure and fat source (tallow vs coconut vs
krabok oil + tallow) and cow as a fixed and random
factor, respectively.
Results
No effect of treatment or cow was observed on the total
VFA concentrations (Table 1). Higher proportions of
propionate and lower acetate:propionate were observed
for the coconut oil treatment (P<0.05).The number of
protozoa decreased with 0.33 log units in the coconut oil
diet (P<0.05) and 0.21 log units in the krabok oil diet
(P<0.05) when compared to the control diet. The DGGE
profile resulted in two clusters of ciliate communities,
where one cluster includes the bands from samples of
two animals fed a coconut oil diet. A pearson correlation
similarity of more than 80 % was observed in the DGGE
profiles of control and krabok oil supplemented diets
(Figure 1).
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Table 1 Effect of coconut oil and krabok oil on rumen
VFA and protozoa
VFA
Control Co
K
70.4
71.9
73.3
Total VFA (µmol/ml)
Molar proportion
0.666
0.628
0.649
Acetic acid
0.183b
0.217a
0.186b
Propionic acid
0.119
0.126
0.138
Butyric acid
0.020
0.017
0.015
Iso-Valeric acid
0.012
0.013
0.012
Valeric acid
3.703a
3.003b
3.535(b)
Acetate/Propionate
5
5.09a
1.80b
3.04b
Protozoa (x 10 )
a, b
Treatment means within the same row with different
superscript
are significantly different at P<0.05 or show
Pearson correlation [0.0%-100.0%]
090309 betweenprotozoa
090309
trend protozoa
(superscript
brackets)
to differ (P<0.1)
Diet

Cows

.Tallow

2

.Krabok

3

.Coconut

3

.Tallow

1

.Krabok

2

.Tallow

3

.Krabok

1

.Coconut

2

.Coconut

1

Discussion
The present study analysed the effect of coconut or
krabok oil, rich in medium chain fatty acids on rumen
fermentation and ciliate protozoa in beef cows. Our
results indicated that coconut oil has a marked effect on
numbers and the community of protozoa in the rumen.
The number of protozoa decreased by 65% and 40% in
the coconut oil and krabok oil diet (P<0.05)
respectively, when compared to the control diet. Similar
defaunating effects of coconut oil have been reported
before (11, 12). A reduction in ciliate protozoa counts of
88 and 97 % was reported when 3.5 and 7% of coconut
oil to a basal diet. Another study from the same group
reported 96% decrease in protozoal numbers when sheep
were fed with coconut oil at 50g/k g DM which is double
of the amount used in our study (12). However, these
studies did not report the effect of coconut oil on
diversity of protozoa. Since rumen methanogenesis has
often been reported to be negatively correlated with
propionate and positively with protozoal numbers, it
could be suggested that coconut oil has more potential to
reduce ruminal methanogenesis. Further studies on effect
of these oils on methanogen population and their
diversity using molecular approaches are in progress.
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Figure1. Cluster analysis of the DGGE profile of ciliate
protozoa.
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Abstract
Mycotoxins are secondary metabolites produced by many
filamentous fungi and could contaminate concentrates and
roughages either in individual feed components or total
mixed ration. A number of mycotoxins are potentially
harmful to both human and animals including dairy cattle,
thus resulting in serious health problems (liver cancer)
and substantially economic losses. Recently, hundreds of
mycotoxins have been found such as alpha-toxin,
fumonisin, zearalenone, trichothecene, and ergot
alkaloids. Generally, ruminants are considered to have
less susceptibility to mycotoxins than monogastric
animals through rumen microbes‘ activities, thus
providing the first line of defense for ruminating animals.
Mechanisms involve the conversion of some mycotoxins
into their less toxic metabolites or biologically inactive
except for fumonisins and zearalenone, which pass the
rumen virtually unaffected and convert into the even more
potent alpha-zearalenol, respectively. The effect of
mycotoxins on performance, metabolism, and immunity
in dairy cattle was demonstrated elsewhere. Those
adverse effects on health are unexpected and commonly
associated with dose dependence and a long exposure.
High-yielding cattle and especially during transition
period are prone to be more sensitive to mycotoxins than
fatting cattle.
Affected animals could have several abnormal conditions
including a malnutrition syndrome, digestive disorders,
weight loss, liver cell injury, a fatty liver syndrome.
Increased incidence of mastitis with markedly reduced
milk yield was also reported and possibly caused by its
pro-inflammatory effects. Affected herds have poor
reproductive performance due to the significant metabolic
and hormonal changes. Immunosuppression impaired
both in cellular and humoral immunity was also
demonstrated. Animals in such conditions could be at risk
of infection.
Mycotoxins have seriously adverse effects on dairy
health; therefore, proper nutritional management should
be recommended to prevent contamination.
Introduction
Mycotoxins are toxic secondary metabolites produced by
many filamentous fungi such as Fusarium spp. and
Aspergillus spp., which could contaminate concentrates
and roughages either in individual feed components or

total mixed ration in the field, during handling, and in
storage (18). The world crop production is considered to
be contaminated by mycotoxins accounted for about 25%,
formerly reported by FAO. Generally, the ensiling process
unaffected mycotoxins contaminated during pre-harvest
forages (7).
Generally, ruminants are considered to have less
susceptibility to mycotoxins than monogastric animals
through rumen microbes‘ activities, thus providing the
first line of defense for ruminating animals. Mechanisms
involve the conversion of some mycotoxins into their less
toxic metabolites or biologically inactive except for
fumonisins and zearalenone, which pass the rumen
virtually unaffected and convert into the even more potent
alpha-zearalenol, respectively. Ruminants appear to be
relatively insensitive to
the fusarium toxins
deoxynivalenol (DON) and zearalenone (ZON), which is
attributed to the degradation of these substances by
ruminal microbes.
Previous studies reported the effect of mycotoxins on
performance, metabolism, and immunity in dairy cattle
(10). Those adverse effects on unexpected health are
commonly associated with dose dependence and a long
exposure. High-yielding are considered to be more
sensitive to mycotoxins than fatting cattle, as well as cows
in transition period when the negative energy balance is
more likely to occur.
The objective of paper is to recruit necessary information
as regards mycotoxins, their effects on health and
practical approaches in dairy cows.
Mycotoxins in dairy cattle
Although some secondary metabolites are used as specific
therapeutic agents (i.e. fusaric acid and mycophenolic
acid), a number of mycotoxins are potentially harmful to
dairy health and substantially cause economic losses
(Fink-Gremmels, 2008).
Recently, hundreds of
mycotoxins have been found including alpha-toxin,
fumonisin, zearalenone, trichothecene (T-2 toxin and
deoxynivalenol), and ergot alkaloids as listed in Table 1
(7). Recently, some newly uninvestigated Fusarium
mycotoxins in dairy cattle have been investigated
including fusaproliferin, moniliformin, enniatins, and
beauvericin (9,11). Moreover, certain known mycotoxins
have been linked to cancer in human from consuming
alpha-toxin (M1)-contaminated milk or dairy products
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(7,13,17). However, the roles of many toxins are as yet
poorly understood.
Mycotoxins in Milk and Dairy Products
When ruminants fed aflatoxin B1 (AFB1)-feedstuffs, they
metabolise the toxin and excrete AFM1 in milk.
Generally, pasteurization and sterilization do not result in
a dramatic change in the amount of AFM1 in milk and
dairy products (13). Occurrence of AFM1 in milk was
reported in many countries where the optimal conditions
(20-30 C) and moisture (13,14). Therefore, human can
be at risk from mycotoxin contamination through
carryover to milk as aflatoxin M1, thus leading to a
human liver cancer especially under a chronic exposure
(13, 17).
Effects of mycotoxins on dairy health
Feed naturally contaminated with Fusarium mycotoxins
can affect the health, metabolic parameters and immunity
of dairy cows (16,10). Reduced feed consumption and
other adverse health effects associated with the
consumption of mouldy feed (silage, straw), and feed
materials contaminated with mycotoxins (12). Affected
animals could have several abnormal conditions including
a malnutrition syndrome with rumen dysbacteriosis
progressing into acidosis, poor feed utilization &
conversion, weight loss, a mild diarrhoea, liver cell injury,
a fatty liver syndrome, and a significant reduction in milk
yield. Cows fed mycotoxin-contaminated feedstuffs
siginificantly elevated in serum metabolites including
urea, protein, aspartate aminotransferase, glutamate
dehydrogenase and gamma glutamyl transferase (10,15).
Increased incidence of mastitis was also reported and
possibly caused by its pro-inflammatory effects as
dermatotoxicity. Cows fed mycotoxin-contaminated feed
were more susceptible to intramammary infection (3).
Affected herds have poor reproductive performance due
to the significant metabolic and hormonal changes for
example hyperoestrogenism due to higher binding affinity
of zearalenone to estrogen receptors, abortion and even
impaired semen quality in bulls. Immunosuppression
both in cellular and humoral immune responses was also
demonstrated. Experimental and natural exposure to
mycotoxin impaired functions of leukocytes (neutrophil,
macrophage and lymphocytes), and decreased IgA, IgM,
and C3 levels. Neutrophil function was reduced in the
mycotoxin-treated calves. Macrophage and lymphocytes
(B- and T- cells) functions were also adversely affected in
vitro. Lymphoblastic response to mitogens was reduced
after exposure to only small amounts of T-2 toxin as little
as 1.4 ng/mL. IgA, IgM, and C3 were also reduced
(10,16).

Practical approaches for mycotoxin management
Holistic program for the prevention and reduction of
aflatoxin contamination in food and feed is existed in
many countries (FAO, 2004). Since mycotoxins cause
serious effect on dairy health, certain approaches could be
recommended including proper nutritional management
by avoiding use of suspected mycotoxin-contaminated
feedstuffs, using of good quality of feedstuffs, adding
toxin binder in feeds, proper storing and testing for
mycotoxin.
Moisture less than 14% are necessary to reduce
contamination risks (13). Recently many toxin binders
(i.e, activated carbon, sodium bentonite, calcium
bentonite, esterified glucomannan) are commercially
available and tested the efficacy on certain mycotoxins.
Those sequestering agents except for activated charcoal
could reduce aflatoxin M1 (AFM1) in cows fed aflatoxin
B1 (AFB1)-contamined feed accounted for about 60%
(5).
Fungicides may be used to reduce mold growth and
production of mycotoxins. However, the stress or shock
of the fungicide to the mold organisms may cause
increased mycotoxin production (1,2,17).
Legislation/Regulations of mycotoxins in dairy feed
Many countries worldwide have concerned about the
serious effects of mycotixins on health and readily set
national regulations as the maximum residue limit for
various mycotoxins in dairy feed (Table 3, (4,6)).
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Table 1. Lists of mycotoxins types of dairy feedstuffs (7)
Diet component
Concentrates
Pasture
grasses
Preserved
feeds
(silage)

Mycotoxins
aflatoxins, fumonisins, zearalenone,
trichothecenes (DON), ergot alkaloids
lolitrems, paspalitrems, penitrem A,
ergovaline and associated ergot
alkaloids, trichothecenes
patulin, mycophenolic acid,
roquefortines, fumitremorgens,
verruculogen, monacolines,
and others

Table 2 Important mycotoxins and its effects on animal
health and production (1,16)
Mycotoxins
Aflatoxin (AF);
AFB1, AFM1

Some effects on animal
Liver disease (hepatotoxic,
hepatocarcinogen), carcinogenic and
teratogenic effects
Trichothecenes
Immunologic effects, hematological
(DON, T-2)
changes,
Gastrointestinal disorders
Zearalenone
Estrogenic effects (edema of vulva,
enlargement of uterus), atrophy of ovaries
and testicles, abortion
Fumonisin
Pulmonary edema, nephrotoxicity,
hepatotoxicity
DON = deoxynivalenol
Table 3 Maximum mycotoxin levels in dairy feed (4,6)
Mycotoxins
Aflatoxin B1
Aflatoxin M1 (milk)
DON
Fumonisin
Zearalenone
DON = deoxynivalenol

Maimum levels
5 ppb
0.05 ppb
5 ppm (adult), 2 ppm (calves)
50 ppm (> 4 mth), 20 ppm (< 4 mth)
0.5 ppm
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Materials and methods
Animals: Thirty five dry dairy cows (crossbred Holstein
Friesian) raised in a dairy farm in Kanchanaburi Province
were used in the experiment. They were randomly
allocated into 2 groups, a control group included 16 cows
that were drenched with 400 ml of water per day during 7
days before expected calving to 7 days after calving and a
treated group included 19 cows that were drenched with
400 ml of PG per day during the same period as the
control group. Blood samples were collected from all
cows at 2 wk before expected calving date and at 2 and 4
wk after calving to determine serum glucose and NEFA
concentrations. Liver samples were biopsied as described
previously (11) at 2 wk before expected calving date and
at 2 wk after calving to determine triacylglycerol
concentrations. In addition, body condition scores of all
cows were recorded at calving and 1 month after calving.
Sample analyses: Concentrations of serum glucose (RA122-10 Glucose Enzyme, Biotechnical Co., Ltd.,
Bangkok) and NEFA (RDX-FA115 NEFA, RANDOX

Lab. Ltd., Antrim, UK) were determined by
spectrophotometry using commercially available test kits
as indicated.
Statistical analysis: Data were analysed for their normal
distribution using Shapiro-Wilk W test (12). Normally
distributed data were subjected to ANOVA using PG
treatment as the fixed main effect and sampling day as a
repeated measure (12). Prepartum and postpartum data
were compared using paired Student‘s t test (12).
Comparison between the two groups at each sampling
period was performed using Student‘s t test (12). The
differences were considered to be significant if P ≤ 0.05.
Results
BCS measured at calving were 3.46 ± 0.17 (SEM) and
3.23 ± 0.14 and at 4 wk after calving were 3.07 ± 0.14 and
3.16 ± 0.15 for control cows and treated cows,
respectively. BCS at each time did not differ between the
two groups. However, control cows tended to lose BCS
more than treated cows (0.43 ± 0.16 versus 0.13 ± 0.06, P
= 0.06) during the first 4 wk of lactation.
Serum glucose concentrations at 2 wk before calving and
at 2 and 4 wk after calving did not differ between control
and treat groups (Figure 1). The mean serum glucose
concentrations ranged from 46.4 to 63.5 mg/dL for control
cows and from 53.6 to 57.8 mg/dL for treated cows.
100.0

Serum glucose concentration (mg/dL)

Introduction
Negative energy balance (NEB) is a common
phenomenon in periparturient dairy cow due to an
inability of the cow to cope her sharp demand of energy
for lactation with the energy intake from the diet (1). As a
consequence, the cow increases her fat mobilization
resulting in increased blood nonesterified fatty acids
(NEFA) (2), which are then metabolized in the liver.
Increased hepatic uptake of NEFA could result in
triacylglycerol accumulation in the liver causing fatty
liver (3). NEB and fatty liver are associated with health
problems, suboptimal milk production and infertility (4,
5). Therefore, prevention of NEB and its consequences
would improve productivity of the dairy cows. Several
substances such as ammonium propionate (6), calcium
propionate (7), monensin (8) and propylene glycol (PG)
(9) have been used to prevent NEB in dairy cows. These
substances mainly aim to increase gluconeogenic
precursors to the liver, resulting in increased blood
glucose concentrations. As a consequence, adipose tissue
lipolysis and fatty liver is diminished. In Thailand,
evidence exists that dairy cows suffered from NEB (10),
which may be related to high incidence of postpartum
health, production and reproduction problems.
Administration of gluconeogenic precursors such as PG
during periparturient period would reduce NEB and
improve performance of postparturient dairy cows raised
in the tropics. However, data concerning the use of PG in
dairy cows raised in tropical countries are limited. Our
objective is therefore to evaluate the effect of
periparturient PG administration on postpartum NEB and
fatty liver development in dairy cows.

90.0
80.0
70.0
60.0
50.0
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30.0
20.0
10.0
0.0
-2
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Week from parturition

Figure 1. Comparison of serum glucose concentrations
(mg/dL) between control cows (; n = 16) and cows
drenched with PG (; n = 19). Data represented means
and SEM as error bars.
Serum NEFA concentrations are presented in Figure 2.
Serum NEFA concentrations did not differ between
control and treated cows at 2 wk before expected calving.
Compared with 2 wk before calving, the concentrations at
2 wk after calving increased 132% and 57% for control
and treated groups, respectively. For control cows, the
concentrations remained at a high level up to 4 wk after
calving; whereas, for treated cows, the concentrations
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declined to the prepartum levels. Comparing serum NEFA
concentrations either at 2 or 4 wk after calving between
the two groups, the concentrations of control cows were
higher than the concentrations of treated cows.
Serum NEFA concentration (mmol/L)

1.0
0.9

*

0.8
0.7

*

0.6
0.5
0.4
0.3
0.2
0.1
0.0
-2

2

4

Week from parturition

Figure 2. Comparison of serum NEFA concentrations
(mmol/L) between control cows (; n = 16) and cows
drenched with PG (; n = 19). Data represented means
and SEM as error bars. Asterisks indicated means
between the two groups were significantly different at P <
0.05.
Liver triacylglycerol concentrations did not differ between
the two groups at 2 wk before calving (Figure 3), 13.3 ±
1.3 mg/g of liver wet weight for control cows and 14.9 ±
2.3 mg/g for treated cows. The concentrations at 2 wk
after calving slightly increased for treated cows but
sharply increased for control cows, and were higher for
control cows than for treated cows.
100

been reported that drenching with PG could increase
blood glucose concentrations in dairy cows (13), we could
not demonstrate any differences of serum glucose
concentrations between control cows and treated cows.
This may due to a limited number of blood sampling
times. However, this result was also similar to the result
previously observed (14). Results of NEFA indicated that
cows drenched with PG had lower rate of adipose tissue
lipolysis than did cows that were drenched with water. It
is known that PG has a negative effect on serum NEFA
concentrations (15). This study indicated that cows
drenched with PG lose a small amount of BCS, which
corresponded well with slightly decrease in serum glucose
and slightly increase in serum NEFA concentrations.
Increased serum NEFA concentrations were associated
with increased liver triacylglycerol concentrations, which
was also reported earlier (2). PG is a substance that could
increase ruminal production of propionic acid, a
gluconeogenic precursor to the liver, resulting in
increased glucose supply to the blood. PG, therefore,
prevent NEB and fatty liver. In conclusion, prevention of
periparturient NEB in dairy cows raised in the tropics
could be practiced by oral administration of PG at a
dosage of 400 ml/cow per day starting from 7 days before
expected calving to 7 days after calving. Further study is
required to evaluate the benefit of using PG in
periparturient period on health, milk production and
fertility in postpartum dairy cows particularly raised in
small-holder dairy farms.
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Figure 3. Comparison of liver triacylglycerol
concentrations (mg/g of liver wet weight) between control
cows (; n = 16) and cows drenched with PG (; n =
19). Data represented means and SEM as error bars.
Asterisk indicated means between the two groups were
significantly different at P < 0.05.
Discussion
Result of BCS suggested that control cows might enter
deeper NEB than did treated cows, and drenching with PG
could reduce the loss of BCS postpartum. This result was
in agreement with previous study (10). Although it has
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Introduction
Rumen acidosis is one of the most important health
problems the dairy industry worldwide including
Thailand. Such condition is involved a decreased rumen
pH and a release of ruminal endotoxin or
lippolysaccharide (LPS) (1), an etiological factor of
laminitis (2). In order to study the relationship between
rumen pH and the release of LPS in the rumen under
controlled feeding conditions, a proper protocol is needed
to induce rumen acidosis. It is well known that the
fermentation rate of cassava starch in the rumen is much
faster than that of cornstarch and can lead to a rapid
decline in rumen pH (3). However, there is no quantitative
information on the level of dietary cassava starch and
rumen pH under the unique Thai feeding conditions.
Thus, the objective of the current experiment was to
determine the relationship between the level of dietary
cassava starch, rumen pH and ruminal LPS under typical
Thai feeding conditions; i.e. high concentrate diets and
rice straw as the only source of roughage.
Materials and Methods
Animal and experimental rations: Four fistulated
crossbred Holstein-Friesian cows were randomly assigned
to 4 dietary treatments in a 4×4 Latin square design.
Periods consisted of a 7-d rumen acidosis induction and
followed by a 14-d wash out period. The animals were
randomly challenged by each sequence of the variable
amount of ground cassava chips (CC) in the diets (i.e., 4,
16, 28 or 40% DM) (Table 1). During the run-in, and each
14 d wash out period, animals were fed by 6 kg of
concentrate (4% CC) and rice straw ad libitum. During the
7-d period of rumen acidosis induction, cows were fed
10.5 kg of the experimental concentrate and 1.5 kg of rice
straw.

concentrations. Both free rumen and plasma endotoxin
were determined using LAL technique (4).
Statistical analysis: Prior to statistical analysis, means of
the 8 post-feeding values of rumen pH on each sampling
day were calculated. Likewise, mean total VFA
concentrations were calculated using 5 postprandial
values, while mean free rumen LPS values were
calculated using 3 pre- and postprandial values. All data
were subjected to analysis of variance (ANOVA) with
repeated measurement (SPSS® version 15). Free rumen
LPS data were normalized by log10 transformation and
analyzed. Differences between treatments were
considered significant when P < 0.05.
Table 1 Ingredient and chemical analysis of the
experimental rations
Experimental rations (%CC) a
Item
4
16
28
40
Ingredients composition, % of DM
Constant components b
59.6
59.6
59.6
59.6
Ground cassava chips
4.0
16.0
28.3
40.4
Ground corns
36.4
24.4
12.1
0
Chemical analysis, % of DM
DM
90
89
89
90
Ash
6.4
6.7
7.2
7.4
CP
21.2
20.3
18.4
19.8
ADF
14.6
14.4
14.9
14.8
NDF
45.9
44.7
41.7
38.3
NFC c
14.8
16.5
21.1
20.1
Crude fat
11.7
11.8
11.5
14.4
Ether extract
2.9
2.6
2.2
2.1
a

Sample collection and analysis: On d 1, 3 and 7, samples
including rumen pH, rumen fluid, and plasma were
collected. Each cow was measured for rumen pH at 15
min before morning feeding and postprandial every hour
until afternoon feeding. Rumen fluid were taken at 15 min
before feeding and 1, 3, 5, 7 and 9 h after feeding for
rumen VFA analyses using GC (1). Another rumen fluid
sample was obtained at 15 min before feeding, 3 and 5 h
after feeding for free endotoxin determination. On d 1, 3
and 7, plasma collected at 15 min before feeding, and at 3
and 5 h after feeding was measured for endotoxin

CC = ground cassava chips
The constant components consisted (% of DM): 12.5 rice
straw (consisted of % DM; 12.3 Ash, 2.1 CP, 70.5 NDF,
49.6 ADF, 37.7 crude fat and 1.53 ether extract), 15 rice
bran, 30.8 soybean meal, 1.3 premix (consisted of kg DM;
6 g Zn, 8 g Mn, 10 g Fe, 1.6 g Cu, 0.1 g I, 0.02 g Co, 0.06
g Se, 10 g Mg, 2,000,000 IU vitamin A, 400,000 IU
vitamin D, and 3,000 IU vitamin E (TS Dairy mix®,
Thailand)
c
Non-fiber carbohydrates = 100 – (NDF+CP+CF+Ash)
b
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Results and Discussions
All dietary treatments significantly decreased (p<0.05) in
mean postprandial rumen pH, but no difference were
observed among the experimental groups. The lack of
response among different sources of starch may be
explained by the finely ground corn in the diets was
contributed to greater ruminal degradability of cornstarch
that result in decreased rumen pH (5). In contrast, the first
day of rumen acidosis challenge, mean postprandial
rumen pH (n=16) was markedly declined to values below
5.6 for at least 6 h on days 3 and 7 (Figure 1). Thus,
rumen acidosis was successfully challenged in this study,
which was in line with the result of Khafipour et al. (1).
Concentrations of total VFA in the rumen fluid was
linearly increased (p<0.05) by time postfeeding and day,
during acidosis induction, irrespective of dietary
treatments (Figure 2).

and day-3 (10,322 and 9,919 EU/ml), but significantly
increased (p=0.016) of 40,290 EU/ml in day 7. However,
rumen LPS concentrations were not affected by the
amount of cassava starch (Figure 3). Hence, the recurrent
rumen pH resulted in an increase of the death and lyses of
gram- negative bacteria and free LPS release in the rumen
fluid (6). Plasma LPS concentration was below the
detection limit of 0.1 EU/ml for the LAL assay. This
result suggest that feeding dairy cows with the variable
amounts of rapid rumen degradable starch in the diets did
not affect rumen pH, total VFA and LPS concentrations.
However, the rapid rumen degradable starch induced
rumen acidosis and was associated with an increased

Day-1
Day-3

Day-7

Figure 1 Rumen pH in dairy cows with rumen acidosis
induced by feeding of variable amounts of cassava starch
in the diets. CC = ground cassava chips; Trt. = treatment

rumen LPS concentration, which was not accompanied by
an increased plasma LPS concentration.
Figure 3 Rumen LPS concentrations in dairy cows with
rumen acidosis induced feeding of variable amounts of
cassava starch. CC = cassava chips ground; Trt. =
treatment
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Abstract
Roughage is a primary feed of ruminants. It is essential to
ruminant in terms of nutrient supply not only for animal
but also for microorganism living in the rumen and
stimulation of rumination. In Thailand, due to limited
availability of good quality roughages throughout the
year, it is necessary to use locally agricultural by-products
such as rice straw, corn cobs, soybean pods, cassava stem
and etc., as main roughage sources for ruminants. The use
of available agricultural by-products is increasing in dairy
production. However, the agricultural by-products contain
low crude protein and high fiber contents. Thus, the use of
those roughages, in particular, for lactating dairy cows is
needed to be more considered. There are several ways to
improve agricultural by-products as roughage source in
dairy diets such as urea treatment, supplementation with
high protein and energy sources. One of strategy to
increase the use of agricultural by-products is to use as
roughage source in total mixed ration (TMR). Series of
experiments using agricultural by-products as main
roughage source in TMR were conducted. TMR feeding
containing agricultural by-products as roughage source
resulted in significant increase dry matter intake (DMI) as
compared to separate feeding of roughage and
concentrate. This strategy is well established and needed
to be disseminating the information to dairy farmers.
Introduction
Dairy production is one of important livestock income
generators for small holder farmers throughout Thailand.
Although dairy production has been established nearly
fifth years, dairy cows still produced lower milk as
compared to those raised in the temperate area. There is
several factors influenced milk production of dairy cows
raised in the tropical area. On one hand, lack of good
quality roughage is limited milk production. On the other
hand, improper feeding is also limited milk production.
TMR is another feeding strategy that has been reported to
have an advantage in ruminant production. TMR is a
mixture of both the roughage and the processed
ingredients, formulated and mixed to supply the cow
requirements, in a form that precludes selection.
Roughage is an essential factor in the nutrition of the
dairy cow, to ensure normal rumen conditions of pH,
rumination, salivation and digestion. In Thailand,
agricultural by-products is more important due to lack of
good roughage source for ruminants. Leng (5) suggested
the following undertakings to optimize the use of
agricultural by-products by establishing an efficient
rumen system to optimize microbial growth and intake by
manipulating ruminal ammonia-nitrogen (NH3-N) as well
as to provide adequate rumen escape nutrients. Proper

treatment and/or supplementation of agricultural byproducts are needed to overcome the shortfalls and to
improve feeding efficiency (11). Therefore, this paper will
discuss on using agricultural by-products as roughage
sources in TMR for dairy cows.
Types of agricultural by-products
In Thailand, feed resources for ruminants rely on seasonal
and their nutritive values. During rainy season, fresh
forages are available to use as main roughage sources for
ruminant production. However, a shortage of land to
produce such forages is insufficient of fresh forages, the
needs of good quality roughage become more important.
Agricultural by-products or crop residues are also major
sources of roughages to use in ruminant production
system. The practical and extent utilization of this
biomass have been demonstrated (10, 12). A number of
factors could well affect on the overall efficiency of
agricultural by-products as feed since they contain of high
level of fiber, low protein and essential minerals. The
chemical composition of some agricultural by-products
which can potentially be used as roughage source in TMR
is shown in Table 1. Although there are low to medium
crude protein content, but there are high in NDF content.
The high NDF content of agricultural by-products is a
main factor that control intake in ruminants. The intact
form of agricultural by-products can be used as effective
fiber to stimulate rumination and help to optimally control
a pH level. However, the use of agricultural by-products
as roughage source should be considered to grind through
a 1 mm screen before mixing with concentrate to make
TMR prior to feeding to ruminants.
Table 1 Chemical composition of some crop residues
available in Thailand.
DM Ash
CP
EE NDF
%
-------% DM -----Rice straw
89.0 9.3
3.7
2.3 79.1
Corn Cobs
92.0 11.1 2.3
0.8 86.4
Soybean Pods
91.0 8.9
7.2
2.9 67.5
CSH
90.0 6.5
8.0
1.8 79.3
CSS
48.0 4.4
6.0
1.8 74.0
Cassava hay
86.3 8.9 23.6 5.0 44.3
Pangola hay
91.8 8.6
7.9
1.0 78.6
Calvacade hay
95.4 8.0 14.5 1.6 71.0
CSH = Cassava stem hay, CSS = Cassava stem silage,

ADF
51.9
46.4
49.5
27.1
26.3
30.0
42.6
51.0

Separate feeding vs TMR feeding
It is well known that DMI in dairy cows was lower in
separate feeding than in TMR feeding (1). TMR feeding
using ground corn cobs as a roughage source improved
DMI by 30% as compared with separate feeding using
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rice straw as roughage source (9). Increase DMI resulted
in significantly elevated milk yield (10.7%), but feed
efficiency tend to be lowered (Table 2). Using soybean
pods (SP) as a part of TMR improved DMI and milk yield
as compared to separate feeding accounted for 11% and
12.9%, respectively (6). Study of Separate feeding and
TMR feeding at 2 levels of roughage (pangola hay) to
concentrate ratio (40:60 and 50:50) in lactating dairy
cows found that TMR feeding increased DMI by 30%, but
milk yield was not altered (4). However, the latter, author
found that NDF digestibility was lowered in TMR feeding
as compared to separate feeding due probably to an
increase flow rate of feed from the rumen. It is concluded
that using agricultural by-products as a sole roughage
source in TMR did improve DMI and milk production.
Types and levels of agricultural by-products in TMR
TMR is a well mixed between roughage and concentrate
before feeding for ruminants. It is well demonstrated that
TMR feeding improves feed intake and efficiency of
ruminants as mention above. This feeding regime is
maintaining ruminal pH to a level that optimizes
microbial activity in the rumen (9). The use of agricultural
by-products in TMR has to be considered an optimum
level and type of roughage usage related to DMI and milk
production. Replacing rice straw in corn cobs-based TMR
from 0 to 50% linearly decreased DMI and milk yield
(13). The use of rice straw would increase bulkiness of
diet leading to decrease DMI.
Recently, a comparison of two sources of roughage; dried
cassava stem (DCS) and rice straw as roughage source in
TMR resulted that using DCS slightly decreased in DMI,
but similar in milk yield (2). Moreover, cassava stem after
root harvested could be used into two forms; dried and
silage of which DCS and cassava stem silage contained
crude protein about 6-8%, which was high as compared to
other agricultural by-products (8). When used of both
dried and silage forms as roughage source in TMR, it was
observed to have a similar DMI and milk yield. In
addition, using such a good protein-contained roughage
source such as cassava hay included in TMR from 0 to 30
% did not have any affect on DMI and milk yield, but
lowering feed cost of milk production. In addition,
incorporated cassava hay which is high in protein in corn
cobs/rice straw based TMR did not alter DMI, but slightly
increased milk yield (3).
Besides, increase corn cobs in TMR did not change DMI
and milk yield (9). Furthermore, Corn cobs-based TMR
containing 40 and 50% corn cobs did not influence DMI
and milk yield for dairy cows produced milk 10 kg/d (14).
However, increase level of pangola hay in TMR from 40
to 50% slightly decreased DMI and milk yield (4).
Increase of cavalcade hay from 40 to 70% in TMR
linearly decreased DMI, milk yield and digestibility, but
increased milk fat (7).
Summary
Agricultural by-products are available and commonly
used in dairy production system in Thailand.

Incorporation of those agricultural by-products in TMR is
one of strategy to improve the feed utilization and animal
performance. TMR feeding containing agricultural byproducts as roughage sources did improve DMI and milk
yield by 20 and 10%, respectively, as compared to
separate feeding. Thus level of agricultural by-products to
be used in TMR is 40% for diary cows produce average
10-15 kg/d of milk.
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Table 2. Effects of using agricultural by-products as
roughage sources in TMR on DMI and milk production in
dairy cows.
Agricultural
Feeding Level in DMI, Milk Ref.
by-products
strategy
TMR
%BW yield,
(R)
(R:C)
kg/d
Rice Straw /
SF
26:74 2.80
12.5
(9)
Corn cobs
TMR
30:70 3.48
13.8
TMR
35:65 3.51
13.7
TMR
40:60 3.61
14.0
Soybean pods
SF
20/20:60 3.32
10.3
(6)
/Rice Straw
TMR
30/10:60 3.58
11.6
TMR
20/20:60 3.60
11.7
TMR
10/30:60 3.50
11.6
Pangola Hay
SF
40:60 2.67
10.5
(4)
SF
50:50 2.85
11.1
TMR
40:60 3.63
10.9
TMR
50:50 3.06
10.3
Corn cobs/
TMR
40/0:60 3.51
13.1 (13)
Rice straw
TMR
33/7:60 3.47
13.1
TMR
27/13:60 3.23
12.4
TMR
20/20:60 3.21
12.4
Cavalcade hay
TMR
40:60 3.35
13.2
(7)
TMR
50:50 2.98
11.1
TMR
60:40 2.75
10.4
TMR
70:30 2.48
9.0
Cassava hay/
TMR
0/40:60 3.26
12.1
(3)
Rice straw
TMR
10/30:60 3.12
13.5
TMR
20/20:60 3.10
13.3
TMR
30/10:60 3.29
12.8
Rice straw
TMR
40:60 2.81
17.8
(2)
DCS
TMR
40:60 3.15
16.9
DCS
TMR
40:60
2.9
10.1 (8)
CSS
TMR
40:60
2.6
9.6
CSS = Cassava stem silage, DCS = Dried cassava stem,
SF = separate feeding

Page 229

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Oil palm by products and meat quality in ruminants
Goh Yong Meng*, Hasliza Abu Hassim, Mohamed Ali Rajion,Mahdi Ebrahimi.
Department of Veterinary Preclinical Sciences, Faculty of Veterinary Medicine, Universiti Putra Malaysia. 43400 UPM
Serdang. Selangor. Malaysia.
*Corresponding author
Keywords : oil palm, meat quality, ruminants
Overview
The ruminants have several advantages over nonruminants as converters of feed to human food which are
not in direct competition with human populations. These
animals are able to derive their dietary needs from
agriculture by products and residues deemed low quality,
or inedible by other non-ruminant species. The Malaysian
oil palm industry generates more than 90 million tonnes
of waste biomass annually (Zahari and Alimon, 2005), of
which about half comprised of oil palm fronds (OPF).
However, the challenge in feeding these fronds with more
than 20 % lignin content to ruminants is being addressed.
Other available oil palm by products are palm oil mill
effluent (POME) – a product obtained from palm oil
milling process and used mainly as energy and protein
source; as well as palm kernel cake PKC, derived from
palm kernel after oil has been extracted. These by
products ranged from low energy poorly digested OPF to
both energy and protein-rich, but poorly utilised POME.
As dietary energy and proteins are well known
determinants of growth and carcass characteristics,
judicious incorporation of these by- products in animal
feeds would have far-reaching effects on meat quality as
well. OPF has been incorporated successfully in goat
feeds to produce lean carcass with desirable eating
quality, where as processed PKC and POME has been
used successfully in both milking and meat producing
animals in Malaysia. This report therefore described the
feeding approaches utilizing oil palm by products (mainly
OPF) and their effects on both physical and sensory trait
of ruminant meats.
The oil palm industry and its by-products
The oil palm (Elaeis guineensis Jacq) originated from
western Africa region and has been planted worldwide for
their valuable edible oil products. In recent years, there
had been significant commercial effort to use palm oil as
biodiesel in Malaysia. Two types of oils can be obtained
from the oil palm, the palm oil (PO) from the fleshy
mesocarp of the fruit, as well as the palm kernel oil (PKO)
from the seed or kernel of the palm fruit. Malaysia
currently accounts for about 41 % of world palm oil
production and 47 % world exports. This is translated into
11 % and 25 % for total world fats and oils production
and total world fats and oils exports, respectively (MPOC,
2009). Therefore, it is comprehensible that the oil palm
industry generated significant amounts of biomass
annually in Malaysia. Oil palm plantations require
constant pruning of leaves or palm fronds and this leaves
significant amounts of palm frond waste behind.
Furthermore, during processing stages, products such as
palm kernel cakes (PKC) and palm oil mill effluent

(POME) are produced following oil extraction and
refining processes, respectively. Nutrient contents of the
various oil palm by products are as depicted in Table 1.
Table 1 : Nutrient composition (% dry matter basis of
various types of oil palm by-products).

Dry Matter
Crude protein
Crude fibre
Ether Extract
Ash
ME (MJ/kg)

Palm
Kernel
Cake
(PKC)

Palm
Press
Fibre
(PPF)

Palm Oil
Mill
Effluent
(POME)

Oil
Palm
Frond
(OPF)

90.7
15.2
17.1
1.5
4.3
11.1

86.2
5.9
48.6
5.8
3.3
4.0

91.1
11.1
17.0
12.0
9.0
6.5

36.4
5.8
44.8
1.2
6.6
4.9

(after Zahari and Alimon, 2005).
It is obvious from Table 1, that oil palm by products
cannot be used singly into animal feeds. In fact these
products are often included as a part of a formulated
complete feed for use in ruminants in Malaysia.
Formulators should also be aware that there are inclusion
limits for the use of PKC of up to 30 % of total rations for
small ruminants, and up to 50 % for OPF (Rajion et al.,
2001). Usage of oil palm by products are also furthered
hindered by the fluctuating nutritive qualities of the by
products. This is mainly because these by products are
often regarded as agricultural waste and therefore not
handled according to strict storage and handling
standards. Furthermore, the poor availability of detailed
characterization of nutritive qualities of most of the oil
palm by products also limited its use in animal
agriculture.
Use in animals
Despite these short comings, some of the by products
have been incorporated successfully in monogastrics
(Onwiduke, 1986; Rhule, 1996; Onifade and Babatunde,
1998). In ruminants, it has been shown that PKC can be
incorporated used for short term fattening of beef cattle,
sheep (Rajion et al., 2001) and goats (Dahlan, 2000). In its
untreated form, animals fed with 75 % oil palm fronds in
their ration had low meat to bone ratio due to poor
nutrient availability of OPF and poor growths. However,
the animals‘ meat to bone ratio increased from 1.35 to
1.94 when the amount of oil palm frond in the diet was
reduced from 75 % to 50 %. Further reduction of oil palm
frond to 25 % substituted by corn and soybean meal did
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make any difference to the meat to bone ratio, but instead
increased the carcass fat from 12 to 15 %. Concurrently,
the animals fed 50 % OPF also demonstrated not only
leaner meat, but also better meat colour scores and
significantly lesser drip loss compared to animals fed on
commercial concentrates, and those on 75 % OPF.
Sensory wise, it was found that sensory and eating quality
of meats improved with the reduction in the dietary
incorporation of OPF. However, there was no off odour
noted in the meat even among animals fed with 75 %
OPF, although toughness indicated by Warner-Bratzler
shear force values were much higher in animals fed higher
amounts of OPF (75 % and 50% OPF) in their diet. These
unpublished findings from our group further highlighted
the need to improve oil palm fronds‘ nutritive quality
(such as ensiling, enzyme treatment), before it can be used
extensively for livestock production.
In summary, while general carcass and sensory
characteristics are more favourable in animals fed entirely
with concentrate and/or fed with only 25 % OPF, leaner
carcasses with less fat are seen in animals fed with 50 %
OPF. 75 % OPF incorporation in the ruminants‘ diet is not
practical a lot of adjustments need to be made to dietary
energy in the form of energy rich oils.
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Introduction
Oil palm fronds (OPF) are one of the main by-products of
the oil palm industry in Malaysia. It is widely used in
ruminant diets as roughage source or as a component in a
complete feed. However, the net energy content of OPF is
low, due to its high fibre content, which limits the rumen
degradation. Therefore, feed additives, such as yeast
and/or enzymes, could play a role in improving the
digestibility of OPF. Previous studies have shown that
fibrolytic enzymes and yeast cultures supplementation in
ruminant diets can increase cellulose degradation [1] and
nutrient digestibility [2]. The aims of this study were to
screen the effect of commercially available yeasts
(Levucell SC® and Yea-Sacc®) and enzyme mixtures
(Hemicell® and SSF®) on OPF digestibility in vitro.
Material and methods
In vitro incubations with ruminal fluid (RF) were
performed in 2 runs, with 2 replicates/treatment/run as
described by Hassim et al. [3]. RF was collected from
four 4-mo BBB x Malin crossbred lambs in each run.
Lambs were fed 150g OPF/kg DM. Mixed RF (8mL),
bicarbonate+phosphate buffer (32mL) and OPF (0.560g)
were added to each syringe. Feed additives were
supplemented according to the dosage advised by the
companies, both in active and inactive (autoclaved) forms.
The yeast treatments contained 0.002g of Levucell SC® or
0.040g of Yea-Sacc®, i.e. 1x107 cfu. As for the enzyme,
two doses of each tested enzyme were applied, based on
the in vivo dose advised by the companies. The suggested
in vivo dose was converted to in vitro conditions both on a
substrate (0.110mL/kg and 0.2g/kg of feed for Hemicell ®
and SSF®, respectively; Dose 1) or on a rumen volume
basis (2.2mL/100L RF and 4g/100L RF for Hemicell® and
SSF®, respectively; Dose 2). Syringes were placed in the
oven at 39°C for 96h. Volume of the gas produced was
recorded at 0, 1, 2, 4, 6, 8, 10, 20, 24, 34, 48, 72 and 96h.
RF was collected at 0h for short chain fatty acid (SCFA)
analysis. After 96h, incubation fluid (5mL) was recovered
for SCFA analysis. Total net productions of SCFA,
relative proportions of individual SCFA and apparently
rumen degradable organic matter (ARDOM), for both
active and inactive forms, were compared to the negative
control and to each other. ARDOM was calculated as
ARDOM = Acetate(Ac)/2 + Propionate(Pr)/2 +
Butyrate(But), with Ac, Pr and But expressed as net molar
productions. SCFA production in function of incubation
time was determined based on the gas production curve,
and fitted with the following model: Vt = Vf{1+exp[2–

4*Kf*(t–Ln)]}-1, where Vt is the SCFA production at the
time of gas reading (µmol/incub), Vf the asymptotic
SCFA production (µmol/incub), Kf the rate of SCFA
production (h-1), t the time of gas reading (h), and Ln the
lag time before the onset of SCFA production (h).
Data were statistically analyzed using GLM according to
Yij=μ+Ai+Bj+ABij+ξij, where Yij is the response; µ the
overall mean; Ai the effect of feed additives (fixed factor);
Bj the effect of incubation runs (random factor); ABij the
interaction between feed additives and incubation runs;
and ξij the residual error. Effects with P<0.05 were
considered statistically significant.
Results & Discussion
Compared to the control, the addition of Yea-Sacc®
increased the total SCFA production by 10%. However,
the majority of this increase was independent of viability
of the yeast as total SCFA production in incubation with
the inactive form was 7.5% higher (P>0.1). Both forms of
Levucell SC® remained similar to the control (Table 1). In
terms of individual proportions of SCFA, only the active
form of Levucell SC® resulted in increased Ac
proportions compared with the control, while other yeast
treatment groups remained similar to the control.
Differences between active and inactive form of the tested
yeast were only found for Levucell SC®, where the active
form of the Levucell SC® showed a trend for increased Ac
proportions compared to the inactive form. Published
reports on the effects of addition of yeast cultures in the
rumen on SCFA productions are variable [4][5].
Table 1 Effects of yeasts (active and inactive) on total SCFA
production (μmol/incub), relative proportions of individual SCFA
(mmol/mol total SCFA), and ARDOM (mg)
Levucell SC®
Yea-Sacc®
Control
Active
Inactive
Active
Inactive
Total
3275
3348
3664
3598
3333
SCFA
(90.9)
(203.6)
(234.4)†
(144.1)
(188.4)
577
571
561
561
573
Ac
(19.0)†† T
(18.5)
(23.2)
(23.7)
(19.7)
237
239
242
243
238
Pr
(9.34)
(8.70)
(11.92)
(13.51)
(7.84)
92.9
94.7
99.2
100.7
94.3
But
(4.59)
(4.82)
(6.99)
(4.81)
(5.51)
265
271
297
293
270
ARDOM
(6.90)
(16.6)
(18.2)†
(11.8)
(16.2)
T
= trend (0.1<P<0.05), † 0.05<P<0.01; †† 0.01<P<0.001; differences
reported between feed additives (active and inactive) and control

Both forms of both tested yeasts did not affect the
fermentation kinetics such as Kf and Ln, compared with
the control (Table 2). This indicates that the increase in
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total SCFA induced by Yea-Sacc® is not due to a faster
fermentation or a reduced lag time. Moreover, active and
inactive forms of both yeast behaved similarly as to their
effect on ruminal fermentation kinetics, after 96h of
incubation.
Table 2 Effects of yeasts (active and inactive) in fermentation
kinetics based on asymptotic SCFA production (Vf; μmol/incub),the
rate of SCFA production (Kf; h-1) and the initial time lag (Ln; h)
Levucell SC®
Yea-Sacc®
Control
Vf
Kf
Ln

Active

Inactive

Active

Inactive

3197
(121)
0.050
(0.017)
1.89
(0.219)

3254
(202)
0.049
(0.017)
2.34
(0.124)

3424
(130)
0.042
(0.007)
2.56
(1.275)

3452
(152)
0.042
(0.005)
2.98
(1.336)

3266
(142)
0.049
(0.015)
2.31
(1.563)

Surprisingly, addition of active enzymes generally
resulted in lower SCFA productions compared with the
control, although only for Dose 1 of active Hemicell®.
This decrease tended to be significant (Table 3) and was
reflected in a trend for decreased ARDOM. Similarly,
addition of the active enzyme form showed lower SCFA
production compared with the inactive form, with
significant differences between the active and inactive
form of SSF® Dose 1. These results suggest that overall
fermentation process of OPF seems to be reduced with
supplementation of active form of enzymes which is
unexpected, as increasing the fibrolytic activity in the
rumen by adding enzymes was expected to improve the
digestibility of OPF, with higher total SCFA production.
Individual proportions of SCFA for both forms and doses
of both enzymes tested remained similar to the control.
Table 3 Effects of enzymes (active and inactive) on total SCFA
production (μmol/incub), relative proportions of individual SCFA
(mmol/mol total SCFA), and ARDOM (mg) at two different doses
Dose 1
Hemicell®
SSF®
Active
Inactive
Active
Inactive
Total
3209†
3357
3150*
3330
SCFA
(241.8)
(136.1)
(99.2)
(97.1)
563
575
567
580
Ac
(34.3)
(24.5)
(19.8)
(15.1)
Pr
But
ARDOM

Total
SCFA
Ac
Pr
But
ARDOM

239
(9.22)

238
(10.85)

243
(12.13)

239
(7.57)

99.4
(8.73)
260 T
(21.20)

94.9
95.4
92.6
(5.31)
(4.37)
(2.14)
273
256*
271
(11.67)
(9.08)
(8.93)
Dose 2
Hemicell®
SSF®
Active
Inactive
Active
Inactive
2991
3210
3184
3261
(127.6)
(106.8)
(248.1)
(24.5)
564
562
578
577
(20.2)
(24.4)
(19.0)
(15.3)
242
244
236
236
(15.06)
(10.95)
(10.03)
(7.52)
100.5
100.4
97.7
97.3
(4.94)
(1.52)
(3.16)
(1.08)
244
262
260
266
(9.23)
(9.02)
(19.46)
(3.03)

Control
3333
(188.4)
573
(19.7)
238
(7.84)
94.3
(5.51)
270
(16.24)

T

= trend (0.1<P<0.05), * 0.05<P<0.01; differences reported
between active and inactive form of feed additives, † 0.05<P<0.01;
differences reported between feed additives (active and inactive) and
control

The Kf and the Ln remained similar to the control for both
doses and forms of both tested enzymes (Table 4). In
addition, no differences in fermentation kinetics were
found between the active and inactive forms of tested
enzymes for both doses.
Table 4 Effects of enzymes (active and inactive) in fermentation
kinetics based on asymtotic SCFA production (Vf; μmol/incub), the
rate of SCFA production (Kf; h-1) and the initial time lag (Ln; h) at
two different doses
Dose 1
Hemicell®
SSF®
Active
Inactive
Active
Inactive
3108
3255
3010†
3224
Vf
(260)
(128)
(113)
(64.4)
0.058
0.048
0.048
0.047
Kf
(0.012)
(0.009)
(0.014)
(0.015)
1.64
1.81
1.92
1.79
Ln
(0.821)
(0.307)
(0.450)
(0.874)
Dose 2
Hemicell®
SSF®
Control
Active
Inactive
Active
Inactive
2907
3107
3060
3172
3266
Vf
(156)
(146)
(251)
(48.7)
(142)
0.051
0.051
0.048
0.051
0.049
Kf
(0.012)
(0.012)
(0.009)
(0.009)
(0.015)
1.43
1.33
1.82
1.67
2.31
Ln
(1.301)
(0.975)
(0.557)
(0.979)
(1.563)
†
0.05<P<0.01; differences reported between feed additives (active
and inactive) and control

Generally, an effect of the tested yeast or enzyme was
absent or limited. This lack of effect could be due to the
fact that these products do not degrade lignin, a major
compound of OPF that could have prevented access of
ruminal bacteria to cellulose and hemicellulose. Further
investigation is needed to test whether stimulation of
fermentation by Yea-Sacc® persist in vivo and on the
mechanism of this stimulation as it does not seem
dependent to a large extent on the viability of the yeast.
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Introduction
Milk fat typically has a high proportion of saturated fatty
acids (SFA; 70-75%) and mono-unsaturated fatty acids
(MUFA; 20-25%), whereas amounts of poly-unsaturated
fatty acids (PUFA; 5%) are small (1). Negative health
effects of milk fat are associated with the high SFA
content which is directly related to cardiovascular risk (2).
Positive health effects of milk fat are associated with
MUFA (and PUFA). Moreover, milk fat is the
predominant dietary source of conjugated linoleic acid
(CLA) in the human diet (3). CLA is a collective term for
a mixture of positional and geometric isomers of linoleic
acid (C18:2 n-6) in which the double bonds are
conjugated. CLA c9t11 is the major isomer (~ 90%) in
milk fat (4) and has been suggested to be
anticarcinogenic. To meet the WHO recommendations
(2), SFA intake should be restricted. A good strategy
would be to reduce in particular the SFA in milk, since
milk and dairy product consumption contributes for 40%
of the SFA intake in the Western world (5). Further major
targets are 1) to increase concentrations of CLA c9t11 or
its precursor C18:1 t11, 2) to increase C18:1 c9 and 3) to
enhance n-3 fatty acid concentrations such as C18:3 n-3,
EPA and DHA.
Dietary strategies reducing dairy SFA and increasing
cis MUFA and cis PUFA
Animal dietary strategies to increase the amount of dairy
cis PUFA include fresh forage feeding and
supplementation with oil seeds, of which linseed gained
particular interest as a source of omega-3. Marine
products are the major source of eicosapentaenoic acid
(EPA; C20:5 n-3) and docosahexaenoic acid (DHA;
C22:6 n-3) and although their inclusion in ruminant diets
are less common, some studies have been focussed on
their potential to modify milk fat composition.
Although feeding 1 kg of linseed (300 g C18:3 n-3) or
200 g of micro algae (40 g C22:6 n-3) might result in a
twofold increase in milk C18:3 n-3 and even a twentyfold
increase in C22:6 n-3, C18:3 n-3 and C22:6 n-3 in
modified milk maximally represents about 1.2 % (6, 7, 8,
9) and 0.3 % (10) of the milk fat, respectively. This is
equivalent of a transfer efficiency from diet to milk of 5%
or lower. Nevertheless, a major increase in dairy C18:3 n3 up to 5 % of the milk fat is possible but requires fat
supplements
which
(partially)
bypass
rumen
biohydrogenation. However, protection efficiency is often
variable and also overprotection should be assessed.
Moreover, an emerging need exists for natural protection
technologies. The limited affinity of the mammary
lipoprotein lipase for plasma phospholipids which are the
main carrier of the long chain n-3 PUFA (EPA and DHA)

is another issue in transferring these long chain omega-3
fatty acids from the marine products to milk fat even if
rumen biohydrogenation could be reduced.
Despite modest changes in dairy poly-unsaturated fatty
acid content, supplementation of C18:3 n-3 and C18:2 n-6
rich oilseeds markedly modifies milk fat composition in
terms of reduction of saturated fatty acids, particularly
palmitic acid and increase of oleic acid, but a concomitant
increase in trans-mono-unsaturates seems inevitable.
Similar shifts in saturates and cis MUFA without
increases in trans MUFA might be obtained with dietary
MUFA sources, such as rapeseed.
Changes induced by fresh forage feeding are similar to
linseed supplementation for saturated fatty acids but not
for oleic acid, whereas the potential of ensiled forages to
modify milk fatty acid composition is limited. Type of
forage also might influence the milk fatty acid
composition, with leguminous as white and red clover
showing a higher potential to transfer C18:3 n-3 to the
milk (11). Differences are not attributed to increased
dietary supply of C18:3 n-3 but are related to changes in
rumen fatty acid metabolism. Indeed, increased
forestomach outflow of C18:3 n-3 has been suggested to
originate from reduced rumen lipolysis, with literature
providing
some
evidence
for
the
role
of
polyphenoloxidase, which is particular active in red
clover, to inhibit rumen lipolysis (12).
Dietary strategies increasing dairy trans MUFA and
conjugated fatty acids
As the effect on total cholesterol to HDL cholesterol was
twice as large when replacing trans fatty acids with a mix
of carbohydrates and cis unsaturated fatty acids compared
with replacing SFA, Mensink et al. (13) considered trans
fatty acids much more detrimental towards the risk for
development of cardiovascular diseases. Whether or not
trans fatty acids of ruminant products have a similar
detrimental effect as observed for the industrially
produced trans fatty acids is still under debate, but
recently more evidence became available which indicates
somewhat different characteristics of ruminant trans
versus saturated fatty acids (14). Indeed, a slight increase
of trans fatty acid to SFA ratio in dairy products was
associated with an improvement in some cardiovascular
risk factors measured in the blood of 111 healthy
volunteers (14) .
Compared to oilseeds, C18:3 n-3 or C18:2 n-6 rich oils
provoke similar changes in SFA and PUFA, but show a
much higher risk of increasing trans MUFA at the
expense of oleic acid (C18:1 c9). This reduction in C18:1
c9 was not studied by Malpueh-Brugère et al. (14).
As milk CLA c9t11 predominantly originates from
endogenous synthesis in the mammary gland with
vaccenic acid (C18:1 t11) as precursor, increased
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forestomach outflow of vaccenic acid (C18:1 t11) is the
most effective strategy to increase the output of this
conjugated fatty acid in the milk. Increased proportions of
CLA c9t11 in milk have been associated with ruminants
fed botanically diverse forages (11). This might be
provoked by some plant secondary metabolites, present in
herbs of botanically diverse forages although direct
evidence is lacking until now,.
Dietary strategies including marine products seem the
most effective way to increase dairy conjugated fatty acid
content. This is associated with dramatic changes in both
milk fat content as well as milk fat proportions of C18:0,
C18:1 c9, C18:1 t11, C18:1 t10 as well as with a drastic
increase in another conjugated linoleic acid isomer, i.e.
CLA t9c11. Moreover, for some of the milk fatty acids
(i.e. C18:1 t10, CLA ct9t11 and CLA t9c11 ) the response
to the micro algae was delayed. Further, numerous C20
and C22 positional and geometrical isomers appear upon
supplementation of marine products, but their
identification is challenging. Most probably, they are
intermediates of EPA and DHA biohdrogenation by
rumen microbes or derivates thereof. Whether or not these
fatty acids show specific biological activity also still
needs to be explored.
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(9) Offer et al., 2001. Anim. Sci. 73: 533.
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Conclusion
Supplementation of oilseeds as well as fresh forage
feeding seem effective dietary strategies to reduce the
SFA content in milk by up to 8 g/100 g milk fat without
impairing animal production rates. However, absolute
increases in cis PUFA are modest. Most often these
dietary strategies are associated with an increased output
of trans MUFA. This does not seem a major risk in terms
of human health based on recent studies assessing the
effect of a concomitant increase in dairy trans MUFA,
decrease in SFA without reduction in cis MUFA or cis
PUFA. Long chain PUFA from marine products are
poorly transferred to the milk, but their supplementation is
associated with increases in numerous geometric isomers,
both conjugated and not of which biological activity is
still unexplored.
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Introduction
Traditionally, the dietary strategy recommended to
prevent milk fever is to decrease the Ca intake during the
dry period (1,2) which enhances the efficiency of Ca
absorption (3). However, implementation of this method
is difficult because of the required low Ca intakes (25-30
g/day) which can hardly be achieved in practice.
Furthermore, in a meta-analysis to asses nutritional risk
factors for milk fever in dairy cattle, Oetzel (4) did not
observe a relationship between the Ca content of the
ration fed in the dry period, in the range from 2 to 25 g
Ca/kg dry matter, and the incidence of milk fever. The
conclusion that overfeeding of Ca in the dry period was
not an important risk factor for milk fever was also drawn
from an epidemiological study of Curtis et al. (5).
Furthermore, in a controlled study of Goff and Horst (6)
and Oetzel et al. (4), in which the Ca content of the ration
was varied from 5 to 15 or from 6 to 11.5 g/kg dry matter
respectively, no difference in the incidence of milk fever
was shown between the two Ca intakes. Therefore, other
dietery strategies to prevent milk fever were searched and
the feeding of so called acidogenic rations in the dry
period seems of interest.
Dietary cation anion difference and plasma Ca around
parturition
Several studies (6-11) indicate that prepartal feeding of
acidogenic rations may provide a useful tool to prevent
milk fever. These observations suggest that plasma Ca
concentrations around parturion are better maintained
when cows are fed rations with a negative instead of a
positive Dietary Cation-Anion Difference (DCAD) during
the dry period. Indeed, selected literature data (8,9,11-16)
shows that the decrease in plasma Ca concentrations in
cows around parturition are less pronounced when
prepartal rations with a negative DCAD were fed. These
data (8,9,11-16) also show that total plasma Ca
concentrations are not affected by the feeding of
acidogenic rations up to 3 days antepartum. Based on
these data, it can be speculated that prepartal feeding of
rations with a negative DCAD exert their effect on plasma
Ca concentration at the onset of colustrum production. It
may be suggested that prepartal feeding of rations with a
negative DCAD reduces colustrum production thereby
reducing the amount of Ca withdrawn from the cow.
However, it was shown by Tucker et al. (11) that milk
production was not affected by DCAD of prepartal
rations. Thus, it seems that dry cows fed rations with a
negative versus a positive DCAD have more Ca available
to compensate for the Ca losses at the onset of lactation.

How does a negative DCAD affect plasma Ca
concentration around parturition?
It could be hypothesized that a negative DCAD increases
the efficiency of intestinal Ca absorption and/or the rate of
Ca resorption from bone and/or Ca reabsorption in the
kidney. When rations with a positive DCAD are fed to
ruminants, urinary Ca excretion usually is very low; i.e.
well below 1 g/day (17), irrespective of the level of Ca
intake. However, it has been shown repeatedly that the
feeding of acidogenic rations raises the urinary excretion
of Ca in ruminants (10, 18-20) up to 6 g/day (17,21).
Thus, a stimulatory effect of a negative DCAD on net
tubular reabsorption of Ca can be excluded. It has been
suggested that Ca derived from the skeleton may be the
source of the extra Ca excreted in urine after feeding a
negative DCAD. This suggestion was based on increased
plasma hydroxyproline concentrations observed around
parturition when a ration with an excess of anions was fed
(8,22). However, Van Mosel et al. (23) histologically
examined tuber coxae biopsies from periparturient cows
fed a ration with a negative DCAD and no evidence was
found for an increased bone resorption. Furthermore, on
the basis of EDTA-infusion data, the amount of Ca that
could have been withdrawn from the bones during the
infusion of EDTA after the feeding of anion- versus
cation-rich rations was estimated to be 58 and 56% of the
total amount of Ca trapped by EDTA for the rations that
were rich in anions and cations, respectively (19). It was
concluded that bone was a major source of Ca during the
EDTA infusions, irrespective the type of ration that was
fed. Thus, it seems that Ca resorption from bone is not
influenced by a negative DCAD. However, Van Mosel et
al. (23) suggested that bone accretion was decreased after
the feeding of an anion rich ration. An unaltered bone
resorption combined with a decreased bone accretion
could theoretically explain the observed increase in
urinary Ca excretion. This implicates that Ca balance both
at the level of the bone and the whole body would be
negative. To maintain whole-body Ca balance, an increase
in urinary Ca excretion must be compensated for by an
equal increase in Ca absorption. Indeed, Lomba et al. (24)
calculated on the basis of regression analysis, a positive
relationship between the amount of fixed anions (25) in
the ration and Ca absorption in cows. Furthermore, it was
shown under controlled feeding conditions (26) that
addition of NH4Cl to the ration of sheep both stimulated
urinary Ca excretion and intestinal Ca absorption. This
observation in sheep can be extrapolated to cows since
Schonewille et al., (17) showed that Ca absorption in dry,
non-pregnant cows was increased with a negative DCAD.
The question arises whether the increase in urinary Ca
excretion would stimulate Ca absorption or vica versa. It
was shown by Stacy and Wilson (27) that intravenous
administration of hydrochloric acid increased urinary Ca
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excretion within two hours. This prompt effect on urinary
Ca excretion was caused by a decrease in tubular Ca
reabsorption which appears to be related with a decreased
urinary bicarbonate excretion (28) as induced by the shift
in systemic acid-base balance towards acidosis.
Furthermore, Goff and Horst (16) showed that urinary pH
was decreased and urinary Ca excretion was increased
already after 1 day when DCAD was changed from 313 to
-180 mEq/kg dry matter. The rapid urinary response to
acid loading cannot be immediately compensated for by
an increase in intestinal Ca absorption because adaptation
of intestinal Ca absorption is a slow, gradual process that
takes 2 to 6 days for full development (3). It can be
concluded that the feeding of a ration with a negative
DCAD induces a rapid increase in urinary Ca excretion
which in turn stimulates intestinal Ca absorption. Thus,
the increase in intestinal Ca absorption hastens after the
increase in urinary Ca excretion, leading to a negative Ca
balance directly after the ration is changed from a positive
to a negative DCAD. This implicates that plasma Ca
concentration initially decreases thereby stimulating the
release of parathyroid hormone (PTH) which in turn
augments renal vitamin D metabolism towards production
of 1,25-dihydroxycholecalciferol (29) resulting in an
increased intestinal Ca absorption (30). Thus, the
mechanism by which prepartal rations with a negative
DCAD prevent milk fever involves an increased
efficiency of Ca absorption which resembles the
mechanism by which a prepartal ration with a low Ca
content prevents milk fever. However, rations with a low
Ca content enhance efficiency of Ca absorption but they
do not raise the absolute amount of Ca absorbed. Thus,
low Ca rations have little effect on urinary Ca excretion.
In contrast, cows fed anion-rich rations, both absorption
and urinary Ca excretion are increased. Thus, the flow of
Ca through the body in cows fed anion-rich rations must
be substantially greater than in cows fed low Ca rations.
Theoretically this extra flow of Ca through the body could
be a source of Ca when hypocalcemia occurs. Indeed, it
was shown by Schonewille et al. (19) that urinary Ca
losses were diminished in cows fed anion-rich rations,
when plasma Ca concentrations were stressed by
intravenous administration of Na2EDTA. Thus, the flow
of Ca was diverted from excretion with urine to support
plasma Ca concentrations. In conclusion, the extra Ca
excreted in urine after feeding a ration with a negative
DCAD is available when hypocalcemia occurs. This extra
Ca acts in concert with the observed higher Ca absorption
(17) to prevent milk fever in dairy cows.
Thus, it can be concluded that the raise in urinary Ca
excretion, and subsequent release of parathyroid hormone
(PTH) is considered to be the key in understanding the
anti milk fever properties of acidogenic rations. It has
been proposed by Goff (31) that in cows fed high cation
diets (level not further indicated), the conformational
structure of PTH receptor is changed so that PTH cannot
interact efficiently with its receptor. Indeed, Goff and
Horst (6) reported higher incidences of milk fever in cows
when they were offered prepartal diets with increasing K
concentrations. However, Roche (32) indicated that

factors other than a high DCAD are probably more
important in controlling milk fever because low levels of
clinical cases of milk fever occurred in cows grazing
pastures containing excess K (> 4%). Interestingly,
hypomagnesemia may also interfere with the response of
PTH on target tissue, because it might hamper the PTH
induced activation of adenylate cyclase and second
messenger cyclic AMP (phospholipase C) (31).
Unfortunately, as far as we know, there are no controled
studies in dairy cows which proof this concept, but it has
been reported (33-35), that subclinical hypomagnesemia
is associated with a higher incidence of milk fever. Thus,
under the assumption that Mg is indeed necessary for full
expression of PTH, it follows that a negative DCAD only
prevents milk fever when cows are fed an adequate
amount of Mg. This suggestion is in line with the
epidemiological evidence Lean et al (36) that an adequate
supply of Mg is important
to prevent milkfever.
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Introduction
Global warming is increasingly interested in the past ten
years owing to there is seriously impacted on environment
and human life. The enteric methane is contributed by
approximately 33% of the European Union‘s agricultural
greenhouse gas emissions (1). Dietary strategies are
investigated to reduce methane emission and rumen
protozoa population. There have been reports that
medium chain fatty acid lower CH4 emission by
ruminants. Dohme et al. (2) reported that coconut oil
suppressed rumen methanogensis. Jordan et al. (3)
demonstrated refined coconut oil depressed protozoa
number and methane production in beef cattle.
Muchmuller et al. (4) explained that the methanesuppressing effect of coconut oil seems to be mediated
through a changed metabolic activity and/or composition
of the rumen methanogenic population. Krabok tree is a
local tree which grown in the tropical countries. Krabok
seed is an edible seed which usually consume as snack.
Krabok oil contains mostly medium chain fatty acids such
as lauric acid (C12:0) and myristic acids (C14:0) (5) (6).
Odongo et al. (7) reported that myristic acid inhibited
methanogens in ruminant animals without altering the
conjugated linoleic acid and trans-18-1 fatty acid profile
in milk. Hristov et al. (8) reported that lauric acid
inhibited rumen protozoa and increased propionate
concentration in dairy cows. Thus, the objective of
present experiment was aimed to investigate the effect of
krabok oil level on feed intake, nutrient digestion and
rumen fermentation in meat goats.
Materials and Methods
Goats and experimental treatments: Six crossbred Anglo
Nubian X Native with rumen fistulated goats were used in
a replicated 3x3 Latin squared design. Each period was
lasted for 21 days; 14 days was used to measure feed
intake and last 7 days was used to measure digestibility by
using total collection method (9); 2 days for adaptation on
the crate and last 5 days for sample collection. Krabok
level was 0, 3.5 and 7.0% in concentrate diets. The
composition of concentrate is shown in Table 1. Goats
were offered grass hay ad libitum and feed refusals being
measured once daily. During total collection periods,
goats were housed on the metabolism crates and feces
samples were collected in the last five consecutive days.
Feed samples were collected weekly and pooled for
analysis. At the end of each total collection period, rumen
samples were collected by stomach tube at 4 h post
feeding. Then, pH of rumen samples were measured
immediately by pH/Temperature meter. The portion of 20
ml sub-samples were acidified with 2 ml 6 N HCl to

inhibit microbial activity and frozen at –20 C.
Subsequently, individual rumen samples were thawed for
volatile fatty acids analysis using HPLC (Shimazhu,
Japan) (10) and ammonia-nitrogen (NH3-N) using Kjeltec
Auto 1030 Analyzer. Feed and feces samples were dried
at 60 C for 72 hr; ground and analyzed for dry matter
(DM), crude protein (CP) and ash by the method of
AOAC (11). Neutral detergent fiber (NDF), Acid
detergent fiber (ADF) and Acid detergent lignin (ADL)
were measured by the method of Goering and Van Soest
(12). Digestibility of nutrient was calculated as nutrient
intake – nutrient in feces × nutrient intake-1 × 100 (8).
Data were subjected to analysis of variance using GLM
procedure (14). Treatment means were compared using
least significant difference (13). The statistical significant
was considered at P<0.05.
Results and Discussions
The chemical compositions of diets are shown in Table 2.
The crude protein content of concentrate diets were
ranged from 14.32 to 14.38 %. Concentrate intake was
linearly decreased as increased krabok oil level (P<0.05).
Total intake was linearly decreased as increased krabok
oil level (P<0.05). The lowering of feed intake can be
explained by the high density of energy in the diet and
also KO is higher digestible fat than in Tallow fat. Krabok
oil is consisted of medium chain fatty acids which are
rapidly absorbed through the rumen wall. Digestibility of
dry matter, organic matter and crude protein were not
significantly differ (P>0.05) among treatments. Goats fed
7.0%KO were higher in fat digestibility than in goats fed
0 and 3.5%KO (P<0.05). Similar result with Machmuller
et al. (4) who demonstrated that added coconut oil
decreased ether extract digestibility in sheep.
Furthermore, Jordan et al. (3) reported a linear decrease in
digestibility in response to increasing levels of CO. The
ruminal acetate concentration was linearly decreased as
increased KO level (P<0.05). It might be partly explained
by the lowering of fiber digestion when increased KO
level. Devendra and Lewis (14) who reported that added
fat in ruminant diets were lowered fiber digestion.
Ruminal propionate concentration was significantly
increased as increased KO level. Increased KO level was
reduced ruminal butyrate concentration. Williams and
Coleman (15) demonstrated that ruminal protozoa
produced butyrate as an end product of carbohydrate
fermentation. The number of protozoa was linearly
decreased as increased KO level. Methane production was
depressed as increased KO level (P<0.05). It is well
known that methanogenic bacteria was associated with
protozoa in the rumen, thus decreased protozoa
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population was also reduced methanogenic bacteria.
Jordan et al. (3) demonstrated refined coconut oil
depressed protozoa number and methane production in
beef cattle. Muchmuller et al. (4) explained that the
methane-suppressing effect of coconut oil seems to be
mediated through a changed metabolic activity and/or
composition of the rumen methanogenic population.
Based on the experimental data, it can be concluded that
supplemental krabok oil as fat source did reduce fiber
digestion, reduce protozoa number and decrease methane
production while krabok oil did increase propionate
production in meat goats.
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Table 1 Ingredients of experiment diets
Krabok oil level
Ingredients
0.0
3.5
7.0
Soybean meal
8.0
8.0
8.0
Dried tomato pomace
26.0
26.0
26.0
Whole cottonseed
8.0
8.0
8.0
Cassava chip
45.0
45.0
41.5
Urea
1.0
1.0
1.0
Molasses
6.0
6.0
6.0
Sodium chloride
0.4
0.4
0.4
Sulfur
0.1
0.1
0.1
Dicalcium phosphate
1.0
1.0
1.0
Oyster meal
0.5
0.5
0.5
Dairy Min
0.5
0.5
0.5
Tallow
3.5
Krabok oil
3.5
7.0
Total
100
100
100

Table 2 Chemical compositions of diets
Items
T1
T2
T3
Pangola hay
92.89 92.56 92.21
83.76
DM
-------------% of dry matter-----------OM
95.32 95.41 95.36
85.58
CP
14.38 14.32 14.35
8.56
EE
8.51
8.55 13.23
2.14
NDF
29.15 29.03 29.12
55.64
ADF
21.38 21.23 21.22
24.34
Ash
4.68
4.56
4.49
5.54
Table 3 Feed intake and nutrient digestibility of goats fed
different krabok oil levels
Treatments
Items
T1
T2
T3
SEM
L
Concentrate intake
gDM/d
586.8
502.7
416.0
10.67
*
%BW
1.23
1.06
0.88
0.02
*
g/kgBW0.75
32.34
27.89
22.97
0.44
*
Hay intake
gDM/d
1758
1351
955
27.93 ns
%BW
0.53
0.45
0.35
0.13 ns
g/kgBW0.75
96.94
74.74
52.66
1.45
*
Total intake
gDM/d
2345
1854
1371
27.82 ns
%BW
1.76
1.51
1.23
0.01
*
g/kgBW0.75
129.3
102.6
74.64
1.41 ns
Digestibility, % of intake
DM
67.82
69.32
71.33
0.31 ns
OM
69.11
71.83
74.89
0.33 ns
CP
85.15
85.32
85.41
0.21 ns
EE
90.35
92.18
96.31
0.20
*
NDF
50.31
49.56
46.31
0.23
*
ADF
45.89
45.32
40.15
0.21
*
*P<0.05
L = linear contrast
SEM = standard error of the means
Table 4 Ruminal parameters of goats fed different krabok
oil levels
Treatments
Items
T1
T2
T3
SEM
Ruminal pH
6.33
6.34
6.42
0.02
NH3-N, mg%
14.98 13.56 13.20
0.21
TVFA, mM
67.91 70.32 73.55
3.78
acetate, %
72.76 68.95 64.87
1.65
propionate, %
20.55 22.43 27.55
0.36
butyrate, %
6.69
8.62
7.58
0.35
methane
34.59 33.18 29.34
0.25
production1
Protozoa, 105 cell/ml
7.25
3.70
3.35
0.22
Bacteria, 109 cell/ml
35.00 27.00 25.00
3.51
Zoospore,
104
3.20
3.30
3.40
0.56
cell/ml
*P<0.05
1
Methane = 0.5C2 -0.25C3+0.5C4
L = linear contrast
SEM = standard error of the means
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Abstract
Chromonaela odorata is the abundant weed plant in
Vietnam with potential for feeding livestock (crude
protein 20.6 % in DM) [1]. In a previous study, we
found that goat kids from mothers fed C.odorata
during pregnancy showed more interest toward this
feedstuff than kids from mothers which did not
ingest this plant. This finding can be explained by in
utero learning or by the consumption of
chemosensory substances from the milk. We
hypothesize that the mother goat transfers
chemosensory properties of C.odorata into milk
instead of in utero learning.

over a 4 week period. Feeding activities of the
individually housed goat kids was monitored with a
camera system and analyzed by ―The Observer‖
software.
These results confirmed the outcome of our previous
experiment and indicated that the fetus in utero can
be primed by their mother‘s diet.
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Twenty
female
goats
were
successfully
synchronized and divided into 4 groups (Table 1).
Two groups (1 and 3) were offered 50 g of dried
C.odorata leave meal (COLM) mixed with a basic
diet for the last 3 months of pregnancy until 2 weeks
before parturition. At birth the kids from the goats in
group 1 and 2 were cross fostered without colostrum
or milk from their own mother. While waiting for
the delivery of kid from another goat, the kid was
fed milk replacer or milk from any goat dam in the
same treatment. Kids from groups 3 and 4 stayed
with their mothers. After weaning (2.5 months old),
one kid from each goat dam was selected for the
test. Intake of COLM was measured for 30 min

Table 1 Experiment design
Group
Goat dams
No
1
2
3
4

Goat kids

n

Exp. factor

n

Origin of kids

5
5
5
5

COLM
No COLM
COLM
No COLM

5
5
5
5

from Group 2
from Group 1
from Group 3
from Group 4

COLM = C.odorata leave meal

Table 2 C. odorata intake during 30 min (mean± SD) in 2.5-month old goat kids
Group

Week 1

Week 2

Week 3

Week 4

P value

No

Mean

SD

Mean

SD

Mean

SD

Mean

SD

(week)

1

9.3ab

4.7

8.7ab

4.3

7.8ab

3.5

8.1ab

4.9

ns

2

12.2a

4.6

12.8ac

4.1

14.1a

4.2

13.8a

4.1

ns

3

15.0a

5.0

11.5abc

6.7

13.7a

5.5

17.0a

5.2

sig

7.7ab

4.4

ns

4

8.3ab
4.0
9.2ab
4.3
8.8ab
4.3
Different letters in each column shown the significant differences (P<0.05)
ns = not signific

Page 240

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Author Index
A
A. Botner ..................................................... 34
A. Bouchot .................................................. 31
A. C. Kudi ................................................... 19
A. Chaiyotwittayakun ............................... 226
A. Estrada Peña ........................................... 34
A. Fajinmi ................................................... 27
A Hansin ................................................... 153
A. Latif ...................................................... 143
A. Majekodunmi .................................... 27,29
A. Mannelli ................................................. 34
A.S.M. Sonnenberg ................................... 149
Abdou Razac Boukary ................................ 22
Agnes Waret-Szkuta…………………………25
Agnesia Endang Tri Hastuti Wahyuni ...... 147
Akke van der Zijpp ............................... 25, 57
AL Michel ................................................... 91
Alan Guthrie ............................................... 59
Albert I. Ko ................................................. 46
Alexandra Shaw .......................................... 29
Ali salehi ................................................... 151
Alireza sheybak......................................... 151
Alongkorn Amonsin ................................. 116
Anantachai Chaiyotwittayakun . 103, 145, 221
Andrea Balboni ......................................... 122
Angolwisye Kapaga .................................. 105
Anongnart Assavacheep ................... 110, 112
Anthony Musoke......................................... 85
Anudep Rungsipipat ................................. 182
Anwar M ..................................................... 71
Arisa Mazidah Erawati ............................. 127
Asmarani Kusumawati .............................. 101
Aulanniam ............................................ 51,169
B
B. Bonté ...................................................... 31
B. Dufour .................................................... 31
B. Vlaeminck ............................................ 234
B. Wieland .................................................. 34
Banlunara Wijit ........................................ 120
Barbara Szonyi ............................................ 46
Brigitte Duquesne ....................................... 98

C. Wachirapakorn ..................................... 226
C. Yuangklang........................................... 238
C.L. Lee ....................................................... 49
Caleb Kudi .................................................. 68
Catherine Nguyen...................................... 194
Chalermpon Yuangklang .......................... 219
Chalong Wachirapakorn............................ 228
Chanlun Aran ............................................. 15
Chanyuth Tretipskul .................................. 210
Chindamporn Ariya ................................... 120
Chin-Mei Lu .............................................. 174
Christina Puff ............................................ 183
Chuan-Min Yen ................................. 162, 174
Chuleeporn Saksangawong ........................ 60
Chung-Yi Chen ......................................... 174
Claude Mona Airin .................................... 101
Claude Saegerman ....................................... 22
Cláudio Laisse ............................................. 87
D
D. Geysen .................................................. 143
D.V. Tien ................................................... 240
Darab Abdollahi ........................................ 129
David Oseguera Montiel ....................... 25, 57
Dewi Ratih Agungpriyono ........................ 127
Dirk Berkvens ............................................. 22
Dirk Geysen ................................................ 95
Dolores Gavier-Widén ................................ 87
Duangkamol Taemchuay ............................ 79
Dwi Ratna Aryani ..................................... 147
E
E Lane ......................................................... 91
E. Albina ..................................................... 34
Ebrahim Rahimi ....................................... 165
Edward Webb .............................................. 85
Emanuel Swai............................................ 105
Eric Cardinale.............................................. 63
Eric Thys ..................................................... 22
Erich Zweygarth .......................................... 59
Erik Agren ................................................... 87
F

C
C Muenkaewthamrong .............................. 153
C. Patta ........................................................ 34
C. Potzsch ................................................... 34

F. Boinas ..................................................... 34
F. Goutard ................................................... 31
F. Koenen .................................................... 34
F. Roger .................................................. 25,36
Page 241

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

F.T. Potgieter ............................................ 143
Fatma A.A ................................................... 51
Francine Matthys ........................................ 22
Frederick Chi-Ching Leung ...................... 116
Fredrick Kivaria ........................................ 105
G
G. Bradley ................................................... 19
G. Van Ranst ............................................. 234
G.C Ho ........................................................ 49
G.Hildebrandt ............................................. 39
Gilles Salvat ................................................ 63
Godson Joshua .......................................... 105
Goh Yong Meng ....................................... 230
Guillermo Ramis ......................................... 87
Gunjan Goel .............................................. 219
H
H. Everts ........................................... 226, 240
H. van der Maazen ...................................... 81
H.A. Hassim ...................................... 149, 232
Habibollah Paykari ........... 129, 132, 135, 167
Hachung Yoon .......................................... 118
Hafez Mohamed Hafez ............................. 154
Hasliza Abu Hassim.................................. 230
Hein Min Tun............................................ 116
Henk Everts............................................... 217
Henk Udo .............................................. 25, 57
Hera Maheshwari ...................................... 101
Ho Thi Viet Thu........................................ 114
I
I. Ane-Anyangwe ........................................ 19
Ilka Imbschweiler ..................................... 182
Isabelle Henry ............................................. 63
IW Espie ..................................................... 91
J
J Jiwakanon ............................................... 153
J. Awah-Ndukum ........................................ 19
J. De Boever .............................................. 149
J. Khotsakdee ............................................ 238
J. Kleer ........................................................ 39
J. T. Schonewille.................. 217,226,236,240
J. Tarres-Call ............................................... 34
J. Tchoumboue ............................................ 19
J.A.W. Coetzer .......................................... 143
J.J.P. Baars ................................................ 149
J.M. Sánchez-Vizcaíno ............................... 34

J.M. Sharp ................................................... 34
J.R.R. Japnin ............................................... 49
J.W. Cone .................................................. 149
Jamlong Mitchaothai ................................. 175
Janenuj Wongtavatchai ............................. 160
Janusz Paweska ........................................... 85
Jaruwan Kampa ........................................... 12
Jatuporn Kajaysri .............................. 175, 198
Jaturong Wongsanit ................................... 217
Jee-Yong Park ........................................... 118
Jef Reichardt................................................ 63
Jeremy Bouyer………………………….…… 25
Jitkamol Thanasak ....................................... 76
JM Kagira .................................................... 55
Johann Kirsten ............................................. 85
Johanna Lindahl ........................................ 114
John Moody................................................. 68
Juan Quereda ............................................... 87
June-Der Lee ..................................... 162, 174
Junpen Suwimonteerabutr ......... 196, 203, 207
K
K Koeppel ................................................... 91
K Whankrathok ......................................... 153
K. Picozzi .................................................... 27
K. Trévennec ............................................... 36
K. Vasupen ................................................ 238
Kachen Wongsathapornchai................ 43, 139
Kamaaldin Khedmati .... 132,135,137,167,201
Kamran Babamohamadi ............................ 165
Kannika Na Lampang ................................. 39
Karl Stahl .................................................. 114
Karl-Hans Zessin ............................ 74, 83,154
Kasim Abass Askar ..................................... 68
Kgomotso Sibeko ................................. 95,143
Kittisak Ajariyakhajorn ............................. 141
Klaas Frankena ...................................... 25, 57
Konstantin Wewetzer ........................ 182, 183
Koos Coetzer ............................................... 85
Kornkanok Promthep ................................ 207
Kwankate Kanistanon ......................... 12, 145
L
L. Dixon ...................................................... 34
Laksmindra Fitria ...................................... 125
Langhout ..................................................... 91
Leen Rigouts ............................................... 22
Lertrak Srikitjakarn ............................. 83, 154
Lieve Vermeiren.......................................... 95
Page 242

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Li-Yu Chung ..................................... 162, 174
Luthfiralda Sjahfirdi ................................. 101
M
M van Zijll .................................................. 91
M. C. Padaga ............................................. 169
M. Georgiev ................................................ 34
M. Lourenço.............................. 149, 232, 234
M. Salman ................................................... 34
M. Thrusfield .............................................. 27
M. Troskie................................................. 143
M.C. Oosthuizen ....................................... 143
M.J. Abie..................................................... 49
M.M. Rahman ................................... 149, 232
Mahdi Ebrahimi ........................................ 230
Majid Riyahi ............................................. 165
Mamohale Chaisi ........................................ 95
ManochehrMomeni ................................... 165
Mara Battilani ........................................... 122
Marc Desquesnes ........................................25
Marcela Ramírez ......................................... 46
Marinda Oosthuizen .................................... 95
Maximilian P.O. Baumann ......................... 83
Mehrad Mirsaedi Farahani ................ 137,201
Mehran Bakhshesh .................................... 201
Melvyn Quan .............................................. 59
Merry Muspita Dyah Utami ........................ 66
Michiel Janssens ......................................... 95
Mike Modisane ........................................... 85
Milana Troskie ............................................ 95
Mintra Lukkana......................................... 160
Mohamed Ali Rajion ................................ 230
Mongkol Techakumphu ... 192, 194, 203, 205,
207, 208, 210
Morteza. Kamalzadeh ............................... 200
Moslem Mosleminiya ............................... 151
Mostafa yousef elahi ................................. 151
Mulyati Sarto ............................................ 125
N
N. Kusujarit ............................................... 181
N. Lay NYo................................................. 39
N.E. Collins............................................... 143
Nachai Sarataphan……………………………25
Nam Hoai Nguyen ...................................... 15
Nantida Sapkaew ...................................... 179
Naruepon Kampa ...................................... 177
Naser Rasouli Beyrami ............................. 132
Natali Moreno ............................................. 46

Nattakarn Awaiwanont.............................. 154
Nawapen Phutikanit .................................. 194
Nicola Collins........................................ 59, 95
Nicola Maria Keilbach Baer.................. 25, 57
Nillapan Vongsahai ................................... 177
Nitira Anakkul ........................................... 207
Nongluck Ruangwises ................................. 79
Nur Endang Sukarini ................................. 147
Nussara Suwannachote................................ 12
Nutthee Am-in .................................... 205,208
O
O Jitsomboonmit ....................................... 153
Oun-Kyoung Moon ................................... 118
P
P. Lekcharoensuk ........................................ 36
P. Panyakeaw ............................................ 238
P. Udomkusonsri ....................................... 181
P.V.Hai ...................................................... 240
Padet Tummaruk ....................................... 210
Pailin Trakulsantirat .................................. 177
Paiwan Panyakaew .................................... 219
Pakorn Sawatsing ..................................... 177
Paul Sanka ................................................. 105
Paul van Helden .......................................... 87
Paweena Diloksumpan .............................. 207
Peerapol Sukon.......................................... 177
Peraphan Pothacharoen ............................. 177
Peter van den Bossche ................................. 85
Phan Dang Thang ........................................ 98
Philippe Lebailly ......................................... 98
Phorntipa Techasomboon ............................ 76
Piedad Agudelo-Flórez................................ 46
Pilairuk Intipunya ........................................ 60
Pinpimai Komkiew................................... 120
Pornchalit Assavacheep .................... 110, 112
Pornpan Wimuttigosol .............................. 157
Prachin Virakul ......................................... 203
Prapas Patchanee ......................................... 83
Prawit Butudom ................................ 177, 198
Pudji Astuti........................................ 101, 125
PWN Kanyari .............................................. 55
R
R. Topani ..................................................... 49
R.S.K. Sharma ............................................. 49
R.W. Paling ................................................. 81
Raksha Bhoora ............................................ 59
Page 243

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Raphael Duboz …………………………...25
Retno S.W ................................................... 71
Richard Burroughs ...................................... 85
Rifai Muhaimin ........................................... 51
Rittichai Pilachai ................................ 145,226
Romziah S ................................................... 71
Rong-Jyh Lin .................................... 162, 174
Roozbeh Fallahi.132,135,137,167,200,201,212
Roy N Kirkwood ....................................... 208
Roya Sadri. 129, 132, 135, 137, 167, 200, 212
Rungtip Chuanchuen................................. 160
S
S Porntrakulpipat ...................................... 153
S. Arthitvong............................................. 181
S. Blome...................................................... 34
S. Bureenok ............................................... 238
S. Dhollander .............................................. 34
S. Fon-Tebug .............................................. 19
S. Kaewmokul ........................................... 181
S. San .......................................................... 31
S. Sumita ..................................................... 49
S. Wongsuthavas ....................................... 238
Sandra Prinsloo ........................................... 59
Sang-Jin Lee ............................................. 118
Sarawanee Khunmanee ............................. 207
Sarinya Rerkyusuke .................................. 103
Sathaporn Jittapalapong……………………..25
Seri Koonjaenak ........................................ 210
Sirichai Eardmusic .................................... 141
Sirikachon Tangkawattana .......................... 12
Sirirak Buarpung ....................................... 192
Siriwat Suadsong ...................................... 203
Sismindari Sudjadi .................................... 125
Sitanant Karalak ........................................ 187
Sofia Boqvist............................................. 114
Somporn Techangamsuwan ........ 120,182,183
Songpol Ongwattanakul .............................. 76
Sophie Granier ............................................ 63
Sousan Haghighi ................................ 200,201
Sroisuda Chotimanukul............................. 184
Sudson Sirivaidyapong ............. 184, 187, 189
Sue Welburn .......................................... 27,29
Sukanya Manee-in .................................... 194
Sukuma Samngamnim .............................. 141
Suneerat Aiumlamai . 12,15,103,145, 214,226
Supachart Panneum............................. 17, 224
Suree Nanasombat .................................... 157
Suvaluk Seesupa ....................................... 145
Suvichai Rojanasthien......................... 43, 139

Suwit Chotinun.................................... 43, 139
T
T. Sothyra .................................................... 31
T. Vergne..................................................... 31
Teerapol Chinkangsadarn.......................... 198
Teeraporn Pamornsakda ..................... 196,198
Terdsak Yano ...................................... 43, 139
Thanakorn Pojprasath............................... 196
Thanapon Nongbua ..................................... 12
Thanawat Tiensin ................................ 43, 139
Thanida Sananmuang ................................ 194
Thanongsak Mamom ................................. 179
Thavajchai Sakpuaram ................................ 79
Theera Rukkwamsuk ............... 17, 79,217,224
Theerawat Tharasanit ........ 192, 194, 196, 205
Thiti Lueponglukana ................................. 189
TM Hlokwe ................................................. 91
U
Ulf Magnusson .......................................... 114
Uthaiwan Singh-na ...................................... 12
V
V. Fievez .............................. 149,219,232,234
V. Grosbois ................................................. 31
V. Guberti .................................................... 34
Vibuntita Chankitisakul ............................ 205
Vu Dinh Ton ............................................... 98
W
W.H. Hendriks ............................ 217,226,240
Wahyuni N .................................................. 51
Wichai Tantasuparuk ................................ 208
Winai Kaewlamun ..................................... 203
Wolfgang Baumgärtner ..................... 182, 183
Y
Y.M. Goh .................................................. 232
Youn-Ju Kim ............................................. 118
Z
Z.Z. Zainuddin ............................................ 49

Page 244

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

13th AITVM
Additional Extended Abstracts

Page 0

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Bovine Theileriosis: Evaluation of 372 cases during spring and summer in south of
Iran
* Mehdi sakha; Mohamad H. radfar; Mohamad Janbaz
*FACULTY OF SPECIALISED VETERINARY SCIENCES, SIENCE AND RESEARCH BRANCH, ISLAMIC
AZAD UNIVERSITY ,TEHRAN,IRAN
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Introduction
Theileria is a genus of protozoan parasites transmitted by
ticks predominantly to domestic and wild ruminants.
Theileria annulata and Theileria parva are two species of
this parasite that cause debilitating and often fatal diseases
in cattle. Theileria annulata occurs over a broad area,
extending from Asia to India, southern Russia, the Middle
East and northern Africa. T. annulata is a major cause of
livestock disease in sub-tropical regions with greater that
250 million cattle at risk. In eastern, central and southern
Africa the most important species is T. parva, which
restricts the distribution of cattle and hinders the

development of beef and dairy production on the
continent.The T.annulata parasites isolated from clinical
cases showed polymorphism with respect to GPI
isoenzymes which appeared to arise from various
combinations of parasite populations. The GPI pattern of
the vaccine cell lines at Pendik showed a simple triplet
pattern, reflecting a decrease in the number of populations
present. LDH piroplasm patterns were identical for the 10
or so stocks examined, indicating that it could be a
species-specific marker

Method
To detect the prevalence of the disease in terms of month
of the year, age, sex and breed of the animal at the
semiarid region of Iran.In this study those cases suspected
to theileriosis during spring and summer were covered by
visiting in clinic and by ambulatory service.

After taking the anamnesis and physical examination, a
blood smear of peripheral blood or distended lymph node
was sent for parasitic and hemotology examination and in
case of positive , treatment was done. The variables
related to disease recorded and then analyzed with
software

Result and Discussion
Results showed that in spite of all the means of prevention
and vaccination, the disease has been known among the
most important disease in the region and cause
debilitating and some times fatal diseases. In relation to
the month, the maximum and minimum prevalence of
disease was in may and June, respectively that is related
to environmental condition at the area and activity of
vectors that is Hyalomma a.analiticum in Iran.
In relation to age, 76.2 percent of infected cattle were one
month old or younger. Most refereed cases were calf ,so it
may be a bios for considering the age for occurring the
disease. In relation to the breed, infection of Holstein,
crossbred and native cattle were 1.6, 94.4 and 4.0 percent
respectively. Our crossbred were combination of holsteins
and native calves and normally natives should be resistant
genetically. In relation to sex, infection rate of males were
55.4 percent and female was 44.6. From the aspect of
clinical signs, all cattle showed anorexia and enlargement

of lymph nods and the other signs were indifferent
percentages. Fatal cases of Theileria annulata infection in
calves was studied and was associated with neoplasticlike lymphoid cell proliferation.
In 58% of blood smears the infection rate of red blood
cells with the intraerythrocytic form of theileria was less
than 10 percent, in 38% more than 10 percent and in 4%
the results were uncertain due to technical faults in
staining. Geimsa stainning has a good use in
epidemiology studies and in a study by Nested
polymerase chain reaction for detection of Theileria
annulata was compared with conventional diagnostic
techniques with any significant difference. Animals can
be protected from both East Coast fever and tropical
theileriosis by vaccination. Attenuated vaccines are used
to control tropical theileriosis in some countries including
Iran, but It seems that control programs must be done
more strict and more distributed vaccination programs is
needed.
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Comparison of PCR and loop-mediated isothermal amplification (LAMP) for
Trypanosoma evansi detection in water buffaloes of The Philippines
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Introduction
Trypanosoma evansi is flagellated protozoa of
Kinetoplastida, a member of subgenus Trypanozoon,
multiplies principally in blood of the mammalian hosts,
causes an important parasitic disease in livestock, which
is denominated as Surra, in Asia, Africa, and Central and
South America. Particularly affected hosts are buffalo,
cattle, camels, and horses. The disease causes numerous
effects on animal husbandry, for instance, anemia, weight
loss, and anorexia. Additionally, T. evansi affect milk
yield in dairy cattle (1). In the Philippines, Surra is the
second major livestock disease and causes high mortality
(2, 3) and economical losses, despite there are a little
epidemiological information (3, 4). Because buffaloes are
reservoir hosts which can survive without any clinical
symptoms even if there are untreated. Thus, the diagnostic
methods are essential to detect the infected animals and
then we can plan to treat or prevent. There are several
diagnostic methods, both direct and indirect, for T. evansi
Although those tests aim species-specific detection of T.
evansi, each test has its limitation. Polymerase chain
reaction (PCR) is a powerful tool that has been applied to
detect several pathogens, including Trypanosoma spp.,
and widely used for a long time. Loop-mediated
isothermal amplification (LAMP) is a simple and easy
method which can amplify DNA/RNA with high
sensitivity and specificity without high technology
equipments or experts (5). Therefore, this study was
conducted to compare Trypanozoon specific LAMP and
conventional PCR tests in terms of their detection
sensitivity.
Materials and Methods
Samples: In August 2009, 29 blood samples were
collected from water buffaloes in Sorsogon province of
the Philippines. Blood samples were used to extract DNA
by DNA isolation kit for Mammalian blood (Roche
Diagnostics GmbH, Germany). All DNA from blood
sample was tested by KIN-PCR, PFR-PCR and PFRLAMP which described as per method by Desquesnes et
al. (6), Kuboki et al. (7), and Thekisoe et al. (5),
respectively.
PCR condition: PCR primers in this study were listed in
Table 1. All PCR reactions was conducted in total volume
of 50 µl that contained 25 µl of 2x Ampdirect® Plus
buffer containing MgCl and dNTPS (Shimadzu
Corporation, Japan), 0.5 µl (equal to 2.5 units) of
NovaTaq™ Hot Start DNA Polymerase (Novagen, USA.),

5 µl of primer mix, 17.5 µl of distilled deionized water
(DDW), and 2 µl of DNA template while negative control
used DDW and positive control used DNA of
Trypanosoma brucei rhodiense IL1501 in place of DNA
template. Then, the reaction mixtures were incubated in a
programmable heating block (Veriti™ Thermal Cycler,
Applied Biosystems, USA.) under conditions of each PCR
method. The PCR products were resolved by
electrophoresed in 2% TAE agarose gel at 100 V. for 30
minutes, then the gel was stained in ethidium bromide
solution (0.1 µl/ml) for 25 minutes and viewed result
under ultraviolet light.
LAMP condition: LAMP primer set was shown in Table
1. LAMP reaction was conducted using Loopamp DNA
amplification Kit (Eiken Chemical Co. Ltd., Tokyo,
Japan). The reaction mixtures of LAMP (25 µl total
volume) contained 23 µl master mix and 2 µl DNA or
distilled water (DW) for negative control or T. b.
rhodesiense DNA as positive control. The master mix
were made up as follows: 12.5 µl of 2x Reaction Mix
(Tris-HCl (pH 8.8) 40 mM, KCl 20 mM, MgSO4 16 mM,
(NH4)2SO4 20 mM, Tween20 0.2%, Betaine 1.6 M, and
dNTPs 2.8 mM each), 1.3 µl of primer mix (FIP and BIP
40 pmol each, LF and LB20 pmol each, F3 and B35 pmol
each), 8.2 µl of DW, and 1 µl (8 units) of Bst DNA
polymerase. All LAMP reactions were incubated in a
Loopamp realtime turbidimeter type LA-200 (Teramecs
Co., Ltd., Tokyo, Japan) at 64C for 60 minutes (3).
Table 1 List of PCR and LAMP primer sets
Method Primer
Sequence
KIN
KIN1 5‘GCGTTCAAAGATTGGGCAAT3‘
PCR
KIN2 5‘CGCCCGAAAGTTCACC3‘
PFR
F3
5‘TCACAACAAGACTCGCACG3‘
PCR
B3
5‘GGGCTTTGATCTGCTCCTC3‘
PFR
FIP
5‘TCAGAAGCGTCGAGCTGGGAT
LAMP
TTTATCGACAATGCCATCGCC3‘
BIP
5‘CGCAAGTTCCTGTGGCTGCATT
TTTTCCCAAGAAGAGCCGTCT3‘
F3
5‘TCACAACAAGACTCGCACG3‘
B3
5‘GGGCTTTGATCTGCTCCTC3‘
LF
5‘CAGTTCGTCTTCGATTTTCTCC
AG3‘
LB
5‘GATGAACGTGGCTGTTGTGC3‘
Results
There was no positive sample could be detected by light
microscopy. We carried out KIN-PCR by 35 and 40
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(4) Dobson et al., 2009. Int. J. Parasitol. 39: 1115-1123.
(5) Thekisoe et al. 2009. J. Vet. Med. Sci. 71: 471-475.
(6) Desquesnes et al., 2001. Int. J. Parasitol. 31: 610-614.
(7) Kuboki et al. 2003. J. Clin. Microbiol. 41: 5517-5524.

cycles of amplification and found only 1 positive sample,
while no positive sample by PFR-PCR. The PFR-LAMP
could detect 2 positive samples out of 29 samples (6.9%)
(figure 1).
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Figure 1 T. evansi detection by PFR-LAMP
Discussion
KIN-PCR is a multi-trypanosome-species-specific test,
which can detect T. evansi (4), while PFR-PCR is a
Trypanozoon specific method (5). PFR-LAMP is also
designed to detect Trypanozoon (3). In addition to one
KIN-PCR positive sample, PFR-LAMP could detect
another positive sample which was negative in both PFRand KIN-PCR tests. This could imply that detection
sensitivity of the LAMP method was slightly higher than
conventional PCR tests as shown in previous report (7).
KIN-PCR could detect positive sample, while PFR-PCR,
used F3 and B3 primer pair of PFR-LAMP primer set,
could not detect any sample. Primers of PFR-PCR can be
applied, however the main purpose of F3 and B3 primers
do not design to use for PCR. Although KIN-PCR has
slightly lower sensitivity than PFR-LAMP, it could also
be utilized to detect Trypanozoon, especially in this case,
T. evansi. However, since LAMP test is much simpler,
more rapid and sensitive than PCR, we recommended for
use of PFR-LAMP as an alternative conventional
molecular diagnostic test for animal trypanosomosis. In
the Philippines, T. evansi is an only endemic pathogenic
trypanosome species, so many researchers focus to design
highly T. evansi specific diagnostics. In this study, we
showed that PFR-LAMP, a Trypanozoon-specific test was
sufficient to use for field survey of Trypanosomosis in the
Philippines. In conclusion, we suggest that PFR-LAMP
can be applied as an alternative method for detection of T.
evansi in water buffaloes.
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Introduction: All of the Mus musculus subspecies
(domesticus, musculus, castaneus, and bactrianus) as well
as the closely related species M. spretus, M. spicilegus
and M. macedonicus have the same ―standard karyotype‖
with 20 pairs of chromosomes, including 19 autosomal
pairs and the X and Y sex chromosomes. The correct
chromosome number was first established by Painter in
1928. Surprisingly, all of the 19 autosomes as well as the
X chromoso me appear to be telocentric, with a
centromere at one end and a telomere at the other (21).
The biological explanation for this uniformity in
chromosome morphology is entirely unknown; however,
it makes the task of individual chromosome identification
much more difficult than it is with human karyotypes.
Nevertheless, trained individuals can distinguish
chromosomes on the basis of reproducible banding
patterns that are accentuated with the use of various
staining protocols (10). The most common of these
includes a mild trypsin treatment followed by staining
with the dye Giemsa to produce dark Giemsa-stained
bands called G bands that alternate with Giemsa-negative
bands called R bands for reverse G-bands. A variety of
other staining protocols have been developed called R, Q,
and T banding that are all based on the same principal of
chromatin denaturation and/or mild enzymatic digestion
followed by staining with a DNA-binding dye (4). In
general, all of these different protocols produce the same
pattern of bands and interbands observed with Giemsa
staining, although in some cases, the dark and light
regions are reversed. Although since 1967, there have
been numerous reports of wild-caught house mice with
kar yotyp es co ntaining fe wer tha n 20 sets o f
chromosomes. The first report described a karyotype with
13 sets of chromosomes, seven metacentrics and 6
telocentrics in mice captured from the "Valle di
Poschiavo" in southeastern Switzerland (8). The
assumption was made that animals with such a grossly
different karyotype could not possibly be members of the
M. musculus species, and as a consequence, these Swiss
mice were classified as belonging to a separate species
named Mus poschiavinus and informally referred to as the
"tobacco mouse." In subsequent years, additional
populations of animals from the alpine regions of both
Switzerland and Italy were found with a variety of nonstandard karyotypes having anywhere from one to nine
Europe as well as South America and Northern Africa (1,
22, 20) metacentrics. Further studies of wild house mice
by other investigators have led to the discovery of
additional non-standard karyotypes in house mice from
other regions of Europe as well as South America and
Northern Africa (1, 22, 20).When the M. poschiavinus

animals and others with non-standard karyotypes were
subjected to a variety of tests both morphological and
genetic to determine their relatedness to Mus musculus
domesticus , investigators were surprised to find that no
characteristics, other than karyotype, distinguished these
populations from each other. In particular, phylogenetic
studies place the M. poschiavinus animals securely
within the Mus musculus domesticus fold; thus the M.
poschiavinus species name is inappropriate and should not
be used. How can animals within the same species and
even subspecies have karyotypes that have diverged apart
so radically in what has to be a very short period of
evolutionary time? The first point to consider is that the
karyotypes are actually not as different from each other as
they might appear to be at first glance. When subjected to
staining and banding analysis, each arm of every
metacentric chromosome uncovered to date has been
found to be identical to one of the chromosomes present
in the standard M. musculus karyotype. Thus, it would
appear that all of the non-standard karyotypes have arisen
by simple fusion events, each of which resulted in the
attachment of two standard mouse chromosomes at their
centromeres. These centromeric fusions, also referred to
as whole arm translocations, have been given the formal
name of Robertsonian translocations, because Robertson
W.R.B. was the first to identify such chromosomes in the
grasshopper. For cytogenetic studies, researchers also
relied on classical banding (G-, Q- and C-banding)
methods (19, 3, 2). These methods helped to distinguish
individual chromosomes by visualizing physical
landmarks (called bands) and provided chromosomespecific banding patterns for each species examined.
Cytogenetic techniques became much more versatile
through the introduction of Spectral karyotyping (SKY),
a nd t h e re la ted mu l ti p l e x fl uo re sc e nc e i n s it u
hybridization (M-FISH), are chromosome-specific
multicolor FISH techniques that augment cytogenetic
evaluations of malignant disease by providing additional
information and improved characterization of aberrant
chro mo so mes t hat co nta in DN A seq uence s no t
identifiable using conventional banding methods. Both
SKY and M-FISH achieve the same goal—that is,
identification of individual chromosomes in different
colors. Both methods are more costly than conventional
banding methods, as they require expensive materials
(probes), equipment and software (14). According to
article reviews it seems that, karyology of the laboratory
mice of different breeding systems are not yet reported in
the Iran, thus, this study leads us to know about karyology
of laboratory mice of three different strains that are
commonly used in the country.
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Material and Methods: Twenty four male and female
mice of inbred C57BL/6 and partial inbred Razi strains,
twelve mice, six male and six female, randomly chosen
from each strain. Animals were from lab. animals
breeding facilities of Razi institute and kept at
temperature of 22± 2 ºC, 50± 5 % humidity, fresh air
changes of 10- 12 times/h, autoclaved wood chips cage
bedding and standard pellet and tap water were ad lib.
Bone marrow's samples were prepared from each animal
according to Deanna and Robbins method (6) and Iran
standard of animal welfare requirements ISIRI 7216-2,
Mar 2008. One hundred sixty slides of metaphases cells
were stained with Giemsa and G-bandings. At least 50
metaphases were drawn for chromosomal study of each
mouse, using a Zeiss camera lucida microscope (Carl
Zeiss, Germany), selecting the five best for measurements.
The nomenclature used for the description of the
chromosome morphology is proposed by Levan and
Guerra (12, 9).

10. IAEA 2001. International Atomic Energy Agency,
Vienna. by IAEA in Austina.
11. Levan et al., 1962. Hereditas 48: 677-87.
12. Levan et al., 1964. Hereditas 52: 201-220
13. Manna et al., 1974. Life Sciences 30:12 1412.
14. Mirabzadeh, et al., 2000 J. Medical university &
Hygiene services. 16: 14 – 19.
15. Nesbitt et al., 1973. Chromosoma (Berl.) 41:145-158.
16. Padilla – Nash et al., 2006. Nature Protocols 1(6):
3129 – 3142.
17. Painter 1928. Genetics 13: 180-189.
18. Sawyer et al., 1987.Chromosoma (Berl) 95: 350-358.
19. Seabright, 1971. Lancet II: 971–972.
20. Searle 1982. 93-114, Academic Press, London.
21. Silver 2001. Concepts and Applications. chap.5,
Revised 2008. Oxford university press.
22. Wallace 1981. Mouse News Lett. 64: 49.

Result: All cell's slides of twenty four populations
analyzed in two strains of mice have 40 chromosomes
(2n=40). Karyotype parameters for the studied strains are
summarized in figures 1a – d and 2 a – d, illustrate the
mitotic metaphases.
Discussion: Results obtained from this research have
allowed us to illustrate the karyotypes of mouse strains of
partial inbred Razi and inbred C57BL/6. The chromosome
numbers agree with those published previously (14,
21).The numbers of diploid chromosomes in two strains
of mice were similar that they may belong to same
ancestor of Mus musculus. Analysis of karyotype showed
that, in general, chromosomes are telocentric (14, 13) and
of similar size (7, 16) in the mice, form a homogeneous
group and that they differ, mainly in the length of Y
chromosomes (11,15).With Giemsa staining centromere
stains very dense, this was revealed in over results (15).
G-bandings show many of major bands that contains
minor bands (15, 5) according this banding pattern,
homologous chromosomes were paired. X chromosome is
one of longest chromosomes could be almost easily paired
(5, 11, 14) and Y chromosome was constantly dark and
centromeric chromatin was not obvious (5, 15, 18, 14).
The finding of study provides standard information about
karyology of inbred and partial inbred mice that are bred
in conventional colonies of Iran which may be
unpublished as yet and the presented results can be a
reference chromosomes patterns for researchers.
References
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6. Deanna et al., 1991. Proceedings Goldman C. A.,(ed),
chap.4, vol, 12, pp. 69-74
7. Goleman et al., 1996. Nat. Genet. 14(3): 312-315.
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Introduction
Infectious bronchitis (IB), also called avian infectious
bronchitis, is a common, highly contagious, acute, and
economically important viral disease of chickens caused
by a coronavirus, infectious bronchitis virus (2).
The specificity of the early response and the limited cross
reactivity are the basis for a procedure for serotyping
isolates by hemagglutination inhibition (HI). HI tests for
lBV antibodies generally are considered to be typespecific, although there are cross-reactions between
serotypes. IBV ELISAs are group-specific, therefore it is
used widely for monitoring serum antibody responses (2).
The antigens used in the kits are broadly cross-reactive
among serotypes and allow for general serological
monitoring of vaccinal responses and field challenges
(2,3).
Sera collected after single infections, including
vaccination, could be strain-specific (4,5,9). This may
limit the use of the HI test to monitor vaccine response.
For example, an HI test with the M41 as antigen
performed poorly when used to detect antibodies
following vaccination with H120, although both viruses
are of the same serotype (2).
The HI test is used for identifying serotype-specific
responses to vaccination and field challenges especially in
young growing chickens. Because of multiple infections
and vaccinations, the sera of breeders and layers contain
cross reactive antibodies and the results of HI testing
cannot be used with a high degree of confidence (11).
This paper describes a developed hemagglutination
inhibition test (HI) for antibodies detection against
infectious bronchitis viruses. For evaluation the test, the
results of the titres of sera obtained by developed
hemagglutination inhibition test were compared to usual
HI with single antigens as well as the result of commercial
ELISA kit (IDEXX).
Aim
Because of several advantages of HI test, we tried to
design an antigen for HI test to detect the IBV antibodies
as similar as a group specific test. The optimized HI test
in this study was low cost, rapid, reliable and confident
for routine IB antibodies titration.
Materials and methods
Antigens: The two high Prevalent serotypes of IBV in Iran
(Mass and 4/91)) was used for antigen preparation and
propagated in SPF eggs, separately. The allantoic fluid
was harvested, clarified, titrated and concentrated 1:100
(V/V) at 90000×g for 60 minutes and resolved in
Tris/HCl buffer (6,10). Virus were titrated by the Reed
and Muench methods(12).

Of 10X prepared neuraminidase enzyme (type V) at 1
unit/ml in final volume of antigens was added, mixed and
incubated at 37°C for 60 min (7). An equal volume of the
antigens were mixed and stored at 4°C. EID50 of Mass
and 4/91 was 108.2 and 107.7 respectively. The stability of
lyophilized HI mixed antigen was studied by HA test at 3
month interval.
To perform HA test, red blood cells (RBCs) were taken
from three SPF chickens, washed and pooled (11).
Haemagglutination tests: HI tests, using IBV strains M41
and 4/91 were performed as described by Alexander and
Chettle, (1977). The test was conducted using mixed
antigens and compared to HIs with pure antigen. Antigens
was titrated by HA test. The HI tests were performed in
duplicated wells in multi-well plastic plates with Vshaped bottom (0.075ml). The endpoint was taken as the
highest antigen dilution to produce 100 percent red cell
agglutination (1 HAU). The antigen concentration used in
HI test was 4 hemagglutination units. Positive and
negative control antigens and antisera were run with each
test, as appropriate. HI titre was regarded as being
positive if there was inhibition at a serum dilution of 1/16
or more against 4 HAU of antigen (11).
Samples: 49 layer chicks were vaccinated at days 7 and 17
by H120 and 4/91, regardless of maternally-derived
immunity. The chicks were housed in control condition.
Sera were collected at day 21 after second vaccination and
stored at 4°C until running the tests.
Statistical analysis: The sensitivity of each of the HI tests
was calculated as the percentage of positives at day 21
after second vaccination. The correlation coefficients
between data of experimental ELISA (IDEXX kit) and
HI titres were analyzed by Chi-square test.
Results
The mean titres of HI test were 5.75 and 6.61 log2 with
usual (M41 or 4/91) and mixed antigens, respectively
(Fig1). No significant differences were observed between
the HI result by M41 and 4/91 antigens. The sensitivity of
the test with M41 or 4/91 antigen were %75.5 and %77.5,
respectively. While it was %95.9 in HI test with mixed
antigen that had also a good correlation to ELISA result.
HA titre in lyophilized mixed antigen was 28 log2. The
stability determination of mixed antigen was done. No
significant decreasing in titre until 36 months after
production was shown.
Discussion
Following a first infection with IBV, most HI antibody
response is serotype-specific. But in the second infection,
even with the same serotype, results in a more broadly
reactive serum (2).
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Fig1: Results of ELISA and HI by usual and mixed
antigens
Cross-reactions are most evident when sera are collected
after a field or experimental infection of broilers that have
previously been vaccinated against IB (the usual situation
in the field) and in sera from layers, which may have had
multiple IB infections in addition to several IB
vaccinations (2).
Therefore, in this study we tried to introduce the HI test as
group specific test.
The two prevalent serotypes of infectious bronchitis
viruses in Iran (Mass and 4/91) were used as antigen. The
Neuraminidase enzyme type V at concentration 1 unit per
ml in final volume of antigens was used (8). All reagents
were stored at 4°C before running the test and kept at the
same temperature through the performing test (7). The
mixed antigens for hemagglutination inhibition test were
used for screening the antibodies to IBV in vaccinated
flocks.
According to the result the mixed antigen was found in
high sensitivity to detect the HI antibodies in vaccinated
chicks as same as a group specific test.
The stability of the antigen was studied and it was found
stable in HA titre for at least 36 month after production.
The correlation coefficient for the results in the HI by
mixed antigen and ELISA (IDEXX) were significant
(P<0.05). The mixed antigen was able to detect antibodies
against infectious bronchitis virus similar in sensitivity to
a group specific test (ELISA) and found suitable and
economic for screening of the samples.
We suggest using the mixed antigen after second
vaccination or where the exposure of filed viruses was
suspected. Notwithstanding the low cost, simple
equipment and speed of the HI test makes it a very useful
procedure for monitoring the immunity response after
vaccinations.
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Introduction
Influenza A viruses belong to Orthomyxoviridae family
infect a wide range of host including birds and mammals.
The viruses have genomes comprising eight segments of
RNA encoding eleven identified polypeptides and classify
into subgroups based on antigenic differences in both
haemagglutinin (HA), H1 to H16, and neuraminidase
(NA), N1 to N9, surface glycoproteins (1). The HA
glycoproteins are expressed as trimers at the surface of
virions and mediate viral entry into target cells through
recognition and interaction with cell surface proteins
containing oligosaccharides with terminal sialyl residues
(2). The NA proteins, organized on the surface of virions
as tetramers, catalyse cleavage of terminal sialic acids
from the viral receptors (3).
Molecular methods such as RT-PCR, real-time RT-PCR
and loop-mediated isothermal amplification, are
considered for detecting and subtyping of influenza
viruses (4-7) but the most widely used serologic
diagnostic technique for subtyping of influenza viruses is
hemagglutination inhibition (HI) test using reference
antisera (8-9). Antibodies to the HA are subtype specific,
so that antibodies against one subtype will not typically
react with another subtype. The basis of the HI assay is
that antibodies to influenza virus will prevent attachment
of the virus to red blood cells. The interaction of
erythrocyte sialic acid and sialic acid receptors on the HA
protein resulted in cross-linking or clumping of
erythrocytes by influenza virus. This hemagglutination
can be inhibited by antibodies directed against the HA
protein. The common means of producing reference
antisera for influenza viruses is by injecting chickens with
live or inactivated whole virus preparations, which may
stimulate the production of antibodies to other influenza
viral proteins (8-9). Antibodies against NA can interfere
nonspecifically with HA, leading to nonspecific inhibition
and possible misidentification of an isolate (10).
In this study, preparing HA antiserum using recombinant
proteins generated in baculovirus expression vector
system and the potential applications of the antiserum in
subtyping of influenza viruses are discussed.
Materials and methods
Production of recombinant HAF and HA1 proteins in
baculovirus
The coding sequence of HAF and HA1 subunit genes of
influenza virus H9N2 strain A/Chicken/Iran/SS2/2008
(Acc.No FJ794818) were cloned into the pFastBacTMHTB
transfer vector (Invitrogen, USA). The resulting
recombinant plasmids were transformed into E.coli
DH10BacTM competent cell (Invitrogen) to generation
recombinant bacmids. The Sf9 insect cells were

transfected with the recombinant bacmids. Viral
supernatants containing the recombinant baculoviruses
were collected at 72 h post-transfection. The recombinant
proteins were determined by SDS-PAGE and Western
blotting analysis.
H9 reference antiserum preparation in chickens
Twenty 3-week-old chickens originated from specific
pathogen free egg (Cuxhaven, Lohman, Germany) were
randomly divided into four groups (each n=5), a normal
control and three treatments groups. The H9N2 influenza
virus was inactivated by treatment with β-propiolactone
(Sigma Aldrich, USA) and mixed with ISA-70 adjuvant
(Seppic Co., France). 100 μg of each recombinant protein
was diluted into phosphate-buffered saline (PBS) and
adjuvanted. The treatments groups included recombinant
HAF (rHAF) protein, recombinant HA1 (rHA1) protein
and inactivated H9N2 virus received two separate
injections of 0.2 ml intramuscularly into each breast
muscle. The control group injected with PBS only. Birds
were boostered with the same regime twice at 3-week
intervals and were bled weekly to determine HA antibody
by HI assay.
HI and Cross-HI tests
The HI test using 4 HAU of standard H9 antigen was
done (9). To determine the subtype specificity of the
antibodies produced by rHAF, rHA1 proteins and
inactivated virus vaccinations, the HI test was applied
with standard antigens of H9N2, H5N1, H3N8, H2N3 and
H1N1 (IZS Venezie, Italy) subtypes of influenza virus.
Results
The full coding region of the HA and HA1 genes from
H9N2 influenza virus were cloned into pFastBac HTB
plasmid. The recombinant bacmid HAs were constructed
by transforming the pFastBac HTB plasmids into
DH10Bac E.coli then transfected to Sf9 cells for
expression of the recombinant HAF and HA1 proteins. By
monitoring of signs of infection the proteins were
collected from Sf9 cell cultures 72 h after transfection.
Subsequently, the cell lysates were analyzed by SDSPAGE and Western blot analysis. After immunization of
chickens with the different antigens, the HA-specific
humoral immunity was evaluated by HI test. A 16-fold
increase in HI titer of the antibody produced by
inactivated virus was observed after first boosting, which
increase to 10.2 log2 HI titer after second boosting (Figure
1). The HI titer with sera prepared by rHAF immunization
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produced similar result. The HA antibody raised by rHA1
showed low titer after second boosting.
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Figure 1 Mean log2 HI titers of 3-week-old SPF chicken
groups immunized with inactivated whole H9N2 virus,
recombinant HAF protein and recombinant HA1 protein,
and boosterd at 3 weeks and 6 weeks after primary
immunization. Sera were collected from individual birds
every week and the HI titers were determined.
H5, H3, H2 and H1 antigens exhibited cross-reactivity
(1:8 to 1:16) with H9 subtype antisera prepared by rHAF
and inactivated virus vaccinations. This was somewhat
expected because of the high HA2 subunit sequence
similarities between these strains. No cross-reactivity was
found in rHA1 vaccine antiserum. The specificity of the
rHAF antiserum was equal to conventional antiserum but
the antiserum prepared by recombinant HA1 had a
specificity of 100% for all tested subtypes.
Discussion
HA subtyping is crucial for the control and
epidemiological study of the disease. In recent years
molecular techniques have been used to differentiate
subtypes (4-7), but the standard method for subtyping of
the HA of influenza viruses is the HI test with reference
antisera to the known HA subtypes (7, 9). To avoid
problems occur with HI, safety and steric hindrance (10),
preparation of antiserum of good quality is essential. In
order to produce HA subtype-specific antiserum, we used
the recombinant baculovirus expression method for
production of HA proteins. We were interested in
determining if the expressed HAF and HA1 proteins
would be suitable as antigen in HA antisera production for
using in HI test. In order to study the immunogenicity of
the recombinant HAs, groups of chickens were
immunized with these proteins and inactivated whole
virus, and the immune response measured by HI assay. In
cross-HI tests with antiserum prepared by rHAF
vaccination and antiserum prepared by a conventional
method, minor cross-reactivity was observed between the
H9N2 and other influenza virus subtypes used in this
study. In contrast, when HI test was applied with

antiserum prepared by rHA1 vaccination, no crossreactivity was observed. Regarding to the less specificity,
sequence similarities between these strains were studied.
The six internal genes of G1 sublineage H9N2 viruses are
similar to those of the highly pathogenic H5N1 viruses
isolated from humans in 1997 (11). Although the degree
of sequence diversity between subtypes is great,
particularly in the HA1 subtype, more conserved regions
are found in HA2 (> 90% homology between subtypes).
Despite anti-HA1 antibodies, anti-HA2 antibodies do not
inhibit haemagglutination or neutralize the infectivity of
the virus (12-13). Because of HA glycoprotein is the
principal target of protective humoral immune responses
to influenza virus infections, both rHAF and inactivated
whole virus are similarly immunogenic in chickens can
provide efficient protection against HA antigenic variants
and induce titers of cross-reactive HI antibody. It is shown
that when HI tests were conducted with antisera prepared
by a conventional method, cross-reactivities were
observed among some isolates that shared high HA
sequence homology as well as among isolates that shared
the same NA subtype (10). Our study shows that the
reference antiserum prepared by rHA1 vaccination could
be applied in HI test for influenza subtyping purposes.
Biologically, rHA1 protein is as immunogenic as the
whole virus and exact match to the natural virus. It is
highly purified and does not contain egg proteins, making
the antigen safe. Unlike the conventional method, no live
influenza viruses and inactivation step are used during
antiserum production. In conclusion, the reference
antiserum production based on recombinant HA1
developed in this study could be a viable alternative to the
conventional method of preparing reference antiserum.
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the Reverse Line Blot (RLB) hybridization assay
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The African buffalo is known to be the reservoir host of numerous important tick-borne pathogens, most
of which some are carried asymptomatically, but which can cause disease if transmitted to susceptible
animals. Of these, Theileria parva, the causative agent of East Coast fever, Corridor disease (a
controlled disease in South Africa) and January disease; and Ehrlichia ruminantium, the causative agent
of heartwater, are considered to be the most important tick-borne disease agents of livestock in subSaharan Africa. No mortalities due to heartwater have yet been documented in the African buffalo, but it
is known that a subclinical carrier state can occur in buffalo. This suggests that buffalo could play an
important role in the epidemiology and spread of heartwater and therefore could serve as reservoirs of
infection which may represent a threat to the livestock industry. As little is known about the Ehrlichia
spp. infection status of African buffalo, the primary objective of this study was to determine the
occurrence of Ehrlichia species in buffalo samples collected from two game parks in South Africa.
These samples were simultaneously screened for the presence of Anaplasma, Theileria and Babesia spp.
DNA was extracted from 200 buffalo blood samples originating from the Kruger National Park and the
Hluhluwe-iMfolozi Park (KwaZulu-Natal province), South Africa and subjected to the Reverse Line
Blot (RLB) hybridization assay. Ehrlichia sp. Omatjenne, Anaplasma marginale and Anaplasma
centrale were detected in 70% of the samples. The presence of these parasites has not been previously
reported in South African buffalo populations. None of the samples tested positive for E. ruminantium.
Of the piroplasm parasites included in the assay, Theileria parva, Theileria sp. (buffalo), Theileria
mutans, Theileria buffeli and Babesia occultans were identified. The detection of B. occultans is of
interest since this is mostly a cattle parasite that has not been reported before in buffalo. The PCR
products of five samples only hybridized with the genus-specific probe, suggesting the presence of novel
species and/or variants of species in the buffalo population and will be further investigated by cloning
and sequencing of the PCR products.
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Introduction
Salmonella serovars, classified in the Enterobacteriaceae,
are divided into seven subspecies based on their
biochemical characteristics (1). Identification and
genotype characterization of the bacterial isolates are
essential for epidemiological surveillance and outbreak
investigations (2). Over 2.668 different serotypes have
been identified with the majority of them belonging to
Salmonella enterica subspecies enterica (3). Among the
most frequently isolated serotypes, S. enterica subspecies
enterica, serotypes Typhimurium and Enteritidis (S.
typhimurium and S. enteritidis) account for more than half
of the isolates in most regions. Therefore, serotyping is
not sufficiently efficient to track the common source of
outbreaks by these two serotypes, as well as other
frequently isolated serotypes. In this regard, a suitable
technique should satisfy four criteria of rapidity,
reproducibility, ease of use and the ability to differentiate
strains with similar phenotypes which are genetically
unrelated (4).
When several isolates are to be compared over the course
of a few days, random amplified polymorphic DNA
(RAPD) analysis might be amore suitable procedure (5).
Based on the work of Welsh and McClelland (1990) and
that of Williams et al. (1990), when the genomic DNA is
subjected to PCR, primed by short (10 to 25 base)
oligonucleotide primers of arbitrary sequences, RAPD
analysis produces reproducible and often distinctive sets
of DNA fragments (6, 7). This approach has frequently
been applied to detect genomic diversity among plants,
animals, parasites, and microbial organisms. The
attractiveness of this method is that no knowledge of the
sequence of the target organism is required and a very
large number of arbitrary primers can be tested to identify
those that might be suited to a particular application (8).
Several points must be considered, when optimizing
random or arbitrary primed fingerprinting methods. Slight
changes in the conditions can affect the reproducibility of
the amplification of fragments. The technique is highly
sensitive to temperatures, reaction times, source and
concentration of polymerase, MgCl2 concentration,
quality and quantity of template DNA and sequence,
length and concentration of primers (9). This study
evaluated RAPD analysis and antibiotic susceptibility test
for discrimination

of 30 isolates of S. typhimurium selected with regard to
differences in animal source, time and place of isolation.
Materials and methods
Bacterial isolates: Among 100 isolates of S. typhimurium,
collected in our laboratory during the years 1975-2006, 30
isolates were selected for the study, based on differences
in animal source, time and place of isolation. As a
standard, a reference strain of the bacterium (ATCC
14028) was also used along with the local isolates.
Lyophilized and recently isolated strains, after overnight
incubation in brain heart infusion, were streaked on LB
(Luria-Bertani) agar and incubated overnight for isolation
of single colony.
Serotyping: Serotyping of bacteria was performed by
reliable antisera (Difco) and confirmed with multiplex
PCR, using 4 pairs of primers, as described by Lim, Y. H
et al., 2003 and Rahn et al., 1992. All of the isolates had
virulence gene of invA (10, 11).
DNA extraction: A single colony of each isolate on agar
plate was picked and resuspended in 200 µl of distilled
water.
After vortexing, the suspension was boiled for 5 min,
centrifuged for 10 min at 14000 rpm and the supernatant
was transferred to a new microtube. For comparison,
bacterial DNAs were also prepared with a standard kit
(QiaGene) and the related protocol.
RAPD fingerprinting: PCR was conducted in a 25 µl
volume containing 40 ng of total S. typhimurium DNA,
1.5 Mm MgCl2, 0.5 µM of primer, 1 U of Smartaq DNA
polymerase and 200 mM dNTPs mix in 1X PCR buffer
(all reagents were from CinnaGene Inc, Iran).
The thermal program consisted of 4 cycles of 94°C for 4
min, 35°C for 4 min, and 72°C for 4 min; 30 cycles of
94°C for 30s, 35°C for 1 min, and 72°C for 2 min; and 1
cycle of 72°C for 10 min for final extension. After PCR,
10 µl of each amplified DNA product was loaded on 1.5%
agarose gels (CinnaGene Inc, Iran) in 0.5 X TBE buffer.
A 100bp DNA ladder (Gene Ruler plus, Fermentas) was
included in each gel. The samples were electrophoresed
for 1 h at 100 V and the amplified DNA fragments were
visualized by UV illuminator, after staining with ethidium
bromide.
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Antibiotic susceptibility testing: Antibiotic susceptibility
test was performed by the standard disk diffusion method
in Mueller- Hinton agar, and the results were interpreted
in accordance to the criteria of the National Committee
for Clinical Laboratory Standards (12). The strains were
screened for resistance to the following antibiotics:
cephalexin (30 µg), oxytetracycline (30 µg), nalidixic acid
(30 µg), trimethoprim (5 µg), lincospectin (15/200),
enrofloxacin (5 µg), trimethoprim-sulfamethoxazole and
nitrofurantoin (300 µg).
Result
Optimization of RAPD fingerprinting: To optimize the
discriminatory power of the RAPD fingerprinting
technique, the optimal concentrations of arbitrary primer,
DNA template, MgCl2, Taq DNA polymerase and dNTPs
were first determined (8, 13). To select suitable candidate
primers for subtyping S. typhimurium isolates, 9 arbitrary
primers were tested. Consequently, P1254 (5´CCGCAGCCAA-3´) and 23L (5´-CCGAAGCTGC-3´)
primers with acceptable discrimination were selected.
Reproducibility of RAPD fingerprinting:
Then
reproducibility of the RAPD fingerprinting technique was
confirmed by comparing the fingerprint patterns obtained
from duplicate strains and duplicate run of strains.
Discrimination of S. typhimurium isolates by RAPD,
antibiotic susceptibility test and combination of the two
tests: RAPD analysis by Primers P1254 and 23L revealed
four and six polymorphic patterns of DNA from 30
isolates of S. typhimurium of Iran, respectively. The
results obtained by the primer P1254 are shown in Figure
1. With application of eight antibiotics, 30 isolates of the
bacteria could be divided into 13 patterns of R-type
(Resistance type).
The results showed that with the combination of RAPD
(with two primers) and antibiotic susceptibility tests (with
eight antibiotics), 30 isolates of S. typhimurium could be
divided into 20 different profiles.

FIGURE 1 RAPD fingerprintings of S. typhimurium
isolates with primer P1254: Marker and isolates of 16- 31.

Discussion
The PCR-based RAPD fingerprinting technique utilizing
arbitrary oligonucleotides to prime DNA synthesis at low
annealing temperatures to divulge genomic diversity is
particularly a powerful typing method. Unlike the
traditional PCR analysis, which requires specific
knowledge of DNA sequences and the application of
target-specific sequences, RAPD does not require any
specific knowledge of the DNA sequences of the target
organism. This makes it a tool of great power and general
applicability (8). The random and arbitrary PCR
fingerprinting methods have not proven to be especially
suited to establishing genomic library database (9).
Consequently we principally did not intend to compare
DNA, for example, of animals and poultry by RAPD
fingerprinting.
Comparative typing of relatively small sets of isolates by
using fingerprints obtained in the same amplification can
yield results relatively quickly and easily (9). MgCl2,
dNTPs and Taq DNA polymerase concentrations proved
very important in producing reliable and reproducible
RAPD fingerprinting patterns.
Reproducibility of RAPD-PCR has been studied in
different researches and was confirmed and denied
frequently. However this issue has no effect on our study
because our objective was only differentiation ability
without any genomic library profiles for surveillance or
other purposes.
By application of antibiotic susceptibility test as a
phenotypic method, great diversity of resistant patterns
(13 patterns in 31 isolated strains) were probably due to
very different and widely varying consumption of
antibiotics in different regions and times and also illegal
trafficking of animals and food materials from neighbour
countries without an optimum surveillance system.
Consequently, according to non host adopting S.
typhimurium serotype, transfer of these isolates, their
plasmids and chromosomal antibiotic resistance genes has
been seen very rapidly and probable and has made
antibiotic susceptibility test a powerful phenotypic
method for differentiation of S. typhimurium isolates in
Iran.
Also other studies have indicated that RAPD PCR with
primer P1254 and 23L, separately, have acceptable
discriminatory power between S. entritidis strains [Lin et
al., 1996 (8) in the U.S.A and Tekeli et al., 2006 (14) in
Turkey].
It seems that setting up and fixing of reagent and
conditions, enough pipetting and also use of a single DNA
template in producing instant patterns of the RAPD
fingerprinting is very important and plays a critical role.
However, when one considers combination of
discriminatory power and ease of application, RAPD PCR
and antibiotic susceptibility in combination, emerge as a
particularly attractive phenotypic and molecular
technique. This is especially true if one employs the
simplified RAPD technique which uses boiled bacterial
DNA templates. This modification greatly reduces the
amount of time and labor required for the performance of
this molecular technique.
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The results of this study show that while RAPD
fingerprinting (with two primers) will differentiate 34%of
isolates, this increases to 67%in combination with
antibiotic susceptibility test. It is apparent, with
application of more suitable primers and antibiotics, that
we can easily increase the discriminatory power to upper
limits (to likely optimum). Results establish when an
appropriately chosen set of primers are employed, RAPD
analysis in combination with antibiotic susceptibility test
(with an appropriate set of antibiotics chosen) provides an
alternative rapid, reproducible and relatively powerful
method for S. typhimurium diversity discrimination in
Iran.
Finally, RAPD method is not a whole genome technique,
and is not appropriate for comparison of the whole
genome of S. typhimurium isolated from different sources.
For this purpose we propose another molecular technique
such as PFGE, REP PCR or AFLP that we are planning to
apply in a subsequent study.
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Introduction
Salmonella enterica serovar Enteritidis is a major cause of
food-born disease, and during the last decades, it has been
isolated worldwide in increasing numbers (1).
Furthermore, S. enterica serovar Typhimurium is the most
frequently isolated serovar worldwide (2). Identification
and genotype characterization of the bacterial isolates are
essential for epidemiological surveillance and outbreak
investigations. The primary method used for
characterizing members of the genus Salmonella is
serotyping, which is defined by the combination of
surface O, H, and Vi antigens according to the
Kauffmann–White scheme (3, 4).
Among the most frequently isolated serotypes, S. enterica
ssp. enterica serotypes Typhimurium and Enteritidis (S.
typhimurium and S. enteritidis) are accounting for more
than half of the isolates in the most of the regions.
Serotyping is therefore not efficient enough when trying
to track the source of the common cause of outbreaks in
these two serotypes, as well as other frequently seen
serotypes (1, 5).
A variety of DNA-based typing methods have been
applied to identify Salmonella serovars, such as plasmid
profile, biotyping, ribotyping, IS200 profile, pulsed field
gel electrophoresis (PFGE), and multilocus enzyme
analysis (6).
However, while a variety of molecular subtyping
approaches are available, from a practical standpoint,
when several isolates are to be compared over the course
of a few days, the most general procedure for the
comparison of genomes is random amplified polymorphic
DNA (RAPD) analysis (7) Based on the work of Welsh
and McClelland (1990) and Williams et al. (1990), RAPD
analysis produces reproducible and often distinctive sets
of DNA fragments by subjecting genomic DNA to
polymerase chain reaction (PCR) primed by short (10 to
25 bases) oligonucleotide primers of arbitrary sequences
(6, 8, 9).
Several points must be considered when optimizing
random or arbitrary primed fingerprinting methods. As
these assays are amplification based and employ
nonspecific primers, the principal limitations of the

technique arise from high sensitivity of RAPD-PCR to
reaction conditions. Slight changes in the conditions can
affect the reproducibility of the amplification of
fragments. The technique is highly sensitive to
temperatures, reaction times, source and concentration of
polymerase, MgCl2 concentration, quality and quantity of
template DNA, and sequence, size, and concentration of
primers (10, 11, 12).
In this study, genomic and phenotypic methods of RAPD
analysis and antibiotic susceptibility test were evaluated
for discrimination of 60 (30 S. typhimurium and 30 S.
enteritidis) isolates.
Materials and methods
Bacterial strains: Among more than 100 isolates of S.
typhimurium and 100 S. enteritidis collected from
different regions of Iran in our laboratory during the years
1975–2006, 30 strains of each serotype, with additional
attention to recently isolated strains that at least from one
of the three factors of animal source, time, and place of
isolation was different, were selected.
Serotyping was applied by reliable antisera (Difco) and
confirmed with multiplex PCR by the method of Rahn et
al. (1992) and Lim et al. (2003) with four pairs of primers
for S. typhimurium and Pan and Lui (2002) with three
pairs of primers for S. enteritidis (13, 14, 15)
Meantime, all of S. typhimurium and S. enteritidis isolates
have virulence genes of invA and spv (Salmonella plasmid
virulence), respectively. Furthermore, strain of S.
typhimurium with ATCC 14028 was used as a positive
control.
Bacterial growth: Lyophilized or recently isolated strains,
after one night incubation in brain–heart infusion broth,
were transferred to Luria–Bertani (LB) agar for one night
to isolate single colony.
DNA preparation: A single colony of each isolate on agar
plate was picked and suspended in 200 µl of distilled
H2O. After vortexing, the suspension was boiled for 5
min, and 50 µl of the supernatant was collected after
spinning for 10 min at 14,000 rpm in a microcentrifuge.

Add 14

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand
RAPD fingerprinting: To optimize the discriminating
power of RAPD fingerprinting technique, concentrations
of arbitrary oligonucleotide, DNA template, primer,
MgCl2, deoxyribonucleotide triphosphates (dNTPs), and
Taq DNA polymerase were first determined.
PCR was conducted in a 25µl volume containing 40 ng of
total strains DNA, 1.5 mM MgCl2, 0.5 µM of primer, 1 U
of Taq DNA polymerase (Smartaq), 200 mM dNTPs in
1X PCR buffer (all reagents from CinnaGene, Iran). A
thermal cycler was used for amplification (Techne, UK).
The cycling program was four cycles of 94°C for 4 min,
35°C for 4 min, and 72°C for 4 min, 30 cycles of 94°C for
30 s, 35°C for 1 min, and 72°C for 2 min, and 1 cycle of
72°C for 10 min for final extension. After PCR, 10 µl of
each amplified DNA product was loaded on 1.5% agarose
gels (CinnaGene) in 0.5X Trisborate– EDTA (TBS)
buffer.
The samples were electrophoresed for 1 h at 8 v/cm.
Amplified DNA fragments were located by UV
illuminator after staining with ethidium bromide (1 µg/ml
concentrations). Molecular size marker (Gene Ruler 100
bp DNA ladder plus, Fermentas) was included in each gel
(as ladder and checking reproducibility of profiles).
Primers that were selected for this study were 23L, 5′CCGAAGCTGC-3′ and P1254 5´-CCGCAGCCAA 3´
(G+C content of both primers were 70%).
Antibiotic susceptibility testing: Antibiotic susceptibility
testing was performed by the standard disk diffusion
method on Mueller–Hinton agar, and the results were
interpreted in accordance with the criteria of the National
Committee for Clinical Laboratory Standards (16). The
strains were screened for resistance to the following
antibiotics: cephalexin (CN, 30 µg), oxytetracycline (T,
30 µg), nalidixic acid (NA, 30 µg), trimethoprim (TMP, 5
µg), lincospectin (LP, lincomycin/spectinomycin 15/
200), enrofloxacin (NFX, 5 µg), trimethoprimsulfamethoxazole (SXT) in both serotypeswith adding
nitrofurantoin (FM, 300 µg) for S. typhimurium and
furazolidone (FX, 100 µg), ampicillin (AM,10 µg), and
neomycin (NE, 30 µg) for S. enteritidis. No published
experiences data in our department for the discrimination
of isolates of these serotypes was the main reason of this
selection.
Result
Optimization of RAPD fingerprinting: To optimize the
discriminating power of this RAPD fingerprinting
technique, the optimal concentrations of arbitrary

oligonucleotide, quality and quantity of DNA template,
MgCl2, Taq DNA polymerase, and dNTPs used in PCR
were first determined (6, 10). To select suitable candidate
primers for subtyping Salmonella isolates, nine arbitrary
primers were tested. Consequently, P1254 (5′CCGCAGCCAA-3′) and 23L (5′-CCGAAGCTGC-3′)
primers with acceptable discrimination were selected.
Reproducibility
of
RAPD
fingerprinting:
The
reproducibility of the RAPD fingerprinting technique was
confirmed by comparing the reproducibility of the
fingerprint patterns obtained from duplicate strains
(duplicate extraction for one strain) and duplicate run of
strains (duplicate PCR for one strain).
Discrimination of S. typhimurium and S. enteritidis
isolates by RAPD, antibiotic susceptibility test, and
combination of the two tests: RAPD analysis by primers
P1254 and 23L revealed four and six polymorphic
patterns of DNA from 30 isolates of S. typhimurium of
Iran, respectively. In addition, RAPD analysis by primers
P1254 and 23L revealed seven and three polymorphic
patterns of DNA from 30 isolates of S. enteritidis of Iran,
respectively. The results obtained by the primer P1254 of
some S. enteritidis isolates are shown in Fig. 1.
With application of eight (S. typhimurium) and ten (S.
enteritidis) antibiotics, 30 isolates of the bacteria of each
serotype could be divided into 13 and six patterns of
resistance type (R-type) in S. typhimurium and S.
enteritidis, respectively.
The results showed that, with the combination of RAPD
(with two primers) and antibiotic susceptibility test (with
eight antibiotics for S. typhimurium and ten antibiotics for
S. enteritidis), 30 isolates of each could be divided into 20
and 16 different profiles, respectively.
Discussion
The PCR-based RAPD fingerprinting technique of
utilizing arbitrary oligonucleotides to prime DNA
synthesis at low annealing temperatures to divulge
genomic diversity is a particularly powerful typing
method. Unlike the traditional PCR analysis, which
requires specific knowledge of DNA sequences and the
application of target-specific sequences, RAPD does not
require any specific knowledge of the DNA sequences of
the target organism. This makes it a tool of great power
and general applicability (6). By application of antibiotic
susceptibility test as

Add 15

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

FIGURE 1 RAPD fingerprintings with primer P1254 of S.
enteritidis isolates of Iran: Marker and isolates of 1 15. M
Marker (100 bp), N negative control
phenotypic method, great diversity of resistant patterns
(13 and six patterns in 30 isolated strains of S.
typhimurium and S. enteritidis, respectively) probably was
due to very different and likely great various amount
consumption of antibiotics in different regions and times
and also illegal trafficking
of animals and food materials from neighbor countries
without optimum surveillance system. Consequently, in
accordance with non-host adopting S. typhimurium and S.
enteritidis serotypes, transfer of these isolates, its plasmid,
and chromosomal antibiotic resistance genes has been
seen very fast and probable that has made antibiotic
susceptibility test as a powerful phenotypic method for
differentiation of these serotypes isolates in Iran.
It seems that setting up and fixing of reagents and
conditions, enough pipetting, and also use of unique (one)
DNA template in producing of instant patterns of the
RAPD fingerprinting are very important and play critical
roles.
The results of this study shows that, while RAPD
fingerprinting (with two primers) is capable to
differentiate 34% and 30% (ten and nine profiles in 30
isolates resulted from combination of two primers
profiles) of isolates, they increase to 67% and 54% (20
and 16 profiles in 30 isolates) in combination with
antibiotic susceptibility test of S. typhimurium and S.
enteritidis, respectively. It is apparent that with
application of more suitable primers and antibiotics (as
Lin and colleagues have tested 65 primers for their study),
we can easily increase discriminatory power to upper
limits (to likely optimum).
In addition, results showed that clonality of S. enteritidis
is more than S. typhimurium isolates in Iran, and
discrimination for epidemiological purposes probably
needs to have more methods or more primers in RAPD
fingerprinting.

Having virulence genes of invA and spv in all of the S.
typhimurium and S. enteritidis isolates of this study,
respectively, increases the value of our research because
these genes have virulence properties and clinical
importance in Salmonella.
Results establish that, when an appropriately chosen set of
primers is employed, RAPD analysis in combination with
antibiotic susceptibility testing (with appropriately set of
antibiotics chosen) provides an alternative rapid,
reproducible, and relatively powerful method for S.
typhimurium and S. enteritidis diversity discrimination in
Iran.
Finally, as indicated, RAPD method principally is not a
whole genome technique, and for comparison of whole
genome of S. typhimurium and S. enteritidis, which
isolated from different sources, is not appropriate. For this
purpose, we propose other molecular techniques, such as
PFGE, Rep-PCR, or amplification fragment length
polymorphism, which we are going to apply in the next
study.
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Introduction
Eld‘s deer (Cervus eldii) or brown-antlered deer is an
endanger wildlife in Southeast Asia. Thailand is used to
be an habitat for two subspecies of Eld‘s deer; Siamese
Eld‘s deer (Cervus eldii siamensis) and Burmese Eld‘s
deer (Cervus eldii thamin) (1) that the population of these
two subspecies have been declined in Thailand. Study for
genetic diversity of Eld‘s deer has been needed and have
to date relied on mitochondrial DNA variation that review
the maternal linage history.
The Y chromosome as a tool for revealing paternal linage
history is a male specific chromosome in mammal species
and inherit from father to son.
The Y chromosome has non-recombining regions called
male-specific region of Y chromosome (MSY) where no
material is exchanged through the recombination process
and contain approximately 27 distinct proteins in human
(2). For this reason, the Y chromosome is very interesting
and has been used as a molecular tool in population
genetic such as genetic diversity study (3),
phylogeography (4, 5, 6) hybrid identification (7, 8) and
sex identification. The application has been successful in
many species for instance human, bovine, non-human
primate and so forth. Recent study in swap buffalo
reported 4 haplotypes of swap buffalo in Thailand based
on comparing sequences of the Y chromosome fragments
(9).
However, in Eld‘s deer still lack of the Y chromosomal
information especially for Y specific polymorphic
markers. This study, we compare a sequence of 5,150 bp
of the Y chromosomal nucleotide sequence (DBY gene:
508 bp; ZFY gene: 1,945 bp; SRY gene: 2,697 bp)
between Siamese Eld‘s deer (Cervus eldii siamensis) and
Burmese Eld‘s deer (Cervus eldii thamin).
Materials and methods
Blood samples of 4 Siamese Eld‘s deer from different
source and 11 Burmese Eld‘s deer based on 11
mitochondrial DNA haplotyping data (Dejchaisri, personal
communicated) were collected and subjected to DNA
extraction. Amplification of one fragment of DBY (Dead

box polypeptide; Y-linked) (10), three fragments of ZFY
(zinc finger protein; Y-linked) and three fragments of SRY
(sex determining region Y) gene (11) were used by 8 pairs
of primer (Details of the sequences of all primers are
shown in Table1) and each primer set was tested against
male and female Eld‘s deer.
For total volume 10 µl, reaction contained 1 µl DNA
template (~10 pg – 1 µg), 1 µl of 10x NH3SO4 buffer,
0.1µl (0.1-1 µM) for each primers, 0.8 µl of 50mM MgCl2,
0.2 µl of 10mM dNTP,Taq polymerase™Fermentas and
add RNase-free water up to 10 µl. The condition
composed of initial activation step at 95 ๐C for 5 min,
followed by 40 cycles of denaturing at 95 ๐C for 30 sec,
annealing step at 55 ๐C 30 sec for each primers, extension
step at 72 ๐C 30 sec and final extension step at 72 ๐C 5
min. The PCR products were subjected to electrophoresis
on a 1.5% agarose gel and stained with ethidium bromide.
PCR products were sent for sequencing by First Base
Laboratory, Shah Alam, Malaysia and analysis by using
Bioedit software.
Table 1 PCR primer sequences.

Name

DBY7
DBY8
ZFY1
ZFY2
ZFY3
SRY3
SRY4
SRY5

Forward primer

GGTCCAGGAGARGCTTTGAA
CCCCAACAAGAGAATGGCT
CAGGTGAGGGCACATGAG
ATATGCTTGAAGAGACGACAAC
TTCTAATTTGAAGACGCATGTG
AGCCTTTGAAGTTTCTACTGTC
GTCTGCTGCACCTTCATC
CCGGGCTATAAATATCGACCTC

Reverse primer

CAGCCATTCTCTTGTTGGG
CAGCACCACCATAKACTACA
ATCACATTCGATGGCCTT
AGTCAGAAGACAAATGTCACA
CAACTTCTTTATGGTGTCGTG
CCCCAATACCTCCCCTCAATAC
CTTATTGTGGCCCAGGCTTGTC
GATGAAACCTTGGGTCTCACAG

Result
After analysis the sequences of DBY (508 bp), SRY (2,697
bp) and ZFY (1,945 bp) gene, no segregation site is found
within Siamese Eld‘s deer and also Burmese Eld‘s deer
populations but comparing sequence between Burmese
Eld‘s deer and Siamese Eld‘s deer show one segregation
site(C/T) on DBY fragment, two segregation sites(T/G and
A/C) and two deletions on SRY fragment, three
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segregation sites (T/C, G/A and A/G) and on deletion on
ZFY fragment. The segregation sites and position are
shown in table 2 refer to the alignment of sequence
reported in (12)
Table 2 Comparison of single nucleotide positions
between Siamese Eld‘s deer and Burmese Eld‘s deer.
Identical Indel by dash. For DBY sequences, data are
accessible via Genbank entries GU902196 and
GU902197. For SRY and ZFY sequence, nucleotide
positions are comparing with GQ259332 and GQ259329,
respectively.
Gene

Position

Cervus eldii thamin
Cervus eldii siamensis

DBY
(508 bp)
0
4
4
7
C
T

SRY
(2,697 bp)
0 2 2 2
7 0 0 1
8 1 1 1
8 5 6 8
TAAA
G - - C

ZFY
(1,945 bp)
0 0 0 1
0 2 2 4
7 5 9 8
4 2 9 7
- TGA
TCAG

Discussion
Sequencing 5,150 bp of the Y chromosome provides a
clear divergence between Siamese Eld‘s deer and
Burmese Eld‘s deer. The Y chromosome has low diversity
within intraspecies level (3, 11, 13, 14). The Y
chromosome, none recombination in MSY region, should
be expected to have variation less than recombination
region and negative or positive selection has severe effect
on this region. Differences in migration pattern between
male and female animals can induce variation of genetic
that inherited in maternal and paternal linage. In patrilocal
species like Eld‘s deer, that females migrate more than
male, this implies that less variation in the Y chromosome
(10). Microsatellite markers for the Y chromosome, which
have been studied in bovidae species (15, 16) are another
one choice for study diversity on this chromosome.
Even the Y chromosome has low diversity on intraspecies
level but from this study shows a relatively high
divergence on the interspecies level. The present of high
variation on interspecifics level has also been reported in
swamp and river buffalo (9). This divergence is caused by
hitch-hiking during positive selection of Y chromosome
gene or by sexual selection and supporting evolution
history of these two subspecies based on mitochondrial
DNA (17).
Although, interbreeding across these two subspecies can
help to increase viability of Eld‘s deer population for
long-term conservation but hybridization between
genetically distinct linages can lead to a loss of adaptive
diversity and outbreeding depression. This study shows a
clear divergence between two subspecies base on the Y
chromosome sequence thus we suggest to maintain
Siamese Eld‘s deer and Burmese Eld‘s deer as a distinct
unit for conservation until genetic data or degree of

inbreeding in wild population are observed for supporting
interbreeding strategies.
Conclusion, although these markers are not appropriated
for paternal lineage haplotyping within the population,
however, they can be used as a phylogenetic marker for
detecting hybrid-subspecies between Burmese and
Siamoese Eld‘s deer population.
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Introduction
Streptococcus suis has emerged as an important pathogen
in swine production(1) and has been recovered from nasal
cavity, tonsil and reproductive tract in healthy pigs (2,3). It
would causes a wide range of diseases including
meningitis, septicemia, endocarditis, arthritis and
pneumonia in pigs(2,4). Thirty-five serotypes of S. suis
have been presently described(5) according to its
polysaccharide capsular antigens. S. suis serotype 2 is the
most frequency associated with clinical disease in pigs
and humans(2,6).
β-lactams (Penicillin, Ampicillin)
antibiotics has been widely used for treatment in clinical
pigs(4,7). However, penicillin resistant beta lactamase
negative isolates have been detected. In Thailand,
majority of S. suis infection was found in human inhabited
in northern area. To date, the data concerning to S. suis
from pigs in this area remains limited. Therefore, the
detection of S. suis from healthy pigs will indicate the
important of being carrier of pigs and provide
epidemiological data of S. suis in this area.
Materials and methods
Farm animals: Tonsil swab from healthy sows, nursery
and finishing pigs in 21 pig farms in Chiang Mai and
Lumphun province, Thailand during August to October
2009 were examined.
Bacterial isolation: A total of 507 samples were cultured
on blood agar supplement with Streptococcal selective
media (Oxoid®). Mucoid, transparent and showed alphahemolysis colonies were selected (up to 3 colonies per
plate) for subculture and further identified by biochemical
reaction.
Identification of S. suis: Forty-six S. suis isolates were
randomly selected to identify by multiplex polymerase
chain reaction (multiplex PCR) using S. suis speciesspecific primers (Cheung et al., 2008) (8) and S. suis cps
gene primer (Silva et al., 2006) (11). PCR condition was
adapted from Cheung et al., 2008. S. suis P1/7 reference
strains were used as positive control.
Antimicrobial susceptibility testing: The antimicrobial
susceptibility of all strains from 54 isolates was
determined by agar disc diffusion method. Antimicrobial
agents tested were Penicillin G (P:10IU), Amoxicillin
(AMOX:10ug), Ceftiofur (EFT:30ug), Ceftriazone
(CRO:30ug), Clindamycin (DA2ug), Levofloxacin
(LEV:5ug),
Tetracycline
(TE:30ug),
Gentamicin
(CN:10ug), Trimethoprim/Sulfamethoxazole (STX:25ug).

and Susceptibility zones were measured and compared
with zone diameters listed in the package insert.
Table 1 Detection of S. suis and S. suis serotype 2 from
pig tonsil swab samples by bacterial culture(n=507)and
multiplex PCR (n=43)
Bacterial culture
PCR
Type of
swab
n (%)
S.
Serotype 2
Samples
suis
n (%)
Sow
Nursery
Finishing

34/141(24.1)
26/190(13.7)
25/176(14.2)

18
12
13

7(38.9)
2(16.7)
1(7.7)

Figure 1 Evaluation of detection of the multiplex PCR.
Lane: M: marker, P: S. suis P1/7 reference strain, 1-12 :
samples, N: negative control
Results
A total of 507 pig tonsil swab samples were cultured and
identified by morphologic and biochemical characteristics
of S. suis. Eighty-five samples (16.8%) were confirmed as
S. suis. They were divided into 3 categories: sows 34
samples (95%CI=17.0-31.2), nursery pigs 34 samples
(95%CI=8.8-18.6),
finishing
pigs
25
samples
(95%CI=9.0-19.4). Then, Forty-six of S. suis samples
were randomly selected and confirmed by multiplex PCR
using S. suis specific and cps gene primer to be S. suis and
S. suis serotype 2. (Fig. 1) Forty-three samples were
confirmed as S. suis and among them, 10 samples were S.
suis serotype 2. (Table 1) Fifty-four S. suis isolates from
43 samples were determined for antimicrobial
susceptibility. Most of S. suis isolates were susceptible to
ceftiofur(74.0%) followed by levofloxacin(70.4%) and
amoxicillin (61.2%) respectively.
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Table 2 Antimicrobial susceptibility testing results among
9 antimicrobial agents of S. suis isolates (n= 54)
Antimicrobial
Resistant profiles (%)
agents

S

I

R

Penicillin G
Amoxicillin
Ceftiofur
Ceftriazone
Tetracycline
Trimethoprim/
Sulfamethoxazole

9.3
61.1
74.0
13.0
1.9

61.1
31.5
9.3
35.1
3.7

29.6
7.4
16.7
51.9
94.4

5.6

13.0

81.5

Levofloxacin
Clindamycin

70.4
0
3.7

7.4
0
3.7

22.2
100
92.6

Gentamicin

S= susceptible, I=intermediate, R=resistant

Table 3 Resistant patterns of 54 S.suis isolated from pig
tonsil swab samples
No. of
Resistant
No. of
Resistant pattern
isolation
rate (%) antimicro
-bials
CN-DA
1
1.85
2
1

1.85

3

P-CN-DA

5

9.26

3

TE-CN-DA

1

1.85

4

P-TE-CN-DA

1

1.85

4

P-SXT-TE-DA

1

1.85

4

P-SXT-CN-DA

20

37.03

4

SXT-TE-CN-DA

1

1.85

4

SXT-LEV-TE-DA

1

1.85

4

TE-EFT-CN-DA

6

11.11

5

P-SXT-TE-CN-DA

1

1.85

5

P-LEV-TE-CN-DA

1

1.85

5

SXT-LEV-TE-EFT-DA

4

7.41

5

SXT-LEV-TE-CN-DA

1

1.85

6

P-SXT-TE-AML-CN-DA

1

1.85

6

P-SXT-TE-CN-DA-CRO

1

1.85

6

SXT-LEV-TE-EFT-CN-DA

2

3.7

6

SXT-TE-EFT-CN-DA-CRO

1

1.85

7

1

1.85

6

P-SXT-LEV-TE-EFT-CNDA
P-SXT-TE-EFT-DA-CRO

1

1.85

6

1

1.85

7

1

1.85

9

SXT-LEV-TE-AML-EFTDA
SXT-LEV-TE-EFT-CN-DACRO
P-SXT-LEV-TE-AML-EFTCN-DA-CRO

The prevalence of tetracycline (94.4%), gentamicin (92.6%)
and trimethoprim/ sulfamethoxazole (81.5%) resistance
were also found in S. suis tested. The pattern of
antimicrobial resistance of S. suis isolates were 22

patterns. The majority of multidrug resistant pattern is 4
drugs including SXT-TE-CN-DA (37.33%) were
determined.
Discussion and conclusions
This is the first study investigating S.suis in pig farms at
Chiang Mai and Lumphun province. It was found that
S.suis can be detected from tonsil swab samples from
healthy pigs in all age range. According to the previous
study, it has been suggested that tonsils would have been
a better site than the others for carrier pig detection (9). As
shown in this study, tonsils can promote the numbers of
bacterial strains. The highest prevalence of S.suis serotype
2 was found in healthy sows that contrast with the others.
In this area, prophylactic antimicrobials were useless in
sow‘s feed. Normally, they were received only antibiotic
(penicillin-streptomycin, amoxicillin or tetracycline)
injection prier to farrowing. Therefore, they can become
to carrier more than nursering pigs which have pulse
medication during production period. The differences in
antimicrobial susceptibility results and resistant pattern
have been determined in 54 isolates of S. suis. The high
resistance percentages to clindamycin, tetracyclines and
gentamicin describing in this study could be related with
the wide range of using these antimicrobials in
prophylactic manner in swine production. Since,
susceptibility results depending on the capsular serotypes.
It is important to discriminate the antimicrobial
susceptibility among serotypes. In addition, ceftiofur and
levofloxacin could be still considered as first drug of
choice for S.suis infection in human. Nevertheless, the
antimicrobial susceptibility test should be routinely
performed. The present information can be useful for
monitoring and giving suggestion of using proper
antimicrobial towards the infected pigs in Chiang Mai and
Lumphun province and be preliminary reference in regard
of choosing the antimicrobial drug for treatment purpose.
Differentiation
of
genotypic
and
phenotypic
characterization of S.suis from swine and human should
be further studied and described. In conclusion, this study
has been reported the proportion of S. suis collecting from
healthy pigs within farm situation reduced susceptibility to
penicillin G. Therefore, the monitoring of susceptibility of
S. suis to antimicrobial agents by using the disc diffusion
method is very important for swine production and public
health concern.
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Introduction
Infectious bursal disease virus (IBDV) is a double
stranded RNA virus which causes an acute and highly
contagious immunosuppressive disease in chickens. The
virus targets the developing B lymphocytes in the bursa of
Fabricius
(BF)
which
results
in
profound
immunosuppression with increased susceptibility to other
infectious agents and poor immune response to vaccine(12). IBDV is a member of the genus Avibirnavirus in the
family Birnaviridae. The virus gene consists of two
segments, A and B, which are enclosed within a nonenveloped virion with icosahedral symmetry (3). The
larger segment A (3.2 kb) encodes viral proteins VP2,
VP3, VP4 (4) and VP5 (5). VP2 is a major immunogenic
component which elicits protective immune response(6).
The epitopes recognized by neutralizing antibodies have
been mapped to the domain know as hypervariable region
of VP2. This domain is composed of hydrophobic amino
acids, flanked by two hydrophilic Peaks A and B (7-8). In
Iran, two major IBD outbreaks occurred. The first
outbreak struck the poultry industry during 1981 (9)
which was mild type and was brought under control by
use of mild type of vaccine strain in young chicks. The
second outbreak occurred due to resurgence of very
virulent (vv) form of IBD in 1991 which in comparison to
the first outbreak caused high to very high mortality and
spread throughout the country in a very explosive manner.
In a similar pattern, the first IBD outbreak in India was
occurred during 1979-1981 mainly in southern states of
the country which was mild type(10-11). Highy virulent
strains of IBDV emerged in India in 1992 , devasting
Indian poultry industry(12). Based on sequencing of
variable region of VP2 gene, IBD viruses involved in the
second outbreaks in these countries were found to be very
virulent types similar to European, Japanese, Chinese and
Israeli very virulent strains but not variant strains (12-13).
However, there is no report regarding molecular
characterization of classical strains and their relationship
with emerged vvIBDV in Iran, India and Nepal.
Therefore, this study was conducted to find out
differences in variable region of VP2 gene of classical and
vvIBDV isolates in these countries.
Materials and methods
Viruses: Twenty seven field samples of IBDV used in this
study (seventeen Iranian, three Indian and one Nepalese
isolates from vvIBD Outbreaks and one Iranian, three
Indian and one Nepalese isolates from classical IBD
outbreaks) were obtained as infected bursal suspensions
from Research and diagnosis of Avian Diseases
Department of Razi Vaccine and Serum Research

Institute, Iran and from Avian Disease Division of Indian
Veterinary Research Institute. These samples were
collected from IBD outbreaks occurring from 1981 to
2003 in India, Nepal and Iran.
Reverse transcription – polymerase chain reaction (RTPCR): The total RNA extracted by the procedure
described by Lin et al (14) was subjected to reverse
transcription using MMLV reverse transcriptase and
specific or random hexamer primers (Promega, Madison,
USA) according to manufacturer‘s instructions. PCR was
carried out to amplify 643 bp PCR products from cDNA
comprising the complete variable region of VP2 gene as
described previously (12). Briefly, the 643 bp PCR
products
were
generated
using
forward
5‘TCACCGTCCTCA GCTTAC –3‘ and reverse 5‘TCAGGATTTGGGATCAGC-3‘ primers in
a 50μl
reaction mixture containing 6μl cDNA , 15 pmol of each
primers , 200 μM dNTPs mix, 1.5 mM Mg++ and 1.5 µ
Taq DNA polymerase (Gibco – BRL) for 35 cycle of
940C , 520C and 720C one minute each with a final
extension at 720c for 5 minute. The PCR products were
separated by electrophoresis in 1.5% Agarose gel.
Sequence and phylogenetic analyses: The PCR products
were purified using the High Pure PCR Product
Purification Kit (Roche, Germany) and sequenced from
both directions, using intenal forward and reverse
primers(12) (MWG-Biotech AG, Germany) or the Fmol
DNA sequencing system (Promega, Mandison, USA )
according to the manufacturer‘s protocol. The 402 bp
nucleotide sequences (from 759 to 1160 nucleotide as per
Bayliss et al (8) comprising almost complete variable
region of VP2 gene could be easily sequenced. These
nucleotide sequences along with the published sequence
of 14 reference strains were translated into amino acid
sequences comprising almost complete variable region of
VP2 amino acids at positions 210 to 343. The nucleotide
and deduced amino acid sequences were compiled and
analyzed using the computer program DNASTAR.
Result
Sequence analysis: Amino acids 222A, 256I, 294I and
299S are unique to all vv strains. The exceptions are the
Australian strain 002-73 which is having 299S and the
Nepalese (K1) and two Indian classical strains (N3, JM)
which also contain 256I. Amino acid changes found only
in Indian and Nepalese vv strains were 212 D to N (K3) ,
240 L to F (HP) and 303 Q to H (B7). There was no
nucleotide as well as amino acid changes in peak A, B and
serine rich heptapeptide among the vv strains with the
exception of amino acid change at position 212 (D to N)
in peak A of Nepalese strain (K3). In addition, consensus
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sequence established for all the sequenced very virulent
strains in this study along with UK661, OKYM, IS-KS,
N10, HK46 and DV86 strains were compared to a
consensus sequence of classical virulent strains (52/70,
STC Cu1-wt and CJ801). Four amino acid changes at
positions 222 (P to A), 256 (V to I), 294 (L to I) and 299
(N to S), were observed. Comparison of the very virulent
strains consensus sequence with a consensus sequence
established for the attenuated tissue culture adapted and
vaccine strains showed amino acid changes at positions
222 (P to A), 242 (V to I), 253 (H to Q), 256 (V to I), 270
(T to A), 279 (N to D), 284 (T to A), 294 (L to I), 299 (N
to S), and 330 (R to S). Amino acid substitution at
position 280 (N to T) were unique for Iranian, Indian and
Nepalese classical strains as compared with other virulent
classical strains. Amino acid substitution at position 253
(H to N) was unique only for Indian classical strains
among all the classical strains. Moreover, amino acid 256I
known to be conserved among the vv strains was also
observed among Indian classical isolates. There was no
amino substitution in the peak A and B among the
sequenced classical strains except an Indian isolate (N2)
which was having F instead of Y at position 214 in peak
A. Moreover, N2 and K1 had complete serine rich
heptapeptide sequence SWSASGS, whereas, the third
serine in this heptapeptide (330) had been substituted to
arginine in N3 and JM strains. Amino acid substitution at
positions 279 (D to N) and 284 (A to T) which are known
to be character of cell culture adapted IBD viruses
occurred among Iranian and Indian classical isolate but
not for Nepalese classic isolate. Amino acids 249 K and
254S which can be considered as the signature for the
variant strains were not observed in any of the sequenced
viruses.
Phylogenetic analysis: Cladogram correspond to amino
acid sequence indicated that all of the very virulent
isolates were grouped within a common genetic lineage
along with other reported very virulent strains which was
more close to European classical strain 52-70 than any
other classical strains whereas, Indian and Iranian
classical isolates were grouped in a common branch
which was close to PBG98 and Lukert vaccine isolates.
Nepalese classical strain (K1) was grouped distantly from
them and was close to American classical strain (STC).
Discussion
IBD has been a great concern for the poultry industry
throughout the world. The re-emergence of the IBDV in
the form of antigenic variants and very virulent strains has
been the cause of significant losses to poultry industry.
The emergence of variant and vvIBD viruses alongwith
recent atypical vvIBDVs in various countries during last
25 years indicates the rapid genetic mutations in virus
genome. Recent reports have revealed that variations are
taking place even in vvIBDVs in the course of time (1516). Frequent changes in the character of IBDV
necessitates to find out its current position in each area
and keep regular monitoring to take necessary control
measures. Although, it has been shown that the major IBD
outbreak in Iran and India occurring was due to
emergence of vvIBDV (12-13, 17). There is no

information available about molecular characterization of
classical strains and their relationship with the emerged
vvIBDV strains in Iran, India and Nepal. In the present
study, attempts were made to find out molecular
correlation among the classical and vvIBDV isolates in
these countries. Since VP2 variable region contains the
most informative genetic data regarding strains variability
and comparison of this region among the strains offers the
best evolutionary clue for IBD viruses, this region was
selected for sequence analysis in this study. This region
has also been shown to contain major virus neutralizing
conformational epitopes for which the two hydrophilic
regions at the end of variable portion are most important.
One or two amino acid changes in these regions can give
rise to new strains, which can circumvent vaccination
with standard type 1 strains(18). phylogenetic analysis
based on amino acid sequences showed that Iranian and
Indian classical IBDV isolates were close to reported
PBG98 and Lukert vaccine strains whereas, Nepalese
classical IBDV isolate was close to American classical
strain STC. These findings indicated that the earlier
classical IBD outbreaks occurring in Iran, India and Nepal
were due to different classical IBD viruses. So far, only
amino acids H or Q have been reported for residue 253,
which have critical role in cell culture infectivity (19) and
virulence (20). Interestingly, all the Indian classical IBDV
isolates have amino acid asparagine (N) at this position
which can be considered as a unique change from the
other published IBDV sequences. Hence, the amino acid
N253 can be regarded as the signature for the Indian
classical IBD viruses, not reported for any other IBD virus
of any pathotype.
As residue N280 is almost conserved among the reported
IBD viruses, the presence of amino acid T280 among
studied classical IBDV isolates can also be considered as
a marker with the exception of PBG98 vaccine strain
which also have T280.
In addition, the amino acid 256I which is reported to be
one of the conserved amino acids in vv IBD viruses was
also present in Nepalese and two Indian classical isolates.
Most of classical isolates in this study also had amino acid
change at position 330 (S to R) in serine rich heptapeptide
region SWSASGS reported to be conserved among
pathogenic viruses, indicating low virulence nature of
these isolates. The amino acid exchange at position 214
(Y to F) in peak A of N2 isolate was the only change in
hydrophilic peaks, A and B among all the isolates. This
amino acid exchange was unique to N2 isolate as
compared to all other published VP2 gene sequence of
IBD viruses. The amino acid exchanges around this
position in hydrophilic peak A have been reported in
variant E strain (D213N) and D213N and Q215H in some
French vvIBD viruses,(16, 21). It seems that the Y214F
change found in Indian isolate N2 has little effect on
antigenicity of the virus, since it induces a decrease in
hydrophilicity and may not have a significant effect on
structural change.
Phylogenetic analysis revealed that all the very virulent
isolates were closely related to vvIBD viruses from
Europe, Japan, China and Africa and could be grouped
within the same genetic lineage, indicating close
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relatedness. Most of the studied vvIBD viruses were
similar to each other at amino acid level. The amino acid
substitutions at positions 222 (P to A), 256 (V to I) and
294 (L to I) have been earlier found to be unique to the
vvIBD viruses (22-23). These amino acids were also
conserved among the vvIBD viruses in this study.
Because of existence of 256I in most of the Indian
classical isolates the amino acids 222 and 294 were found
to be unique in the vvIBD viruses only.
The amino acid 254S which is now conserved among all
the reported variant IBD viruses (24-25) was not observed
in any of the isolates analysed in this study indicating
these countries might be free from variant IBDV strains.
Overall, vvIBDV isolates in this study could be grouped,
distinct from the classical isolates, within a common
genetic lineage, comprising other vvIBD viruses from the
three continents Asia, Europe and Africa, suggesting that
the vvIBD viruses and reported very virulent strains were
derived from the same origin. However, the origin of
vvIBD viruses is still unknown in any of the countries
where they have been reported. On the other hand, it is
also clear from the phylogenetic grouping that vvIBD
viruses have emerged and spread explosively throughout
these countries from an unknown source. It seems that the
same scenario has not been happen for classical IBD
outbreaks in these countries indicating a different source
for classical viruses.

(23) Cao et al.,1998. Avian Diseases. 42:340-51.
(24) Dormitorio et al.,1997. Avian Diseases.41(1):36-44.
(25) Sapats et al.,2000. Archives of Virology. 145(4):77385.
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Introduction
The camel (Camelus dromedarius) is a hardy animal that
thrives under arid conditions (Mukasa-Mugerwa 1981;
van Houten 2002; Brown 2004). Large populations are
found in Niger, Libya, Sudan and Chad which migrate
into Nigeria following their extensive pastoral system
(Chafe et al. 2008). The Northern Nigerian environment
mimics the comfort zone for camels and has observed an
exponential increase in camel population over the last
decade. Also, the multipurpose roles of camels such as
draft, trade, slaughter, prestige as well as transportation of
goods and persons are especially important socioeconomically in the region (FDLPCS 1992). The main
management system of keeping livestock in the region is
typically non-sedentary, constantly moving in search of
grazing and water. The camels in the regions are also
managed similarly and fattening of male camels strictly
for meat production is not practiced.
Camels suffer from fewer diseases than other livestock
(Mukasa-Mugerwa 1981; Brown 2004). However, camels
are susceptible to bovine tuberculosis and sporadic cases
have been reported especially following closed
confinement with cattle (Mukasa-Mugerwa 1981; Pavlik
et al. 2005; Kinne et al. 2006; Wernery et al. 2007). Also,
tuberculosis is highly endemic in livestock in the Northern
Nigeria region (Alhaji 1976; Antia & Alonge 1982; DuSaid & Abdullahi 1994b; Ojo 1996; Alaku et al. 2002;
Cadmus et al. 2004; Okoli et al. 2006; Bikom &
Oboegbulem 2007) and is of concerned to the medical and
veterinary authorities. Tuberculosis in domestic animals
and wildlife is known to hinder control or eradication
programmes in cattle (Morris et al. 1994; Morris &
Pfeiffer 1995; Cousins & Florisson 2005) and to be a risk
to humans that live in these areas who may be exposed to
infected animals.
Difficulties in the diagnosis of TB in live camels with the
current available tests have been documented (Wernery &
Kaaden 2002; Kinne et al. 2006; Wernery et al. 2007).
The intradremal tuberculin test, which is the classical
diagnostic test, often gives non-specific reactions (Kinne
et al. 2006). However, the serological assay is showing
potential as a convenient, rapid and accurate for
tuberculosis diagnosis in live camels and other animals

under field conditions (Hasegawa. et al. 2002;
Lyashchenko et al. 2007; Wernery et al. 2007;
Lyashchenko et al. 2008).
In the light of widespread extensive cattle rearing coupled
with the increasing socio-economic importance of camels
in Northern Nigeria, particularly in Sokoto, Kano and
Maiduguri areas, this study was undertaken to screen
Camels for bovine tuberculosis exposure and describe the
implications of the detection rates of TB antibodies and
limitations of rearing camel ton bovine tuberculosis
control in Nigeria.
Materials and Methods
Study Area and Animals
The study was carried out in Sokoto (North-western),
Kano (North central) and Maiduguri located between
latitude 10° - 11° N and longitude 5° - 13°E in Northern
Nigeria, with a savannah-sahelian ecosystem. These cities
are the State capitals of Sokoto, Kano and Borno states
respectively and have the main Camel market and
abattoirs in Nigeria. Nigeria shares a long land border
with Chad and Niger through its Northern regions (where
the 3 states are located) and which also have steady cross
border cultural and pastoral activities with Chad, Niger,
Sudan (through Chad) and Libya (through Chad and
Niger). Northern Nigeria has the largest population of
livestock being the largest producing area in the country.
An extensive free ranging system, grazing from the same
natural pastures is the most practiced system of rearing
livestock. The largest population of camels is also found,
bred and slaughter in the region compared to any other
part in Nigeria.
The study period was June – September 2008 which
corresponds to a time of massive livestock movements
and when camel owners from these neighboring countries
enter Nigeria in the course of their seasonal migration for
better pastures and water. This is the critical time range
when large influx of Camels into Northern Nigeria is seen
and hence the best times to sample as both healthy and ill
Camels are on the move. The ones that are old or not
doing well are sold for slaughter while the apparently
health ones are retained. More so, during this period, there
is known to be scarcity of other meats hence Camel meat
is use to cover the shortages. It is important to note that
Camels are not slaughtered in Northern Nigeria for any
festivities.
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Adult camels (many at the end of their usefulness) were
sampled, some during slaughter. Sampling of younger
camels was denied by owners who generally are reluctant
to accept improved animal health and production research
findings geared towards development.
A total of 1395 camels, aged at least five years and of
both sex, either for slaughter (855) or draft (540) in the
camel markets and abattoirs of Sokoto, Kano and
Maiduguri and representative of camel draft or slaughter
activity in Northern Nigeria were sampled. The age of
each camel was obtained from the owner‘s record,
otherwise it was estimated by observing the conformation
of teeth (Schwartz & Doili 1992; FAO 1994). For proper
sampling, the team was distributed into the three study
areas and assisted by local field staff. The whole group
assembled at the end of the period in the Ahmadu Bello
University Zaria-Nigeria for data analysis and
interpretation.
For this work, blood was withdrawn from the jugular vein
of draft camels in the markets and just before slaughter in
the abattoirs, serum separated and refrigerated at 4 o C and
tested within 24 hours of collection. Samples were
collected from all slaughtered camels while for draft
camels the inverse sampling method was used. All camel
owners from the region visiting the camel markets were
listed (together with information about their camels) from
which the selection of participants was made by randomnumber generation and the camels of willing participants
sampled inversely until a representative number of over
500 was achieved. Briefly, single blood collections were
made on the draft camels which were identified by local
names given by the owners.
Rapid test (RT)
Based on the lateral–flow technology, a simple one-step
antibody detection assay (PrimaTB STAT-PAK®)
developed by Chembio Ltd in the UK was used. The test
(sensitivity and specificity of 89%) employs a cocktail of
selected M. tuberculosis and M. bovis antigens and blue
latex-based signal detection system. The principles and
mechanism of the lateral-flow-based rapid test for TB
using serum has been previously described (Lyashchenko
et al. 2007; Wernery et al. 2007). Briefly, the ready-to-use
disposable device consists of a plastic cassette containing
a strip of nitrocellulose membrane impregnated with test
antigen and laminated with several pads made of glass
fibre and cellulose. The test requires that 30µl of serum is
poured onto the centre of sample well followed by 3 drops
of sample buffer, added sequentially. Results are read
after 20 min. Any visible band in the test area, in addition
to the control line, is considered an antibody positive
result, whereas no band in the test area in addition to the
visible control line is considered a negative result.
Statistical Analysis
Camel TB antibody detection assay data were analysed at
the individual, draft and slaughtered level. Data were
analysed using positive and negative as response
outcomes (binomial variable) and variable (binary

variable). The observed prevalence rates were corrected
using the Rogan-and-Gladen formula to the true rates and
the 95% confidence the intervals calculated as previously
described (Putt et al. 1988; Petrie & Watson 1999;
Greiner & Gardner 2000). The McNemar‘s test
approximating the Chi-squared distribution and normal
distribution techniques were also applied to compare and
determine the level of significant differences (α=0.05; two
tailed) between the proportions (Putt et al. 1988; Petrie &
Watson 1999). As camels in this region are used
maximally until they are about 10 years, and thereafter
sold off for slaughter, the data was distributed into two
age groups, less or more than 10 years,
Result
A total of 100 out of 540 draft and 137 out of 855
slaughtered camels tested in this study were positive
giving prevalence rates of the lateral–flow antibody
detection assay (PrimaTB STAT-PAK®) of 19% (95% CI;
16 – 22) and 16% (95% CI; 14 – 18) respectively (Tables
1 & 2).
Overall among the draft camels, no significant difference
was observed in the level of anti-TB antibody detection
response between the two age groups, less or more than
10 years (Χ2 = 0.5396; -2% – 5%) but there were
significantly more female positive reactors compared to
the male camels (Χ2 = 21.844; 5% to 12% and P<0.05).
This represented an estimated relative risk of 73/27 = 2.7
(i.e.: the females showed more than two-and-half folds
greater reaction to Tb antibodies than the male counter
parts.)
For the slaughtered camels, significantly more female
camel positive reactors (Χ2 = 9.121; 1.5% to 6.7% and
P<0.05) were recorded and the rate of detection of Tb
antibody also increased with camel age group (Χ2 =
15.219; 2.7% to 7.8% and P<0.05). Amongst the
slaughtered camels, the females were observed test
positively by 86/51 = 1.54 (or over one-and-half) times
compared to the males while the older age group (more
than 10years) showed a relative risk of 91/46 = 1.98 (or
about twice as positive than the younger age group).
However, the male/female ratio noted for the animals
used in this study varied from less than 3/4 to 3/7 within
groups (slaughter and draft).
Based on the stated sensitivity and specificity of 89% for
the test, accuracy rates of 64.96% for draft and 60.70%
for slaughtered camels were obtained.
Discussion
The extensive pastoral management system is the
common practice but few herders graze their animals in
proximate areas. The expectation of the study was to find
relatively high levels of anti-tuberculosis antibody
detection response in camels in the Northern Nigeria
region because of the high prevalence previously reported
in many livestock species especially cattle and also in
humans (Alhaji 1976; Du-Said & Abdullahi 1994a; Ojo
1996; Garba et al. 2004; Amusa et al. 2005; Adesiji &
Fagbami 2006; Garba & Galadima 2006a; Chafe et al.
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2008). Some of this evidence is often not published.
Camel TB cases some of bovine origin, have been
reported in many other camel rearing regions (Bush et al.
1990; Kinne et al. 2006; Wernery et al. 2007). This study
provides the first systematic record of the level of
antibody response by camels in Northern Nigeria to a
cocktail of M. tuberculosis and M. bovis antigens. The
observed anti-Tb antibody prevalence of 19% (draft) and
16% (slaughtered) camels is higher than the prevalence
rates of bovine TB of 3% to 9.6% as reported by some
workers through single intradermal tests and from
abattoirs studies (Zinsstag et al. 2006). Also, a link
between TB infection in herders and their cattle has been
observed (Abubakar et al. 2005); with over 20% of
herders reacting positively where 9% of animals within
their herds were reactors. We therefore conclude that the
close association between Man and his animals could be
an important route of transmission. This is especially case
with camels where herders are not only very closely
associated with their animals but also rely on Camels milk
as a source of food for the family. This close contact
could serve as route of infection not only to the herders
and their families but also to other domestic animals as
well.
Slaughtered Camels that may be infected and diseased
could potentially be a source of infection to humans
especially where the meat is not properly cooked. This is
common especially in restaurants as Camel meat takes
very long to cook and in their efforts to serve food on time,
in most cases these meats is not properly cooked. To
complicate matters, most retailers sale do not disclose
whether the meat they are selling is Camels‘ meat or Beef.
The age-related increase in prevalence recorded in this
study is consistent with the endemic pattern of
tuberculosis in cattle (Pollock & Neill 2002; Cleaveland et
al. 2007). Animals increasingly become exposed in
endemic situations where the infection is continuously
present and hence show increasing positivity with age
(Cleaveland et al. 2007). Alternatively, under stress or old
age, latent infections may be reactivated and lead to
development of the disease (Pollock & Neill 2002). The
disease status of the camels used in this study was not
determined, but based on the high level of anti-Tb
antibody detection and the deep intensity of the test bands
by the positive reactors amongst draft Camels; we
anticipate that Tb lesions could be recovered if the
reactors are slaughtered and post-examined.
In other prevalence studies of tuberculosis in livestock
especially in cattle where high prevalences have been
recorded, increase in livestock density and contact rates
(potential for transmission) increase with increasing
numbers of individuals (Cleaveland et al. 2007). The
camels of Northern Nigeria are reared under typical
nomadic or sedentary systems, grazing from the same
natural pasture with common dinking spots as other
livestock such as cattle and confinement by herders or
group of herders of their livestock species including camel
within a limited enclosure for shelter or houses at night is
common (FDLPCS 1992). The possibility of long and

close proximity during grazing and drinking between
camels and other livestock is high. Therefore, the system
of management may have played a major role in the
observed anti-Tb antibody detection response of camels in
this study.
TB has been reported to be prevalent in many food
animals including cattle, donkey, sheep and goats (Alhaji
1976; Antia & Alonge 1982; Du-Said & Abdullahi 1994b;
Ojo 1996; Alaku et al. 2002; Cadmus et al. 2004;
Abubakar et al. 2005; Okoli et al. 2006; Bikom &
Oboegbulem 2007) and its zoonotic form also widely
documented (Garba et al. 2004; Abubakar et al. 2005;
Amusa et al. 2005; Adesiji & Fagbami 2006; Garba &
Galadima 2006b; Okoli et al. 2006; Zinsstag et al. 2006).
The camels in this study must have been exposed to the
continuous presence of TB infection in other livestock
especially cattle (or their owners)
Strict control of bovine TB in livestock species relies on
timely detection and removal or slaughter of infected
animals and / or herds but this strategy is difficult to
conduct in camels because of the lack of adequate tests for
live animals (Wernery et al. 2007). TB detection and
removal or slaughter of infected animals is not the routine
practice in Nigeria due to many reasons amongst which is
inadequate funding for surveillance and detection of
infected or exposed animals.
The average herd size of camel in the study area is 11 (3 –
34) but larger sizes (50 – 200 heads) are not uncommon
particularly during transhumance when camel owners
from neighbouring countries enter the country in their
search for better pasture (Chafe et al. 2008). The large
herd size and movement suggest greater contact with
other livestock which may be infected. The findings of
this work are valuable to the monitoring and control of TB
in livestock, with the implication of guarding the public
against risk of exposure.
In this study, sex and age were observed to be influencing
or predisposing factors for camel TB. More female camels
were seroreactors suggesting more susceptible or increase
exposure to the continuous presence of the infection. Age
could be the more important factor here than sex. The
camels in this work were at least five years old and the
females were observed to have longer life spans and
combine with a long exposure to the infection, age is
thought to be important factor for the long incubation of
TB. Also, the spread of many disease epizootics as well as
the introduction and re-introduction of many diseases
have been traced to animals that entered the country from
abroad (Ogundipe 2002). Most camels in this study
originated from abroad where they might have contracted
the infection or be exposed.
The potential use of the antibody based rapid test method
to improve surveillance and ante-mortem diagnosis of TB
in camels has been recorded (Wernery et al. 2007). The
lateral-flow-based rapid test detected all infected camels
and produced no false positive results when used during a
TB out break in a camel herd in Dubai and the magnitude
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of the humoral immune response were associated with the
severity of disease or presence of gross lesions for camel
(Wernery et al. 2007) and also for other livestock species
(Lyashchenko et al. 2008). With respect to the difficulties
in the diagnosis of TB in camels, the shortcomings likely
to be faced in using a single test in a control programme
under various conditions should be considered (Wernery
& Kaaden 2002; Wernery et al. 2007).
In the present study clinical manifestations were not
spotted but sub-clinical infections were suspected. It
would seem reasonable to retest all positive reactors if the
rapid test is being used in a control programme but a
combination with the skin test could secure a more
reliable respond. Suboptimal and variable diagnostic
performance for detecting M bovis infections using the
rapid test have been reported in different host species
including badger, deer, possum and wild boar, with lower
rates found in the natural infections (Lyashchenko et al.
2008). The antibody responses detected in this study was
due to natural infection which explains the accuracy rates
of about 65% that was found.
The rapid test for TB is simple, easy to perform, rapid and
more affordable than other tests. Its speed is useful in
mass surveillance where a herd or area status decision
may be needed in modelling a control programme. The
test kit does not need refrigeration and its stability at room
temperature makes it very suitable for use under tropical
field and resource poor conditions, such as the study area.
In fact, the specificity (to detect the major antibodies IgM,
IgG & IgA), the immunoassay format (independent of
antibody origin), multi-host diagnostic potential and
suitability of the rapid test for TB to various conditions
have been described earlier (Hasegawa. et al. 2002;
Lyashchenko et al. 2007; Wernery et al. 2007;
Lyashchenko et al. 2008).
Camels infected with M bovis, even without clinical
manifestations, pose great risk of exposure to uninfected
livestock and humans and should be removed from the
population. This strategy will prevent the transmission
flow of the infection in Northern Nigeria. The serology
based rapid test for TB could provide a useful screening
tools for controlling TB in populations of livestock
species including camels with practical acceptability in
the topics.
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Table 1. Prevalence and 95% confidence intervals of draft camel reactors according to sex and age in Northern Nigeria.
Prevalence (% ± 95% CI)

Positive
reactors

Negative
reactors

Total

Male

27

93

Female

73

<10

Parameter

In sample group

Total

120

23 (15 – 31)

5 (1 – 9)

347

420

21 (17 – 25)

14 ( 11 – 17)

54

294

348

16 (12 – 20)

10 (7 – 13)

>10

46

146

192

24 (18 – 30)

9 (5 – 13)

Total

100

440

540

Sex

Age

19 (16 – 22)

Table 2. Prevalence and 95% confidence intervals of slaughtered camel reactors according to sex and age in Northern
Nigeria.
Prevalence (% ± 95% CI)

Positive
reactors

Negative
reactors

Total

Male

51

322

Female

86

<10

Parameter

In sample group

Total

373

14 (10 – 18)

6 (4 – 8)

396

482

18 (15 – 21)

10 (7 – 13)

46

292

338

14 (10 – 18)

5 (3 – 7)

>10

91

426

517

18 (15 – 21)

11 (8 – 14)

Total

137

718

855

Sex

Age

Based on the McNemar’s test:
For according to sex in draft camels: Test statistics
(approximating to Χ2) = 21.844; (P<0.05) and the 95%CI
for the true difference in the proportions between sex is
5% to 12%. (Therefore, although the assay detected 5%
for males and 14% for females in draft camels giving a
difference of 9%, the difference could be as low as 5% or
as high as 12%.)
For according age in the draft camels: Test statistics
(approximating to Χ2) = 0.5396; (P>0.05) and the 95%CI
for the true difference in the proportions between sex is 2% to 5%. (Therefore, although the assay detected 10%
for <10 years and 9% for >10 years in draft camels giving
a difference of only 1%, the difference could be as low as
-2% or as high as 5%.)

16 (14 – 18)
For according to sex in slaughtered camels: Test statistics
(approximating to Χ2) = 9.121; (P<0.05) and the 95%CI
for the true difference in the proportions between sex is
1.5% to 6.7%. (Therefore, although the assay detected 6%
for males and 10% for females in draft camels giving a
difference of 4%, the difference could be as low as 1.5%
or as high as 6.7%.)
For according age in the slaughtered camels: Test
statistics (approximating to Χ2) = 15.219; (P<0.05) and
the 95%CI for the true difference in the proportions
between sex is 2.7% to 7.8%. (Therefore, although the
assay detected 5% for <10 years and 11% for >10 years in
draft camels giving a difference of only 6%, the difference
could be as low as 2.7% or as high as 7.8%.)

Add 28

13th Association of Institutions for Tropical Veterinary Medicine (AITVM) Conference
23-26 August 2010 Bangkok,Thailand

Sex identification of Eld's deer (Cervus eldii thamin) and Hog deer (Axis porcinus)
by using non-invasive samples
Manakorn sukmak1 Suthatip Dejchaisri1 Sitthawee Thongtipsiridech2 Nongnid Kaolim3 Worawidh Wajjwallku3*
1
Center for Agricultural Biotechnology, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom, 73140.
Center of Excellence on Agricultural Biotechnology: (AG-BIO/PERDO-CHE), Bangkok, Thailand.
2
Department of Large Animal and Wildlife Clinical Sciences, Faculty of Veterinary Medicine, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom, 73140.
3
Department of Pathology, Faculty of Veterinary Medicine, Kasetsart University, Kamphaeng Saen Campus, Nakhon
Pathom, 73140.
*Corresponding author
Keywords: Sex identification; Eld‘s deer; Hog deer; PCR
Introduction
According to Wildlife Preservation and
Protection Act, B.E.2535 (1992) of Thailand, Eld‘s deer
(Cervus eldii) and hog deer have been declared as one of
the preserved and protected wildlife animal, respectively.
Reintroduction strategies have been established for
conserve these two species.
To understand distribution pattern, mating
pattern and affecting population growth rate, sex ratio is
required as a key parameter. Sex identification using non
invasive samples has been useful for wildlife
management, by revealing knowledge of sex ratio. The
most common technique for sex identification in
mammals is using polymerase chain reaction (PCR) to

identification of Eld‘s deer and hog deer. The specific
primer for MHC class II gene (Major histocompatibility
complex, class II, DR alpha) (DRA1W and DRA2W) (6)
was also designed, to act as a positive PCR control. Both
of these primers were tested as single-plex and multiplex
PCR probes on DNA extracted from blood and fecal
samples.
For total volume 50 µl, reaction contained 5 µl
DNA template (~100 ng), 25 µl of 2x QIAGEN ®
Multiplex PCR master mix, 2.5 µl 20 mM for each
primers, 5 µl of 5x Q-solution (QIAGEN ® Multiplex
PCR) and RNase-free water up to 50 µl. The condition
composed of initial activation step at 95 ๐C for 15 min,
followed by 40 cycles of denaturing at 95 ๐C for 30 sec,

amplify the specific region of Y-specific SRY (Sex

annealing step at 54-58 ๐C (depended on primers) 90 sec,

determining region of the Y chromosome) locus but

extension step at 72 ๐C 30 sec and final extension step at

failure of amplification can lead to false negative results
when using low DNA quality or quantity (1). AmelXY

72 ๐C 5 min. The PCR products were subjected to

(amelogenin gene, X and Y linked) present on both the X
and Y chromosome and has been used for identifying sex
in cattle, wild ruminant and red deer (2, 3, 4) because of
the differences in length between the PCR products from
the X and Y chromosomes, however in some species, the
differences between the PCR product are not sufficient to
allow differentiation on an agarose gel (5).
The aim of this study was to develop a new set of
primers for sex identification by polymerase chain
reaction (PCR) in Eld‘s deer and hog deer.
Materials and methods
Blood and fecal samples of known sex Eld‘s deer
and hog deer were collected and subjected to DNA
extraction. Both of DNA extraction from blood and fecal
samples were tested with specific primer for AmelXY gene
(SE47 and SE48) (2). A specific primer for the DBY gene
(dead box polypeptide; Y linked) (SEX1W and SEX2W)
(5) was designed for the PCR technique and tested for sex

electrophoresis on a 1.5% agarose gel and stained with
ethidium bromide.
Details of the sequences of all primers are shown in
Table1.
Table 1 PCR primer sequences, annealing temperature

(Ta ; ๐C) and estimated size (bp) for sex identification.
Primer
name
SE47
SE48
SEX1W
SEX2W
DRA1W
DRA2W

Sequences 5‘-3‘

Ta
( C)
๐

CAGCCAAACCTCCCTCTGC
CCCGCTTGGTCTTGTCTGTTGC
CTCTCCTTGGTTTTAGCCCCA
ACACTACACAAGGACGAACTC
CCCCCTTTCTTGTCTTTTCAGAG
CAATTCCCAAGTCTAGGAGGACTG

58
58
55
55
55
55

Size
(bp)
220
220
181
181
302
302

Result
Sex identification by using specific primer for
amelogenin gene (SE47 and SE48) showed two bands of
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expected size 270 and 220 bp in male cattle but showed
only one band of expected size 220 bp in female cattle.
However, both of Eld‘s deer and hog deer showed only
one band of expected size 220 bp in males and
females(figure 1)
Primer sets (DRA1W, DRA2W and SEX1W,
SEX2W) proved to be useable for sex identification on
DNA extracted from both blood and fecal samples in
Eld‘s deer and hog deer under single-plex PCR conditions
but did not success under multiplex PCR condition.
Both of male and female Eld‘s deer and hog deer
showed band of the 302 bp size expected for the DRA
gene as a positive PCR control. The primer set, SEX1W
and SEX2W, provided a clear single band of expected
size 181 bp in both male Eld‘s deer and hog deer but
females did not show any band (figure 1).

for the male gene when the PCR amplification failure due
to low quality or quantity of extracted DNA (7). For this
reason, sex identification based on PCR needed another
primer set that specific to X chromosome or autosome. In
this study, DRA1W and DRA2W, were used for
estimating DNA quality and succession of PCR
amplification. Although, the multiplex PCR allowing
more efficient use of limited amounts of DNA but
required time and chemical consuming or technically
difficult for adjustment the conditions (8). Thus, singleplex PCR conditions is more easier and not complicated
than the multiplex PCR for sex identification in Eld‘s deer
and hog deer. However, DNA may be degraded in fecal
samples if the samples are too old or the preservation
method is inadequate, the appropriated sample collection
method and preservation methods are needed.
From our data, this protocol can be applied as a
molecular tool for monitoring the sex-ratio of hog deer
and Eld‘s deer reintroduction project that has been
reintroduced of both species to the wildlife sanctuary of
Thailand.
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Figure 1 Sex identification from blood sample in Eld‘s
deer and Hog deer. (A) PCR product for primers SE47
and SE48. (B) PCR product for primers DRA1W and
DRA2W. (C) PCR product for primers SEX1W and
SEX2W. (D) Multiplex PCR for primers DRA1W,
DRA2W and SEX1W, SEX2W. EM, male Eld‘s deer; EF,
female Eld‘s deer; HM, male Hog deer; HF, female Hog
deer; BM, male cattle; BF, female cattle.
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Discussion
Although, the specific primer for amelogenin
gene (SE47 and SE48) have been successfully used for sex
identification in many species, but cannot be used in Eld‘s
deer and hog deer because the differences in length
between the PCR products from the X and Y
chromosomes are not sufficient to allow differentiation on
an agarose gel. Using only Y- chromosome specific
primer always leads to ‗false negative‘ PCR amplification
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Introduction
The cultivation of P. monodon in Central Vietnam is a
popular enterprise due to small scales and unsafe
aquaculture zone by risk of environmental pollutions and
disease infections. There are over 22,000 ha of natural
water and favorable conditions to develop shrimp
aquaculture in Tam Giang lagoon systems for increasing
of farmer livelihood activities and export to other areas.
Since 2003, there were many shrimp ponds in the areas
that infected by WSSV and other bacteria diseases,
leading to trigger pollution, loss of investment, and debt
by stocking density in the areas. Faculty of Fisheries, Hue
University has support to farmers to use of EM for water
control and Betel-Bokashi preparations to shrimp feed.
This is a solution to support positive farmers and secure
their lost from investments for shrimp culture. EM and
Betel Bokashi have been used in this system for the
production of shrimp under organic conditions. The use of
different concentrations of brackish water had no impact
on growth due to the use of EM and Bokashi. The water
quality was maintained, and yields of shrimps were a
higher than control zone. The potential of this technology
for shrimp culture is presented.
Materials and methods
Postlarvae, pond system and culture
Hatchery produced P. mondon PL 15 was delivered to 8
ponds, each 5000 m2. The PLs were free of white-spotted
disease and had the infection rate of 30 % with MBV. The
size of the PL was 2-3 cm. The same feeding system was
applied by the farmers in the trial and control ponds. The
feedstuff and diets were manufactured by CP feed
Company. Probiotics EM2, EM-5 (see below) and Betel
Bokashi were produced in the laboratories of the Fish
Disease Department, Faculty of Fisheries, Hue University.
In processing of trail bio-product, molasses (DM, 68.5%;
Sugar, 33.9%, saccarose, 20.4/100g DM, fructose
4,2/100g DM and alcohol, 400 were added. EM-1 powder
was purchased from Vietnam – Japan center and EM2 was
produced from the fermentation process of the anaerobic
fermentation of original EM, with the adding molasses
and water with the specific components (water, 90%;
molasses, 5%; EM, 5% under anaerobic fermentation for
5 days when pH 4 was reached. EM5 was developed as
formulas of (water, 60%; molasses, 10%; EM, 1%;
Alcohol, 10% and acetic acid, 10% under condition of
anaerobic fermentation for 3-5 days and reach pH of 3.23.5. The mixture of bio-product were a combination of
EM5 and betel leaves fluid in to a product with ratio of
1:1, and further aerobic fermentation and time enough.

Sample collections and laboratory analysis
Shrimp were sampled each 10 days of the feeding period,
20 shrimp per collected from trial and control ponds.
Water samples were collected and analyzed for different
parameters by Aqua – TEST-KIT. Temperature, DO and
pH were measured 2 times a day (08.00 and 14.00).
Salinity, turbidity and kH is measured daily at 14.00, NH3
was measured weekly.
E.coli in water and bottom mud were analyzed by
counting colonies on laboratory plates containing Violet
Red Bile (VRB) nutrients, Vibrio, E.coli and Coliform
were analyzed
by TCBS, Perifilm Count Plate at the laboratories of
Faculty of Fisheries. Shrimp samples were analyzed for
MBV infection from pressed samples of fresh pancreas
and liver tissues, with the dye Malachite Green at 1%. The
samples were illuminated under the microscope with the
lens at 40x, to show the amount of inflated liver and
pancreas cell nucleus free from virus inflection. The
inflated cell nucleus usually contained from 2 to many
spheres and light yellow occlusion bodies. Many tissues
in the liver and pancreas tubes were damaged; the
connection among the cells in the liver and pancreas
epithelium was no longer maintained (Đo Thi Hoa et al.
2004). The infection rate was identified as follows: (+):
occlusion bodies account for <25% of the liver tissues,
(++): occlusion bodies account for 25% - 50% of liver
tissues, (+++): occlusion bodies account for 50% - 70% of
liver tissues, (++++): occlusion bodies account for >70%
liver tissues.
Statistical analysis
Statistical analysis was performed by using SAS and data
management of Excel and set on two-way and one-way
ANOVA. The samples with homogenous variances were
analyzed using Duncan test, while Dunnett‘s T3 test was
used for the samples with unequal variances. All the tests
were performed using SPSS program release 14.0.
Result
Water environment parameters after 60 culture days
During the experiment, water parameters: S, T, pH, kH
was the same compared between control and trials. On the
whole, these parameters fell within the scope of
compatible threshold for shrimp culture. However, the
salinity during the trial was low, average only 8.65 – 8.7
‰, which could be harmful for shrimp health. The
distinction of using EM in order to improve those water
parameters is showed apparently by: water color,
turbidity, NH3 concentration and DO, (see table 1).
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Table 1. The variation of water parameters
Variables
N
Trial
DO (mg/l)
57
4,87 ± 0,18
NH3 (mg/l)
9
0
Con. (cm)
19
31 ± 2,08
Color
57
Blue
S (‰)
57
8,70 ± 1,25
T (oC)
57
26,70 ± 1,84
pH
57
7,90 ± 0,17
KH (mg/l)
57
71,81 ± 8,35

Control
4,30 ± 0,17
0,03 ± 0,01
37 ± 1,70
Green
8,65 ± 1,27
26,61 ± 1,89
7,85 ± 0,19
70,86 ± 8,42

Figure 1. BOD5 in second feeding stage 40 -70 d-period
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Total of Vibrio: The results of Vibrio in the control pond
were 0.32 x 103 CFU/ml in water and 35.8 – 36.2 x 103
CFU/ml in mud, while Vibrio of trial pond was 0.19 x 103
CFU/ml and 11 x 103 CFU/ml, respectively, P < 0.05
Figure 2. Vriation of total of E.coli and Coliform
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Table 2. Relationship between EM and Betel Bokashi in
order to manage the pathogens
Reaction
Effect variable
P
R
Products
Vibrio infections 0.00
0.907
Products
MBV
0.04
0.940
(Y1 = 0.05x + 0.06 with r1 = 0.907; Y2 = 0.317x + 0.454
with r2 = 0.940)
Discussions
EM products have had enormous applications world wide,
however the combination of EM with betel leaves was
tested for the first time to use for shrimp pond in Central
Vietnam. These microorganisms produced nutritious
factors and and the natural antibiotics present in Betel
which main substances eugenol and chavibetol could
inhibit E.coli, BMV, Rhodopseudomonas sp and improve
resistance to diseases for shrimp in trial ponds, Phuoc et
al., 2007.
Besides, the presence of the lactic
microorganism group belonging to Gram bacteria (+) such
as Lactobacillus sp., Bacillus spp. produced lactic acid
thanks to the anaerobic analysing process of sugar and
hydrate carbons present in the environment, This helped
reduce organic pollution and killed the disease-causing

microorganisms. In addition, with the presence of the
actinomycetes group such as Streptomyces spp., the string
fungi such as Aspergillus sp., Penicillium sp., and the
analysing process of the organic substances released many
alcohol, esters and antibiotics which had the effect to kill
harmful fungi and bacteria which reduced the diseasecausing germs and increases shrimp resistance to disease.
Discussion
EM was used on its own to improve the environment of
the aqua-cultivation ponds when there were high BOD
and COD concentration, which caused fish and prawns to
come to the water surface. The combination of EM and
betel leaf fluids added to the shrimp pond will increase
improve water quality and decrease disease. In addition,
using of the combined product for shrimp farming can
reduce or replace the use of antibiotics and chemicals into
shrimp culture systems, which is especially important in
Tam Giang lagoon, which has more problems of shrimp
diseases infections and water pollutants. Moss, et al. 2000,
found that the diseases caused by bacteria accounted for
45.3%, by virus accounted for 25.3%, by fungi accounted
27% and by parasites accounted for 26.7% in shrimp
culture. The diseases caused by harmful bacteria
accounted for 50.9%. MBV (M. Baculovirus) is also a
disease that affects many shrimp farms in Tam Giang
lagoon system, showed by (Menasveta, P. 2002).
Typhoid, paratyphoid, dysentery, cholera, diphtheria
bacillus, decayed virus and bacillus E.coli (Vo Van Chi.
2000) studied. The application of combination EM and
betel leaves fluid for adding to shrimp diets was effective
for shrimp culture in Central Vietnam. The product was
not only useful for improving water quality but also for
increasing resistance to harmful bacteria as Ecolab, after
40 d-period, 1– 4 CFU/ml in water and 2 – 12 CFU/ml in
bottom mud was lower than the control pond,1–10
CFU/ml and 2 – 18 CFU/ml, respectively (P < 0.05).
Coliform in the control pond 104 CFU/ml was higher than
trial ponds 8,5 x 103 CFU/ml, after 40 d-period, (p <
0,05), (see Fig.1).
Vibrio infection of shrimp: Vibrio infection rates in
shrimp of trial and control ponds were different see table.
2). The control pond was higher 1480 CFU/ml when
compared with the trial pond, 770 at 40 d-period and 3570
CFU/ml and 1460 CFU/ml at 70 d-period, respectively (P
< 0.05).
MBV infection of shrimp: MBV infection was only 3% in
trial and was 9 times lower than control (see table 2) and
the results were correlated between EM, betel Bokashi
and Vibrio, MBV, (r1 0.907) and MBV (r2 = 0.940), P <
0.05.
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Introduction
Avian influenza (AI) is considered as severe threat to
human and animal health. AI virus (AIV) grouping is
based on antigenic variations in HA (H1–H16) and NA
(N1–N9) proteins and each strain of virus is named based
on respective HA and NA antigenicity (Fouchier et al.,
2005). Serological assays available for detection of AIV
antibodies are the hemagglutination inhibition test (HI)
and enzyme-linked immunosorbent assay (ELISA). Due
to their simplicity, high sensitivity, and economy, ELISA
assays have been recognized as suitable systems for
diagnosis and seroepidemiological surveillance (OIE,
2005; Wu et al., 2007). The disadvantage of the
commercial ELISAs is using nucleo- and matrix proteins
that have only type-specific antigenicity. However, the
essential immunodominant antigen and primary targets in
diagnosis is hemagglutinin (HA) which post
translationally cleaved into immunogenic HA1 and the
conserved HA2 subunits (Wilson et al., 1981; Gocník et
al., 2008). In order to improve diagnostic test we use a
baculovirus expression vector system for the expression
of large quantities of HA protein. The current work
describes the development of blocking ELISA using
recombinant HA1 subunit protein (rHA1-ELISA) for
detection of AIV H9 in chicken sera. The specificity and
sensitivity of the assay for routine monitoring of AIV H9
antibodies were evaluated by HI and a commercial AIV
ELISA kit.
Materials and Methods
Expression of recombinant HA1 protein in baculovirus
The coding region of HA1 gene of H9N2 influenza virus
A/Chicken/IranSS2/2008 (Acc.No FJ794818) amplified
by RT-PCR and cloned into the pFastBacTMHTB transfer
vector (Invitrogen, CA, USA). The resulting recombinant
plasmid was introduced into E.coli DH10bac competent
cell (Invitrogen) to generation recombinant bacmid. The
monolayer Sf9 insect cells were transfected with the
bacmid. By monitoring of signs of infection, the protein
was collected from Sf9 cell cultures 72 h after transfection
and examined by 12% SDS-PAGE and Western blotting
analysis.
Optimum antigen concentration in rHA1-ELISA
The optimal antigen concentration and the optimal
antibody dilution were determined by checkerboard
titration of antigen (0.1, .0.2, 0.5, 1.0, 1.5 and 2.0μg) with
1:200, 1:400, 1:800, 1:1600, 1:3200, 1:6400 and 1:12800
dilution of standard H9 antiserum (VLA, UK). The
selection criterion was based on the difference between
the OD of the weakest positive serum and the OD that

represented the cut-off (mean of four negative control sera
+ 3SD). Washing and subsequently blocking were done.
Controls including positive and negative reference sera,
conjugate and substrate were placed each in duplicated
wells. Then the plate was washed, followed by the
addition of goat anti-chicken IgG HRP secondary
antibody. TMB substrate solution was added and the
reaction was stopped by addition of sulphuric acid. The
optical density at 450 nm (OD450) was measured with an
automated plate spectrophotometer.
Single serial serum dilution and determination of
antibody titers
The endpoint in serial dilution ELISA was determined by
positive/negative threshold (PNT) baseline. In subsequent
assays, the plate was coated with optimal rHA1 antigen
concentration and a panel of sera containing 45 different
standard negative sera was added in duplicate wells. The
PNT was established by titration as the mean OD450
value of the negative sera + 3SD. The absorbance of these
test sample dilutions was corrected by subtracting method
(Snyder et al., 1983). The AIV positive sera samples were
titrated serially using the ELISA. To decrease the
variation between the assays, the titers of sera were
estimated using the sample to positive ratio (S/P ratio). It
calculated as follows: S/P ratio=Sample OD-Negative
OD/Positive OD-Negative OD. The resulting PNT
baseline was used for calculation of the observed antibody
titers. The correlation coefficient (r) between the log10 S/P
ratio at serum dilutions showing the maximum value was
chosen for the derivation of the regression equation
y=mx+c. Predicted antibody activity titers were
determined directly from the standard curve by solving
the regression line equation.
Analysis of validity of rHA1-ELISA
To determine the specificity of rHA1-ELISA, a panel of
H9N2 sera positive and negative sera including H5N1,
H3N8, H2N3 and H1N1 (IZS Venezie, Italy) AIV
subtypes, NDV, IBV and IBV at single serum dilution in
duplicate wells was tested. To determine the sensitivity of
the test varieties of field samples (n=92) taken from layer
farms suspected to AI were screened to test the efficacy of
rHA1-ELISA. All of the sera were tested by HI assay and
also with AIV commercial ELISA kit (IDEXX
laboratories, USA). The results obtained from the tests
were analyzed for the percentage of agreement with HI
test. κ value greater than 0.81 indicates perfect agreement.
Results
To determine the optimal concentration of the antigen,
checkerboard titration was performed using different
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concentrations of the recombinant protein and serial twofold dilutions of standard H9N2 antiserum. The OD450
was plotted against the antigen concentration and
antibody dilutions. The optimum concentration of the
purified recombinant HA1 antigen which showed
maximum difference between the positive and negative
sera was determined to be 0.2 μg/ml. The absorbance of
serial dilutions of sera was measured and the PNT
baseline was set. The OD450 values of sera ranged from
0.107 to 0.134. Thus, the cut-off value determined for
rHA1-ELISA was 0.172. In the system a serum sample
was considered positive when its OD450 value at optimal
dilution (1:800) was > 0.172 and negative if OD450 value
was < 0.172. The dilution of the serum where the S/P ratio
best reflect the different titers as determined by serial
dilutions was found to be 1:800 based on the highest
correlation coefficient obtained. After regression analysis,
a standard curve was constructed (Figure 1). A linear
relationship existed between the predicted titers of the
positive sera at a single working dilution (1:800) and the
corresponding observed titers as determined by serial
dilution. The predicted titers were determined by solving
the regression line equation, log10(S/P ratio) =
1.091×(log10 S/P ratio) + 3.14.

Figure 1. Relationship between the observed antibody
titers of the AIV serum samples obtained from serial
dilution ELISA and their predicted titers of 1:800 dilution.
H5N1, H3N8, H2N3 and H1N1 AIV subtypes and
some other pathogens were tested by this system, and the
test is specific to H9 subtype viruses as it failed to detect
the other AIV subtype virus and other avian respiratory
pathogens. The developed ELISA was compared with HI
and commercially available AIV ELIS kit (IDEXX). The
results revealed comparable sensitivities and agreements
(Table 1).
Table 2. Relative sensitivity and accuracy values of the
rHA1-ELISA to detect H9AIV antibodies using HI as a
reference standard

The rHA1-ELISA showed 97.82% agreement and
93.74% sensitivity with HI test, and 100% agreement and
100% specificity with the commercial AIV ELIS kit. By
reviewing the vaccination history of the flocks, it is
revealed that the two sera positive by both ELISAs and
negative by HI were taken within 10 days postvaccination against H9N2 AI.
Discussion
Virus isolation in embryonated eggs followed by
subtyping with HI is considered as the standard protocol
for detecting AIV subtypes. Molecular methods, such as
RT-PCR, real-time RT-PCR and loop-mediated
isothermal amplification, are considered for detecting and
subtyping of influenza viruses (Phipps et al., 2004; Lee et
al., 2006; Mori and Notomi, 2009) but the test results
often need to be confirmed by additional tests (Ong et al.,
2007). Several ELISA methods for detection of AIV
antibodies in serum are discussed. The tests target
nucleoprotein, the highly conserved protein among AIVs
(Wu et al., 2007; Shafer et al., 1998; Zhang et al., 2006)
that can not be used for subtyping purpose or involves the
use of HA protein (Velumani et al., 2008; He et al., 2007)
although some cross reactions may occur (Stelzer-Braid et
al., 2008). Here, we developed an ELISA assay for
simultaneous early detection and subtyping of AIV which
is more sensitive and specific, cost-effective, and easy to
perform at a single serum dilution. Antibodies to the HA1
protein are subtype-specific, so that antibodies against one
subtype will not typically react with another subtype. This
domain contains most of the antigenic and neutralization
sites. The Sf9 insect cells suspension culture inoculated
with recombinant baculovirus expressed high quantities of
the HA1 protein. 0.2 μg/ml of the purified protein was
used in rHA1-ELISA for detection of subtype-specific
antibody in chicken sera. The S/P ratio regression line was
utilized to derive the predication equation from which the
rHA1-ELISA titer of a serum sample could be determined
using one dilution. The correlation coefficient between
them at 1:800 indicates that the ELISA titers of antibodies
could be derived at one serum dilution.
Different HA subtype antibodies of AIV were run on
rHA1-ELISA. This system reacted specifically to H9N2
sera and exhibit no cross-reactivity to other HA subtypes,
indicating high specificity. Subsequently, 92 field serum
samples suspected to H9N2 were reacted on rHA1ELISA, commercial AIV ELISA and HI. The result of
comparative evaluation among rHA1-ELISA and other
tests showed high relative sensitivity and specificity,
proving that the ELISA system developed in this study is
more effective than HI assay and commercially available
one. The HI test is specific but sometimes requiring 14
days to get the result. The rHA1-ELISA proved to be
more sensitive and specific for the rapid detection of AIV
H9 subtype virus form the sera in infected or vaccinated
chickens. The rHA1-ELISA can evaluate levels of
subtype specific antibodies to AIV and is suitable to
detect large numbers of field serum samples during a
surveillance program to control AIV infections in poultry.
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Introduction
Antibiotic-impregnated beads have been used to treat
local bacterial infection, especially osteomyelitis. The
antibiotic beads released antibiotic locally that did not
cause antibiotic toxicity systemically [1]. For veterinary
practice, the antibiotic beads had been used to treat
abscess according with malocclusion in rabbit and local
infection in horses [2].
PMMA is a polymer material that usually used to prepare
antibiotic beads. In addition, various kinds of materials
had been used, such as calcium phosphate, calcium
sulfate,
chitosan,
polyethylmethacrylate/n-butyl
methacrylate, paster of Paris and hydroxyapatite ceramic
[1, 3, 4]. Antibiotics that mixed with PMMA are limited
because PMMA released heat during polymerization. The
antibiotics had been used for antibiotic beads, such as
gentamicin, tobramycin, cephalosporines, polymyxin and
vancomycin [3, 5].
The objective of this study was to prepare in-housed
amikacin and kanamycin beads by mixing injecting
antibiotics and calcium sulfate or bone cement. The
elution characteristics of antibiotic beads were determined
in vitro for antibacterial efficacy using in the clinics.
Materials and methods
Preparation of antibiotic impregnated beads: Calcium
sulfate (Sigma) and polymethylmethacrylate (Cemfix 3,
Teknimed S.A.) were used. Calcium beads were prepared
by mixing 500 mg amikacin sulfate (Tipkin,T.P.Drug
Laboratories, Thailand) or 1 g kanamycin sulfate
(T.P.Drug Laboratories) with 10 g calcium sulfate
thoroughly and then adding 4.5 ml of 0.1 M phosphate
buffer (pH 7.4).
For PMMA beads, amikacin or
kanamycin and 10 g of PMMA were mixed thoroughly
and then added 3.5 ml of monomer. The calcium sulfate
and PMMA mixtures were poured into mold.
In vitro drug release studies: An elution study was
employed to determine the release characteristics of
antibiotics the beads. A phosphate buffer (0.1 M PB, pH
7.4), was used as the dissolution medium. Five samples, 2

beads per sample, were incubated in 1.5 ml of PB at 37°C
for 24 h. The dissolution PB was collected and 1.5 ml of
fresh PB was added every 24 h for 15 days of
experimental period. All dissolution medium were kept at
-20°C until analysis.
The released amikacin and kanamycin concentrations
were characterized by microbiological assay which
Bacillus subtilis (ATCC 6633) were seeded on Antibiotic
medium no.5 (Difco)[6]. The lower limit of sensitivity of
the assay was 0.25 and 0.5 µg/ml for amikacin and
kanamycin, respectively.
Statistical Analysis: The comparison of eluted antibiotic
concentration values from calcium sulfate beads and
PMMA beads was analyzed by using ANOVA. Statistical
significance was accepted as P<0.05.
Result
Released amikacin and kanamycin from calcium sulfate
and PMMA beads were high on day 1 and then decreased
on the following days (Fig 1, 2). Both eluted amikacin
and kanamycin from calcium sulfate bead were higher
than from PMMA beads significantly. The concentrations
of eluted amikacin and kanamycin were greater than MIC
against Staphylococcus aureus (ATCC 25923) (MIC=5
ppm) throughout 20 days of experimental period.
Discussion
This study showed that amikacin and kanamycin-calcium
and -PMMA beads prepared in the lab could release the
antibiotic throughout 20 days. During bead preparation,
polymerization of PMMA releases heat in which limited
the use of antibiotic for bead [7]. However, this study
showed that amikacin and kanamycin could be used to
prepare PMMA beads without losing antibacterial activity
[8]. The high amount of eluted antibiotic at the beginning
of the experiment was associated with the dissolution of
drug adsorbed to the bead surface or the diffusion of drug
closed to the surface. After that initial high eluted, the
antibiotic in the matrix could be dissolved in the tissue
fluid and eluted via pores and cracks within bead matrices
[9].
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For the reason that calcium beads had more porosity than
PMMA beads [9], calcium beads released drug greater
than PMMA. In addition, calcium sulfate does not release
heat during bead setting, then we could use more heat
sensitive antibiotic for preparing antibiotic-calcium
sulfate beads.
In conclusion, amikacin and kanamycin-impregnated
calcium sulfate and PMMA beads were used as the slowrelease antibiotic materials for at least 20 days in which
could be used to treat a local bacterial infection, especially
abscess.

(3) Sasaki et al., 2005. J. Arthroplasty 20: 1055-1059.
(4) Santschi et al., 2003. Vet. Surg. 32: 128-33.
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(9) Frutos et al., 2002. Biomaterials 23: 3787-3797.

Figure 1 Concentrations of eluted amikacin from calcium
sulfate and PMMA beads.

Figure 2 Concentrations of eluted kanamycin from
calcium sulfate and PMMA beads.
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