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FOREWORD

Despite rapid industrialization, the need to produce, process and market food and agricultural
products remains dominant in Asia, and with population growth predicted to rise substantially over
the next 20 years the demand for food within the region will undoubtedly also increase markedly. At
the same time, the land area available for agricultural production will decrease, so that if this demand
is to be satisfied through local production, productivity will have to increase sharply.

Livestock are an important component of the agricultural sector and hence of the rural
economies of most Asian countries because of their contribution to national diets, to draught power
and fuel and fertilizer needs, and to export earnings. Whilst there is an increasing trend in some
countries towards "western style" systems of animal production, the vast majority of Asian livestock
(both ruminant and monogastric) are kept primarily for meat, milk and draught purposes by resource
poor farmers and landless households. Their productivity, by industrialized country standards, is low.
There are various reasons for this, the most important being inadequate nutrition, poor reproductive
management and control of diseases, and in some situations the genotype of animal used. Although
there are national policies to increase livestock productivity through combinations of environmental
(e.g. better nutrition and disease control) and genetic methods (artificial insemination and/or
importation of exotic livestock), the success of these is limited by inadequate definition of present
levels of production and the production potential of existing management systems, as well as by
appropriate technologies and strategies for bringing about improvements.

This publication contains the results presented by participants of a final Research Co-ordination
Meeting which was held from 1 to 5 February 1993 at the University of Chulalongkorn, Bangkok,
Thailand, as part of an FAO/IAEA Co-ordinated Research Programme on Strengthening Research on
Animal Reproduction and Disease Diagnosis in Asia through the Application of Immunoassay
Techniques. The purpose of this Programme was essentially to encourage national livestock
production and veterinary institutes in Asia to conduct on-farm research into existing constraints on
animal productivity and ways of reducing or removing these through low cost changes in management.
Emphasis was given to defining existing levels of reproductive efficiency in indigenous livestock and
examining responses to nutritional or other interventions, and to exploring possibilities for using new
approaches for diagnosing and controlling some diseases considered to impact adversely on Asian
livestock production. Within the framework of all studies, immunoassays (radioimmunoassay and
enzyme-linked immunosorbent assay) were employed for measuring levels of reproductive hormones
or detecting antibodies to a variety of disease causing agents, the aim being to gain better insight into
the underlying nature of the problems being encountered and reasons for the success or otherwise of
approaches taken for their resolution.

It is hoped that the Programme assisted the participating institutes in their efforts to understand
and improve indigenous livestock production systems in the countries concerned and that this
publication will stimulate further research into livestock production in Asia and other parts of the
developing world.
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B.M.A.O. Perera, ID. Daigie
Animal Production and Health Section,

Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture,
International Atomic Energy Agency,

Vienna

1. BACKGROUND TO THE PROGRAMME

The activities of the Animal Production and Health Section of the Joint FAO/IAEA Division
are carried out through the operation of Co-ordinated Research Programmes and Technical Co-
operation projects, both of which aim to encourage and improve the capacity of national institutions
in tropical and subtropical countries to identify and resolve problems connected with livestock
development. Particular emphasis is placed on using nuclear and related techniques within the
framework of studies to evaluate the productivity of indigenous and upgraded breeds kept under
traditional village or smallholder systems with the objective of devising simple, cheap and acceptable
methods for overcoming constraints imposed by climate, management, nutrition and diseases.

Co-ordinated Research Programmes are developed around a relatively well defined research
topic on which between 10 and 20 national institutes collaborate - the topic itself being defined
through consultation with national authorities in developing and developed countries and international
agricultural research centres and organizations. The role of the Joint FAO/IAEA Division is then to
ensure that the inputs and efforts under these Programmes are properly coordinated, and that the results
are published and made available to relevant governments and other organizations.

This particular programme was initiated in 1987 using funds made available from the IAEA's
Regular Budget. At the outset, it was envisaged that an inter-disciplinary approach would be adopted
by each participating institute whereby studies on nutrition, reproduction and health would be
integrated into a number of site specific projects. From the project proposals received for evaluation,
however, it was clear that for a variety of reasons (most importantly the rigid differentiation between
animal production and animal health mandates of national institutions), the Programme would best be
implemented by running two "sub-programmes". One to cover animal production and focussing on
animal reproduction and reproduction-nutrition interactions; and the second to deal with animal disease
control through development of better diagnostic methods and studies on epidemiology.

The rationale for and technical background to the overall Programme were based on the
premise that most livestock in Asia are owned by subsistence or small scale farmers. The animals are
usually indigenous types which although considered to be of inherently low productivity compared
with temperate breeds, are nevertheless adapted to survive and produce in environments where exotic
breeds have found it difficult or impossible to do so. They provide the essential nutrition, draught
power, social status, employment and income to many millions of families and villagers in Asia. At
the village level little has been done to improve the productivity of livestock or to develop indigenous
breeds through selection of superior traits or by crossbreeding with exotic breeds to combine genetic
adaptation and productivity.



The major factors which affect the productivity of livestock in Asia, as in other regions, are
stress due to the hot and/or humid environment, poor nutrition (especially energy and protein deficits
in the dry season), poor management (notably in reproduction and breeding), and diseases caused by
viruses, bacteria and parasites. There are therefore three principal and inter-related ways of improving
the productivity of indigenous livestock in Asia, i.e. the provision of adequate nutrition throughout the
year; the identification and amelioration of factors affecting the efficiency of reproduction; and better
diagnosis and control of diseases endemic to the region which cause mortality, morbidity and low
productivity. Generally, however, insufficient basic information exists on how well indigenous
livestock perform within the environments in which they exist and therefore an important pre-requisite
to improving the contribution of livestock to Asian agricultural output must be the initiation of simple
integrated studies on the reproductive efficiency, nutrition and disease status of different genotypes
maintained in different environments.

Analysis of problems connected with livestock reproduction is greatly facilitated by utilising
radioimmunoassay (RIA) and related techniques because these enable accurate measurement of the
hormones which control reproductive processes. Measurement of hormone levels in blood or milk can
be used amongst others: to monitor the onset of puberty, to monitor post-partum ovarian activity, to
confirm oestrus, to differentiate non-pregnant from pregnant animals, to monitor the response of
animals to corrective therapy, and in general to detect sub-optimal reproductive function. The
application of such techniques in conjunction with knowledge gained from clinical and other data has
particular relevance for studying and subsequently for improving the productivity of livestock since
changes in hormone levels (particularly progesterone) can, for example, be employed to identify the
impact of nutritional and management-induced constraints on ovarian activity. This in turn can help
to generate the basic information required to develop more efficient feeding and/or breeding practices,
and livestock with superior reproductive and productive performance under given environmental
conditions.

In the control or eradication of livestock diseases, a pre-requisite is the ability to both diagnose
and determine the prevalence and distribution of individual diseases. A system which allows the
veterinary services to monitor the effectiveness of whatever measures are undertaken is also required.
This invariably means the use of laboratory based serological tests. Such tests either involve detection
of organism specific antigens or an altered antibody status, and until recently techniques such as serum
neutralization, complement fixation, immunofluorescence and agglutination reactions were used.
Recently, however, the enzyme-linked immunosorbent assay (ELISA) has become a popular choice
for the diagnosis of animal diseases and for monitoring control or eradication programmes because it
combines simplicity and low cost with speed, sensitivity and specificity. In addition to this, even
newer methods based on molecular hybridization (e.g. DNA probes) have been developed and used
for diagnostic and epidemiological purposes. In this Programme it was envisaged that ELISA and
DNA probe techniques would be introduced and evaluated for diagnosis and studying the epidemiology
of major diseases such as haemorrhagic septicaemia, brucellosis and Aujeszky's disease.

2. SCOPE AND OBJECTIVES OF THE PROGRAMME

The primary objective of the Programme was to encourage scientists in national agricultural
and veterinary research institutes in Asia to conduct research into identifying and then finding ways
of removing the constraints on reproductive efficiency of livestock kept by smallholder farmers, as



well as to improve the diagnosis and knowledge of the epidemiology and control of diseases
considered to be of importance in the region.

It was envisaged that this would be achieved both by strengthening existing national
institutions for using immunoassay (RIA and ELISA) and molecular techniques within the framework
of on-going breeding and disease control programmes based on conventional clinical and diagnostic
methods, and by transferring the capacity for conducting and applying such techniques into countries
not yet utilising the technology. Arising from the projects recommended for funding, two "networks"
of institutes were established within the region in which individual participants carried out projects
aimed at problem identification and solving in these two areas. Contract holders were encouraged to
make use of standardized FAO/IAEA kits for progesterone measurements and for the diagnosis of a
number of diseases which were supplied from the IAEA's Laboratory at Seibersdorf; they were also
expected to participate in the External Quality Control Service operated by this laboratory.

Priority was given to monitoring the reproductive performance (age at puberty, post-partum
ovarian activity, open period, etc) of indigenous breeds of livestock maintained under traditional
management at the small farm level and examining alternative viable management practices for
reducing age at puberty and inducing early cyclic activity post-partum (e.g. temporary or early
weaning, restricted suckling, nutrient supplementation with macro- and micro-nutrients). In some cases
attempts were made to determine the prevalence of incorrect timing of inseminations and causes of
reproductive disorders and to examine the effect of herd fertility improvement programmes on overall
productivity of small scale livestock enterprises.

In animal health, emphasis was given to validating ELISA kits developed by the Joint
FAO/IAEA Division through collaboration with a number of national institutions in Australia, Europe
and North America. This was done by conducting comparisons between the performance of these tests
and other tests already being employed. Having validated the tests, encouragement was then given
to using them for sero-epidemiological studies and for monitoring control programmes. In some cases,
comparisons were also made between DNA probe methods and conventional isolation procedures for
diagnosis of infections.

3. IMPLEMENTATION OF THE PROGRAMME

3.1. Research Contracts and Agreements
The Programme was announced in the bi-annual Newsletter of the Animal Production and

Health Section of the Joint FAO/IAEA Division. Information was also sent directly to institutes within
Asia known to be engaged in studies on improvement of animal production and health. Based on
technical evaluations of the proposals received, 19 Research Contracts were awarded to institutes in
14 Asian countries. Each institute received US $ 4000-6000 per year for the purchase of equipment
and consumables and for part of the local expenses. Research Agreements (at no cost to the IAEA)
were awarded to six research institutes which had specialized expertise in the fields covered by the
contracts.

In view of the two distinct specialties which were represented in this Programme (reproduction
and diseases) it was decided that there should be two separate but parallel sub-programmes, entitled
"Strengthening Animal Reproduction Research in Asia through the Application of Immunoassay
Techniques" and "Strengthening Animal Disease Diagnosis in Asia through the Application of



Immunoassay Techniques". It was also decided that the Research Co-ordination Meetings (RCMs) of
the two sub-programmes would be held jointly.

The reproduction sub-programme initially comprised 10 Research Contracts awarded to
institutes in Bangladesh, China, Indonesia, Philippines, Republic of Korea, Sri Lanka, Thailand and
Vietnam, and three Research Agreements awarded to institutes in Australia and Malaysia. During the
five year course of the Programme two Research Contracts were not renewed as these were not
contributing effectively to the objectives.

The animal disease sub-programme commenced with 9 Research Contracts awarded to
institutes in Malaysia, China, Indonesia, Philippines, Sri Lanka, Thailand and Vietnam, and three
Research Agreements awarded to institutes in Australia. One Research Contract was subsequently not
renewed.

3.2. Research Co-ordination Meetings
The first joint RCM was held in conjunction with a four day Training Workshop from 22-31

May 1989 in Kuala Lumpur, Malaysia. At this meeting the work plans prepared by the participants
were discussed, modified as required and specific time frames for activities were agreed upon. The
workshop provided hands-on experience in the basics of the immunoassays (RIA and ELISA) and
related techniques which were to be used within the Programme.

The second RCM was held from 4-8 February 1991 in Manila, the Philippines. In addition
to the Research Contract and Agreement holders, a representative of FAO in Rome, and an Australian
scientist involved in a related ACIAR project participated. This meeting served as a mid-term review
of progress and provided an opportunity to modify and improve study designs where appropriate.

The final RCM was held from 1-5 February 1993 in Bangkok, Thailand. At this meeting each
participant presented a full scientific paper on the work done during the previous five year period.
On the basis of the results obtained by the participants, conclusions and recommendations were
formulated (Section 4). The individual papers presented are included later in this technical document.

3.3. Technical Assistance
The Research Contracts awarded under the Programme enabled participating institutes to

purchase essential items of equipment such as manual gamma counters, pipettes and other accessories
for immunoassay, materials for blood sampling and animal identification, laboratory chemicals and
reagents, centrifuges, refrigerators, computers and software packages. The institutes were also able
to use these funds, on a cost-sharing basis, for part of their local expenses such as fuel for transport
to field study sites, animal feeds and medicines.

Participants in the reproduction sub-programme received standardized RIA kits for measuring
progesterone, and those in the animal disease sub-programme received standardized ELISA kits for
detecting specific antigens or antibodies relative to the disease of interest. These kits were supplied
by the Animal Production Unit of the FAO/IAEA Agricultural Laboratory, Seibersdorf, and their
performance in counterpart laboratories was monitored through an External Quality Control Service
(EQCS).

During the lifetime of this Programme two FAO/IAEA training courses were held, where
scientists from some of the participating institutes received training. The first was a four week
regional training course on "Animal Production and Disease Control in Asia", held from 24 September
- 19 October 1990 in Jakarta, Indonesia. The second was a five week inter-regional training course
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on "Immunoassay and Related Techniques in the Study of Livestock Production in the Tropics", held
in September/October 1991 at the IAEA Agricultural Laboratory in Seibersdorf, Austria.

Several institutes participating in the Programme also received assistance through national
IAEA Technical Co-operation projects. This enabled them to obtain larger items of equipment
(including multi-well gamma counters, ELISA plate readers, refrigerated centrifuges, etc.) which, as
the projects progressed, enhanced their capacities for sample throughput. Such institutes also
benefitted through fellowships awarded to their staff for training in selected laboratories abroad and
through short-term expert assignments by expatriates who provided on-site training, advice and
assistance in immunoassay and related procedures, physiological and clinical methods, sampling
strategies and data analysis. The FAO/IAEA Technical Officer assigned to the programme also
visited many of the participating institutes to provide technical backstopping.

4. CONCLUSIONS AND RECOMMENDATIONS

The Research Co-ordination Meetings held during the course of this Programme provided
many opportunities for discussions between Research Contract and Agreement holders and staff of the
Joint FAO/IAEA Division, FAO Country Representatives, etc. These discussions not only focused on
work plans and results achieved, but on what should be done in the future to consolidate the work
already completed, to develop human resources and to assist in removing technical and other
constraints. The outcome of these discussions is summarized below:

4.1. Conclusions: Animal Reproduction

4.1.1. Performance of indigenous cattle
Studies conducted on indigenous Bos indicus cattle in Bangladesh and Sri Lanka, and on

native cattle in Korea (Bos taunts coreanae) demonstrated that they characteristically show delayed
puberty relative to improved temperate breeds. Some of these breeds, as in Bangladesh and Korea,
had extended post-partum anoestrus periods while others, as in Sri Lanka, showed early resumption
of ovarian activity and high rates of yearly calving. Under certain traditional systems of management,
indigenous cattle showed acceptable performance, due to their adaptation to climatic and other stresses.

Cattle, buffalo (Bubalus bubalis) and yaks (Bos gmnniens) in Asia showed seasonal patterns
of fertility that were related to environmental factors which included climate and nutrition. Studies
on indigenous cattle in northern Thailand and Sri Lanka, on buffaloes in the Philippines and on yaks
in China demonstrated that overall reproductive performance was influenced by interactions between
climate, nutrition and managerial practices such as frequency of suckling and stage of weaning.

4.1.2. Crossbreeding with exotic cattle
Studies on crossbred cattle in Thailand and Vietnam showed that although increasing the

percentage of exotic blood resulted in greater milk production it also reduced fertility. Crossbreeding
with exotic genotypes (Bos taurus) appeared to result, in both beef and dairy cattle, in animals with
higher nutritional requirements which cannot always be met. This can lead to reduced performance
relative to indigenous breeds, because of poor adaptation.
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4.1.3. Nutrition
Inadequate nutrition remains a major constraint to improved productivity of cattle, buffalo and

yaks in Asia. This includes deficiencies in both quantity and quality of feeds, and their fluctuation
during different seasons of the year, as shown in studies in Bangladesh, China, Philippines, Sri Lanka,
Thailand and Vietnam.

Responses to improved nutrition through supplementary feed (urea-molasses-multinutrient-
blocks, concentrates and/or minerals) included a reduced age (and increased body weight) at puberty
and earlier resumption of cyclic ovarian activity post-partum. This was proven in studies on cattle in
Bangladesh, buffaloes in the Philippines and yaks in China.

4.1.4. Progesterone measurement and monitoring fertility
The application of RIA to measure plasma and or milk progesterone was demonstrated to be

a useful aid in the assessment of reproductive status of both pubertal heifers and post-partum cows in
all participating countries. An apparent discrepancy emerged between the initiation of cyclic ovarian
activity based on progesterone measurements and observation of oestrus behaviour during the pubertal
as well as post-partum periods. In cattle, buffaloes and yaks oestrus behaviour was characteristically
recorded some time after the onset of cyclic activity. The use of progesterone measurement has drawn
attention to the possibility that the inability to detect oestrus accurately may be result in an
overestimation of age (and body weight) at puberty, and the duration of post-partum anoestrus.

Studies in Thailand have demonstrated that routine monitoring of reproductive performance
in large as well as smallholder farms through recording and analysis of production data, clinical
examination and progesterone measurement, together with the institution of appropriate therapeutic and
preventive measures, can significantly improve overall productivity.

4.2. Recommendations: Animal Reproduction
Future research should focus on optimizing the productivity of dual purpose (milk and meat)

ruminants under integrated small-holder farming systems. The major areas requiring further study are
responses to improved nutrition and breeding management. These should be undertaken on a
multidisciplinary basis and targeted to obtain sustainable improvements in overall productivity within
the local socio-economic framework.

4.2.1. Research on nutrition
Research on responses to improved nutrition should continue with indigenous breeds of cattle

and buffalo. This should focus on the responses to strategic supplementation and should include:

specific dry-season supplementation;
supplementation of pubertal heifers (i.e. "flushing" effect); and
comparison of reproductive responses to pre-, post- and pre- plus post-partum supplementation.

Research should be encouraged on alternate feed resources and on improvement of native
pastures and crop residues.

4.2.2. Research on reproduction
Reproduction research should focus on breeding management. This should include oestrus

detection, timing and technique of service, assessment of male fertility and improvement through herd
health and fertility programmes.
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The following techniques should be used for monitoring reproductive status, as many of them
being judiciously combined as appropriate:

breeding records and observations;
clinical methods including rectal palpation;
progesterone assay;
ultrasonography.

The solid-phase coated-tube assay for progesterone should continue to be used. If available,
a self-coating assay method should be introduced to laboratories that have experience with the pre-
coated method.

4.2.3. Genetic improvement
Genetic improvement of indigenous cattle through crossbreeding with exotic genotypes should

only be attempted after the new genetic material has been extensively evaluated in local environments.

4.2.4. Integrated approach
All studies should include an assessment of the costs of interventions used and the outputs in

terms of overall productivity (benefit-cost analyses).
The knowledge gained from these studies as well the new technologies used should be

disseminated as widely as possible through the following mechanisms:

interaction between researchers, extension workers and producer organizations;
developing demonstration sites, particularly at the village or producer level;
advisory leaflets, television, video and radio;
seminars and discussions, organized through national and professional bodies; and
publications in international journals.

An integrated approach will be necessary for optimum uptake of new "technology". This
includes interaction of aid agencies with government bodies and agricultural officers to ensure that the
aim of projects is better understood and potential end-users are felt to have an active role in the
projects.

4.3. Conclusions: Animal Health
The Programme was most effective in developing the research skills of contract holders and

the research findings will have an impact for the control of the diseases studied.

4.3.1. Bluetongue
The competitive ELISA was a suitable replacement for the agar gel immune-diffusion (AGIO)

test to detect group-reactive antibodies to bluetongue virus. Bluetongue viruses were isolated from
cattle and insects in Indonesia and 6 serotypes were identified. Antibody responses to bluetongue
viruses in cattle in Indonesia had a seasonality that depended on environmental/climatic factors.

4.3.2. Aujeszky's disease
Aujeszky's disease diagnostic capabilities in Thailand were significantly enhanced by

developments through the Programme, and two newly established techniques (DNA hybridization and
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immunofluorescence) and two commercial differential ELISAs (for glycoprotein I) were evaluated.
The results from these studies were applied to field evaluation of the situation in Thailand and
recommendations for control measures for Aujeszky's disease proposed.

In China, a blocking ELISA was developed that had comparable sensitivity and specificity to
the FAO/IAEA Aujeszky's disease ELISA kit. This blocking ELISA was applied to a field evaluation
of piggeries in Sichuan Province and the results suggested a high prevalence of infection. The test
is suitable for large scale surveys in other regions in China where vaccination is not practiced to
determine the prevalence of Aujeszky's disease. A control strategy for Aujeszky's disease, which
employs vaccination and movement control was proposed.

4.3.3. Haemorrhagic septicaemia
An indirect ELISA was developed using a heat-stable antigen ofPasteurellamultocidasemtype

B:2 to detect HS-specific antibodies in cattle, buffaloes and rabbits. The ELISA was shown to be
capable of detecting antibodies responsible for protection after vaccination with HS-oil adjuvant
vaccine. When the ELISA was compared with the indirect haemagglutination (IHA) assay there was
a 91% agreement between the tests.

The ELISA was used to measure protection in buffaloes vaccinated with two doses of crude
capsular antigen or whole cell antigen, with or without adjuvants. The immunity to HS in these
buffaloes lasted for up to 11 months after vaccination provided the ELISA titres were maintained
above 90. The ELISA, IHA and passive mouse protection test (PMPT) were comparable in their
ability to measure protection in buffaloes; however, the ELISA proved to be the superior test.

4.3.4. Trypanosom iasis
An antigen-detection ELISA based on a Trypanosoma evansi specific monoclonal antibody was

successfully introduced to Vietnam for diagnosis, epidemiological studies and for monitoring control
of T. evansi infections in buffaloes. The agreement between the Ag-ELISA and parasitological
methods for detecting infected cases was 80% and the apparent specificity of the test was 90%.
Treatment of infected animals resulted in most cases in a significant drop in trypanosome antigen
levels but their status with respect to trypanosomal antibodies remained unchanged. Sero-
epidemiological surveys demonstrated that the prevalence of T. evansi infections in different parts of
the country ranged between 17% and 50%.

4.3.5. Brucellosis
The FAO/IAEA-ELISA was compared with the RBPT, CFT and an alternative (Balitvet)

ELISA using samples obtained from dairy herds which were identified, based on bulk milk ring
testing, as being infected with B. abortus. Problems with high numbers of false positive reactions were
obtained when using the negative control provided by FAO/IAEA to define the diagnostic cut-off. An
alternative negative control was generated using a serum pool obtained from known disease-free
animals. Based on the latter, the FAO/IAEA-ELISA produced a test sensitivity of 95% (n = 76)
compared to 92% and 91% for the RBPT and CFT, respectively. The FAO/IAEA-ELISA was found
to be a useful system for investigating the epidemiology of brucellosis in dairy cattle in Indonesia.

4.4. Recommendations: Animal Health
Coordinated Research Programmes should concentrate on a small number of diseases,

particularly those that are related to national control or eradication programmes and contract holders
should be selected so that each disease covered has the critical mass of research groups needed to
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ensure close interaction (i.e. 4-5 Contracts for each disease). Moreover, activities should aim to
support small scale industries rather than large scale commercial operations and should address the
following diseases in order of priority:

4.4.1. Hog cholera and Aujeszky's disease of pigs
Studies should concentrate on using ELISA to identify infected pigs and monitor control and

vaccination programmes.

4.4.2. Foot-and-mouth disease in livestock (cattle, buffalo, pigs, sheep, goats)
Typing and antibody ELISAs should be used to identify FMDV strains circulating in Asia and

determine their relationship to currently used vaccines in order to ensure that appropriate vaccines are
used in control programmes.

4.4.3. Newcastle disease and infectious bursal disease of poultry
Studies should be carried out to characterize local isolates of NDV and IBDV to determine

their pathogenicity and relative importance in disease, and to monitor the effectiveness of vaccine
control programmes.

4.4.4. Haemorrhagic septicaemia
Studies should focus on using ELISA methods to monitor the effectiveness of vaccines and

vaccination programmes.

4.4.5. Standardization of ELISAs
This is an area that deserves special consideration. In future Programmes, participating

institutes should follow guidelines published recently by OIE on the expression and evaluation of
ELISA data [1]. In this report, four areas are covered, i.e. expression of results from the samples
tested; the use of international reference standards; the incorporation of internal quality control
procedures; and the determination of test thresholds.

Unless there are exceptional circumstances, the protocols in the manuals provided with
FAO/IAEA-ELISA kits should be strictly adhered to and the reagents used in the manner prescribed
in the manuals.

4.4.6 Molecular Methods
Newer molecular biology based diagnostic methods which employ enzyme- or radiochemical-

labelling should, where appropriate, be incorporated into future programmes on animal disease
diagnosis and control.
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Abstract

ADVANCES IN THE UNDERSTANDING OF POST-PARTUM ANOESTRUS IN Bos indicus COWS.
This paper reviews the effects of prepartum and post-partum nutrition, body condition, seasonal effects, suckling

status and their interactions on the post-partum reproductive performance of beef cows. In Bos indicus cows in the dry
tropics prolonged post-partum anoestrus results from interactive effects of chronic undernutrition and suckling that inhibit
hypothalamic GnRH secretion, hence pulsatile LH release and subsequently the maturation and ovulation of large follicles.
"Spike Feeding" of pregnant cows in the latter stages of gestation during the dry season with high energy supplements for
6-8 weeks can increase pregnancy rates and reduce calving to conception intervals. Once-daily suckling of cows from 30
days post-partum has reduced the interval from calving to conception without significant effects on milk production or calf
weaning weights. Two to three suckling episodes per day may be sufficient to delay the occurrence of first oestrus in the
early post-partum period.

1. INTRODUCTION

Fertility of cattle in tropical and subtropical areas is generally low relative to temperate
areas, largely due to the effects of nutritional and other environmental stresses. While the superior
ability of Bos indicus and Bos indicus crossbred cattle to survive and produce in the often harsh
conditions associated with the tropics is reflected in the fact that these genotypes make up more
than 80% of the beef cattle in tropical northern Australia, the reproductive performance of beef
cows in this environment is often characterised by delayed puberty and age at first calving, low
pregnancy rates, long intercalving intervals and high cow and calf mortalities.

Of the factors resulting in low pregnancy rates and prolonged intercalving intervals,
prolonged post-partum anoestrus (typically 3-7 months in suckled Bos indicus cows in northern
Australia [1]) is recognised as the single most important factor limiting reproductive performance
in northern beef herds [2, 3]. In control-mated herds, prolonged post-partum anoestrus limits the
probability of reconception during a restricted mating season, such that cows may only calve every
second year. In herds in which mating is uncontrolled, delayed conception during the wet summer
months may lead to cows conceiving and subsequently calving during the dry season, increasing
the survival risk of both cow and calf.

Factors affecting the post-partum reproductive performance of cows in tropical
environments have been extensively reviewed [2, 4-9]. While detailed studies of post-partum
anoestrus have been undertaken in Bos taunts cattle, comparatively little is known about the
physiology of this condition in Bos indicus cows under tropical conditions. Differences do exist
between Bos indicus and Bos taurus genotypes in their metabolic [10, 11] and reproductive
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processes [12], and in growth and reproductive performance under lactational and nutritional
stresses [13].

Harnessing the reproductive potential of beef cattle in northern Australia depends upon the
development of strategies to effectively manage post-partum anoestrus, but this is limited by a lack
of understanding of the physiology of this condition in Bos indiens cattle. As the beef cattle
industry in northern Australia offers unique opportunities for the study of reproductive physiology
in tropically adapted cattle, the reproduction group within the Department of Biomédical and
Tropical Veterinary Sciences at James Cook University have had an active research interest in this
area for a numbers of years. In association with the Queensland Department of Primary Industries,
Swan's Lagoon Research Station and CSIRO Division of Tropical Animal Production, with partial
funding support from the Meat Research Corporation, we are now in the closing stages of eight
years of research spanning two projects. The aims of these projects have been to contribute
towards a better understanding of the reproductive physiology of tropically-adapted cattle, to
develop management strategies to increase the conception rate of lactating cows, to increase the
proportions of conceptions which occur in the first half of the year, and to provide information that
may serve as a basis for continued reproductive research of benefit to the Australian beef industry.

This paper briefly reviews the physiology of post-partum anoestrus in beef cows, with
particular emphasis on Bos indiens genotypes. The effects of undernutrition, lactation and suckling
and the underlying neuroendocrine and ovarian events involved in the initiation and maintenance of
cyclic ovarian activity in the post-partum cow are considered. Aspects of recent research
conducted by our group that have contributed to our understanding of some of these processes are
presented.

2. REPRODUCTIVE PERFORMANCE IN THE POST-PARTUM COW

A variety of genetic, physiological, environmental, and management factors [14, 15], may
act on the pregnant and post-partum cow to influence ovarian activity post-partum. Intervals from
calving to first oestrus and subsequent pregnancy rates are influenced by genotype [2]; prepartum
and post-partum nutrition [16-18] and body condition [19-21]; suckling status [22-24]; age; parity;
season [25, 26]; dystocia [27] and the presence of a bull [28, 29]. One or more of these factors
may cause extended periods of post-partum ovarian acyclicity, acting by common or diverse
endocrine mechanisms. Despite intensive studies however, the relative importance of these factors
under field conditions, particularly for Bos indicus genotypes, is still not clear nor are the
mechanisms by which these factors independently or collectively affect the length of the post-
partum anoestrous interval (PPAI) in beef cows well defined.

Nutrition and suckling are the two factors which most influence PPAI, and their effects are
interactive [2, 30-35]. Our studies, and those of our collaborators have concentrated mainly on the
effects of pre-partum and post-partum nutrition, body condition, suckling status and their
interactions, and seasonal effects on the post-partum reproductive performance of Bos indicus
cows.

2.1. Prepartum and post-partum nutrition
In general, management of post-partum anoestrus in Bos indicus cows in tropical

environments should focus on the conservation of cow bodyweight (BWT) and body condition
score (BCS), and on the strategic use of supplementation, restricted suckling and(or) early weaning.
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Inadequate precalving and(or) postcalving energy or protein intake extends the PPAI and lowers
pregnancy rates in suckled beef cows. However, relationships between nutrient intake and
reproductive function are neither simple nor direct, but involve a complex interplay between both
the quantity and quality of feed, body nutrient reserves, and the relative partitioning of nutrients
within the body to meet the demands of maintenance, growth, pregnancy and lactation. Research
on these relationships has considered effects of both precalving and postcalving nutritional inputs
(chiefly energy and protein), as well as effects of BWT, BCS, and BWT/BCS change at various
times before and after calving as functional indicators of nutritional status [36].

In tropical environments such as northern Australia, where the optimal time of mating
corresponds with the period of maximum rainfall in a largely seasonal rainfall pattern, the length
and severity of nutritional stress during the subsequent dry season will have a particular influence
on the nutritional status of cows during late pregnancy and early lactation, when their nutritional
requirements are highest. Such variations in prepartum and post-partum nutrition can have a
profound influence on the duration of post-partum anoestrus, and hence on the likelihood of
reconception during a mating period restricted by management or seasonal factors.

For Bos indiens genotypes, post-partum BWT has generally been negatively correlated with
post-partum anoestrous interval and positively correlated with subsequent conception rate [32,
37-39]. Responses to prepartum BWT change may depend on BCS at parturition since pregnancy
rates of cows in good body condition at calving are affected little by minimal BWT changes either
before or after parturition [18, 20]. In contrast, dramatic BWT losses after calving can reduce
pregnancy rates [40].

High-grade Bos indiens beef cows have been found to resemble dairy breeds in that they
preferentially partition nutrients towards milk synthesis [41], and during lactation, lose weight
when grazing mature pasture. Even well-fed Bos indicus cows that gain weight during lactation,
may have extended periods of post-partum anoestrus (>20 weeks). Supplements fed during the
post-partum period are more likely to be diverted to milk production, thus benefiting calf growth,
than towards support of a return to cyclic ovarian activity [42]. Supplementary feeding of lactating
cows may thus not consistently result in reproductive responses, or these may not be realised until
after weaning, though prepartum [43] and(or) postweaning [36] supplementation may significantly
advance the resumption of cyclicity in cows in low body condition. More extensive evaluation of
postweaning supplementary feeding is necessary however before any conclusions can be drawn
regarding the practical value of such a strategy under industry conditions, and this is an area for
future study.

Much of our research has concentrated on what has become known as "Spike Feeding",
that is, the supplementation (spike of improved nutrition) of pregnant cows in the latter stages of
gestation during the dry season with high energy supplements {ad lib. 8% urea in molasses or 1 kg
of cotton seed meal/head/day) for 6-8 weeks. Such supplementation regimes simulate an early
"break" in the wet season and have resulted in increases in pregnancy rates of the order of 20%
and reductions in calving to conception intervals of about 2 weeks in some groups of cows, in
some years. First-calf cows have generally been the most responsive group to such treatments with
responses being greatest in years with a prolonged dry period extending over winter, spring and
early summer. Such supplementation regimes have a variable effect on reducing dry season weight
loss, arresting decline in some years but not others. These responses in reproductive performance
have occurred in the absence of obvious BWT or BCS differences between treatment groups in
some years, suggesting that availability of energy substrates or direct effects of specific metabolites
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are acting at the level of the ovary, pituitary and(or) hypothalamus to stimulate reproductive
activity. Studies currently in progress should cast further light on possible mechanisms and sites of
action of "Spike Feeding" supplementation in the post-partum cow.

Detailed ovarian studies indicate that an early return to cyclic ovarian function in "Spike
Fed" cows is preceded by an increase in populations of recruitable (2-5 mm) ovarian follicles [44],
in association with increased endogenous luteinising hormone (LH) levels [45]. However our
understanding of the physiology of prolonged post-partum anoestrus in Bos indicus cows is
currently limited by a lack of data on folliculogenesis during this period, since the growth and
turnover of ovarian follicles will most likely reflect the net product of the endocrine milieu
prevailing in the post-partum cow.

Recently completed studies by our group, utilising ultrasound scanning technology to
follow ovarian follicular development in Bos indicus cows from calving to second post-partum
ovulation, should advance our understanding ovarian function over this period. Preliminary
analysis of the data obtained indicates that cows which calve in poor body condition (BCS <5)
have only a small pool of recruitable (2-5 mm) follicles and few if any recruited (6-9 mm) follicles
for a prolonged period post-partum, while those cows which calve in good body condition (BCS
>5), in addition to a larger recruitable pool, have recruited follicles within a week or two of
calving. Although these recruited follicles initially lack granulosa cell LH receptors, provided BCS
is maintained, LH receptors develop in response to increasing endogenous LH pulses and these
follicles become dominant (10-15 mm) and then preovulatory (>15 mm), capable of undergoing
ovulation in response to an LH surge within 30-40 days post-partum [46]. It is probably this latter
group of cows, i.e. those that are capable of developing dominant and(or) preovulatory follicles,
which will respond to exogenous progesterone treatment by ovulating and forming a normal
functional corpus luteum. Cows that are not capable of developing dominant follicles will
generally not respond to such treatments. Folliculogenesis in cows which calve in good body
condition but loose condition in the immediate post-partum period will decline until only a small
recruitable pool remains and these cows will need to make substantial gains in BCS before the
ovaries are able to produce preovulatory follicles.

2.2. Suckling status
It is well established that the suckling stimulus inhibits reproductive function in beef cows

[47, 48], the increase in the post-partum anoestrous interval being proportional to the number of
calves suckled and the frequency of the suckling stimulus [22]. Numerous studies have shown that
the inhibitory effect of suckling is mediated by a central inhibition of LH secretion [14, 23, 49-52]
through a reduction in the pulsatile release of hypothalamic gonadotrophin releasing hormone
(GnRH) [53], reduced pituitary sensitivity to GnRH and a further reduction in frequency and
amplitude of LH release [23]. Recent reviews [15, 54, 55] have examined these aspects in detail.
The exact mechanisms by which suckling interferes with the hypothalamic-pituitary axis are,
however, not well defined [56, 57].

Studies in northern Australia have shown a strong suppressant effect of lactation/suckling
which appears greater in Bos indicus than in Bos taunts genotypes, and is associated with
prolonged post-partum anoestrus. Both lactation and suckling effects are, however, confounded in
all field studies. The mechanisms responsible for the apparently greater sensitivity of the post-
partum Bos indicus cow to the negative effects of lactation/suckling are not known. However, a
reduced tendency to conceive whilst rearing a calf may be considered adaptive if it confers a
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survival advantage. Thus prolonged post-partum anoestrus in lactating Bos indiens cows may be
an adaptive trait to prevent reconception until nutritional or other environmental conditions no
longer pose a threat to survival [36]. Whether reported differences in the reproductive performance
between Bos indiens and Bos taunts genotypes are due to genetic differences in reproductive
potential or reflect differential adaptation to environmental stresses remains in question.

Lactation has been shown to have a significant negative effect on the calving rates of Bos
indiens, and to an intermediate extent, Bos indicus-cross cows, regardless of whether years were of
above or below average environmental stress [3]. The negative effect of lactation was much lower
in Bos taunts than in Bos indiens genotypes in years of low environmental stress, however the
difference in calving rates between years of above average stress and years of below average stress
was greater for Bos taunts cows [58]. In addition, calving rates of nonlactating Bos indiens and
Bos indicus-cmss cows were similar to those of nonlactating Bos taunts in years of low
environmental stress, but were higher than those of Bos taunts cows in years of high environmental
stress.

In general, once-daily suckling of Bos indiens cows from 30 days post-partum has reduced
the PPAI and interval from calving to conception without significant effects on milk production or
calf weaning weights [35]. While some studies have shown that when calves were allowed ad
libitum access to their mothers, variation in suckling frequency or duration was unrelated to length
of the PPAI, our studies in first calf Bos indicns-cross cows have suggested that duration of
suckling episodes is positively correlated with PPAI [36]. The frequency of suckling was inversely
related to level of milk production, and decreased as lactation progressed. Two to three suckling
episodes per day may be sufficient to delay the occurrence of first oestrus in the early post-partum
period [15].

2.3. Nutrition-Lactation-Suckling Interactions
Management strategies such as weaning, restricted suckling, supplementation and culling

policies can influence fertility in beef herds. Inadequate nutrition exacerbates suckling-induced
anoestrus in beef cows [8, 59-61]; inadequate precalving and/or postcalving energy or protein
intake reduced pregnancy rates and first-service conception rates and extended post-partum
intervals in suckled post-partum females [62]. This suggests important interactions between
nutritional and lactational effects on PPAI. As the primary causes of post-partum anoestrus in
cows in the tropics are poor management, poor nutrition and disease rather than a basic inability of
the reproductive tract to function efficiently [6], sound management practices can shorten the
anoestrous period and increase reproductive performance.

A difference in the relative importance of suckling and nutritional effects on the duration
of post-partum acyclicity may also exist between Bos indiens and Bos taunts genotypes. In studies
using Bos taunts beef cows, any inhibitory effect of suckling appeared to be secondary to effects
of nutrition and season [63, 64]; suckled beef cows calving in the autumn in good body condition
resumed cyclicity at a similar time post-partum (24 days) to that reported for milked dairy cows
[65]. This is in contrast to reports in Bos indiens cows managed under controlled conditions in
which manipulation of the suckling stimulus had a much greater effect on the duration of post-
partum anoestrus than did nutritional treatments [35, 66, 67], and reports from field studies in
northern Australia where a greater inhibitory effect of lactation per se than environmental stress or
associated effects on cow BWT was found in Bos indiens than in Bos taunts cows.
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In recently completed studies [36], prolonged post-partum anoestrus in first-calf Bos
indicus-cross cows was primarily associated with the inhibitory effects of lactation and(or)
suckling, although chronic undernutrition resulting in low BCS at calving and marked post-partum
BWT loss delayed resumption of cyclicity after weaning. However, if cows calved in good body
condition, even marked (23%) BWT loss after calving failed to delay the resumption of cyclicity
after early weaning, although, within nutritional treatment groups, cows with higher BCS at
weaning resumed cyclicity earlier. These results are consistent with those of other northern
Australian studies which have suggested that the predominant factors inhibiting recurrence of
pregnancy in post-partum Bos indicus cows are those associated with lactation and(or) suckling,
rather than with BWT per se [3, 58], and results are also consistent with other studies on Bos
indicus cows which suggested that manipulation of the suckling stimulus had a much greater effect
on the duration of post-partum anoestrus than did nutritional inputs or change in BWT during late
pregnancy or lactation [35, 66-69].

Additional findings that the response to weaning varied with BCS and preweaning suckling
intensity [36] suggests that nutritional inputs (which may affect these variables) may have positive
effects, but that these may only be realised after calf removal. These results therefore emphasise
the importance of early weaning as a management tool for reducing the duration of post-partum
anoestrus in Bos indicus cows, particularly under suboptimal nutritional conditions. Not only does
weaning remove inhibitory effects of suckling, but it also alleviates the nutritional demands of
lactation, and may function to conserve cow body condition and thus act as an alternative to more
costly supplementary feeding practices.

Relationships between preweaning BWT, BCS, or suckling intensity and variation in
acyclic interval after weaning probably result from variation in the degree of suppression of the
reproductive axis (or 'depth' of anoestrus) induced by undernutrition and(or) suckling, hence in the
time taken for recovery of normal function after removal of one or both of these inhibitory factors.
Our studies have shown that chronic undernutrition and suckling interact to suppress gonadotrophin
secretion to very low levels in Bos indicus cows for prolonged periods after calving. This
suppression most likely results from the central inhibition of hypothalamic GnRH release, which,
in severely undernourished cows, may be to levels below those necessary for the normal
maintenance of pituitary LH and follicle stimulating hormone (FSH) synthesis and storage [36]. In
underfed suckled cows, there was an absence of detectable LH pulses both before and after
ovariectomy, decreased LH response to exogenous GnRH stimulation (suggestive of decreased
pituitary LH content), and suppression of plasma FSH levels by both undernutrition and suckling
in the absence of ovarian feedback control. Whereas suckling and undernutrition have frequently
been reported to inhibit pulsatile LH secretion (and by inference, pulsatile release of hypothalamic
GnRH and(or) mean plasma LH levels in post-partum cows [62, 70-72]), suppression of plasma
FSH levels have been only infrequently reported [73]. Thus FSH secretion is generally not
considered to be a limiting factor during post-partum anoestrus [74-76]. However, a marked level
of suppression of hypothalamic and pituitary function may occur in post-partum Bos indicus cows
under adverse seasonal conditions in the tropics, contributing towards prolonged PPAI and delays
in resumption of cyclicity after weaning. These results may thus offer an explanation for the
failure of some early weaning programs to improve reproductive rates in some northern Australian
cattle herds [77, 78].

In summary, prolonged post-partum anoestrus in Bos indicus cows in the dry tropics results
from interactive effects of chronic undernutrition and suckling that inhibit hypothalamic GnRH
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secretion, hence pulsatile LH release and subsequently the maturation and ovulation of large
follicles. However, the effects of suckling and(or) undernutrition in these cows may act in addition
by suppression of FSH stimulation of, and(or) inhibition of FSH-dependent processes within, the
ovary, and thus inhibit the processes of follicle recruitment and(or) selection.

2.4. Season
Season may affect heifer growth, age at puberty, incidence and duration of anoestrus, and

conception in cattle, and many of these effects may be attributed to variations in photoperiod [26,
79-81]. Post-partum anoestrus interval in Bos taunts dairy and beef cows varies with season, being
longer for cows calving in the winter and spring than during summer or autumn [78, 80].
Photoperiodic effects on the duration of post-partum anoestrus have been reported in suckling beef
cows, with PPAI reduced by supplemental lighting, but this effect was not evident in all groups
and varied with parity [82]. The PPAI in suckled beef cows was prolonged by treatment with
melatonin, thereby simulating the effects of short day-length [83].

Effects of season on reproduction in cattle interact in a complex manner with other
environmental factors such as breed, nutrition, level of milk production and suckling [84]. In Bos
indiens cows fed uniform diets, the average PPAI was shorter during the summer than the winter
[1], and seasonal anoestrus has been reported in Bos indiens heifers, with the highest incidence
(50%) occurring during months with the shortest day-length [85]. In another study, the incidence
of anoestrus during a period of inclement weather in the winter varied, with genotype and level of
nutrition being highest in underfed Bos indiens heifers, whereas Bos taunts heifers continued to
cycle regardless of diet [86]. While it is clear that photoperiod is one of the environmental stimuli
responsible for seasonal effects, others such as temperature, and variations in management and
nutrition are also important, and are often confounded. Evidence of seasonal modulation of
reproduction in Bos indiens cattle that have evolved in often harsh environments in the tropics may
reflect an important adaptive mechanism that aids survival by limiting reproduction to times of the
year when feed is most plentiful.

As Bos indiens cross cattle show evidence of photo-periodic effects on fertility, being
predominantly long-day breeders, we conducted a pilot trial some years ago to test the hypothesis
that cessation of melatonin release from melatonin implants (18 mg melatonin; Regulin® Australia
Ltd) which have elevated day-time circulating levels of melatonin for at least 16 weeks, mimics
long day-length effects where lowered melatonin levels could influence post-partum fertility.
Although conception rates of lactating Bos indiens cross cows in the pilot trial rose from 54% to
74% when mated after 4 months continuous treatment with melatonin implants [87], more recent
results from larger field trials designed to test the use of melatonin to improve wet season
conception rates of lactating Brahman cross cows have not been encouraging [88, 89]. Some 608
pregnant Bos indiens cross cows at three sites in subcoastal North Queensland were included in an
experiment to examine effects of a single dose (72 mg) of melatonin on subsequent post-partum
fertility. There were no differences in either pregnancy rate or time of conception between groups
at any of the three sites, although the unusually prolonged wet season increased post-partum
anoestrous intervals so that most conceptions took place well after the implants would have
stopped releasing melatonin.
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3. A MODEL FOR THE INITIATION OF CYCLIC OVARIAN ACTIVITY IN THE POST-
PARTUM COW

The lack of ovulation and ovarian cycles during the post-partum period could be due to
inhibition at several levels of the hypothalamo-pituitary-ovarian axis (H-P-O) [14], preventing:

the release of GnRH from the hypothalamus;
the release of FSH and LH from the anterior pituitary;
ovarian follicles from responding to gonadotrophin stimulation;
a combination of some or all of the above.

The inhibitory mechanisms are unlikely to be simple since the inhibitory factors may
change with the stage post-partum while a number of secondary endocrine inputs may influence
the H-P-O axis to indirectly modulate its activity [14].

The following model is advanced to explain the physiological processes which play a role
in the return of ovarian cyclicity in the post-partum beef cow.

The initial block appears to be due to an inhibitory effect of steroids during
pregnancy, acting at the level of the hypothalamus and pituitary, extending into the
post-partum period [23, 50, 53, 74, 90-94].
Pituitary receptors for both GnRH and oestradiol (E2) increase in the early post-
partum period, increasing the sensitivity of the pituitary to these hormones and
leading to an increased rate of LH synthesis, restoring pituitary LH content to
normal levels [95]. LH content of the pituitary may, however, be limiting early in
the post-partum period [24, 95].
The chronic presence of the nursing stimulus increases the sensitivity of the
hypothalamic neurones, such as those involving the opioid peptides [14, 15, 96-99],
to the negative feedback effects of low, relatively constant circulating E2 levels,
suppressing GnRH release [100]. Endogenous opioids may also act on the
pituitary [101].
Further suppression of tonic GnRH and gonadotrophin secretion is brought about
by poor nutritional status, and other adverse environmental influences. Low energy
diets reduce LH amplitude [102], perhaps due to low glucose, insulin and(or)
insulin-like growth factor-I (IGF-I) levels [103]. The nutritional effect may involve
direct effects on ovarian function.
The hypothalamus begins to recover during the first few days post-partum secreting
sufficient GnRH to stimulate FSH secretion [95]. LH secretion is more gradually
stimulated by GnRH, resulting in an increased responsiveness to GnRH.
Ovarian follicular development is dependent on tonic gonadotrophin release. Very
low tonic gonadotrophin secretion will result in few antral follicles while basal
gonadotrophin levels allow a recruitable pool of small follicles to develop.
Production of progesterone and E2 by the ovarian follicles is limiting or inhibited
early in post-partum as a result of low tonic LH release and low numbers of
follicular LH receptors [94]. Circulating E2 concentrations cannot reach a threshold

. to stimulate an LH surge [104].
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Increasing LH secretion gives rise to an increase in the numbers of FSH dependent
medium size, recruited follicles present on the ovaries.
Dominant, large follicles emerge, their granulosa cells have LH receptors [105].
Autocrine factors such as IGF-I may amplify the actions of FSH on the dominant
follicle [106].
Energy deficit, leading to low glucose/insulin/IGF-I concentrations may limit the
responsiveness of the ovary to gonadotrophin stimulation.
FSH secretion stimulates follicle development, resulting in negative feedback
control by E2 and inhibin.
Hypothalamic and pituitary E2 receptors are gradually restored to allow the
operation of the positive-feedback mechanism for the induction of the preovulatory
gonadotrophin surge. Increased concentrations of E2 may enhance pituitary
responsiveness to GnRH in suckled cows [107]. Nutritional stress reduces the
ability of the hypothalamus to respond to E2 [108].
Removal of, or escape from, negative feedback influences increases GnRH and LH
secretion and follicular development, causing rising E2 concentrations and bringing
about the preovulatory gonadotrophin surges and ovulation.

If the above hypothesis is accepted, return to cyclicity in the post-partum Bos indiens cows
might be effectively advanced by:

(a) Minimising the inhibitory effect of poor nutritional status on tonic GnRH and LH
secretion.

(b) Enhancing possible direct short-term nutritional effects on H-P-O function.
Much of the research outlined above has been directed at these two approaches.

(c) Reducing or eliminating the suckling effect by creep feeding, restricted suckling or
weaning of calves.
While the benefits of weaning on the reproductive performance of cows is well established,

the concept of creep feeding is relative new. Initial studies under controlled conditions indicated
that an increase in conception rate of up to 20% could be gained from creep feeding [78].
However, further field studies have failed to support the strategy under extensive management
conditions, although it may be of value under more intensive management systems. Likewise,
restricted suckling may be a valuable strategy in intensive management situation although it is
generally impractical in the northern Australia.

(d) Supplementing endogenous GnRH levels with some exogenous source.
Exogenous GnRH treatment is a useful tool in the study of post-partum anoestrus and

ovarian function and while infusion with GnRH will induce ovulation in the anoestrous cow,
corpus luteum lifespan is limited without progesterone pretreatment. This requirement imposes
technical obstacles to the practical use of this technology in extensive grazing situations at this
time; however, more intensive livestock production systems do not necessarily suffer from the
same restriction. Further investigation of the application of this technology is warranted.
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(e) Reducing the inhibitory effect of steroids on the hypothalamus and pituitary.
Treatments with this goal aim to perturb the chronic negative feedback effects of E2

through treatments such as steroid immunisation [109], or the use of anti-oestrogen compounds
[57], or prolonged exposure to exogenous oestrogen [110, 111]. Alternatively, treatments designed
to block the direct inhibitory effects of neuroendocrine regulators such as the endogenous opioids
[112], or possible inhibitory effects of other hormones such as prolactin on gonadotrophin secretion
have been reported [113, 114].

We have conducted a preliminary investigation of the use of prolonged exposure to
exogenous oestrogen to reduce the sensitivity of the hypothalamo-pituitary axis to negative feed-
back effects of E2. However, implanting cows at one week post-partum for three weeks with two
24 mg E2 implants (Compudose® 200, Elanco Products Company, West Ryde, Australia), increased
the PPAI and decreased the conception rate in treated cows [115]. Before this approach is taken
any further, additional studies are required to define whether ovarian-dependent or ovarian-
independent factors are predominating in the suppression of ovarian activity in the post-partum Bos
indiens cow. Our current research programmes are addressing this need.

4. CONCLUSION

The inhibition of hypothalamic GnRH secretion by suckling, nutrition and related stimuli
and interactions may be mediated by mechanisms that influence the effects of ovarian feedback, as
well as by mechanisms independent of ovarian feedback controls. However, the relative roles of
ovarian-dependent vs ovarian-independent mechanisms have not been well defined in the cow, and
the evidence for each is not without conflict. The importance of this distinction relates to the
development of successful strategies to overcome the suppression of gonadotrophin secretion that is
evident during post-partum anoestrus. Studies designed to determine the relative importance of
ovarian-dependent and ovarian-independent mechanisms in the control of ovarian activity in the
post-partum Bos indiens cow are continuing within our group.

Finally, progress towards a better understanding of the physiological processes controlling
gonadotrophin secretion and ovarian function in Bos indiens cows is fundamental to the
development of efficient management strategies and the targeting of strategic research initiatives
aimed at reducing the duration of post-partum anoestrus and improving reproductive efficiency of
beef cattle in the dry tropics.
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Abstract

ZEBU CATTLE FARMING IN SRI LANKA: PRODUCTION SYSTEMS AND REPRODUCTIVE CHARACTERISTICS.
Zebu cattle (Bos indicus) constitute 72.3% of the cattle population in Sri Lanka and consist of indigenous (43.6%),

exotic (12.3%) and crosses (16.4%). Indigenous Zebu cattle were primarily found in the dry (54.4%) and the intermediate
(35.5%) zones with the remainder (10%) in the wet zone. In the latter two zones the indigenous Zebu have been gradually
replaced by dairy-type exotic genotypes. In the dry zone Zebu cattle farming is done as a traditional village system (DTVS)
and irrigated settlement system (DISS). The DTVS is the most prevalent system and 24% of small holdings within this system
rear cattle. In 91.4% of these households cattle farming is either a primary (29.3%) or secondary (62.1%) occupation. The
family size of the small holdings was 6.1 ± 4.8 (mean ± SD) members per family. The herd size was 18.3 ± 15.5 animals/herd
and the animals were managed extensively. Daily milk yield was 0.4 ± 0.9 litres with 141 ± 32 days of lactation. Zebu cattle
farming provides a modest income with meat, milk, draught and manure contributing 45%, 34%, 9% and 12%, respectively to
the total income. Scarcity of grazing lands, high incidence of crop damages by cattle, an inadequate veterinary service and poor
milk collecting network are having adverse effects on the sustainability of the system.

The body weight of Zebu calves at birth was 16 ± 3 kg. Average pre-pubertal growth rate was 88 ± 27 g/day. Ages
at puberty, first oestrus and first calving were 858 ± 96, 930 ±113 and 1185 ± 86 days, respectively. Length of gestation was
282 ± 5 days. Calving was seasonal with a peak occurring between October and January. The calving interval was 338 ± 37
days with more than 80% of the calving intervals less than 365 days. Involution of the uterus was completed by day 25 ± 5
and approximate dimensions of post-partum ovaries were 13 x 10 x 7 mm. Calving to first oestrus and conception intervals
were 63 ± 30 and 75 ± 40 days, with 77% of cows conceiving at the first post-partum oestrus. Indigenous Zebu cattle with
their capacity to thrive under adverse environmental conditions and achieve high rates of reproduction, even in marginal areas,
form the basis of low-cost, mixed farming systems in the rural dry zone of Sri Lanka. However, the sustainability of this
system is being threatened by the incursion of irrigated crop systems.

1. INTRODUCTION

Livestock farming, particularly rearing of indigenous Zebu cattle and water buffalo, has been
a tradition in the rural sector and is a major contributor to the agrarian economy of Sri Lanka. Cattle
were originally used extensively, and primarily for draught purposes [1]. Over the centuries, with
changes of social values and habits, Zebu cattle along with buffaloes have evolved as a source of milk,
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meat and draught. Today, cattle and buffalo contribute about 20% of the milk and milk products and
the total meat requirements of the country [2, 3]. However, the sustainability of traditional cattle and
buffalo production systems with indigenous animals as the base appears to be threatened by recent
developments with more land being devoted to crop irrigation schemes.

Apart from early studies which were limited in scope [4-7], the cattle farming sector in Sri
Lanka has not been subjected to vigorous scientific investigation and hence the baseline information
is lacking on the status, potential and problems of traditional cattle production systems. This
information is essential for the planning of future development strategies to ensure the sustainability
of cattle fanning. The objectives of the present study were to assess the distribution, production
systems and reproductive patterns of cattle with special reference to indigenous Zebu cattle in
traditional management systems.

2. MATERIALS AND METHODS

2.1. Cattle distribution and production systems
A literature review of the agro-ecology, land, human and cattle populations, distribution and

holding sizes of cattle was carried out. A field survey was conducted during the period January 1989
to August 1992 to collect relevant data. The survey covered 21 of the total of 24 districts in the island
and all the 22 agro-ecological zones. Ninety two administrative divisions encompassing all the agro-
ecological zones were selected using a stratified sampling technique and within each administrative
division 2 villages were selected for cluster sampling. The families in these villages were interviewed
and the herds were inspected. A structured questionnaire, which included demographic characteristics,
animal types, breeds and uses, production and reproductive patterns and performances and disease
problems, was designed and used for the survey. The data was tabulated and analysed using LOTUS
123 and SAS computer software packages [9].

2.2. Reproductive patterns
The field data analysis revealed a heterogeneity of management practices in Zebu cattle

fanning. Field case studies were conducted in three locations in the dry zone, namely at Anamaduwa,
Bandagiriya and Kandalama during the period from January 1989 through to June 1992, to estimate
the following reproductive parameters.

2.2.1. Prepubercd period
Birth weight measurements were taken from a total of 50 calves within 24 hours of birth from

Anamaduwa (n = 33) and Bandagiriya (n = 17) using a weighing balance with a sensitivity of 0.5 kg.
For studies on growth rate and age at puberty, 44 heifers were selected from Anamaduwa (n = 10),
Bandagiriya (n = 19) and Kandalama (n = 15). The approximate ages of heifers at the commencement
of the studies at Anamaduwa, Kandalama and Bandagiriya were 12 to 16, 20 to 31 and 25 to 30
months, respectively. Monthly body weight estimates were made using a weigh band. Blood samples
for plasma progesterone assay were collected ten days apart at two monthly intervals at Anamaduwa
and at monthly intervals at Bandagiriya and Kandalama. To study gestation length, 18 animals used
for the post-partum studies at Anamaduwa (see below) were monitored following confirmation of
pregnancy, until calving. Blood samples were collected at monthly intervals until parturition.
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2.2.2. Post-partum period
A total of 58 cows were selected at calving from Anamaduwa (study I, n = 10; study II, n =

12), Bandagiriya (n = 18), and Kandalama (n = 18). In these trials, the animals were examined
rectally at seven days post-calving and blood samples were collected weekly until the next pregnancy
was confirmed by rectal examination. In addition, the animals in study I at Anamaduwa were
monitored at weekly intervals from 7 days post-partum for ovarian and uterine changes. This included
assessment of the size of ovaries and palpable structures, the diameter and length of the uterine horns,
uterus and cervix and the position of the reproductive tract within the pelvic and abdominal cavities.

2.2.3. Calv ing patterns
At Anamaduwa, fifteen herds were selected for long-term monitoring by regular visits from

August 1990 to May 1992. The farmers were given semi-formatted record sheets and trained to record
calving dates, milk yield, disease occurrences, deaths and income and expenses. The herds were
visited at monthly intervals, the information on the record sheets was verified and relevant data
transferred into formatted sheets.

2.3. Blood sampling
Blood samples were taken by jugular venepuncture using heparinized vacutainer tubes (Becton

Dickinson, United Kingdom) and were kept in ice until centrifuged at 3000 rpm for ten minutes within
30 to 45 minutes after collection. Plasma was separated and stored at +5°C until transfer to the
laboratory at Peradeniya where it was stored at -20°C until assayed for plasma progesterone.

2.4. Plasma progesterone assay
Plasma progesterone concentrations were quantified by radioimmunoassay using antibody

coated tubes and 125I progesterone as the radioligand (supplied by the Joint FAO/IAEA Division in
Vienna). The assay was performed as described in the IAEA manual [8]. The sensitivity of the assay
was 0.1 ng/ml and the intra- and inter-assay coefficients of variations were 9.7% and 13.6%,
respectively.

2.5. Statistical analyses
The estimates of various parameters were examined by analysis of variance method using SAS

program [9] to detect any differences in parameters studied among the three locations.

3. RESULTS

3.1. Cattle distribution and production systems
The agro-ecology of the three principal climatic zones of Sri Lanka is shown in Table I.

TABLE I. CHARACTERISTICS OF THE THREE PRINCIPAL AGRO-ECOLOGICAL ZONES IN
SRI LANKA

Zone

Dry

Intermediate

Wet

Land Area (ha)

406 720

96 700

152 680

Temp. (°C)

31 ±6

29 ±8

26 ±9

Rainfall (mm/yr)

875 - 1875

1875 - 2500

2500 - 5000
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Table II shows some important statistics from secondary data on land holdings, population of
humans and cattle and milk production potential. One third of the total land (2 x 106 ha) is categorized
as agricultural land, out of which 75% is under small holdings and the balance under large estate
holdings. The number of small holdings on this land area was 1.81 x 106 and of these more than 90%
were less than 2 ha in extent. About two thirds of small holdings were totally devoted to cropping with
the remainder having mixed crops and livestock with a few rearing only livestock. The total number
of livestock holdings was 0.58 x 106 of which about 98% (0.56 x 106) were small holders while only
2% were large estate holders.

TABLE II. SOME IMPORTANT STATISTICS OF THE AGRICULTURAL SECTOR IN SRI
LANKA

Description Dry zone Intermediate zone Wet zone Total

Land area (ha) 4067200 (62.0) 967000 (14.7)

Human population(No.) 4 878 000 (29.0) 2 498 000 (14.9)

Cattle population (No.) 1120496 (64.7) 331521 (19.1)

658 679 (33.6) 434 789Total agricultural land
(ha)

small holdings (ha)

estate sector (ha)

Total holdings
(farming)

Total holdings
(livestock)

small holdings (ha)

estate sector (ha)

Milk production (1)

579 240 (39.4)
79 440 (16.2)
568012 (31.4)

309 809
124 980
340 121

(22.2)

(21.1)
(25.4)
(18.8)

1 526 800 (23.3) 6 561 000
9 430 000 (56.1) 16 806 000
279 983 (16.2) 1 732 000
868 284 (44.3) 1 961 752

581 091 (39.5) 1 470 140
287 191 (58.4) 491 611
899 564 (49.8) 1 807 697

226 067 (40.3) 132 244 (23.6) 202 727 (36.1) 561 038

225 280 (40.4)
787 (20.5)

130 600 (23.4)
1644 (42.8)

201 320 (36.1) 557 200
1407 (36.7) 3838

potential

collected

locally consumed/
processed

untapped

125.1

15.8

12.5

96.8

(52.6)

(21.0)

(23.3)

(88.7)

41.0

24.6

12.3

4.1

(17.2)

(32.7)

(22.9)

(3.8)

71.9

34.9

28.8

8.2

(30.2)

(46.3)

(53.7)

(7.5)

238.0

75.3

53.6

109.1

Percentages are given in parenthesis. Sources: References [2] and [10].

3.2. Distribution of cattle [10]
The cattle population was heterogeneous. The types, percentages and numbers in each zone

are given in Tables III and IV. Our field survey revealed that 72.3% of the cattle are of Zebu type
which consists of 43.6% of indigenous Zebu, 12.3% of exotic Zebu and 16.4% Zebu crosses. The
remaining 27.7% were Bos taunts and their crosses. The total estimated Zebu cattle population in the
country was 1.25 x 106 and of this O.59 x 106 were in the dry zone, while the remainder (0.66 x 106)
were in the intermediate and wet zones (Table IV).
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TABLE III. PERCENTAGE DISTRIBUTION OF ANIMAL TYPES WITHIN AND ACROSS THE
MAJOR AGRO-ECOLOGICAL ZONES.

Zone

Dry

Intermediate

Wet

Total

Local Zebu

65

48

13

43

.5

.5

.6

.6

(54.5)

(35.5)

(10.0)

(100)

Exotic Zebu

9.8

16.1

11.3

12.3

(29.1)

(41.8)

(29.2)

(100)

Zebu

18.3

15.5

15.2

16.4

crosses

(40.4)

(30.1)

(29.5)

(100)

Temperate

0.0

2.7

33.0

11.4

(0.0)

(7.5)

(92.5)

(100)

Temperate crosses

6.4

17.1

26.9

16.3

(14.2)

(33.4)

(52.4)

(100)

Values given in parenthesis represent the percentages across the major zones.

TABLE IV. ESTIMATED POPULATION OF DIFFERENT GENOTYPES ACROSS THE MAJOR
AGRO-ECOLOGICAL ZONES.

Zone

Dry

Intermediate

Wet

Total

Local Zebu

411 912

267 616

75 185

754 713

Exotic Zebu

61 890

88938

62 119

212 947

Zebu
crosses

114 840

85 729

83 895

284 464

Temperate

0

14 785

182231

197 016

Temperate
crosses

40228

94439

148 192

282 860

Total

628 870

551 508

551 622

1 732 000

3.3. Production systems [11, 12, 13]
The characteristics of livestock production systems in the three agro-ecological zones of the

country are given in Table V. An estimated 18% of small holdings surveyed reared cattle. The
percentage of small holdings rearing cattle varied with production system. The percentages in the dry
zone traditional village system (DTVS), dry zone-irrigated settlement system (DISS), intermediate zone
system (IS) and wet zone systems (WS) were 24%, 7%, 34% and 12% respectively. The percentages
of small holdings rearing cattle as a primary or a secondary occupation in the DTVS, DISS, IS and
WS were 91.4%, 41.4%, 51.5%, and 43.5%, respectively. These small holdings also keep more than
one livestock species, including buffaloes, poultry, pigs, goats, etc.

In the dry zone the most prevalent farming system was DTVS. As indicated in Table V, the
herd size was large and the percentage of indigenous Zebu animals was high (69%). The animals were
managed extensively by feeding them on communal grazing lands with provision of paddocks near
the farmers' dwellings. The animals are usually milked once a day in the morning after which they
were taken to the grazing lands in the communal areas. In some locations, the young calves up to
3 months were kept in a paddock with water and were allowed to suckle once a day. In other areas
the calves were allowed to go with the adults to the grazing lands during the day but were separated
in the evening until the following day.

In the dry zone a new farming system, DISS has evolved in the irrigated settlement schemes
which were established under the Mahaweli River Diversification Project which commenced in the
1970s. The herd size was small (6.6 ± 4.2 animals per herd), the percentage of indigenous Zebu (44%)
was lower than the DTVS and relatively high percentages of exotic Zebu (15%), Zebu crosses (26%)
and temperate crosses (15%) were found. The animals were managed semi-intensively. This
management was necessitated as there were no communal grazing lands in the area and, particularly
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during the cultivation period, the animals were maintained in stalls and fed with cut native fodders and
pastures.

In contrast, in the intermediate zone where herds were of moderate size, with less than half
the population consisting of indigenous Zebu (48.5%) and relatively high percentages of exotic Zebu
(16.1%), Zebu crosses (15.5%), temperate pure (2.7%) and crosses (17.1%), the animals were managed
semi-extensively. They were tied with a rope and allowed to graze (tethered grazing) under perinneal
plantations such as coconut. In the wet zone where a high percentage of temperate pure (33%) and
crosses (26.9%) and a low percentage of indigenous Zebu (13.6), exotic Zebu (11.3%) and Zebu
crosses (15.2%) were found, the animals were managed intensively by feeding them on cut grasses.

TABLE V. CHARACTERISTICS OF CATTLE FARMING IN SRI LANKA.

Description

Small holdings with cattle (%)

Cattle as primary & secondary
occupation (%)

Average family size

Herd size

Type of animal

Local Zebu (%)

Exotic Zebu (%)

Zebu cross (%)

Pure temperature (%)

Temperature cross (%)

Type of management

Milk production (1/cow/yr)

Income from cattle (Rs/farmer/yr)

From milk (%)

From meat(%)

From draught(%)

From manure(%)

Expenditure on cattle (Rs/farmer/yr)

On labour(%)

On feed(%)

On vet. service & medicine(%)

On sundry items(%)

Dry

Traditional
villages

24.0

91.4

6.1

18.3

69.0

9.0

17.0

0.0

5.0

Extensive

160.6

24 145.92

34.0

45.0

9.0

12.0

9084.87

89.2

0.3

1.5

9.0

zone

Irrigation
settlements

7.0

41.4

5.1

6.6

44.0

15.0

26.0

0.0

15.0

Semi-intensive

215.4

9548.40

52.0

21.0

21.0

6.0

10861.42

64.6

20.5

0.5

14.4

Intermediate
zone

34.0

51.5

4.9

7.4

48.5

16.1

15.5

2.7

17.1

Semi-
intensive

770.2

37015.05

66.9

13.1

9.1

10.9

23 782.02

41.4

48.7

3.4

6.5

Wet zone

12.0

43.5

4.4

4.6

13.6

11.1

15.2

33.0

26.9

Intensive

1685.7

49 918.76

90.9

3.6

1.4

4.1

33 583.74

33.2

56.3

5.9

4.6
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The income was from milk, meat, draught and manure but the percentage varied according to
the zone and the animal type, as shown in Table V. The cost of production did not vary much in the
three zones, although the relative proportions for labour and feed were different amongst the three
zones.

3.4. Reproductive characteristics

3.4.1. Prepubertd period [15]
The mean birth weight, growth rate, age at puberty and other reproductive parameters at the

three locations are given in Table VI.

TABLE VI. ESTIMATES OF BIRTH WEIGHT, GROWTH RATE AND AGE AT PUBERTY OF
INDIGENOUS ZEBU CATTLE

Parameter
Anamaduwa

Location

Bandagiriya Kandalama

Birth weight (kg)

Growth rate (g/d)

Age at 1st progesterone elevation (d)

Age at 1st oestrus (d)

Age at 1st calving (d)

Percentage of animals with
progesterone elevation prior to
observed oestrus

Percentage of animals conceived at the
1st oestrus

15.81 (02.48) 15.64 (02.58)

88.28 (26.65)

845.07 (138.80) 870.90 (92.78) 854.66 (85.43)

972.71 (124.20) 907.44 (113.34) 936.36 (107.87)

1248.10 (130.18) 1159.92 (63.53) 1172.54 (57.42)

70 57.90 60.00

83.30 52.90 58.30

Values given in parenthesis show standard deviations.

The average prepuberal growth rate of heifers at Anamaduwa from 415 days to 1207 days of
age was 88.3 ± 26.6 gm/day (Fig. 1). The animals recorded a negative growth rate during the months
of September to November 1990 when compared to the rest of the period. This reduced growth rate
coincided with a severe drought.

The average age at puberty, as determined by the first elevation of plasma progesterone above
2 ng/ml with or without observed oestrus, at Anamaduwa, Bandagiriya and Kandalama were 846 ±
139, 871 ± 93 and 855 ± 85 days, respectively. There were no differences among the locations
(P>0.05). The age at first observed oestrus, the percentage of animals which showed elevated plasma
progesterone concentration prior to the observed oestrus, and the age at first calving for the three
locations are given in Table VI. The average gestation length was 282 ± 5 days with a range of 276
to 291 days (n = 18). The mean plasma progesterone concentration was 3.0 ± 1.3 ng/ml during
gestation.
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FIG. 1. Body weights and growth rates of indigenous Zebu heifers in the dry zone of Sri Lanka.

3.4.2. Post-partum period [14, 15]
The involution of the uterus was completed by day 24 ± 5 (range 18 to 34 days). The ovaries

were very small, being approximately 14 mm long, 10 mm wide and 7 mm high. Follicular
development was hardly detectable and the palpation of the corpus luteum was possible in only 61%
of the cases when compared with plasma progesterone data.

Selected plasma progesterone profiles are shown in Fig. 2. The progesterone concentration was
below the detection limit of the assay in the early post-partum period. The time taken from parturition
to first elevation of plasma progesterone, to first observed oestrus, and to conception are shown in
Table VII. The majority of the animals conceived at the first post-partum oestrus while the remainder
conceived at the subsequent oestrus. The intervals from calving to first elevation of plasma
progesterone, to first observed oestrus and to conception at Bandagiriya were greater than those at
the other two locations (P <0.05). The percentage of animals which remained in anoestrus over an
extended period was highest at Bandagiriya.

3.4.3. Calving pattern and calving intervals
A total of 696 calvings were recorded and 254 calving intervals were analysed. The calvings

were seasonal with the majority (66.1%) occurring during the months of October to January, with the
peak in December (Fig. 3).
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FIG. 2. Representative plasma progesterone profiles in Zebu cows during the post-partum period
(oe = oestrus).

TABLE VII. ESTIMATES OF POST-PARTUM REPRODUCTIVE PARAMETERS IN
INDIGENOUS CATTLE

Parameter

Location

Anamaduwa Bandagiriya Kandalama

Trial I
n= 10

Trial II
n= 12 n= 18 n= 18

First postpartum progesterone 41.7 (39.3) 62.1 (27.1) 94.5 (16.6) 64.2 (273)
elevation (d)

First observed post-partum oestrus 56.7 (47.9) 54.5 (26.7) 86.9 (15.5) 60.3 (27.1)
(d)
Calving to conception interval (d) 63.0 (55.1) 54.7 (26.6) 101.0 (28.7) 74.9 (38.5)

Percentage of animals with 40.0 0 0 11.1
progesterone elevation prior to
observed oestrus

Percentage of animals conceived
at the first post-partum oestrus

Percentage of animals remained in
anoestrus

87.5

10.0

100

16.7

68.8

44.4

60.0

11.1

Values given in parenthesis show standard deviations.
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FIG. 3. Calving pattern of Zebu cattle in the dry zone.

The calving season commenced with the commencement of North-East monsoon rains. The
occurrence of calvings was highly correlated with rainfall (r = 0.85). The average calving interval was
338 ± 37 days with a range of 298 to 515 days. The majority of calving intervals (81.1%) were less
than 365 days (Fig. 4).
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FIG. 4. Cumulative relative frequency of calving intervals in Zebu cattle in the dry zone.
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4. DISCUSSION

The highest concentration of Zebu cattle is found in the dry zone which extends over 62% of
the land area and carries 29% of the total human population. Cattle farming, with indigenous Zebu as
the predominant animal, was practised by a quarter of the small holdings in the dry zone. These
animals were managed extensively with minimum inputs (family labour) and fed on communal grazing
lands. The primary income was through the sale of surplus animals, mainly mature males and old
females, for meat. Milk was a by-product of the operation. In contrast, in the intermediate and wet
zones, which extend over 38% of the land area and carry 71% of the human population, the
concentration of Zebu animals was low and the predominant animal types were exotic temperate or
Zebu with their crosses. The primary income was through milk. Hence, it is conceivable that rearing
low producing indigenous Zebu cattle primarily for milk has not been economically viable in an area
with limited land and a high concentration of people. Accordingly, in the intermediate and wet zones,
Zebus have been gradually replaced by more dairy-type animals.

Zebu cattle farming has been a sustainable rural industry which brings modest income to the
resourceless dry zone farmer. In most instances the farmer is a mixed crop-livestock farmer and
keeping cattle appears to be a traditional method of cushioning the risk associated with crop failures
due to frequent droughts in the dry zone.

Indigenous Zebu cattle appear to be well adapted to the harsh environment and are highly
fertile even in the marginal areas of the dry zone. Though small at birth, growing slowly and maturing
late, they appear to reproduce with a high degree of efficiency, ensuring a good calf-crop every year.

The body weight at birth and growth rate of Zebu cattle during the prepubertal period were
very low compared with that of other types of cattle found in Sri Lanka [16]. These observations are
in agreement with those reported by earlier workers [4]. The lower birth weights may be due to
continuous inbreeding of the animals in closed herds over centuries without selection for production
performances, where the natural selection was for survivability. It may also be due to poor nutrition
during gestation, since much of their gestation period extends over the drier months of the year. The
growth rate which averaged 88 grams per day was extremely low compared to other types of cattle
found in Sri Lanka [17]. The growth rate of the animals in the study was further reduced during the
months of August through November, which were marked by a severe drought. Environmental stresses
such as high temperature and humidity along with the poor quality of herbage during the dry season
may affect the growth of these animals. Another factor may be their low genetic potential for growth.

The age at which puberty occurred in the animals in this study ranged from 673 to 1094 days,
which is much later than the ages reported for exotic Bos indiens and Bos taunts [18, 19]. The delay
in reaching puberty was likely due to the small body weight at birth and slow growth rate during the
prepuberal period.

The first oestrous cycles of many heifers were preceded by periods of elevation of
progesterone. This may be due to a short cycle which may have occurred prior to normal oestrus or
probably due to luteinization of pre-ovulatory follicles prior to the onset of regular oestrous cycles.
It may also result from inability to detect oestrus, perhaps due to less overt expression of oestrus in
Zebu. Similar observations were noted by others in Bos taunts cattle [20]. However, the relatively low
frequency of blood sampling in this study made accurate interpretation difficult. The majority of
animals became pregnant at the first oestrous cycle. The age at first calving in this study is in close
agreement with previous reports [4], and the gestation length was similar to that in Indian breeds [21].
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Calvings showed a strong seasonal pattern, with the majority occurring in the months of
October to December. This period is marked by the heavy North-East monsoon rains which usually
result in 800 to 900 mm of rainfall. This seasonal calving pattern has been previously reported for
cattle [6] and buffaloes [22, 23] in Sri Lanka, and is presumably due to entrainment of post-partum
ovarian activity by the nutrient abundance during the North-East monsoon season which occurs from
September to January [22]. The calving interval was 338 days with a range of 298 to 515 days. These
animals were subjected to suckling over an extended period post-partum. Cumulative relative frequency
showed that 81% of total calving intervals were within the range of 298 to 365 days. This is in
agreement with a previous report [4] although longer intervals have been reported by others [6, 24].
The relatively short calving intervals of indigenous Zebu cattle may be due to early onset of post-
partum ovarian activity in cows which calve early in the North-East monsoon season. It appears that
the nutrient requirement for their maintenance and low production can be met very early in the post-
partum period through the natural grass and fodder which are in abundance following the rains. The
animals which showed long calving intervals ranging from 366 to 515 days may be those cows which
had calved during the latter part of the calving season, with their post-partum periods extending into
drier spells.

Uterine involution was clinically complete within an average of 24 days post-partum, which
is shorter than reported for other types of cattle and buffaloes. The post-partum uterus approached its
normal non-pregnant size by 25-47 days for temperate dairy cows and 37-56 days for suckling beef
cows [25]. Among tropical cattle in other regions of the world, uterine involution was reported to be
completed within 30-40 days post-partum [25, 27]. In indigenous buffaloes in Sri Lanka the uterine
involution period was reported to be 30 days [28]. The rapid involution in Lankan Zebu cattle may
be due to the relatively small size of the uterus and also due to suckling stimulus by the calves. The
suckling stimulus by the calf and the stimulus of milking are known to accelerate uterine involution
[27].

The ovaries of Zebu cattle in the study group were relatively small compared to the ovaries
of temperate cattle [29] and river-type buffaloes [30]. It was reported that, in general the ovaries of
Zebu cattle were relatively smaller than those of temperate cattle [31]. Because the ovaries were
small, it was relatively difficult to detect follicular development rectally. Further, the accuracy of
palpation of the corpora lutea in our study was only 62%. The low accuracy in this study could be
due to the long intervals between palpations and also due to the relatively small size of the ovaries
and corpora lutea.

Post-partum ovarian activity as measured by plasma progesterone concentration commenced
within a range of 42 to 94 days in the majority of cows. In some animals, the first oestrus was
preceded by a short term elevation of progesterone which suggested a source of progesterone in the
ovary prior to the first oestrus. A similar phenomenon was also reported in Bos taunts cattle [32]. The
cows at Anamaduwa and Kandalama resumed oestrus activity relatively early in the post-partum period
compared to those at Bandagiriya. Further, at Bandagiriya a higher percentage of animals remained
in anoestrus over an extended period. The cows at Bandagiriya were subjected to ad libitum suckling
during the day time compared to those at Anamaduwa and Kandalama. Thus, it is conceivable that the
suckling stimulus and the cow - calf interaction delayed the resumption of post-partum ovarian activity
and hence could prolong the calving to conception interval as has been shown for Zebu as well as Bos
taunts cattle [32-35]. The early return to oestrus by the majority of animals, despite the suckling
stimulus, allows the cow to become pregnant within 90 days post-partum. This early return to oestrus
and early conception ensure that the animals calve yearly. The present findings are also in agreement
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with reports from other countries which reported higher fertility rate for tropical Zebu cattle [36, 39].
Wide variations in the calving interval, ranging from 12-24 months, have been reported in native
tropical cattle in many countries [26, 33]. These reports suggests that interactions between genotype
and environment are major determinants of reproductive efficiency. The results of this study suggest
that indigenous Zebu cattle, managed under the traditional rural dry zone system with minimum inputs
in terms of feed, labour and health care are able to reproduce with a high degree of efficiency. It also
suggests that differences in management systems, particularly in suckling management, can affect
reproductive functions during the post-partum period.

However, this hitherto sustainable cattle production system with well adapted and very fertile
Indigenous Zebu cattle as the base is now constrained by shortage of communal grazing land. Vast
areas of land previously used for communal grazing are dwindling in the wake of new developments,
and are now being used for human settlements and crops. The future sustainability of Zebu cattle
farming appears to be dependent on the ability to reduce the herd sizes and to adopt more intensified
management systems.
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Abstract

REPRODUCTIVE PATTERNS OF INDIGENOUS COWS IN BANGLADESH AND THE EFFECT OF UREA-MOLASSES-
MINERAL BLOCKS (UMMB) ON PUBERTY AND POST-PARTUM OVARIAN ACTIVITY.

Reproductive performance of cattle in Bangladesh and the effects of urea-molasses-mineral blocks (UMMB) on
pubertal and post-partum oestrous intervals were assessed in Zebu cows. Most heifers reached sexual maturity at an average
age of four years. Cows calving during the monsoon had a shorter (P <0.05) mean calving interval (479 days) and also had
a shorter (P <0.05) calving to conception interval (187 ± 23 days) than those calving in other seasons (197 ± 22 days). UMMB
supplementation increased body weight from 49.6 ± 10.2 to 149 ± 12 kg in heifers and induced ovarian cyclicity between 26
and 34 months of age. Supplementation of UMMB in pre-partum cows increased live weight gain from 186 to 220 kg after
parturition. Suckling suppressed cyclic ovarian activity for 175 to 196 days, whereas partially suckled cows had a shorter interval
to onset of ovarian cyclicity (84-147 days). However, signs of oestrus were observed earlier in UMMB supplementation with
partial suckling (34-84 days). Based on plasma and milk progesterone concentration on the day of service, 42 (91%) and 52
(89.6%) cows were confirmed as in true oestrus, respectively. Thirty two (76%) and 30 (71%) cows were diagnosed pregnant
by plasma progesterone assay at days 20 and 24, respectively. At the same time 40 (77%) and 36 (71%) cases were diagnosed
pregnant by milk progesterone assay. Assuming 100% accuracy for rectal diagnosis of pregnancy between days 60-65 post
service, the progesterone assay was found to be 84% and 90% accurate for plasma samples obtained at day 20 and 24,
respectively. The corresponding values for milk were 85% and 92%. In all cases negative diagnoses were 100% accurate.

1. INTRODUCTION

The majority of indigenous cattle breeds in Bangladesh have low fertility. This is
characterised by delayed sexual maturity (>2 years) and calving to conception intervals of greater than
150 days in 80% of animals [1]. However, these Zebu cattle and their crosses are highly adapted to
the harsh tropical environment [1,2]. Nevertheless, poor nutrition and diseases are thought to be major
causes of lower fertility [3]. In support of this, it has been shown that improved nutrition together with
reproductive health control programmes can influence age at puberty [4] and post-partum anoestrous
periods [5]. However, clinical field investigations of reproductive problems in cows in Bangladesh
have been lacking.

The present investigations were undertaken to evaluate the reproductive performance of local
non-descript Zebu cows and their crosses, and to study their responses to supplementation with urea-
molasses-mineral blocks (UMMB) in both pre-pubertal and post-partum animals.
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2. MATERIALS AND METHODS

2.1. Reproductive performance of Bangladeshi Zebu cows and their crosses
The general survey was undertaken in controlled large and small farms. Climatic data for the

region was obtained from the Statistical Year Book of Bangladesh, 1984-1990.
Reproductive information was obtained for 3371 cows. Animals were grouped according to

genotype. In the case of crosses only the crosses between two genotypes were considered but the
respective percentages were not taken into account.

The survey data included age at sexual maturity, age at first calving, interval from calving to
first service, conception and calving intervals. These data were analysed as dependent variables using
Least Square Analysis of Variance according to Harvey [6].

2.2. Effects of UMMB supplementation on age at puberty in Zebu heifeis
Sixteen non-descript Zebu calves aged about 1.5 years and averaging 49.5 kg live weight were

randomly allocated to two nutritional treatment groups A and B. All animals were dewormed with
Nemafex (Thiophanate 70% wettable powder with 2.5% cobalt; Rhone Poulenc, Dhaka, Bangladesh)
at a single dose rate of 4 g per animal. All heifers had free access to grazing daily from 0900-1600
hours. In addition, animals in group A were supplied with 250 g UMMB daily and were given 2 kg
straw and water ad libitum. The composition of UMMB is shown in Table I and the analysis of
components is presented in Table II. Weekly live weights were obtained in each animal by measuring
the heart girth with special Swedish measuring tapes (WE-BO, Comb MAAI, Sweden).

TABLE I. COMPOSITION OF UREA-MOLASSES-MULTINUTRIENT BLOCK (UMMB)

Ingredient %

Molasses 55

Wheat bran 25

Urea 5

Lime 5

Fish meal 2

Salt 2

Embavit(R) 2

Til oilcake 4

Blood samples were collected into heparinized tubes by jugular venipuncture from all heifers
at intervals of two months from 1.5 years of age; on each occasion two samples were taken 10 days
apart. Blood samples were centrifuged at 2000 rpm and plasmas were separated and kept at -20°C until
assayed for progesterone by a solid-phase radioimmunoassay (RIA) using kits supplied by the Joint
FAO/IAEA division of Nuclear Techniques in Food and Agriculture. The inter-assay and intra-assay
coefficients of variation were 8.9% (n = 16) and 8.6% (n = 8) respectively.
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TABLE II. CHEMICAL COMPOSITIONS OF THE FEED INGREDIENTS OF RATION

Dry Matter Percent of Dry Matter

Fish meal

Til oilcake

Embavit(R)

Wheat bran

UMMB

78.25

85.00

83.50

80.50

75.25

CP

60.38

34.64

-

19.89

08.78

CF

01.56

18.65

03.53

11.22

00.40

EE

13.0

10.0

01.25

05.50

62.15

NFE

02.22

25.82

32.94

58.92

16.12

Ash

22.84

10.89

62.28

04.97

16.12

CP = Crude protein, CF = Crude fibre, EE = Ether extract, NFE = Nitrogen free extract.

2.3. Effects of UMMB supplementation on post partum reproduction in Zebu cows
Thirty-two multiparous local Zebu cows averaging 180 kg body weight were divided into 4

groups, consisting of 8 animals per group. All groups were supplied with 2 kg rice straw, 5 kg green
grasses, 200 g wheat bran with water ad libitum and they were allowed to graze in the field for 8
hours daily. The groups were as follows:

Group A: free suckling without supplementation.
Group B: free suckling and supplemented with 350 g of UMMB.
Group C: partially weaned without supplementation.
Group D: partially weaned and supplemented with 350 g of UMMB.
Partial weaning involved removal of calves for the night and allowing them to suckle only

twice daily during milking for let down of milk and for 2-3 hours after milking. Body weight
measurements were taken at the time of parturition and every week thereafter until the onset of
oestrous activity.

Milk samples (10ml) were collected into tubes containing sodium azide at weekly intervals
beginning at the time of parturition and every week thereafter, until the animal showed standing
oestrus. Samples were stored at -20°C until one or two days preceding assay when they were thawed
and centrifuged at room temperature for 10 minutes at 2000 rpm to remove fat particles.
Concentrations of milk progesterone were measured by a solid-phase RIA supplied by the Joint
FAO/IAEA Division. Progesterone concentrations greater than 3 nmol/1 were considered to indicate
luteal function. The intra- and inter-assay coefficients of variation were of 6.3% (n = 13) and 9.2%
(n = 10) respectively.

2.4. Plasma and milk progesterone assay for early diagnosis of pregnancy
Sixty-four multiparous local and improved Zebu cows (4-8 years) weighing from 150 to 250

kg maintained at the Bangladesh Agricultural University (BAU) dairy farm and adjacent rural areas
were included in the study. The animals were housed in stalls under natural lighting with traditional
feeding and were allowed to graze in the field for about 5 hours every day. Cows were observed for
oestrus at 0700, 1700 and 2200 hours for 30 minutes at each occasion. These observations were
confirmed by the mounting behaviour of teaser bulls. Cows were inseminated within 12-18 hours after
the onset of standing oestrus. Day of oestrus was considered as day 0. When services were recorded,
sequential blood and milk samples (10 ml) were obtained between 1400 to 1600 hours from 40
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animals on the day of service and on days 14, 20, and 24 post-service. Milk samples from a further
18 animals and blood samples from 6 dry cows were collected as before. Blood and milk samples
were processed and analysed for progesterone as described under sections 2.2 and 2.3, respectively.

3. RESULTS AND DISCUSSION

3.1. Reproductive performance of Bangladeshi Zebu cows and their crosses.
The respective average minimum and maximum temperatures during the study period (1983

to 1989) were 23° C and 33° C for summer seasons (March-June), 25° C and 31°C for monsoon
seasons (July-October) and 15° C and 27° C for winter seasons (November-February). Rainfall in the
summer, monsoon and winter seasons were 149, 257 and 11 mm respectively with an average of 151
mm per year.

Information on feeding and management was obtained for each farm. In the smallholder farms
the predominant feeding system was tethered grazing throughout the day with limited access to rice
straw and concentrate. All animals had water ad libitum. Green grasses were only provided during late
summer and rainy seasons and legume fodders were only available during the winter seasons. Most
of the smallholders used their cattle for ploughing. In the organized farms animals were tied when
housed and were turned out for grazing on pasture from approximately 0900 to 1430 hours daily.
Each animal was provided with 3 kg concentrate, 5 kg straw and 10 kg green grasses with free access
to drinking water. The animals were regularly vaccinated and treated for general diseases.

3.1.1. Age at sexual maturity
Heifers began cyclic activity at a mean (± SEM) age of 1365 ± 17 (730 to 2795) days. The

percentages of heifers reaching puberty at different ages were: 4.2% before 2 years of age, 7%
between 2-2.5 years, 15.1% between 2.5-3 years, 17.1% between 3-3.5 years, 38.4% between 3.5-4
years, 7.2% between 4-4.5 years and 11% between 4.5-5 years. In 3.2% of heifers puberty was
reached after 5 years of age. The wide variation in onset of puberty in heifers in small holder farms
could be due to differences in management systems. It was reported that the heifers of the Haryana
breed showed first oestrus at the age of 1275 days [7], whilst the age at puberty of Indian and
Pakistani heifers was 1080 days or more [8]. Age at puberty in Braham heifers was reported to be 582
days [9] and this was in agreement with findings in Bangladesh [10].

3.1.2. Age at first calving
Age at first calving ranged from 995-2740 (1618 ± 31) days. The age at first calving in the

Sindhi breed in Brazil is 1401 ± 120 days [11]. In Bangladesh, traditional management practice may
have a detrimental effect on age at first calving [12]. For example, the use of animals for draught
purposes had an adversed effect on the age at first calving [2].

3.1.3. Interval from calving to first service
The onset of first oestrus after calving ranged from 128 to 183 (156 ± 24) days. There were

no significant (P >0.05) differences in the interval (days) from calving to first services. There were
significant effects of parity (P <0.05), calving (P <0.01) and region (P <0.01) on calving to first
service interval. It was observed that cows of greater than fourth parity had shorter calving to first
service intervals (141 ± 14 days) compared to other parities (177 ± 16 days). Cows that calved in the
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monsoon had a shorter calving to first service interval (149 ± 19 days) than those calving in other
seasons (159 ± 19 days).

3.1.4. Calving to conception interval
Calving to conception intervals ranged from 169 to 217 (172 ± 29) days and calving intervals

ranged from 477 to 523 (489 ± 30) days. There were no significant differences (P >0.05) between
breeds on the interval from calving to conception. The parity (P <0.05), season of calving (P <0.05)
and region (P O.05) had significant effects on calving to conception intervals. Cows that calved
during the monsoon showed lower calving to conception interval (187 ± 23 days). It was also
observed that cows maintained under better husbandry practice had lower calving to conception
interval (118± 43 days) [13].

3.1.5. Calving interval
Calving intervals ranged from 477 to 523 (489 ± 30) days. There were no significant

differences between breeds in calving intervals, but there were significant differences among parities
(P <0.05), regions (P <0.01) and seasons (P <0.05). Cows having more than their fourth parity had
longer calving interval (> 476 days). Cows calving during the monsoon had lower calving intervals
(479 ± 23 days). It was also observed that cows in the organized farm had lower calving intervals
(419-427 days).

An extended post-partum anoestrous interval in Zebu cows is a characteristic of this breed. The
post-partum anoestrous and conception intervals between breeds in a location, or within the same
breed at different locations, may be a reflection of genetic, nutritional and managemental status of
cows. For optimal reproductive performance, cows must conceive within 80-85 days of calving [14].
Season plays an important role in the onset of puberty and resumption of ovarian cyclicity post-partum
[15-17]. The relatively early resumption of ovarian cyclicity in cows calving during the monsoon
accords with some reports in Zebu [18] and Taurine cows [19], but contradicts others [13, 20]. The
early cyclicity of monsoon calving cows in this study may have been due to availability of green
grasses. The longer calving to first oestrus and conception interval in primiparous than multiparous
cows in this study was also consistent with previous reports [19, 21]. The longer intervals for fourth
or higher parity cows has also been reported previously [22].

Calving interval is the best index for monitoring herds reproductive status. The calving interval
reported in this study is similar to that reported in some studies [10, 23, 24]. However, the intervals
were much higher than the reports of other Zebu [25] and Taurine [22]cows. The observation that
monsoon calving cows had the shortest calving intervals was a reflection of shorter calving to
conception interval in the same season. This observation accords with reports in Taurine cows [26,
27].

3.2. Effects of UMMB supplementation on age at puberty in Zebu heifeis
Body weight changes of calves in supplemented and control groups are presented in Figure I.

There was a linear increase in body weight change from 18-40 months of age in the supplemented
groups, from 49.6 ± 10.2 to 149 ± 12 kg. In the control group the live weight changes showed a linear
increase only after 26 months of age, and at 40 months reached only 112 ± 8 kg. Onset of ovarian
activity was determined by examining progesterone profiles. In the supplemented group 7/8 heifers
initiated ovarian cyclicity between 28 to 38 months of age. In the control group none of the heifers
showed ovarian cyclicity by 42 months of age. Age at puberty is an important determinant of
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FIG. 1. Body weight changes in indigenous Zebu calves with or without supplementary feeding.

reproductive efficiency. Breed, parasitic infestation and nutrition all play an important role in the onset
of puberty [28]. It was reported that age at sexual maturity could be delayed up to 60 months in cows
maintained in an undernourished condition [1]. The role of nutrition in the initiation of sexual maturity
was further demonstrated by Gonzalez- Padilla et al. [29] where 14 month old heifers of adequate body
weights were maintained in a prepuberal stage and then made to ovulate in response to an increased
nutritional intake. It was observed that cyclic heifers whose nutrition was severely restricted became
anoestrous even with pubertal body weight. In the present study, UMMB supplementation increased
body weight more rapidly and caused initiation of ovarian activity earlier than in control heifers.
Heifers on a high protein diet are younger and heavier at puberty than those on a low protein diet [30].
Parasitic infestation at an early age can also cause a nutritional imbalance which can delay puberty
[31]. In the present study, therefore anthelmintic treatment was given before supplementation and was
repeated every third month.

3.3. Effects of UMMB supplementation on post-partum ovarian activity in Zebu cows
Figure 2 shows the body weight change in cows in two of the experimental groups. After

UMMB supplementation live weight increased from 186 ± 6 to 220 ± 0.3 kg. On the other hand, cows
without supplementation lost body weight from 165 ± 7 to 139 ± 5 kg. Progesterone profiles and the
onset of oestrus are presented in Table III. The progesterone profiles indicated that free suckled
animals without UMMB commenced ovarian cyclicity by 196 days post-partum but partially suckled
cows had earlier onset of ovarian cyclicity (84-147 days). However, none of the animals showed signs
of oestrus within 147 to 273 days post-partum. In the group of cows supplemented with UMMB and
subjected to partial suckling, ovarian cyclicity commenced between 21-42 days post-partum, whereas
none of the animals in the group with UMMB supplementation but with free suckling showed ovarian
cyclicity between 42-84 days post-partum. Signs of oestrus were observed earlier in animals with
supplementation and partial suckling (35-84 days), than in animals with supplementation and free
suckling (70-112 days).
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FIG. 2. Body weight changes in two treatment groups of indigenous Zebu cows during the postpartum
period.

TABLE III. ONSET OF POST-PARTUM OVARIAN CYCLICITY AND STANDING OESTRUS
IN COWS WITH AND WITHOUT SUPPLEMENTATION AND FREE OR PARTIAL SUCKLING

Groups UMMB Suckling Days to 1st Days to standing
progesterone rise oestrus

A

B

C

D

No

Yes

No

Yes

Free

Free

Partial

Partial

175-196

42-84

84-147

21-42

245-273

70-112

147-196

35-84

The influence of nutrition and body condition on fertility following calving were reviewed by
Dunn and Kalttenbach [32]. Energy balance in early lactation is important in determining the time
of onset of ovarian cyclicity [33]. Loss of body weight in early lactation is associated with reduced
fertility together with later onset of cyclic ovarian activity and lower conception rate [34]. It was
reported that nutrition is more critical during the pre-partum than post-partum period for subsequent
fertility [20] and it has been further suggested that cows should be fed well for 24 to 55 days before
parturition and if possible for 90 days after parturition. Cattle in Bangladesh depend mostly on rice
straw which has a low crude protein content. As a result, lactating animals are unable to meet their
nutritional requirement and lose weight during lactation. It appears from the present study that
UMMB supplementation with restricted suckling reduces the interval to onset of cyclic ovarian activity
in post-partum Zebu cows. None of the animals showed standing oestrus before one or more
progesterone peaks. Cows without supplementation had longer intervals to onset of ovarian cyclicity
which can have serious economic implications for farmers.
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3.4. Plasma and milk progesterone concentrations and pregnancy in Zebu cows
The progesterone profiles for samples obtained on the day of insemination (day 0) and on

days 14, 20 and 24 are presented in Figure 3. For plasma and milk, minimum progesterone
concentrations set for diagnosis of pregnancy were 5 nmol/1 and 8 nmol/1 respectively. Cows were
divided into 4 groups on the basis of the pattern of progesterone concentrations:

Group 1 (Pregnant): Progesterone concentrations increased continuously from basal levels on the day
after insemination and remained elevated. On day 20, plasma and milk progesterone concentrations
were found to be 20.2 ± 1 nmol and 27.8 ± 1.2 nmol/1 respectively. The respective values on day 24
were 20.4 ± 1 and 28 ± 1.2. There was no significant difference (P >0.05) between the concentrations
of plasma or milk progesterone on day 20 and 24 in pregnant cows.
Group 2 (Non-pregnant diagnosis at day 20): Concentrations of plasma and milk progesterone
increased from basal levels to 18.2 ± 1.1 and 26.1 ± 1.7 nmol/1, respectively, on day 14 post-service.
There was no significant difference (P >0.05) in progesterone concentrations at day 14 among
pregnant and non-pregnant cows. However, in non-pregnant cows progesterone concentrations
declined thereafter to levels observed on the day of insemination.
Group 3 (Non-pregnant diagnosis at day 24): Plasma and milk progesterone concentrations increased
from basal level on day 0 up to 20 ± 2 and 26.1 ±1.9 nmol/1 on day 14. Concentrations then started
to decline, remained higher than the discriminating level between pregnant and non-pregnant cows
on day 20, but had declined to basal levels by day 24.
Group 4 (Oestrous behaviour during the luteal phase): Cows expressing behavioural oestrus but having
elevated progesterone concentrations (above 5 nmol/1 for plasma and 8 nmol/1 for milk) throughout
the sampling period and diagnosed negative for pregnancy at the time of rectal palpation.
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FIG. 3. Milk and plasma progesterone concentrations in Zebu cows during the post-service period.
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Based on plasma (n = 46) and milk (n = 58) samples obtained on the day of service, 42
(91.3%) and 52 (89.6%) cows were confirmed as in true oestrus, respectively. Of them, only 32
(76.1%) and 30 (71.4%) animals were diagnosed pregnant by plasma progesterone on day 20 and 24,
respectively (Table IV). At the same times, 40 (76.9%) and 37 (71.1%) cows were diagnosed pregnant
by milk progesterone. For determining accuracy of the laboratory diagnosis, manual palpation of the
reproductive tract between days 60 and 65 post-service was assumed to be 100% accurate. Based on
this, the RIA of progesterone was found to be 84.4% and 90% accurate for the plasma samples
obtained on days 20 and 24, respectively. Respective values in the case of milk progesterone were
85% and 91.9%. The differences between the accuracy of positive diagnoses for plasma and milk
progesterone, and that for diagnoses on day 20 and 24, were insignificant (P >0.05). The negative
diagnosis was found to be 100% accurate.

TABLE IV. DIAGNOSIS OF PREGNANCY BY PLASMA AND MILK PROGESTERONE ASSAY
IN ZEBU COWS.

N° of Samples

N° with low P* on day 0

N° with high P on day 20

N° with high P on day 24

N°diagnosed pregnant by rectal

Plasma samples

46

42 (91.3%)

32

30

27

Milk samples

58

52 (89.7%)

40

37

34
palpation (d 60-65)

Accuracy of +ve diagnosis:
a t d 2 0
a td24

Non-pregnancies missed:
a t d 2 0
a td24

84.4%
90.0%

26.3%
15.8%

85.0%
91.9%

25.0%
12.5%

* Progesterone.

Determinations of plasma and milk progesterone concentrations for the diagnosis of oestrus
and early pregnancy have been reported previously [35-37]. Detection of oestrous behaviour during
the luteal phase occurred in 9% and 10% of cases as indicated by plasma and milk progesterone
concentrations,, which was higher than the 4% observed in Taurine cows [38]. This may be a
reflection of midcycle follicular development which may occur at this time [39]. Moreover, oestrous
behaviour has been reported in 6% of pregnant animals [40].

The accuracy of pregnancy diagnosis by milk and plasma progesterone reveals the usefulness
of early detection of pregnancy in local Zebu cows, which accords with other reports [37, 41]. The
differences in accuracy on day 20 and 24 are insignificant (P >0.05). However, it appears that samples
tested on day 24 post- service may be better than those on day 20, because prolonged luteal activity
may be a cause of falsely diagnosed pregnancies on day 20 [42]. It should be appreciated, however,
that some of the animals diagnosed pregnant at this time would undergo embryonic mortality [42, 43].
The 100% accuracy of non-pregnancy diagnosis accords with a previous report [40]. It is therefore
concluded that solid phase assays for progesterone are a useful tool for early diagnosis of pregnancy
in Zebu cows.
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Abstract

IMPROVING THE PRODUCTIVITY OF CATTLE IN SUB-TROPICAL ENVIRONMENTS: EFFECTS OF CROSS-
BREEDING ON AGE AND LIVE WEIGHT AT PUBERTY IN ZEBU, EUROPEAN AND ZEBU X EUROPEAN HEIFERS.

During the evolutionary adaptation of cattle to a particular environment the frequency of genes that confer desirable
traits is increased at the expense of undesirable genes. Accordingly, in the temperate climates of Europe evolution has favoured
cattle with high genetic potentials for growth and reproduction, whilst in the harsher tropical and sub-tropical environments,
inherent potentials for productive characteristics are low but resistance to stresses such as heat, feed shortages, and endo- and
ecto-parasites is high. Information on the relative genetic merits of different breeds of cattle can be exploited through cross-
breeding, which relies on heterosis, to produce animals that have the complement of productive and adaptive traits that is
considered desirable for different tropical and sub-tropical production systems. For example, crossing Brahman (Bos indiens,
tropically-adapted) with Hereford-Shorthorn (Bos founts, temperate) results in Fl offspring that have high resistance to tropical
stresses and high genetic potentials for growth and reproduction. The F, shows higher productivity than either parent genotype
over a wide range of environments. This includes increased growth rate, earlier age at puberty and increased lifetime fertility.
Heterosis is progressively lost through inter-breeding; however, this can be substantially reduced by reciprocal cross-breeding
and the formation of multi-breed synthetics which retain a high degree of hybrid vigour with inter-breeding.

1. Environmental adaptation in cattle

The growth and reproductive performance of cattle in a given environment is determined by
genotype and the interaction between genotype and environment [1, 2]. During evolutionary
adaptation to an environment the frequency of genes that confer desirable traits is increased at the
expense of undesirable genes. Hence, in the temperate climates of Europe where seasonal cycles of
food availability are quite consistent and parasite stresses are relatively low, evolution has favoured
cattle (Bos taurus) with a high genetic potential for reproduction. This potential and other production
characteristics, including growth rate, have been further enhanced in European breeds by selection
imposed by man based on cultural and economic requirements.

In contrast, cattle that have evolved in the relatively harsher tropical and sub-tropical
environments of the Indian sub-continent generally have low inherent potentials for production
characteristics. However, the evolutionary priority of survival of cattle in these environments
encompasses resistance to stresses such as heat, feed shortages and internal and external parasites,
characteristics that are relatively poorly developed in European breeds. A representative of the Indian
breeds, the Brahman (Bos indicus, a synthetic breed derived from at least three Indian breeds), has
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been shown to have relatively low genetic potentials for growth [3] and fertility [2], but high genetic
potentials for resistance to stresses of the tropics compared to breeds of European origin.

In parts of tropical and sub-tropical Africa, Zebu (Bos indiens or 'taurindicus') and African
sanga (African Bos taunts) cattle have for centuries been selected for different combinations of growth,
fertility and milk production, which is in contrast to the cattle of Indian origin. It is therefore possible
that some of the breeds of African origin may have potentials for growth and/or reproduction that are
more similar to those of European Bos taurus breeds, rather than those of Indian Bos indiens breeds.
This hypothesis is supported by preliminary information obtained in northern Australia for Boran cattle
from east Africa (Kenya), probably of 'taurinducus' origin, and Tuli cattle, an African sanga from
Zimbabwe (J.E. Frisch, unpublished).

In additional to the adaptive and productive characteristics of cattle discussed above, there is
further genetic diversity in these traits amongst other breeds in Asia, Africa and America. An
understanding of the adaptive and productive traits of different breeds of cattle allows predictions of
the likely outcome of breeding programs which aim to introduce new genetic material for specific
objectives such as increased resistance to environmental stresses, or improved growth and reproduction.
Breeds can now be sourced worldwide and, as the first step towards the development of the
appropriate combination of adaptive and productive traits that are most appropriate for the environment
in which cattle are expected to produce, they can be infused into local cattle populations. One of the
most important attributes in commercial beef production is high reproductive rate. To achieve this in
extensive pastoral systems in the tropics and sub-tropics cattle must not only be well adapted to these
environments, but must also have high genetic potentials for reproduction.

2. Reproductive characteristics of tropically-adapted female cattle

Cattle of Indian origin, although they are well adapted to the tropics and sub-tropics,
characteristically show delayed puberty and extended post-partum anoestrous periods compared with
temperate breeds [4, 5]. The former cattle may also have reduced circulating levels of reproductive
hormones [6]. These attributes are consistent with the general understanding that at least some of the
breeds of Indian origin, including the Brahman, have a lower genetic potential for reproduction than
do temperate breeds.

3. Improving growth and reproduction in tropically-adapted cattle

The productivity of any breed in a given environment is affected by genotype, management,
nutrition (see Fitzpatrick, this issue), parasites, diseases and climatic stresses. Productivity can be
increased by improving nutrition, management and genotype, and by reducing the effects of
environmental stresses. These approaches can be applied separately, although maximum benefits are
usually realised when they are used in combination.

Genetic improvement can occur through either within-breed selection [7] or cross-breeding [8].
Genetic gain from cross-breeding can be large and immediate and it relies on heterosis which is
maximised when genotypes with divergent characteristics are crossed. However, much or all of this
heterosis can be lost on interbreeding. For example, crosses between Zebu (Bos indiens, tropical) and
European (Bos taurus, temperate) genotypes result in F, offspring that have high resistance to tropical
and sub-tropical stresses as well as high genetic potentials for growth and reproduction. They
therefore have higher productivity than either parent genotype over a wide range of environments [8,

66



9]. However, backcrossing to either parental breed, or interbreeding, results in a decrease in adaptive
and/or productive potential.

Under natural mating conditions, heterosis can only be fully exploited if the European breed(s)
has undergone selection for survival in a sub-tropical environment so that bulls can achieve acceptable
mating success. This requirement for survival of the pure European breed can be overcome by the
use of artificial breeding techniques such as artificial insemination and embryo transfer, although these
are not always practical or available.

4. Cross-breeding to improve productivity of cattle in northern Australia

In ongoing studies in northern Australia cross-breeding between cattle of African, European
and Indian origins is being used to exploit heterosis to improve growth and fertility in heifers in a sub-
tropical environment. Some of the breeds involved in these studies are the Brahman (B), a Hereford-
Shorthorn cross line (HS), Hereford (H) and Charolais (Ch). The HS cattle have been selected over
20 years for increased growth rate in the presence of sub-tropical stresses. At low to moderate levels
of environmental stresses the HS line shows high growth and fertility [2, 3, 9]. Neither the H nor Ch
have been selected in a stressful sub-tropical environment but they represent European breeds that
under ideal conditions show high growth rates and earlier sexual maturity compared with the B.
However, because they lack resistance they cannot be readily used in natural mating programs in
stressful tropical and sub-tropical regions.

First cross (F,) lines have been formed by crossing B females to HS, Ch and H males using
artificial insemination. These crosses are referred to as FJBxHS, F,BxCh and F^xH, respectively.
Also included in the study is the FnB><HS line which was formed by interbreeding an F,BxHS line.
The heifers are reared and grazed as a group and are exposed to normal seasonal cycles of pasture
availability and parasite infestations. They receive no special treatment in the way of feed
supplementation or parasite control.

Some features of the growth and reproductive attributes of these lines of cattle are discussed
below to illustrate some of the general principles of cross-breeding. The data presented are based on
relatively small numbers of animals; however, the results are consistent with those from similar studies
we have carried out and can therefore be regarded as indicative of differences between the genotypes
in adaptive and productive potentials.

5. Growth of Brahman, European and Brahman X European heifers

The patterns of growth for B, HS, FjßxHS, FnßxHS, F,ßxH and F,BxCh heifers are shown
in Figures 1 to 6, respectively, and the live weights at different ages are summarised in Table I. The
lowest growth rates were shown by HS heifers which would be expected since, although the HS line
has undergone selection for resistance to environmental stresses, they nevertheless are still affected by
these stresses. The F^xHS heifers had higher growth rates than the heifers of both parental breeds.
However, some of this heterosis' was lost on interbreeding with the result that the growth rates of
FnBxHS heifers were lower than those of the B heifers. The F,BxCh and F,BxH heifers had the
highest growth rates. These high gains are a reflection of the high genetic potential for growth
inherited from the European parent, combined with the high resistance to environmental stresses
inherited from the B parent. The lower weight gains of the F,BxHS heifers compared to the F,BxH
heifers suggested that selection within the HS line for increased resistance has been at the expense of
improvements in genetic potential for growth.
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TABLE I. LIVE WEIGHTS (MEANS ± SEM) OF BRAHMAN (B), EUROPEAN (CH, H, HS) AND
BRAHMAN X EUROPEAN HEIFERS IN A SUB-TROPICAL ENVIRONMENT__________

Live weight (kg)

Genotype n Age (months)

B

HS

F,BxHS

FJBxHS

F.BXH
F.BxCh

10

37

19

10

4

7

12

176 ±3

136 ±3

179 ±4

157 ± 8

199 ±6

204 ± 6

18

298 ±2

235 ± 5

310± 5

276 ±9

336 ± 12

352 ±7

24

321 ±4

262 ± 5

336 ± 5

301 ±9

363 ± 16

387 ±7

Ch, Charolais; B, Brahman; H, Hereford; HS, interbred Hereford-Shorthorn.

6. Age and weight at puberty in Brahman, European and Brahman X European heifers

The attainment of puberty by heifers was defined as the first occurrence of plasma
progesterone concentrations z 2ng/ml which was taken as indicative of active corpus luteum tissue.
This criterion was used to establish the relationships between age, live weight and puberty that are
summarised in Table II. The proportions of heifers of each genotype that had attained puberty by 28
months, at which time observations ceased because heifers entered mating programs, are also shown
in Table II. Profiles of plasma progesterone for individual heifers are shown in Figures 1 to 6. These
profiles allow a comparison of age-live weight relationships for individual heifers and also illustrate
the variability in this relationship that occurs, particularly across genotypes but also within genotypes.

The B, HS and FnBxHS heifers reached puberty at around the same age. However, the HS
were lighter than both the B and FJBxHS, whilst the latter were intermediate between the B and HS.

TABLE II. AGE AND LIVE WEIGHT (MEANS ± SEM) AT PUBERTY IN BRAHMAN (B),
EUROPEAN (CH, H, HS) AND BRAHMAN X EUROPEAN HEIFERS IN A SUB-TROPICAL
ENVIRONMENT

Genotype

B

HS

F,BxHS

FnBxHS

F tBxH

F^xCh

Proportion (%)

6/10

25/37

19/19

8/10

4/4

6/7

(60%)

(67%)

(100%)

(80%)

(100%)

(85%)

Puberty

Age (months)

23.7 ± 0.6t

23.7 ± 0.3

19.7 ±0.4

23.3 ± 0.5

21.1 ± 1.3

22.2 ± 0.4

Live weight (kg)

316 ±5!

271 ±4

299 ± 7

300 ±7

330 ±25

374 ± 12

Ch, Charolais; B, Brahman; H, Hereford; HS, interbred Hereford-Shorthorn.
f age and live weight of heifers that had reached puberty.
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Thus, at the same live weight the proportion of heifers cycling would be expected to be highest for
the HS and lowest for the B. In some years the HS have reached puberty at a younger age but similar
live weight, suggesting that in the present group of heifers environmental factors may have retarded
normal growth rate and hence puberty in the HS. It is also possible that selection in the HS for
resistance to sub-tropical stresses is genetically negatively correlated with age at puberty.

The FjBxHS heifers reached puberty at the youngest age but at a bodyweight that was
intermediate between those of the parent breeds. This suggested that under 'ideal' conditions where
the HS grow at their full potential, puberty in the F,BxHS would occur later relative to the HS. All
F,BXHS heifers reached puberty during the period of observation.

The F[BxH heifers also showed puberty at a younger age than the B and were heavier. The
F[BxCh heifers reached puberty at an intermediate age but at the highest live weight. This indicated
that F,BxCh heifers require a relatively high plane of nutrition if they are to achieve puberty at similar
ages to the F,BxHS.

It is again stressed that for the B, HS, FnßxHS and F,BxCh not all heifers had reached
puberty. Therefore, the mean ages and live weights at puberty for these genotypes will likely be
greater than indicated by the present data. However, the comparative elements of the data and general
conclusions are still valid.

7. Breeding strategies

The data presented in this article support the principle that cross-breeding can be used to
improve the growth and reproduction of cattle in stressful sub-tropical environments. Cross-breeding
exploits the phenomenon of heterosis by combining the resistance to environmental stresses of the
Zebu breed with the inherent potential for growth and reproduction of European breeds. The Fj
generation possesses the desirable attributes of both parental genotypes and over a range of
environments shows improved performance relative to the parental genotypes. Accordingly, the
earliest ages at puberty were shown by F^xHS and FjBxH heifers whilst the highest growth rates
were achieved by FjBxCh heifers. However, some heterosis is lost in subsequent (Fn) generations as
illustrated by the lower growth and reproductive characteristics of the FnBxHS heifers compared to
the F]BxHS heifers.

The loss of heterosis can be reduced by using a number of breeds with complementary
productive and adaptive characteristics. This allows reciprocal cross-breeding and the formation of
multi-breed synthetics which retain a high degree of hybrid vigour with inter-breeding.

Another possible approach is to use unrelated tropically-adapted breeds which have divergent
but equally desirable characteristics (eg Indian Zebu * African Zebu or African sanga). This may be
associated with reduced heterosis relative to Asian and African cattle crossed with European cattle, but
may still result in significant improvements in growth and/or reproduction if appropriate genotypes are
used. In addition to cross-breeding, there is also scope for improvement of indigenous and adapted
cattle through within-breed selection for desirable traits. However, genetic gains with this approach
usually occur over a longer period of time compared with the immediate and large gains that can occur
with cross-breeding.
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DIVERSITY OF POST-PARTUM OVARIAN ACTIVITY IN WHITE LUMPOON
CATTLE MONITORED BY PROGESTERONE RADIOIMMÜNOASSAY
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Abstract

DIVERSITY OF POST-PARTUM OVARIAN ACTIVITY IN WHITE LUMPOON CATTLE MONITORED BY
PROGESTERONE RADIOIMMÜNOASSAY.

White Lumpoon (WL) cows, a native cattle breed in northern Thailand, were used as experimental animals to: (1)
assess effects of parity, season, ambient temperature, body weight change (BWC) and body condition score (BCS) on post-
partum ovarian activity (POA); (2) reduce post-partum anoestrus interval by supplementation of trace minerals, Ca and P, and;
(3) compare rectal temperature between Holstein x Native crossbred and WL cows under heat stress conditions. Two groups
of WL cows were used. The first group were at Mae Hia Research Station and Training Centre, Chiang Mai University, and
comprised 62 primiparous and multiparous cows. The second group were in village farms, where 6 cows per group were
allocated to 3 treatments; control, trace minerals and trace minerals with additional Ca plus P supplementation. The cows in
both University and village farms were allowed to graze in natural pasture during the day and were kept in housing at night.
Milk and plasma progesterone, assayed by solid-phase radioimmunoassay (RIA), were used for monitoring ovarian activity. At
the University farm 48% of animals resumed POA by 40 days post-partum and 85% by 100 days post-partum. There were no
significant differences in the intervals to onset of POA due to parity numbers, but pregnancy rate of parities 1-2 vs 3-6 and 1-3
vs 4-6 were 13.3% vs 51.1% and 21.7% vs 53.8 % respectively (P <.05). The BCS was less in the hot-wet (2.9 ± 0.1) than
cool-dry (3.5 ± 0.1) and hot-dry (3.7 ± 0.1) seasons (P <.05). Rectal temperature of the WL and Holstein * Native cows at
08:30 h were 37.8 ± 0.07 and 38.0 ± 0.10°C, while at 15:30 h the values were 38.9 ± 0.08 and 38.7 ± 0.11 °C respectively,
with no statistical difference between genotypes of the cows. In village farms, supplementation of trace minerals and trace
mineral with additional Ca plus P tended to shorten days from calving to first mating. The study showed that the WL cows are
well adapted to their environment in northern Thailand.

1. INTRODUCTION

In 1988, the cattle population in Thailand was more than 5 million [1], with numbers
increasing slightly but steadily over the past decade. Northern Thailand possesses about 24% of the
total Bos indiens cattle, with White Lumpoon (WL) representing the typical indigenous breed [2],
Northern village farmers have selected superior animals from within this breed for many centuries.
Thus in comparison with other indigenous breeds, WL have an advantage in being acclimatized to the
hot climate and in maintaining higher fertility.

Environmental and nutritional stresses are significant conditions affecting post-partum
reproduction in cattle. Experimental evidence [3] indicates that excessive secretion of
adrenocorticotropic hormone, a response that could be induced by heat stress, suppresses luteinizing
hormone (LH) surge, ovulation and length of oestrus. In Angus and Hereford cattle, 25% of the cows
fed a high precalving energy level showed oestrus by 40 days after calving, compared to only 6% of
those fed a low energy diet (P <.05) [4]. In another study, post-partum days to ovulation were
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significantly and negatively correlated with the energy balance [5]. When energy intake in 2-year-old
Hereford heifers was restricted to 60% compared with 115% of the recommended requirement, the LH
surge in response to exogenous gonadotropin releasing hormone (GnRH) was lower in the restricted
group [6].

Another study classified Holstein cows according to the time required to begin normal ovarian
activity after calving. Animals were classed as early responders if they had corpora lutea (CL) within
40 days, late responders if a CL was present between 40 and 60 days or non-responders when
acyclicity persisted during the first 63 days post-partum. The early responding cows lost the least
weight and the acyclic cows lost the most weight [7]. In Thailand mineral supplementation improved
growth rate of northern highland cattle and conception rate in central region cows [8].

In northern Thailand, ambient temperature and humidity vary substantially depending upon
season of the year. For most livestock, the most desirable thermal environment is between 13 and 18°C
[9]. So ambient temperatures are outside of this range throughout the year, especially in the summer
season. In summer, more short oestrous cycles (<15 d) and long oestrous cycles (>30 d) were noted
[10]. In addition, high ambient temperatures caused reductions in peak progesterone concentrations
between 30-50 days post-partum [10]. By using serum progesterone concentration from day 2 through
13 post-oestrus for reflecting the function of the CL in Brahman cows, it was demonstrated that luteal
tissue was more active in winter than in summer [11].

The objectives of the present study were to: (1) assess effects of parity, season, temperature,
body weight changes and body condition on post-partum ovarian activity of WL cattle; (2) reduce the
interval from calving to start of ovarian cycles by supplementation of trace minerals, calcium, and
phosphorus and; (3) compare rectal temperature between crossbred dairy cattle and WL cattle under
conditions that might induce heat stress.

2. MATERIALS AND METHODS

2.1. Trial 1
This was conducted on cows at Mae Hia Research Station and Training Centre, Chiang Mai

University. The experimental group included 62 multiparous and primiparous cows with 17 cows
monitored during the hot-wet season (June-September), 33 cows during the cold-dry season
(October-February) and 12 cows during the hot-dry season (March-June). The cows were allowed to
graze freely year-round on natural pasture between 08:00-11:00 and 13:00-15:30 h. At night, the cows
were kept in loose houses and water was provided ad libitum. Bone meal and salt at a ratio of 2:1 was
fed once a week. In the hot-dry season when natural pasture was restricted, cows were provided with
rice straw supplementation. Animals were weighed at 30 and 60 days post-partum. Body condition
score was recorded [12] by comparison with photographs for scores ranging from 1-5. Parity and
calving dates were recorded.

2.2. Trial 2
This was conducted in the hot-dry season (April to May). Rectal temperature was recorded in

10 Holstein x Native crossbred and 10 WL cows at 08:30 and 15:30 h.

2.3. Trial 3
It involved cows from village farms in Chiang Mai and Lumpoon provinces. Eighteen WL

cows were selected and groups of 6 were allocated to 3 treatments as follows:
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(i) control,
(ii) trace mineral supplement, and
(iii) trace mineral supplement plus calcium (Ca) and phosphorus (P)

The composition of the supplements fed to groups (ii) and (iii) is shown in Table I.
The cows grazed in natural pasture near villages in day time and were kept in barns at night.

Meteorological data were also collected, especially dry and wet bulb temperature and percent relative
humidity (Multiple Cropping Centre, Chiang Mai University) for calculation of a heat stress index
called temperature humidity index (THI) from the formula:

THI = dry-bulb - (0.55-0.55 RH) (dry-bulb-58)
in °F, RH = (RH%)/100 [13]

TABLE I. INGREDIENTS AND CHEMICAL COMPOSITION OF MINERAL SUPPLEMENTS
(G/COW/DAY)

Ingredients:

Bone meal

Dicalcium phosphate

Sodium chloride

Zinc oxide

Sulphur

Copper sulphate

Ferrous sulphate

Manganese sulphate

Calcium carbonate

Total

Chemical composition :

Calcium

Phosphorous

Sodium

Chloride

Manganese

Zinc

Sulphur

Copper

Iron

Magnesium

Trace mineral (g)

0.08

0.00

11.90

0.24

5.86

0.21

1.38

0.93

4.34

24.94

1.67

0.01

4.69

7.22

0.23

0.18

5.86

0.05

0.29

0.00

Trace mineral + Ca + P (g)

96.76

3.72

10.77

0.18

5.86

0.21

0.82

0.93

0.00

119.25

23.97

12.30

4.69

6.53

0.23

0.18

5.86

0.05

0.29

0.64
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Milk samples were collected twice weekly for analysis of progesterone by solid-phase
radioimmunoassay (RIA) [14,15] using RIA kits supplied by the International Atomic Energy Agency.

Statistical analysis was performed using least-squares analysis of variance with unequal
subclass numbers [16]. Linear regressions among parameters were also computed [17]. Pregnancy rates
among treatments were analyzed by chi-square method [18].

3. RESULTS AND DISCUSSION

3.1. Trial 1
Post-partum ovarian activity (POA) of the WL cows showed diverse patterns from acyclic to

early and late resumption of activity. In those resuming activity, 48.4% did so by day 40 and 85.5%
before day 100 post-partum (Fig. 1). This was later than reported in Holstein Friesian, Dutch Friesian
and Meuse-Rhine-Yssel where ovarian activity commenced in 88% of the animals within 30 d after
parturition, and in Holstein x Native crossbreeds, where 75 % had activity by day 40 [19]. A reason
for the delayed activity in WL could be due to reduced availability of feeds. The WL cows grazed
only on natural pasture with little or no supplement, so nutrient intake was lower than would be
customary for animals reared under confinement or on cultivated pasture. Moreover, in the hot-wet
season, when continuous heavy rain occurred, the cows were confined in loose houses and the grazing
time was restricted causing nutritional insufficiency. These results are similar to those described in
multiparous Holstein cows which consumed 18.8, 17.7 and 15.2 kg dry matter/d, and showed corpus
luteum activity within 40 d, 40-60 d and later respectively [7]. One possible mechanism is the
diminished secretion of luteinizing hormone (LH) due to under-nutrition. Evidence in sheep showed
that inadequately nourished ewes had lesser pituitary concentration of LH compared with those more
adequately nourished [20].

100
Oc

CD
•o
CD
3
CDa»

CQ
CD

CD

CM
CO CM

Days postpartum

FIG. 1. Numbers and cumulative percentages of White Lumpoon cows commencing ovarian activity
at different stages during the post-partum period.
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The mean interval to POA, assessed from plasma or milk progesterone, was 56.3 ± 4.5 d
(Table II) which is longer than reported in Hereford, Angus and Hereford x Brown Swiss (37.5 ± 11.2
d) [5,21]. The progesterone profiles showed that some of the WL cows in this study had irregular
oestrous cycles.

There was no significant effect of parity on the onset of POA (Table II). These results are in
contrast to data from Holstein cows where interval from parturition to first ovulation in primiparous
and pluriparous cows were 16.3 and 18.7 d respectively (P <.01) [22]. However, pregnancy rate of
parities 1-2 vs 3-6 and 1-3 vs 4-6 were significantly different (P <.05), which is different from those
reported in crossbred dairy cows throughout Thailand, where for parity numbers 1 to 6 the pregnancy
rates were 51.1%, 47.8%, 50%, 51.3%, 48.5% and 52.3% respectively [23].

The commencement of POA in the cold-dry season (67.7 ± 4.9 d) was later (P <.05) than in
the hot-wet (37.8 ± 7.8) and the hot-dry (37.4 ± 4.5) season. The body condition score was
significantly different between hot-wet and cool-dry seasons (2.96 ± 0.12 vs 3.51 ± 0.07, P <.05), and
between the hot-wet and hot-dry seasons (2.96 ± 0.12 vs 3.73 ± 0.12, P <.05). The same pattern was
found in crossbred dairy cows in Thailand [23], and in Holstein cows, where lower body condition
score was recorded in August-November (2.9) compared to December- March (3.0) or April-July (3.0)
(P <.05) [12]. The body condition score was also positively related to pregnancy rate, with 5.9%,
66.7% and 25% conception rates in hot-wet, cool-dry and hot-dry seasons respectively. This is
comparable to a study on cows, where loss of body condition score of <0.5, 0.5-1.0 and >1.0 units
resulted in conception rates of 65%, 53% and 17% respectively [24].

TABLE II. EFFECT OF PARITY ON COMMENCEMENT OF POST-PARTUM OVARIAN
ACTIVITY AND PREGNANCY RATE OF WL CATTLE DETECTED BY PROGESTERONE
RADIOIMMUNOASSAY__________________________________________

Parity Number of cows Commencement of post-partum Pregnancy rate (%)
ovarian activity (d)

1
2

3

4

5

6

Mean

7

8

8

19

16

4

70.4 ± 14.1

50.6 ± 15.9

46.0 ± 6.8

53.2 ± 8.8

50.2 ± 8.0

57.8 ± 8.5

56.3 ± 4.5

14.3

12.5

37.5

57.9

56.3

25.0

41.9

Duration from calving to pregnancy (DCP) was significantly different (P <.05) among seasons
(Table III.) No correlation was apparent between body weight change occurring from 30 to 60 d post-
partum and the interval to beginning of POA. This suggests that body condition score was a more
reliable index of the status of WL cows than body weight change. However, in Holstein and Angus
cows with body weight changes from calving to 120 d of 118, 98, 60, 35 and -28 kg, the conception
rates were 90%, 83%, 73%, 71% and 64 % respectively [4].
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TABLE III. EFFECTS OF SEASON ON POST-PARTUM OVARIAN ACTIVITY, BODY WEIGHT
CHANGE, PREGNANCY RATE AND DURATION FROM CALVING TO PREGNANCY IN WL
CATTLE

Season

Item

Post-partum ovarian activity
(d)

Body condition score

Body weight change between
30 and 60 days post-partum
(kg)
Pregnancy rate (%)

Duration from calving to
pregnancy (d)

Hot-Wet

37.8 ± 7.8bc

(17)

2.9 ±0.1"
(13)

-0.23 ± 2.9a

(13)

5.9b

(17)

285C

(1)

Cool-Dry

67.7 ± 4.9a

(32)

3.5 ± O.la

(28)

-5.13 ±5.31"
(23)

66.7a

(33)

144.5 ± 6.9b

(22)

Hot-Dry

37.4 ± 4.5°
(12)

3.7± O.r
(6)

-6.80 ± 5.96a

(5)

25"
(12)

69.3 ± 15.2a

(3)

Average

47.6 ± 4.3

3.4 ±0.1

-4.05 ± 3.45

41.9

166.3 ± 6.9

abc Mean ± standard error within each row with no common superscripts are significantly different (P <.01).
Numbers of cows are given in parentheses.

3.2. Trial 2
There was a significantly linear regression of the body condition score (P <.05) on the

temperature humidity index (THI) (Table IV). There was no significant difference between rectal
temperature of the WL and the Holstein x Native dairy cows at 08:30 or 15:30 h. WL cows had a
highly positive correlation between THI and rectal temperature at 15:30 h (r2 = 0.33, P <.01). The
relationship did not exist in the crossbred dairy cows. The relationships between THI and BCS on
rectal temperature are difficult to interpret and appear to be conflicting. Further studies are required
to fully assess these relationships.

3.3. Trial 3
The interval from calving to first mating were 72 ± 11 days in control group, 67.8 ± 10 days

in trace mineral supplemented group and 68.5 ± 6 days in the group with trace mineral and additional
Ca and P supplementation (P >.05). The body condition scores in these animals were 3.8 ± 0.4, 4.0
± 0.1 and 4.2 ± 0.4 respectively. Supplementation tended to decrease days from calving to first mating.
This was in agreement with results in central Thailand [8].

TABLE IV. RELATIONSHIPS BETWEEN TEMPERATURE HUMIDITY INDEX (THI) AND
BODY CONDITION SCORE, BODY WEIGHT CHANGE, AND POSTPARTUM OVARIAN
ACTIVITY OF WL CATTLE

Relationship Linear regression equation r2

THI (X) and post-partum ovarian activity (Y)

THI (X) and body condition score (Y)

THI (X) and body weight change (Y)

Y= 131.773 - 1.0625X

Y = 0.23 + 0.0423X

Y = 10.22 - 0.19X

0.01

0.33*

0.00

P <.05.
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4. CONCLUSIONS

WL cattle showed a diversity of patterns in the onset of POA. Parity was one factor
influencing pregnancy rate. Parities 1-2 had significantly (P <.05) lower pregnancy rates than parities
3-6. No conclusions could be made from the results on body temperature and THI. The relationships
between THI and cow performance are not clear and require further investigation. In village farms,
supplementation of WL cows with trace minerals or trace minerals with additional Ca and P tended
to shorten days from calving to first mating. The reproductive performance of WL cows in this study
suggests that they are well adapted to their environment in northern Thailand.
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Abstract

APPLICATION OF PROGESTERONE MEASUREMENT FOR FERTILITY CONTROL IN KOREAN NATIVE CATTLE.
Studies were conducted in Korean native cattle (Bos taunts coreanae) to determine the age and bodyweight at puberty,

and to determine the post-partum anoestrus intervals based on plasma progesterone profiles, rectal palpation and oestrus
observation. Korean native cattle reached puberty at 11.3 months of age and at 188 kg bodyweight as determined by
progesterone profiles, but oestrus was not detected until 3 months later, at a bodyweight of 215 kg. Prolonged post-partum
anoestrus occurred in 40% of small holder's cows, where animals were tethered and fed hay and rice straw, whereas its incidence
was only 7% in a well managed herd that was grazed and housed. Plasma progesterone profiles were used to monitor ovarian
activity post-partum in standard fed cows (n = 44) and restricted fed cows (n = 20). In standard fed cows 81.8% showed luteal
activity by 50 days post-partum, compared to 55% in restricted fed cows. Approximately 40% of cows in both groups had
shown observable oestrus by this time. This study indicates that one or more ovulations occurred before pubertal heifers and
post-partum cows showed overt oestrous behaviour. It is concluded that improved management and feeding practices should
result in improved reproductive performance.

1. INTRODUCTION

The population of Korean native cattle (Bos taurus coreanae) has decreased from 2.6 million
in 1985 to 1.7 million in 1991, due largely to a decrease in the total number of households raising beef
from a peak of 1.35 million in 1985 to 0.7 million in 1988. Korean native cattle have traditionally
been an important livestock resource in Korea not only for meat production but also for draught
power. However, there is an increasing use of mechanical tillers and the traditional farming system
is changing rapidly, with fewer smallholders and more large farmers. Korean native cattle are mainly
used for beef production at this time, but low production efficiency means that intercalving interval
is more than 365 days.

While analysis of breeding records suggest that age at puberty in Korean native cattle is about
24 months [1], investigators report that puberty is attained between 14 to 36 months [2-5]. Poor
oestrus detection is probably the most important reason for delayed breeding [4], resulting in an
extended calving interval [1, 4-6].

There are great variations among individual cows in the age at which heat signs first occur,
depending on the level of nutritional intake. Chung et al. [3, 7] reported that the first oestrus in
heifers fed with a nutritious diet occurred at 14.6 months, when bodyweight was 265 kg whereas those
fed a restricted ration showed first oestrus at 23 months at a bodyweight of 250 kg.

A better understanding of physiological mechanisms controlling reproduction in Korean native
cows is required before improvements in reproductive efficiency can be achieved. The purpose of this
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study was to determine the age at puberty, and the relationships between plasma progesterone profiles
and post-partum anoestrus in this breed.

2. MATERIALS AND METHODS

2.1. Study on age and bodyweight at puberty

2.1.1. Animals
Thirteen heifers from a well-managed herd were used. Animals were fed corn silage and hay

in a balanced ration (NRC standard). Analysis of feeds supplied to the animals at different stages of
growth are presented in Table I.

TABLE I. ANALYSIS OF FEEDS SUPPLIED TO THE HEIFERS AT DIFFERENT STAGES OF
GROWTH

Bodyweight (kg)

DM

TCP

TON

<100

2.70

0.16

0.72

101 - 150

4.11

0.48

2.81

151 -200

5.56

0.62

3.70

201 - 250

6.16

0.68

4.11

251 - 300

7.11

0.76

4.64

2.1.2. Blood sampling regime
Blood samples were collected from the jugular vein into heparinized containers twice a week

from 8 to 24 months of age. The blood was centrifuged at 3000 rpm and the plasma decanted and
stored at -20°C until plasma progesterone determination using the IAEA progesterone
radioimmunoassay (RIA) kit. Plasma progesterone levels above 1.0 ng/ml were considered as being
indicative of luteal activity.

2.1.3. Rectal palpation, oestrus observation and bodyweight
The ovaries and uterus were examined by rectal palpation weekly from 8 to 24 months of age.

All heifers were observed for oestrus by experienced herdsmen twice a day (08:00 and 18:00) and
weighed weekly from 8 to 24 months of age.

2.2. Study on post-partum anoestrus

2.2.1. Animals
Standard fed cows (Group 1): 44 suckled cows from a well-managed herd were used in this

study. They were fed corn silage and hay in a balanced ration (NRC standard). Animals were 3 to
9 years of age (Mean = 5.4) and in their first to seventh parity (Mean = 3.5). The analysis of feeds
supplied to the animals at pre- and post-partum periods are given in Table II.

Restricted fed cows (Group 2): 20 suckled cows from smallholders were used in this study.
They were fed hay and rice straw but not a balanced ration. Animals were 3 to 11 years of age (Mean
= 5.5) and in their first to sixth parity (Mean = 2.9).
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TABLE II. ANALYSIS OF FEEDS SUPPLIED TO THE PRE- AND POST-PARTUM COWS

Prepartum* (range) Post-partum (range)

DM

TCP

TDN

8.54
(7.09- 11.06)

1.03
(0.66- 1.46)

4.82
(3.73 - 7.02)

10.93
(9.83 - 11.67)

1.38
(0.93 - 1.65)

6.36
(5.81 - 6.89)

* for 3 months prepartum.

2.2.2. Blood sampling regime
Blood samples were collected via jugular vein into heparinized containers, at 3 day intervals

from 15 to 80 days post-partum. The blood was centrifuged at 3000 rpm and the plasma decanted and
stored at -20°C until analysed for plasma progesterone using the IAEA kit. Plasma progesterone levels
above 1.0 ng/ml were considered to be indicative of luteal activity.

2.2.3. Rectal palpation and oestrus observation
The ovaries and uterus were examined by rectal palpation at 6 day intervals from 15 to 80

days post-partum. Follicles and corpora lutea were classified as '"small", "large", or "cystic" according
to their estimated diameters of < 15 mm, 15 to 25 mm or > 25 mm, respectively. All cows were
observed for oestrus by experienced herdsmen twice a day (08:00 and 18:00).

3. RESULTS

3.1. Study on age and bodyweight at puberty
Based on progesterone profiles, mean ( ± SD) age and bodyweight at puberty of Korean native

cattle were 11.3 ± 0.5 months and 188.5 ± 15.6 kg, respectively, compared with 14.2 ± 0.7 months
and 215.4 ± 18.2 kg as determined by oestrus observation.

Representative progesterone profiles illustrating commencement of ovarian activity in Korean
native heifers are presented in Figure 1.

3.2. Study on post-partum anoestrus
Based on progesterone profiles, 81.8% of standard fed cows showed luteal activity by 50 days

post-partum, compared to 55% of restricted fed cows. Approximately 40% of cows of both groups
had shown observable oestrus by this time (Table III).

Representative plasma progesterone profiles of post-partum cows are presented in Figure 2.
Four categories of profile were observed. Profile 1 is representative of cows with a normal post-
partum anoestrus interval (45 days), while Profiles 2 and 3 represent those found in cows with more
prolonged periods of post-partum anoestrus (55 days and 80 days, respectively). The cow represented
by Profile 4 may have had a corpus luteum from its first ovulation which failed to regress, or a
luteinized follicle. This cow was not pregnant.
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Prolonged post-partum anoestrus occurred in 40% of small holder's cows, where animals were
tethered and fed hay and rice straw, whereas its incidence was only 7% in the well managed herd that
was grazed and housed.

4. DISCUSSION

4.1. Study on age and weight at puberty
The attainment of puberty depends largely on body weight [8]. In well-nourished buffaloes

the first signs of oestrus occur at 15 - 18 months of age and 198 kg bodyweight, although in field
conditions puberty has been reported to occur at 24 - 36 months [9].
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FIG. 1. Progesterone profiles in plasma of two native Korean heifers during the peri-pubertal period.
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TABLE III. PERCENTAGES OF NATIVE KOREAN CATTLE ON TWO NUTRITIONAL
REGIMES SHOWING OVARIAN ACTIVITY AT VARIOUS TIMES POST-PARTUM, AS
DETERMINED BY PROGESTERONE PROFILES AND RECTAL PALPATION OR BY OESTRUS
OBSERVATION

% showing ovarian activity

<; 20

21 -30

31 -40

41 - 50

51 - 60

61 -70

71 - 80

^ 81

Total (%)
(Number of
animals)

Progesterone

Group 1*

11.4

34.1

29.5

6.8

11.4

0

0

6.8

100.0
(44)

profiles

Group 2"

0

20.0

20.0

15.0

5.0

0

0

40.0

100.0
(20)

Oestrus

Group 1*

0

18.2

15.9

9.1

13.6

9.1

9.1

25.0

100.0
(44)

observation

Group 2"

0

15.0

15.0

10.0

10.0

15.0

0

35.0

100.0
(20)

* Group 1 : Standard fed cows.
** Group 2: Restricted fed cows.

CD

0)

I
G

Profile 1

Profile 2

15 24 33 42 51 60
Days after calving

69 78

FIG. 2. Representative plasma progesterone prof lies illustrating different types of post-partum ovarian
activity seen in Korean native cattle.
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In Bos taunts cows, puberty is attained at about 7 - 1 2 months of age and 250 - 300 kg
bodyweight. As first service is usually delayed until about 15 months of age, first calving occurs at
24-36 months [10]. In Bos indicus cattle, puberty generally occurs later and at a higher percentage
of adult body weight. Oyedipe et cd. [11] reduced the age of puberty by improved protein feeding.

In Korean native cows, Rhee [2] reported that age at first oestrus varied from 12 to 36 months;
Chung et cd. [3] reported that in heifers kept under similar conditions to those in this study it was 14.6
months when bodyweight was 265 kg, while age at first calving was 28.9 months at 436 kg
bodyweight. However, when heifers were fed a restricted diet, first oestrus occurred at 23.0 months
and a bodyweight of 250 kg, while age at first calving was 38.9 months. In this study, mean age at
puberty of native Korean heifers (11.3 months) when determined by progesterone profiles was less
than that reported by Chung et cd. [3], and occurred at a lower bodyweight (188 kg). However, when
observed oestrus was the criterion used, age at puberty (14 months) was similar to that observed by
Chung et cd. [3] although the bodyweight at which first oestrus was observed (215 kg) was less.

In addition, this study indicates that one or more ovulations had occurred before oestrus was
observed. This finding may reflect inadequacies in the intensity and timing of oestrus detection, or
that these ovulations were associated with weak or short-lived oestrous signs.

4.2. Study on post-partum anoestrus
Calving interval is perhaps the major parameter used to assess bovine reproductive efficiency,

while individual cows in both dairy and beef herds undergo calving intervals in excess of the average
economic optimum of 365 days [12]. The post-partum acyclic period is of variable length and is
affected by various factors, particularly nutritional status, season, suckling and milk yield [13]. Milked
dairy cows have been reported to resume ovarian cycles, as determined by milk progesterone
measurement, after 24.0 ± 0.6 (SEM) days post-partum [14], whilst the figure for suckling beef cows
was 56.9 ± 2.5 days [15].

In this study, more standard fed cows (82%) showed elevation of progesterone indicating an
ovulation by 50 days post-partum than did restricted fed cows (55%). However, there were no
differences in the proportions of cows observed in oestrus at this time. Since observations for oestrus
were carried out by experienced herdsmen, our results suggest that a high proportion of ovulations
occurring during the early post-partum period were associated with little or no oestrus behaviour, or
with short duration of oestrus.

The results of this study indicate that post-partum ovarian activity was reestablished later in
Korean native cows than in dairy cows, and that the first ovulation post-partum occurred earlier in
standard fed cows than in restricted fed cows. Further, these results indicate that plasma progesterone
profiles assessed by RIA can be utilized for monitoring post-partum ovarian activity and may be
helpful for the early detection of ovarian dysfunction. It is concluded that improved management and
feeding practices should result in improved reproductive performance.
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Abstract

STUDY ON THE EFFECTS OF SEASON AND GENOTYPES ON THE REPRODUCTIVE PERFORMANCE IN
CROSSBRED CATTLE.

This study was aimed at determining the reproductive performance of various genotypes of crossbred cattle during
two seasons (dry and rainy seasons) under smallholder and state farm conditions. The comparison of the fertility indices
observed in various crossbred groups showed that oestrus and conception frequencies were higher in the rainy season than in
the dry season. The percentages of cows showing oestrus and elevated plasma progesterone level during the post-partum period
were lower in the dry season than in the rainy season. The fertility indices were significantly different in crossbred groups
(P <0.05), with those in 3/4 Holstein Friesian (HF) crossbred cows being better than those in 1/2 and 7/8 HF crossbred cows.
The milk yield of crossbred cattle was positively correlated with the percentage of HF blood in crosses. The milk production
in the rainy season was higher than that in the dry season. The lower daily crude protein intake in the dry season depressed milk
yield. There was no correlation between daily dry matter intake and milk yield in both seasons. The fertility indices and milk
yield of crossbred cows which were raised under smallholder farm conditions were higher than those in animals raised under
state farm conditions. The results of this study show that 3/4 HF crossbreds performed better than 1/2 or 7/8 HF crosses and
that seasons affected performance.

1. INTRODUCTION

The cattle population of Vietnam is 3.2 million heads [1]. They are mainly raised for draft
power and as a source of meat production. The adult body weight of the local breed is 160-200 kg and
milk yield is 300-400 litres per lactation [2].

Previous studies in Vietnam [3] have shown that the crossbred between the Holstein Friesian
(HF) breed and the local breed reached an average milk yield of 1800 kg/lactation with 3.8 - 4.8% of
fat. The crossbreds with 3/4 and 5/8 of HF blood have a higher milk yield in northern rural condition.
The fertility indices of 1/2 HF crossbred were better than those in the local breed [4].

In Malaysia [5] it has been shown that the average milk yield/lactation of Local Indian Dairy
(LID), LID X Friesian crossbred and Sahiwal X Friesian crossbred were 508 kg, 1531 kg and 1445 kg
respectively. The incidence of infertility by breed in LID, LID crossbred, Sahiwal X Friesian crossbred
was 12.9, 15.9 and 19.3%, respectively. The heterosis estimates were 28% for milk yield and 8% for
first calving age. Milk yield dropped by 13% in the F2 generation. However, where the environment
was better, the drop from Fl to F2 in the performance was smaller in magnitude and milk yield did
not decline with higher levels of Bos taurus inheritance [6].

At present, a national programme is being undertaken in Vietnam to upgrade the milk
production of indigenous cattle by crossing with HF [7]. Therefore the reproductive performance of
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different crosses between indigenous and exotic cattle need to be studied under climatic and
managerial conditions of South Vietnam.

The aim of this study was to determine the reproductive performance of various genotypes of
crossbred cattle in two seasons (dry and rainy season) under smallholder and state farm conditions.
The specific objectives were to define the effects of season and genotypes on oestrus and reproductive
performance and to define the causes of lowered fertility during the dry season.

2. MATERIALS AND METHODS

2.1. Experiment 1: Determination of milk progesterone profiles and oestrus frequencies in post-
partum cows of different genotypes during the dry and rainy seasons.

2.7.7. Animals
Two groups of 26 cows each that calved during the rainy season (June, July and August) and

the dry season (Dec, Jan and Feb) were included in this study. In each group there were 16 of 1/2 HF
and 10 of 3/4 HF crossbred cows.

2.1.2. Sampling and assay procedure
Morning milk samples were collected from the above groups at 5 day intervals from calving

until 150 days post-partum. Samples of whole milk (20 ml) were collected in bottles containing 8 mg
sodium azide and were brought to the laboratory and centrifuged at 3000 RPM for 15 min. After
removal of the cream layer by aspiration, the fat free fractions were stored at -20°C until assayed. A
solid phase radioimmunoassay method using I25I labelled progesterone as a tracer (FAO/IAEA
progesterone RIA kits) was used for measuring the progesterone concentrations in fat-free milk. The
bound 125I progesterone was counted using a single well manual gamma counter (Mini Assay, type
620; Mini Instruments, United Kingdom).

2.7.3. Observations
Cows were observed for heat daily in the morning. Inseminations were carried out by the

technicians and inseminators in the farm. Post-partum ovarian cyclicity was monitored by using milk
progesterone profiles for each cow. A level of 3 ng/ml or above of progesterone in skim milk was
taken as evidence of luteal activity.

2.1.4. Climate data
Data on rainfall, temperature and daily temperature variations during each month were obtained

from the local weather station for the years 1989, 1990 and 1991. The rainy season is from June to
November and the dry season is from December to May.

2.2. Experiment 2: Monitoring reproductive parameters of different genotypes

2.2.7. Animals and observations
Oestrus and conception were recorded monthly in a herd of 320 lactating cows in An Phuoc

State Farm during 1990 and 1991. The calving to oestrus interval, calving to conception interval and
calving interval were obtained for 30 cows for each of the groups: 1/2, 3/4 and 7/8 HF.
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2.3. Experiment 3: Factors affecting fertility and milk yield in smallholder and State farms

2.3.1. Managerial factors
Sixty cows in An Phuoc State Farm and 86 cows in smallholder farms were included in this

experiment. The age at first calving, calving to oestrus interval, calving to conception interval and
services per conception were calculated for each group of cows.

2.3.2. Nutritional factors
The daily intake of crude protein and dry matter of 45 dairy cows in Tan Thang State Farm

were recorded every month. The correlation between milk yield and the daily intake of crude protein
and dry matter was also determined.

3. RESULTS

3.1. Effects of season on the oestrus and conception frequencies in dairy cows
Figure 1 shows the pattern of ambient temperature and rainfall for 1990 and 1991. The average

temperature remained stable throughout the year with a minimum in December (24°C) and maximum
in April (28°C). However, the daily temperature variation was different in the two seasons. The
temperature variation was high in the dry season, being 14.5°C (Nov) to 15.5°C (Feb), and low in the
rainy season 10.3°C (Jun) to 9.2°C (Aug). The rainfall was < 100 mm/month during November to
April (the dry season) and > 250mm/month in June to October (the rainy season).

350

A S O N D J F M A M

-HB- Average temp. Daily T. variations -*- Rainfall

FIG. L Monthly average rainfall, temperature and daily temperature variation (1990-199!).
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Figure 2 shows the monthly frequencies of oestrus and conception. The higher monthly rainfall
and lower daily temperature variation in the rainy season had a positive effect on oestrus and
conception frequencies. These frequencies were higher at the end of the rainy season and at the
beginning of the dry season than at other times of the year.

The decrease in rainfall from October to November, higher daily temperature variations (14-
15°C) and no rain in December, January and February (Figure 2), resulted in a decrease in the
frequencies of the oestrus and conception in the subsequent months. The oestrus frequency decreased
from November to March. At the end of the dry season (May), the oestrus and conception frequencies
were lowest, being 4% and 5.5% respectively .

3.2. Effects of season on post-partum ovarian cyclicity
Figure 3 shows the effects of season on the incidence of oestrus and luteal levels of milk in

progesterone post-partum cows. The percentages of cows showing oestrus and luteal levels of
progesterone at 30 and 60 days post-partum were higher during the rainy season (P <0.05) than during
the dry season. However beyond 90 days post-partum, the differences were not significant. By the
120th day post-partum, percentages of oestrous cows in rainy and dry season were 92% and 96% ,
respectively.

3.3. Effects of genotypes on post-partum ovarian cyclicity
Figure 4 shows that the percentage of crossbred cows detected in oestrus and incidence of

ovarian cyclicity were higher in 3/4 HF crosses than 1/2 HF crossbred by the 120th day post-partum.
The calving to oestrus and conception intervals were shorter in 3/4 HF crossbred than in 1/2 HF

14

12

10
in
oo
t: 8o>tj
0)
Q.

J J A S O N D J F M A M
Months

-nu- Estrus -*- Conception

FIG. 2. Monthly frequencies of oestrus and conception in deary cows (1990-1991).
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FIG. 3. Percentage of cows showing oestrus and progesterone elevation during the post-partum period
in rainy and dry seasons.
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Days post-partum
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<——— 1/2 HF crossbred ——-><——-- 3/4 HF crossbred ———>

FIG. 4. Percentages of 50% and 75% HF crossbred cows showing oestrus and progesterone elevations
at different stages during the post-partum period.
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crossbred (Table I). Post-partum oestrus and conception interval in 3/4 HF crossbreds were 63 days
and 83 days respectively, compared with 81 days and 111 days respectively in 1/2 HF crossbred.

Based on the fertility indices the best genotype was the 3/4 HF crossbred, followed by the 1/2
HF crossbred, while the 7/8 HF crossbred was the poorest. This indicates that too high a level of HF
blood in crossbred cows can have adverse effects on their reproductive performance.

TABLE I. COMPARISON OF FERTILITY INDICES OF THREE GENOTYPES OF CROSSBRED
CATTLE

Fertility indices

Number of cows

Calving to oestrus interval (days)

Calving to conception interval (days)

Calving interval (days)

* 1/2 HF = 50%, 3/4 HF = 75% and 7/8 HF = 87.

1/2 HF

Mean ± SD

30

81 ±35

1 1 1 ± 66

402 ± 90

.5% of Holstein Friesian blood.

Genotypes*

3/4 HF

Mean ± SD

30

63 ± 33

83 ±35

391 ± 72

7/8 HF

Mean ± SD

30

74 ±46

144 ± 46

423 ± 85

3.4. Effects of genotypes on milk yield
Table II shows the milk yield of the three genotypes. In the first lactation milk yield was

higher in 3/4 HF crossbred than that in 1/2 HF crossbred (P <0.05). In the second lactation milk yield
was higher in 7/8 and 3/4 HF crossbred than in 1/2 HF crossbred (P <0.05). The 7/8 HF had the
highest milk yield in the third lactation whereas in 3/4 HF this was reached in the fifth lactation. This
indicated that the milk yield was higher in crossbreds with higher percentage of HF blood.

TABLE II. MILK PRODUCTION (LITERS/LACTATION) IN THREE GENOTYPES OF
CROSSBRED COWS

Genotypes
Lactation

1st
2nd
3rd
4th
5th
Mean (1st 3 lact.)

n
30
30
30
30
20
90

1/2 HF
Mean
1681
2328
2559
2668
2886
2189

±
±
±
±
±
±
±

SD
561
716
745
912
824
674

n
30
15
8
6
4
53

3/4 HF
Mean
2166
2590
2581
2768
3152
2445

±
±
±
±
±
±
±

SD
587
486
336
663
413
469

n
15
9
4
-
-
28

7/8 HF
Mean ±
2195 ±
2530 ±
3046 ±

-
-

2567 ±

SD
720
857
630
-
-
754

3.5. Effects of nutrition and management on milk yield in crossbred cows
Figure 5 shows that the daily crude protein intake was positively correlated to the milk yield

but there was no correlation between daily dry matter intake and milk yield in different months.
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FIG.5. Daily average intake of crude protein and dry matter, and daily milk yield of dairy cows on
a state farm.

Daily crude protein intake was highest in May (beginning of the rainy season), June and July
(2.2, 2.2 and 2.1 kg/cow/day) and daily dry matter intake was also highest at this time (12.6, 12.3 and
8.9 kg/cow/day). As a result, the milk yield was higher than that in other months (4.7, 5.3 and 6.1
litres/cow/day, respectively). This increase in milk yield continued until August although the daily
crude protein intake had decreased to 1.4 kg/cow/day.

In January and February (dry season), daily dry matter intake was high but daily crude protein
intake was low (0.9 kg/cow/day), resulting in a decreased milk yield of 3.9-3.7 litres/cow/day. The
lowest milk yield was recorded in these two months. Fertility indices and milk yield were higher in
cattle belonging to smallholders than those in cattle on state farms (Table III).

In crossbred cattle, calving to oestrus and calving to conception intervals were shorter among
those belonging to smallholders than in those on state farms (56 days and 106 days compared with
73 days and 121 days, respectively). Thus mean calving interval on smallholder farms was shorter (372
days) than that in state farms (405 days).

Milk yield in crossbreds was 2825 litres/lactation (287 days; 10 I/cow/day) under smallholder
conditions compared with 2400 litres/lactation (305 days; 8 I/cow/day) under state farm conditions.
This suggests that managerial and feeding conditions in smallholder farms were better than those in
state farms.
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TABLE III. COMPARISON OF FERTILITY INDICES OF DAIRY COWS BELONGING TO
STATE FARMS AND SMALLHOLDERS

Fertility indices

Age at 1st calving(months)

Calving to oestrus interval (days)

Calving to conception interval (days)

Calving interval (days)

Services/conception

Milk yield (litres/lactation)

Lactation period (days)

n

50

60

60

60

60

60

60

State farms

Mean ± SD

28.9 ± 5.1

72.7 ± 18.9

121.3 ±23.4

405.4 ± 38.7

1.9 ± 0.5

2400 ± 97

305

Smallholders

n

110

a 86

b 86

a 80

86

a 70

70

Mean ± SD

27.0 ± 6.2

56.3 ± 10.4

106.4 ±21.3

372.2 ± 23.1

1.73 ± 0.4

2825 ± 89

287

a:P<0.05; b:P<0.01.

4. DISCUSSION

The results of this study showed that fertility indices were higher in the rainy season than in
the dry season. In the rainy season, cooler temperatures and abundance of fresh grass had a beneficial
affect on oestrus and conception rates. These rates were often higher at the end of the rainy season
and at the beginning of the dry season, leading to high calving rates in the subsequent rainy season
and shorter calving to conception intervals. In tropical countries heat stress may be a major obstacle
for the crossbreds with a high percentage of exotic blood from imported Bos taunts breeds. In
Indonesia [8], factors such as management, nutrition, climatic factors and non-adaptation of imported
Bos taurus cows had adversely affected reproductive performances.

The 1/2 HF and 3/4 HF crossbreds had higher fertility than 7/8 HF crosses. The 7/8 HF
crosses were not able to adapt to the hot environment, particularly when the environmental temperature
increased beyond 30°C; their respiratory rates increased and their food intake was low. Therefore, the
farmers did not like to keep them in their farms.

The higher daily temperature variations during the dry season (above 15°C), with lower daily
dry matter and crude protein intake, lowered conception rate and the percentage of cycling cows.
Therefore, calving to conception interval in the dry season was longer than that in the rainy season.

The fertility indices in cows which were raised by smallholders were higher than in state
farms, probably due to better nutrition from fresh grasses and by-products of agro-industrial factories.
A previous study in Malaysia showed that the difference in the calving to conception and calving to
oestrus intervals between crossbred cows which were raised in the institutional farms and smallholder
farms could be due to management [9]. It also showed that an important managerial factor that
influences the fertility of the cow is oestrus detection by the inseminators in State Farms [8].
Therefore, it is necessary to improve the efficiency of oestrus confirmation by rectal palpation by
inseminators in Vietnamese state farms.

The milk yield of crossbred groups was positively correlated to the percentage of HF blood
in crosses. In the rainy season, the milk yield was higher than that in the dry season. The better
managerial conditions in smallholder farms resulted in higher milk yield than in the state farms.
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IN ANIMAL REPRODUCTION RESEARCH

M.R. JAINUDEEN
Department of Veterinary Clinical Studies,
Universiti Pertanian Malaysia,
Serdang,
Selangor, Malaysia

Abstract

LAPAROSCOPY AND ULTRASONOGRAPHY IN ANIMAL REPRODUCTION RESEARCH.
This paper reviews the applications of laparoscopy and ultrasonography in the Animal Reproduction Laboratory at

the Universiti Pertanian Malaysia during the past decade. Laparoscopy was used for the study of ovarian function in cattle and
buffalo, the determination of ovulation rates in sheep and goat and intrauterine insemination of sheep. More recently
ultrasonography has proved a valuable diagnostic tool for pregnancy diagnosis in cattle, buffalo, sheep and goats and for
monitoring and assessing the superovulatory response to gonadotropins in bovine embryo transfer programmes. The cost of
equipment is no more than the cost of the basic equipment in a radioimmunoassay laboratory. These techniques are easily
mastered and no special precautions are needed for their use under tropical conditions. It is concluded that laparoscopy and
ultrasonography could make significant contributions to strengthen research in animal reproduction in Asia.

1. INTRODUCTION

Rectal palpation was the earliest method of diagnosing ovarian function and pregnancy in
cattle and buffalo. In the 1970s, the Joint FAO/IAEA Division of Nuclear Techniques in Food and
Agriculture, through several Coordinated Research Programmes, popularised the use of sensitive
radioimmunoassays and enzymeimmunoassays for measuring progesterone. The progesterone assay
opened a new avenue for diagnosing early pregnancy and luteal function in ruminants in Asia.
However, the progesterone assay's major limitation was that it failed to predict the number of corpora
lutea present in the ovaries, particularly in sheep and goat, or the superovulatory response in cattle,
buffalo, sheep and goat. As a result, laparoscopy was applied for monitoring ovarian function in
several farm animals.

The advent of portable ultrasound machines during the past decade has provided veterinarians
and animal scientists an additional tool for research on female reproduction. The livestock industry
in the developed countries has exploited these techniques in commercial embryo transfer and artificial
insemination programmes. Textbooks on animal laparoscopy [1] and ultrasound in animal reproduction
[2] and several recent reviews are available [3, 4].

This paper summarises a series of studies that utilized laparoscopy and ultrasound at the
Animal Reproduction Laboratory in the Universiti Pertanian Malaysia over the past decade. The
objectives were: (a) to monitor ovarian changes during different reproductive states; (b) to diagnose
early pregnancy; and (c) to determine ovulation rates following gonadotropin treatment.
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2. LAPAROSCOPY

Laparoscopy permits direct observation of the abdominal and pelvic organs in vivo, through
a telescope inserted into the peritoneal cavity, with minor surgical interference and little trauma to the
tissues. Laparoscopy is now an established technique for monitoring ovarian function in cattle [5],
sheep and goat [6, 7] and buffalo [8].

The equipment consists of a telescope, cold-light source and a light transmitting cable. The
accessory equipment required are trocar-sleeve assemblies for the introduction of the telescope, and
a manipulating probe. A source of carbon dioxide is needed to distend the peritoneal cavity and
facilitate viewing of the ovaries and uterus.

2.1. Cattle and Buffalo
Laparoscopy is performed in the right paralumbar fossa on cattle and buffalo standing in a

crush with facilities to elevate the hindquarters so that the rumen could be pushed cranially to provide
space to manipulate the ovaries and uterine horns [8]. A 0° vision telescope (10 mm diameter, 600 mm
length) is inserted, then the abdominal cavity is insufflated with CO2 to displace the omentum and
viscera. The ovaries and uterine horns on both sides could be visualized.

2.1.1. Ovarian activity
In our laboratory, we use laparoscopy to determine the relationship of ovarian contents to

plasma progesterone concentration [9] and the accuracy of rectal palpation of a corpus luteum in cattle
and buffalo [10, 11]. Plasma progesterone levels reflected age-dependent changes occurring in the
cyclic corpus luteum. The palpation of a corpus luteum was found to be more difficult in buffalo than
in cattle.

2.1.2. Superovulatory response
We have reported that laparoscopy was more accurate than rectal palpation in determining the

superovulatory response in the buffalo and cattle [12]. Unruptured follicles could be clearly
differentiated from corpora lutea.

2.2. Sheep and Goats
The technique of laparoscopy in sheep and goat has been described in detail [6, 7]. The

equipment is similar to that for cattle except that the telescope has a smaller diameter (3-5 mm) and
is shorter (30 cm). In our embryo transfer and intrauterine insemination procedures, an operating
telescope (Karl Storz, Germany) with a 6 mm channel for introducing instruments into the abdominal
cavity is used.

Animals are fasted overnight before analgesia is induced with xylazine (Rompun, Bayer, 0.1
mg/kg bodyweight) and ketamine (Ketalar, Parke Davis, 5 mg/kg bodyweight) administered
intravenously or intramuscularly. The animal is placed in a cradle which is tilted at an angle of 45 to
60° to lower the head and displace the viscera and greater omentum cranially. The laparoscope is
inserted through a small incision, 5-10 cm anterior to the udder and 2-5 cm to the left of the midline.
The abdominal cavity is insufflated with CO2 only if difficulties are encountered in observing the
ovaries.
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2.2.7. Ovulation rates
Laparoscopy offers a simple method of determining ovulation rates in sheep and goats. Studies

were conducted in goats [13] and are being conducted presently in sheep for assessing the ovulatory
response (number of corpora lutea) to different gonadotropins at various dose levels. Currently the
ovulation rates of various breeds of sheep are being assessed.

2.2.2. Intrauterine insemination
Difficulty in penetrating the cervix with an insemination pipette has limited the application of

artificial insemination, particularly with frozen semen, in sheep. This problem has been circumvented
by depositing semen directly into the uterus by laparoscopy [14]. Since 1992, we have used the
operating laparoscope for intrauterine insemination through a single instead of the three puncture
approach in the standard technique. The insemination pipette is introduced through the equipment
channel of the operating laparoscope. Of 48 inseminated ewes, 25 were confirmed pregnant.

2.2.3. Embryo transfer
German researchers have reported the successful collection and transfer of ovine embryos by

laparoscopy [15]. We prefer to exteriorise the uterine horns through a "mini" incision of less than 5
cm with the aid of an operating telescope and a grasping forceps to perform these procedures.

3. ULTRASONOGRAPHY

B-mode real-time ultrasonography was successfully applied to diagnose very early pregnancy
in the horse in the 1980s. Since then, the technique has been used extensively in horse studs and the
sheep industry and to a limited extent in goats, pigs and cattle. It is being increasingly applied in
research, for monitoring the superovulatory response in bovine embryo transfer and for aspiration of
oocytes in in vitro fertilization programmes [3].

3.1. Principles of ultrasonography
The basic physical and diagnostic principles of B-mode real-time ultrasonography have been

reviewed elsewhere [2,4]. Transducers are of two types: linear and sector. The linear array transducer
which is cheaper is commonly used in domestic animals. Low frequency transducers (3.0 to 3.5 MHz)
image deeper tissues but have poorer resolution than the higher frequency transducers (5.0 to 7.5
MHz).

For scanning the reproductive system, the transducer is placed on the ventrolateral surface of
the abdomen (transabdominal/transcutaneous) for sheep and goats or in the rectum (transrectal) for
horse, cattle and buffalo. Images of tissues seen on the video screen are either black (nonechogenic)
or various shades of grey (echogenic). The urinary bladder, ovarian follicles, embryonic vesicle, and
fetal fluids appear black; the fetal skeleton, white; and corpus luteum, the fetal membranes and uterine
wall various shades of grey.

3.2. Cattle and Buffalo
Ultrasound examination commences with removal of faeces from the rectum followed by the

introduction of the transducer coated with coupling gel into the rectum. Having located the cervix, the
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transducer is moved over the body of the uterus and along the dorsal surface of each uterine horn and
rotated laterally to examine the ovaries.

3.2.1. Monitoring ovarian activity
Ultrasonography has become a valuable diagnostic tool to assess the ovulatory response just

prior to embryo collection. We examined the superovulated ovaries of 60 crossbred dairy cows with
the 5 MHz linear-array transducer transrectally. At oestrus follicles appeared as clear fluid-filled
structures and their diameters measured with the in-built callipers ranged from 10 to 30 mm. On day
of embryo collection, unovulated follicles could be clearly differentiated from corpora lutea particularly
in hyperstimulated ovaries. Rectal palpation overestimated the number of corpora lutea by about 20%.

3.2.2. Pregnancy diagnosis in cattle
With a 7.5 MHz transrectal transducer, British scientists have visualized the bovine conceptus

as an elongated and filamentous structure within the ipsi lateral horn by day 18 to 20 [16]. However,
most previous reports detected the embryo, embryonic heart beat and fetal membranes at day 28-30
after insemination. We scanned 50 crossbred dairy cows at weekly intervals between 25 and 50 days
after insemination without previous knowledge of returns to oestrus. Out of the 26 cows confirmed
pregnant by their milk progesterone profiles, six were diagnosed correctly before day 30, and all 26
between day 30 and 35 of gestation. Our inability to diagnose pregnancy earlier than 30 days might
have been due to the 5 MHz transducer used instead of the 7.5 MHz transducer used previously [16].

3.2.3. Pregnancy diagnosis in buff do
We have used B-mode real-time ultrasonography to diagnose early pregnancy in the swamp

buffalo with the same ultrasound equipment and technique as for cattle. Fifty-five swamp buffaloes
were artificially inseminated at fixed time after oestrus synchronization and were scanned at weekly
intervals between 25 and 50 days after insemination. Of the 15 animals confirmed pregnant by their
plasma progesterone profiles, four were diagnosed at 32-35 days after insemination and the remaining
11 were diagnosed between 3 8-42 days after insemination. Excessive straining in the experimental
buffaloes prevented a detailed imaging of the uterine horns and some of the early pregnancies could
have gone undetected.

3.2.4. Pregnancy diagnosis in sheep and goat
B-mode ultrasonography by the transabdominal approach is an accurate, safe and practical

method of diagnosing pregnancy and determining fetal numbers in sheep after day 40, and in goat
after day 45 of gestation [2, 4]. In temperate countries, sheep and goats are seasonal breeders, and
scanning for pregnancy is usually performed about 45 days after the end of a 45-50 day mating
period (3 cycles). At this time they are between 45 and 90 days of gestation and the accuracy of
diagnosis is almost 100% [17]. Since sheep and goats breed throughout the year in Malaysia, all
stages of pregnancy might be represented at scanning.

We scanned 223 ewes and 111 does breeding throughout the year. Animals were restrained
in the standing position by one person or in a race [18] and the transducer was placed in the inguinal
region on the right side. A diagnosis of pregnancy was based on the recognition of placentomes,
fluid-filled uterus, fetal parts such as head, ribs, limbs and fetal movements. Confirmation of the
ultrasound observation was based on lambing and kidding data. Sensitivity and specificity of
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ultrasonography for the ewe beyond 30 days of gestation were 94% and 89% respectively whereas for
does beyond 45 days of gestation they were 91% and 97% respectively.

Most false positives were for ultrasound examinations conducted before day 30 of gestation.
It is also likely that embryonic death or abortion subsequent to the ultrasound examination could have
occurred in ewes and does diagnosed as pregnant. Also, four cases of hydrometra were detected in
goats. The uteri were filled with fluid but neither fetus nor placentomes were detected and the does
failed to kid. The false negatives might be due to operator error or difficulties in observing the uterus.

4. SUMMARY AND CONCLUSIONS

During the past two decades, sensitive immunoassays for measuring progesterone in blood and
milk have made significant contributions to research in animal reproduction in Asia. Because of the
limitations of the progesterone assay, we have examined the application of laparoscopy and B-mode
real-time ultrasonography in female reproduction. We have demonstrated that these two techniques
could be applied as research tools under field conditions in the tropics. These techniques could
contribute to the improvement of the reproductive efficiency of farm animals in Asia. Laparoscopy
could play a major role in genetic improvement of small ruminants through selection of breeds of
tropical sheep and goats with high ovulation rates, and greater utilization of artificial insemination and
embryo transfer. Ultrasonography opens up new frontiers in our understanding of reproductive failure
in farm animals. It is a valuable, non-invasive, diagnostic tool capable of assessing the viability of the
early conceptus, monitoring fetal development and diagnosing pathological states in the ovaries and
uteri. Aspiration of oocytes through transvaginal ultrasound for in vitro fertilization could reduce the
cost of embryo transfer. In the future, inexpensive and simple scanners and laparoscopes would be
available that could strengthen the research capabilities of most animal reproduction laboratories in
Asia, which could contribute to enhancement of livestock productivity.
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Abstract

REPRODUCTIVE DISORDER CONTROL AND HERD HEALTH MONITORING PROGRAMME FOR IMPROVEMENT
OF DAIRY PRODUCTION IN THAILAND.

Forty-five dairy farms were randomly chosen among those with average to good management practices. Each of the
total of 1265 cows was followed from calving to pregnancy. The herd health programme consisted of systematic examination
of the key periods of the sexual cycle: at about 30 days post-partum to monitor uterine involution and to detect and treat uterine
infection; at about 60 days post-partum to examine and treat anestrous animals, and following insemination, to test for pregnancy
by assaying progesterone levels in milk samples collected on day 22 post-insemination and to examine and treat cows
inseminated more than three times and still not pregnant (repeat breeders). Pregnancy diagnosis by examination per rectum
was carried out at about 60 days post insemination. Manual recording of the age of animal, the number of the lactation, and
conditions at calving (dystocia and retention of placenta) was done. Data from 1265 calvings were analysed. Reproductive
performance before and after the application of the programme, as well as effects of extrinsic and intrinsic factors on pathology
and reproductive performance, were also investigated. The results revealed that age at first calving was 31 ± 8 months.
Dystocia, retained placenta, metritis and repeat breeding were the most common post-partum reproductive disorders found.
Purebred dairy Bos taunts cows had the highest milk yield as well as the highest incidence of reproductive disorders.
Conception rates to AI were higher from November to May, which coincided with the dry season. A high percentage of cows
detected in oestrus were confirmed to be in the follicular phase by low progesterone. The adoption of the herd health scheme
reduced calving to conception intervals from 186 ± 101 to 137 ± 80 days (P <0.001). The results show the effectiveness of
such programmes in improving productivity and the importance of matching genotypes to the local environment.

1. INTRODUCTION

A recent report [1] of a questionnaire survey of 294 dairy farms with 2289 animals in
Ratchaburi and Nakhon Pathom Provinces of Thailand divided dairy production systems into four
groups. Group 1 (32%) possessed general characteristics similar to the average of the farms surveyed.
These fanners were interested in the application of new technology in their production. Group 2
(30%), was composed mainly of paddy cultivators, with smaller herds than the average (67.8% had
fewer than 10 cows). They employed traditional methods, had small numbers of personnel, did not
feed minerals and concentrate during dry periods, and performed heat detection only once a day.
Group 3 (31%) represented smallholders operating around the Artificial Insemination Research Center
in Ratchaburi (77.5% situated less than 2 km distant). They did not possess forage areas and had to
purchase roughage. They did not apply technology, and the incidence of repeat breeder cows was
highest in this group. Group 4 (7%) was a large farm with adequate forage area, a big herd, and a
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large number of working personnel. They employed standard techniques and their production was
superior.

The survey also revealed a high incidence of infertility, as shown by the intervals between the
first-and-second, the second-and-third, and the third-and-fourth calvings, these being 486 days (n =
629), 461 days (n = 424), and 452 days (n = 254), respectively. Furthermore, repeat breeding was
reported on 53.3% of the farms.

Certain management factors which may have a negative effect on reproductive performances
were also identified. Among these were irregular feeding of mineral supplements and concentrate, poor
heat detection and disease (mainly anaplasmosis and trypanosomiasis). The extent to which these
factors may affect fertility has not been evaluated and was the focus of this study. An investigation
of the infertility problem of each individual animal would facilitate an assessment of the effects of
peri- and post-partum disorders and the interventions on reproductive performance.

2. MATERIALS AND METHODS

The investigation was conducted in the Nong Pho District of Ratchaburi Province. Forty-four
randomly selected farms with a mean herd size of 15 animals, and one large farm with 350 cows,
were investigated in two successive stages. While most animals (98%) were crossbred Holstein-Fresian
(HF) with about 75% of exotic blood [1], in the large farm purebreds of HF, Brown Swiss and Jersey
were also found.

2.1. Reproductive performance
The reproductive performance of the animals registered in the programme was analyzed; then,

fertility was followed up based on the Programme d'Action Vétérinaire Intègre de Reproduction
(PAVIR) as described previously [2]. All farms involved in the programme were visited weekly,
and systematic examinations were done using rectal palpation and clinical methods as follows:

around 30 days post-partum, to monitor uterine involution and treat any uterine infection
which might have occurred;
around 60 days post-partum to examine the genital organs of animals which had not exhibited
oestrus, to differentiate true from cyclic post-partum anoestrus and to establish appropriate
treatment;
to examine and treat animals inseminated three or more times and still non-pregnant, and,
to perform pregnancy diagnosis at around 60 days after insemination.
On the day of AI and on the twenty-second day after AI, milk was collected to check the level

of progesterone by using a solid phase RIA Kit supplied by the Joint FAO/IAEA Division, Vienna.
Parallel to the PAVIR monitoring programme, different treatments for each pathological

condition (metritis, ovarian cyst, anoestrus post-partum and post insemination, repeat breeding, etc.)
were conducted in order to determine the most appropriate treatment.

All relevant data (i.e., events at parturition, dates of oestrus and inseminations, dates and
results of analysis of milk samples, pregnancy diagnosis, examinations carried out by veterinarian and
treatments employed) were recorded manually in notebooks. This data was subjected to analysis of
variance using the MODLI Programme [3].
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2.2. Feeds
Ten out of the 45 farms were randomly chosen for study of feeds and feeding management

[4]. These were representative of dairy farms of the region, having small areas for cultivation and
pasture, HF crossbred animals, and other characteristics as described previously [1]. This investigation
was carried out from February to July 1989. Briefly, on weekly visits to each farm, the milk
production of each cow was weighed individually, at both the morning and the evening milkings, and
the concentrate and minerals distributed in the evening were weighed, the daily amount being obtained
by multiplying by two. The forage distributed in the morning, at noon, and in the evening was
weighed, as was the total refuse after each cleaning. Samples of different feeds were subjected to
drying in a hot-air oven at 60°C for 48-72 h. Analysis by the bromatologic method was carried out
at the Institut d'Elevage et de Médecine Vétérinaire des Pays Tropicaux (I.E.M.V.T.) in France.

2.3. Milk production
Milk records were collected from 16 out of 21 farms that belonged to Nong Pho district and

one farm from Saraburi province. There were 5 large farms (mean =101 cows) 7 medium farms
(mean = 34 cows) and 5 small farms (mean = 11 cows). Only data that could be applied to the first
two months of lactation of the cows was used [5,6] and milk production was standardized to 305 days
at mature age [7]. Analysis of variance was used to compare the differences between the means of
farms and breeds. The investigation was carried out from May to October 1991 [8].

3. RESULTS AND DISCUSSION

One thousand two hundred and sixty-five (1265) calvings were investigated. The greatest
number of animals was in parity 1 (n = 269), with subsequent parities diminishing greatly from parity
3 (n = 140) onward. Parities 7 to 10 (n <20) were also represented.

3.1. Partum and post-partum disorders
The incidence of pathological conditions found during the post-partum period were higher on

the large farm than on the smallholdings. However, during calving, dystocia and retained placenta
seemed to be higher on the smallholdings than on the large one 20.8% (n = 945) vs 17.2% (n = 320)
and 16.0% (n = 945) vs 11.3% (n = 320) respectively.

Ovarian cysts were found in 4.9% of the cows; 50% of these were detected prior to AI
(excluding those found during the first clinical examination at 30 days post-partum). This finding is
comparable to that reported in France [9] but is lower than the findings in the U.S.A.[10, 11]. The
findings on true post-partum anoestrus were similar to those reported previously [12]; clinical anoestrus
was 11.1%, which is lower than that reported by Stevenson and Call [13]. The difference may partly
be due to different heat detection techniques. The incidence of uterine pathology was higher than that
of ovarian pathology (41.6% and 18.3%, respectively). These findings are comparable to those reported
by others [12, 14-16].

Disorders after AI were high (28.7%), and late return to oestrus was recorded in 44% of all
inseminations.

3.2. Reproductive performance
Heifers were put into production earlier on the large farm than on the smallholdings, and age

at first calving varied from about 29 months on the large farm to about 33 months on the
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smallholdings. These ages were much higher than those for the HF breed (22.5 to 23.5 months)
reported previously [7, 16]. Another difference was that on the large farm culling was practiced more
stringently than on smallholdings; the former had cows only to parity 7 while in the latter, cows of
parity 10 or more were still present.

The calving to first oestrus intervals were 48.3 and 54.8 days on the smallholdings and the
large farm, respectively, with more variation in the latter than in the former. Occurrence of oestrus
within 60 days after calving was observed to be higher on smallholdings than on the large farm
(75.3% vs 67.1%).

The interval from calving to first AI on average, was 73.3 days. However, the proportion of
cows inseminated more than 70 days after calving (50.3%) seemed to be high when compared to other
reports (18,19). The goal of dairy farms is that cows be inseminated within 40-70 days post-partum.

The mean interval from calving to conception was 134.6 ± 80.8 days. This finding was higher
than the intervals of 109-117 reported in Western countries (18, 20-22). The high percentage of cows
which conceived later than 110 days after calving (48.4%) indicates poor fertility in this population.

The parameters used in assessing the level of fertility of a herd are the conception rate after
the first AI, the number of inseminations per conception and the percentage of animals receiving three
or more inseminations. The present findings reveal poor fertility. The conception rate after the first
AI (34.8%) is lower than rates of between 43% and 64% reported by others [14, 16, 18, 20, 23]. The
average percentage of cows inseminated three or more times before conception (40.4%) was higher
than in previous reports [18, 23, 24]. The average number of inseminations per conception [2.6] also
compares poorly with averages of from 1.7 to 2.1 reported by others [14, 16, 25].

3.3. Reproductive performance of crossbred cows before and after application of the programme
The data for the period 1986-87 (before application of the fertility programme) was compared

with that for the period 1988-89 (after application of the programme). The results, shown in Table I,
revealed a substantial decrease of 42 days in the interval from calving to first insemination, from 114
± 54 to 72 ± 19 days (P O.001).

TABLE I. COMPARISON OF REPRODUCTIVE PERFORMANCE PRIOR TO AND AFTER
APPLICATION OF A HERD HEALTH PROGRAMME.

Calving to first insemination Calving to conception interval
Farms interval (Mean ± SD, days) (Mean ± SD, days)

Smallholder
farms

Large farm

Combined farms

1986-1987

113 ± 57

(n = 236)

116 ±49

(n = 90)

114±54a

(n = 326)

1988-1989

72 ± 19

(n = 236)

72 ± 19

(n = 90)

72 ± 19b

(n = 326)

1986-1987

176 ± 100

(n = 201)

218 ± 101

(n = 65)

186 ± lOlc

(n = 266)

1988-1989

135 ± 77

(n = 201)

143 ± 84

(n = 65)

137 ± 80d

(n = 266)

Numbers of cows are given in parentheses.
Differences between a and b, and between c and d are significant (P <0.001).
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The mean interval from calving to conception decreased by 49 days, from 186 ±101 to 137
± 80 days (P O.001), which was similar to the results reported previously [14]. The decrease was
more striking on the large farm (75 days) which was probably due to the higher incidence of ovarian
pathology prior to the programme on this farm.

3.4. Effects of extrinsic factors on pathology and reproductive disorders

3.4.1. Types of farms
The smallholdings were classified into three groups. The first group (representing 56% of

the farms) consisted mostly of small holders (83.3% reared fewer than 15 cows) who practiced animal
husbandry in traditional fashion and mobilized a small number of personnel (a maximum of two
persons on 70% of the farms). The ration did not vary. The roughage was composed essentially of
green corn and paragrass, and concentrate was not fed to cows during their dry period.

In the second group, which represented 44% of the farms, rearing was practiced according to
an intensive system. The herds were bigger (all had more than 15 cows and 58% had more than 20).
The level of feeding was generally higher than in Group 1, and concentrates were fed to heifers, dry
cows, and cows in late pregnancy.

The third group was the large farm which constituted a very different entity. It had a herd of
around 200 cows in lactation. The animals were of diverse origin: Australian, American, and Thai.
There was a high percentage of imported exotic blood (more than 75% in 55% of the population), and
various breeds were represented. HF was the majority but there were also Brown Swiss and Jersey.
The animals had free access to home-mixed concentrate.

The interval from calving to first insemination was similar in groups 1 and 2 (72.6 ± 2.6 and
71.7) but was significantly longer in group 3 (78.1 ± 3.1, P <0.05).

3.4.2. Season
Our studies did not provide obvious evidence of an effect of season on uterine or ovarian

pathology. However, a significant variation (P <0.05) was observed in the incidence of dystocia with
the month of calving, being highest during January and October. This observation is difficult to
explain. A survey which would last several years would be necessary to precisely determine the real
influence of season on this problem.

The incidence of post calving anoestrus after first AI varied according to the month of calving.
It seems that the cows which calved during the dry season (November to February), had less incidence
of post-insemination anoestrus than those calving in other months, except for those calving in July,
for which the smallest number of observations were recorded.

Intervals from calving to first oestrus and calving to first AI varied similarly. They increased
greatly when the cows calved in February, which precedes the summer months.

The conception rate at the first insemination after calving also varied significantly according
to the month of first insemination (P <0.01). These studies clearly indicated that the dry season
(November to February) was more favorable for first insemination conception than the rainy season.
We observed a 38% difference of means between the conception rate of first AI performed in February
and that in August (53.6% vs 15.6%). The conception rate at first insemination, the interval between
calving and conception, and the number of inseminations per conception were subject to significant
seasonal influence. The cows which were bred during the dry season had much better reproductive
performance than did those inseminated during the rainy season (first service conception rate 15.6%
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to 32.0%). The present studies indicated clearly that the best period for calving was in the months of
September to January, and the best period for breeding was in the months of November to May (first
service conception rate 33.8% to 53.6%). These findings of seasonal influence on fertility and
infertility of cows were similar to those reported by others [13, 21, 24, 26, 27].

3.4.3. Feeds and feeding
Results from analyses of the compositions of the majority of different forages used

by the farmers in this area have been reported elsewhere [4].
The 10 farms investigated were divided into two groups, Group 1 with a well-balanced ration

(5 farms) and Group 2 with an unbalanced ration (5 farms). A comparison of reproductive performance
of the two groups was computed. The mean interval from calving to first breeding was 45 d in Group
1 and 70 d in Group 2. There was a clear difference (P <0.05) in conception rate after first breeding:
47.5% in Group 1 and 27.9% in Group 2. The percentage of intervals from calving to conception
of less than 80 d post-partum were 42.4% in Group 1 and 19.1% in Group 2. Similar percentages of
the two groups conceived at the second service, while a smaller portion of Group 1 than of Group 2
(30.5% vs 50.0%) required more than 3 inseminations per conception.

Frequencies of the majority of pathological disorders in the two groups were similar.

3.4.4. Inseminator
Data on all the inseminators who worked at the Research Centre for AI, Ratchaburi were

analysed. All of them used semen from the same semen bank and performed at least 10 first
inseminations. Our findings revealed a significant variation in the conception rate at first AI depending
on the inseminator, the difference between the best and the poorest inseminator being more than 40%.
The role of the inseminator in the success of insemination has been documented elsewhere [26, 28].

3.5. Effects of intrinsic factors on pathology and reproductive disorders

3.5.1. Parity
We classified the cows into three categories: primiparous, second parity, and third or greater

parity. Parity exerted an effect on uterine, ovarian, and post-insemination disorders to diverse degrees,
but its effect on uterine pathology was the most significant (P <0.01). Primiparous animals exhibited
the greatest incidence (49.8 ± 5.0) compared with other parities 33.6 ± 6.6.

Generally, the incidence of all disorders, ovarian pathology excepted, decreased at the second
calving and later increased at the seventh or higher calving. The most remarkable influence of higher
parity was on dystocia (P <0.001). We found a difference of more than 10% between primiparous and
multiparous cows. This was in agreement with other findings [13, 29]. The effect of parity on ovarian
pathology is especially evident in true post-partum anoestrus.

Of the two causes of late return to oestrus, only post-AI anoestrus varied significantly
according to parity. The reproductive performance of primiparous cows was poorest when compared
to that of multiparous cows.

The reproductive performance as demonstrated in terms of calving to conception interval and
number of inseminations per conception tend to be poor in primiparous cows and in those with parity
7 onwards. This provides grounds for culling cows after parity 7.
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3.5.2. Percentage of exotic blood
Data concerning effects of percentage of exotic blood were analysed only for the large herd

because the records on genotypes were more credible than those of the samllholdings. The 220 cows
in this herd were classified into three classes :
Class 1: cows with 75% exotic blood, comprising 33.6% of the sample (N = 74).
Class 2: cows with more than 75% exotic blood, comprising 54.5% of the sample (n = 120).
Class 3: Exotic purebred cows imported from the USA and Australia, comprising 11.8% of the sample
( n = 26).

Effect of percentage of exotic blood on reproductive pathology was significant only for late
return to oestrus, where the incidence increased with the percentage of exotic blood. The interval from
calving to first oestrus was 43.9 ± 11.2 and 49.9 ± 8.8 for classes 1 and 2, and 71.5 ± 18.9 for class
3 (P < 0.05).

The interval from calving to first observed oestrus, calving to first AI, and calving to
conception also varied with the percentage of exotic blood. However, the difference was significant
only between the purebreds and the crossbreds.

The calving to conception interval of purebred animals (237.8 ± 47.5) was 60 days greater than
the intervals of the crossbreds (150.0 ± 26.5 and 165.7 ± 19.8) .

Not surprisingly, there was a very significant relation between dystocia and retained placenta
(P O.001), dystocia rendering the incidence of retained placenta more than double that in normal
births. It also significantly increased the incidence of metritis prior to AI (P <0.05). Similar
observations have been made previously [12, 24, 29, 30]. Our findings also revealed a significant
relationship of dystocia with post-partum cyclic anestrus (P <0.05) and embryonic death (P O.01).

3.6. Milk production
Table II shows the milk production of each group of farms. On average, large farms produced

40% more milk per cow per day than the medium and small farms. The genotype of the animals and
the feeding regimen would contribute to this difference in production.

TABLE II. AVERAGE MILK PRODUCTION (KG) FOR EACH GROUP OF FARMS

Parameter

Total production

Standard deviation

Maximal value

Minimal value

Duncan's test

n

Large

4,428.4

1,154.5

8,493.6

1,107.6

a

322

Type of farm

Medium

2,602.5

591.3

4,054.1

1,370.3

b

53

Small

2,661.8

648.9

3,888.5

1,029.5

b

36

Standardized lactation to 305 d mature age; a and b differ significantly (P <0.05).
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In the large farm, comparison of milk production between 3 breeds was made, assuming that
the potential of each breed is expressed in the same manner when subjected to the same management
conditions. As shown in Table III, Holstein Friesian (HF) cows outperformed (P <0.05) the other two
breeds (Brown Swiss and Jersey).

TABLE III. COMPARISON OF MILK PRODUCTION (KG) BETWEEN 3 BREEDS IN ONE
LARGE FARM.

Breed

Average milk production

Standard deviation

Maximal value

Minimal value

Duncan's test

n

HF

4,623.5

1,300.5

8,493.6

2,153.8

a

151

BS

4,120.7

995.5

6,681.0

1,107.6

b

74

J

3,761.6

1,112.2

6,190.2

1,959.6

b
17

Standardized lactation period to 305 d mature age; a and b differ significantly (P <0.05).
HF = Holstein-Friesian; BS= Brown Swiss; J = Jersey.

TABLE IV. PRODUCTION PERFORMANCE (KG) OF HOLSTEIN FRIESIAN WITH
INCREASING PERCENTAGE OF EXOTIC BLOOD.

Breed (%)

Average production

Standard deviation

Maximal value

Minimal value

Duncan's test

n

100

5,970.6

1,702.4

8,493.7

2,153.8

b

23

93.75

5,533.8

1,520.2

7,450.2

3,269.0

a

c

d

5

87.5

4,460.3

951.1

6,729.5

2,558.2

b

c

d

82

75

4,121.1

1,004.9

5,751.0

1,831.8

d
35

50

3,863.2

1.594.1

6,194.2

2,024.0

6

Standardized lactation period to 305 d mature age; differences between a and b, and c and d are significant (P <0.001).

In the large farm, the milk production of different genotypes of HF milk cows were compared
as shown in Table IV. Milk production increased with increasing HF content.

3.7. Progesterone assay
From 1989 to 1992 a total of 2629 milk progesterone assays was carried out. On the day of

AI, the farmers identified 94.0% cows in estrus correctly, that is when levels of milk progesterone
were <1 ng/ml. Among animals with low progesterone on day 0, only 37.2% of cows inseminated
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were subsequently found pregnant. Several factors could be involved in causing low fertility, such as
insemination technique, semen quality and environmental factors.

Of the animals with high progesterone levels on day 22 post-insemination, 67.8% were
subsequently found pregnant. The rest (32.3%) could have been misdiagnosed due to embryo death,
long oestrus cycles or pyometra. Of the samples with low levels of milk progesterone ( <1 ng/ml),
81.7% were from non-pregnant cows. The remaining 19.3% were from pregnant cows.

4. CONCLUSION

The herd health programme which was carried out on each individual cow from calving to
gestation, revealed precisely the reproductive performance of each animal. On a herd basis, it has
established the prevalence of uterine and post-insemination disorders as well as important reproductive
indices. This study has revealed significant associations of reproductive disorders as well as the effects
of extrinsic and intrinsic factors on reproductive pathology and performance. Cows on a well balanced
ration performed better than those on an unbalanced one in terms of conception rate. Although higher
milk production was observed in imported pure bred cows and those with higher percentage of exotic
blood, they generally showed lower reproductive performance.

On the basis of the present findings. We are now practicing on-farm counselling of dairy
farmers to assist them in improving the reproductive performance of their animals. This includes
advice on culling of problem animals, the favorable period for breeding, and the use of feeds and
feeding regimes.
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Abstract

INVESTIGATION ON CARABAO (Bubalus bubalis) REPRODUCTION USING CLINICAL AND RADIOIMMUNOASSAY
TECHNIQUES.

Three studies were conducted to obtain information on carabao reproduction. In study I, 24% of the reproductive
organs collected from slaughtered mature female carabaos had abnormalities, mostly in the ovaries and cervix. In study II,
phosphorus, calcium, magnesium, copper, cobalt, molybdenum, selenium and zinc were measured in blood serum of pregnant,
non-pregnant and lactating animals. Levels of most minerals were influenced by location and reproductive status. Molybdenum
and selenium levels of most animals were below the detection limit. In study III, provision of mineral supplement to village
adult female carabaos increased the occurrence of oestrus and subsequent conception.

1. INTRODUCTION

The major constraint to carabao (Bubalus bubalis) production is poor reproduction caused by
lack of culling and selection, poor nutrition and low level of management practised by village farmers.
Carabaos are primarily raised for draft. Previous studies [1, 2] identified some reproductive
abnormalities which may have contributed to reduced fertility. In cattle and buffaloes, significant
reduction in reproductive performance is attributed to poor nutrition [3, 4]. However, the extent of
influence of these factors on reproduction needs further investigation.

This research was conducted (1) to determine incidence of abnormalities in the reproductive
tract and ovaries of adult female carabaos obtained from the slaughterhouse; (2) to establish the blood
serum phosphorus, calcium, magnesium, copper, cobalt, molybdenum, selenium and zinc profile of
mature female carabaos; and (3) to determine the influence of mineral-concentrate supplementation on
the reproductive performance of mature female carabaos.

2. MATERIALS AND METHODS

2.1. Study 1. Assessment of the reproductive status of mature female carabaos at slaughter
This study was conducted at the Abbatoir of Food Terminal Inc. Before Slaughter, a total of

618 mature female carabaos were evaluated for body condition (by a body scoring method [1]) and
age (by dentition). The animals were examined by rectal palpation to determine incidence of pregnant
animals in the slaughterhouse.
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Immediately after slaughter, 165 reproductive organs were collected, placed in labelled plastic
bags, stored in an ice box and transported to the Institute of Animal Science laboratory. All
reproductive tracts and organs were examined for the incidence of anatomical abnormalities.

2.2. Study II. Mineral status of mature female carabaos
Eighteen mature female carabaos were selected at two locations, Malanay, Sta. Barbara (SB)

and at the Philippine Carabao Research and Development Centre (PCRDC), University of the
Philippines at Los Banos, Laguna. Nine animals from each location were classified into pregnant,
non-pregnant and lactating groups with three animals per group. Age, body condition and breeding
history of each animal were recorded.

Blood samples both for progesterone and mineral analysis were periodically collected from
each animal. Liver and bone samples were also collected using a biopsy procedure [5]. Sera, liver and
bone samples were analyzed for P using spectrophotometry method [6] and for Ca, Mg, Cu, Zn, Co,
Mo and Se concentration using the Atomic Absorption Spectrophotometer (AAS 650 SHIMADZU).
Data on serum mineral levels were analyzed using factorial in Randomized Complete Block Design.

2.3. Study HI. Effects of concentrate-mineral supplementation on the reproduction of mature
female carabaos raised under village condition
Eighteen non-pregnant adult carabaos were equally and randomly distributed into 3 different

treatments. Animals in Tl (control) were not provided with supplement. Animals in T2 and T3 were
provided daily with 2 and 1.95 kg of rice bran, respectively. Animals in T3 also received
approximately 50 grams of mineral premix per animal per day. Roughage was provided either as fresh
grasses (15-20 kg/head/day) or rice straw (8-10 kg). Feeding duration was 6-7 months.

All animals were weighed monthly, dewormed regularly and were closely observed for the
occurrence of oestrus. Animals which came into oestrus were bred either by artificial insemination or
natural mating. Pregnancy was diagnosed by rectal palpation 2-3 months after the end of the feeding
period.

Data on weight response of carabaos and conception rates in different treatments were analyzed
statistically using one way ANOVA.

3. RESULTS AND DISCUSSION

3.1. Study I
Majority of the 618 female carabaos slaughtered had a body score of 1-2 (38.2%) and were

above 8 years of age (88%). About 15% of the mature female carabaos slaughtered were pregnant.
The figure conformed with a previous report of 14.7% [2] but was lower than that in an earlier report
where the incidence was 23% [7].

Out of 165 genital tracts, 39 (23.7%) had various types of abnormalities. This is lower than
the incidence of 32% reported earlier by other researchers [1] . In the present study however, the
figure does not include samples with inactive ovaries (15.3%). Most of the abnormalities were found
in the ovaries (41.7%) and cervix (33.3%). Major abnormalities in the ovaries were ovarian cysts
(31.3%) and adhesions (25%) while most of the abnormalities in the cervix were narrow canal (30.8%)
and curved cervix (30.8%).
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3.2. Study H
Phosphorus. Significantly higher mean serum phosphorus levels were noted in animals from

PCRDC compared to the animals in SB (Table I). Regardless of location, no significant differences
were found in the phosphorus levels of the different groups of animals. The same was observed by
other researchers [8]. Levels observed in animals from SB regardless of the reproductive status, were
lower than those reported in Indian buffaloes (5.6 mg/100ml [9]) and Italian buffaloes (6.8 mg/100ml
[11]), whereas animals from PCRDC had higher levels.

TABLE I. CONCENTRATION OF SOME MINERALS IN BLOOD SERUM OF CARABAOS

Mineral/Location

Phosphorus (mg/100 ml)

SB

PCRDC

Mean

Calcium (mg/100 ml)

SB

PCRDC

Mean

Magnesium (mg/100 ml)

SB

PCRDC

Mean

Copper (ppm)

SB

PCRDC

Mean

Cobalt (ppm)

SB

PCRDC

Mean

Zinc (ppm)

SB

PCRDC

Mean

Pregnant

5.11

7.28

6.19

12.59

8.55

10.42

2.48

2.37

2.42

0.307

0.783

0.545

0.354

0.368

0.361

' 0.485

0.948

0.716

Reproductive status

Non-pregnant

4.58

7.82

6.20

11.25

7.64

9.44

2.70

2.10

2.40

0.279

0.534

0.406

0.591

0.271

0.431

0.846

0.725

0.786

Lactating

4.68

7.68

6.18

9.49

7.47

9.44

2.23

1.76

1.99

0.332

0.450

0.404

0.285

0.358

0.321

0.625

1.053

0.839

Mean

4.79

7.59

6.19

11.01

7.89

8.48

2.47

2.08

2.27

0.306

0.597

0.452

0.410

0.332

0.371

0.652

0.909

0.780

SB = Santa Barbara; PCRDC = Philippine Carabao Research and Development Centre.
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Calcium. Sérum calcium levels of carabaos in SB were significantly higher (P <0.01) than
those in PCRDC (Table I). Regardless of location, mean serum calcium levels in pregnant animals
were higher than in non-pregnant and lactating carabaos, but the difference was not statistically
significant (P >0.05). The values obtained in pregnant and non-pregnant animals from SB were higher
than those reported in pregnant (11.1 mg/100ml) and non-pregnant (10.5 mg/100ml) river buffaloes
[12]. However, levels were lower in lactating animals than those in non-pregnant and pregnant
animals, which could be attributed to losses in milk. Levels in animals from PCRDC were also lower
than those reported.

Analysis of liver and bone samples from non-pregnant carabaos showed that animals in SB
had higher calcium in the liver (60.4 mg/100 ml) and bones (17.9%) compared to the animals in
PCRDC. Values observed in the latter group were 43.8 mg/100 ml and 17.6% for liver and bone,
respectively. Values observed in the liver samples were lower than that reported (72 mg/100ml) in
river buffaloes [13].

Magnesium. Serum magnesium levels were higher in animals from SB as compared to those
in PCRDC (Table I) and were within the range reported in river buffaloes (2.4-3.7 mg/100ml [11]).
Serum magnesium levels of pregnant and non-pregnant carabaos were similar. In the river buffaloes,
higher levels were observed in non-pregnant (7.2 mg/100ml) than pregnant (4.7 mg/100ml) buffaloes.
Lactating carabaos, on the other hand showed significantly lower serum magnesium levels compared
to the other two groups. This difference could be attributed to the utilization of magnesium during
milk synthesis [10].

Magnesium levels observed in animals from SB were 77 mg/100 ml (liver) and 0.12% (bone),
which were higher than the values obtained in animals from PCRDC (73.4 mg/100 ml in liver and
0.10% in bone). Values reported in river buffaloes were similar [13].

Copper. In SB, lactating animals had the highest copper level followed by pregnant and
non-pregnant animals (Table I). On the other hand, pregnant animals in PCRDC showed the highest
serum copper concentration followed by non-pregnant and lactating animals. The values obtained in
both locations were higher than those reported in Thai buffaloes (0.257 ppm [14]) and Indian buffaloes
(0.245 ppm [11]). However, all values were lower than other reports in non-pregnant (1.76 ppm) and
pregnant (1.96 ppm) buffaloes [12].

Values observed in liver and bone samples from animals in SB were 70.77 ppm and 6.35 ppm
respectively, whereas levels of copper in liver and bone samples from animals in PCRDC were 121.88
ppm and 9.08 ppm respectively. Values were higher than those reported in river buffaloes (52.20 ppm.
[13]).

Cobalt. Mean cobalt levels in blood serum of pregnant animals in SB were not significantly
different from their counterparts in PCRDC (Table I). However, significantly higher (P <0.05) mean
serum cobalt level was observed in non-pregnant animals in SB compared with in PCRDC

Molybdenum. In SB, pregnant animals showed the highest serum molybdenum concentration
(0.442 ppm) followed by lactating (0.424 ppm) and non-pregnant animals (0.409 ppm). Mean liver
molybdenum concentration was 0.360 ppm. Serum, liver and bone molybdenum levels among all
animals from PCRDC were mostly below the detection limit.

Selenium. Majority of the animals from both locations showed mostly undetectable levels of
selenium in serum, liver and bone samples.

Zinc. In SB, non-pregnant animals showed the highest concentration followed by lactating
and pregnant animals (Table I). On the other hand, lactating animals in PCRDC had the highest zinc
concentration followed by pregnant and non-pregnant animals. All groups of animals in PCRDC
showed significantly higher (P <0.01) values compared to those animals from the other site. The values
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obtained in blood serum samples were lower than those reported in non-pregnant (2.53 ppm) and
pregnant (2.87 ppm) river buffaloes [12]

Zinc levels in liver and bone samples from animals in PCRDC (115.53 ppm and 73.70 ppm,
respectively), were higher than those in animals in SB (103.03 ppm and 64.96 ppm, respectively).
Unlike in the blood serum, values obtained in liver samples were higher than those reported in
Egyptian buffaloes (70.45 ppm [13]).

The variations of blood serum mineral levels in animals from both locations could be attributed
to the differences in the diet. In SB, diet mainly consisted of grasses. As a result minerals which are
usually high in grasses were found at higher concentration in the blood serum of these animals. In
PCRDC, on the other hand, diet consisted of rice straw and concentrate. Minerals found in high levels
in the concentrate were relatively high in animals from that area.

3.3. Study ffl
Table II shows the effects of the different treatments on the body weight of the animals. In

animals which did not receive supplementation (T,), considerable reduction of body weight (-9.8 kg)
was observed at the end of the feeding period. On the other hand, animals receiving supplementation
(T2 and T3) showed positive increase in body weights, of+9.0 and +14.7 kg, respectively.

TABLE II. EFFECTS OF FEED SUPPLEMENTATION ON THE BODY WEIGHTS OF
CARABAOS

Treatment

No supplement (Tt)

Rice bran (T2)

Rice bran + minerals (T3)

Mean

Initial weight
(kg)

403.17

402.33

390.33

401.61

Final
weight (kg)

393.33

411.33

405.00

400.22

Weight change (kg)

-9.84

+ 9.00

+14.67

All animals in T3 came into heat regularly. In T2, five out of six animals came into heat but
only three animals showed signs of heat at regular intervals. In Tj (control), only two animals came
into heat. Highest pregnancy rate (Table III) was observed in T3, with 80% of those inseminated, or
67% of all animals, conceiving. Number of services per conception was 1.25.

In T2, only two animals out of the six (33%) became pregnant. Number of services per
conception was 2.0. In T19 none were diagnosed pregnant out of three animals bred.

TABLE III. EFFECTS OF FEED SUPPLEMENTATION ON PREGNANCY RATES OF
CARABAOS

Treatment

No supplement (Tt)

Rice bran

Rice bran

Total

(T2)

+ Mineral (T3)

Total N°
animals

6

6

6

18

N°of
animals

bred

3

4

5

12

N°of
animals
pregnant

0

2

4

6

N°of
services per
conception

-

2.0

1.25
_

% Conception

N° bred

0

50

80

50.0

based on:

Total

0

33

67

33.3
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Data obtained in this study confirmed previous findings [15] that better body condition, as a
consequence of good nutrition, resulted in better reproductive performance. It was also suggested [16]
that buffaloes, could be bred at any season as long as they were provided with good managerial
practices. The results of the study are also consistent with the findings of other researchers [17-18],
who have reported that minerals such as phosphorus, cobalt, copper and others, when used in feed
supplements, could increase conception rates.

4. CONCLUSION

The incidence of abnormalities found in this study may not be representative of the genital
abnormalities of the carabao population in the Philippines. However, it is highly probable that most
carabaos that failed to become pregnant after several matings, were suffering from one or more of the
defects observed. The high incidence of pregnant animals slaughtered is alarming and regulations
against this practice need to be strengthened. Furthermore, supplementation in female village
carabaos with rice bran and minerals tended to improve oestrus occurrence and conception.
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Abstract

TRADITIONAL SYSTEMS OF MANAGEMENT OF YAK COWS IN CHINA AND OBSERVATIONS ON REPRODUCTIVE
CHARACTERISTICS USING MILK AND PLASMA PROGESTERONE.

A total of 1953 yak cows (5-11 years of age) in two populations differing in calving rate, one with a high calving
rate (HCR) and the other a low calving rate (LCR), were surveyed. The calving rate was 78% in the HCR yaks and 50% in
the LCR yaks. It appeared that the main reasons for this were differences in milking frequency and feed supplementation
between the two populations. The HCR yaks were milked once daily and received supplementary feed from late winter to early
spring, whilst the LCR yaks were milked twice daily and did not receive supplementary feed. Ovarian activity was monitored
post-partum in 15 LCR yak cows and it was found that 67% of cows had started cyclic ovarian activity by 40 days post-partum
based on milk progesterone concentrations, whereas only 13% had been observed in oestrus. Progesterone changes in plasma
and milk were also determined before the first oestrus in the breeding season, during an oestrous cycle, and during pregnancy
and the periparturient period. Before the first oestrus progesterone remained at baseline levels; however, a small peak (3.9 ±
0.3 nmol/1 in plasma and 8.8 ± 3.9 nmol/1 in milk; means ± SD) occurred two days before the first oestrus. Progesterone was
low during oestrus (0.6 ± 0.3 nmol/1 in plasma and 1.2 ± 0.6 nmol/1 in milk) and reached peak levels on day 15 of the cycle
(16.6 ± 3.2 nmol/1 in plasma and 65.0 ± 11.6 nmol/1 in milk). The profiles of progesterone were similar for both pregnant and
nonpregnant yaks during the first 14 days following oestrus, but the concentration was significantly higher on day 19 (P <0.05)
in pregnant yaks. Plasma progesterone concentrations increased up to day 60 of pregnancy (35.8 ± 7.4 nmol/1) and then showed
a decline (P <0.05) to day 120 (25.2 ± 5.8 nmol/1), after which time concentrations increased again to reach maximum levels
on day 210 (49.1 ± 11.9 nmol/1). A progressive decline in progesterone occurred from day 210 to parturition.

1. INTRODUCTION

The yak (Bos grunniens) is an important source of milk, meat and wool and is also used as
a beast of burden in high altitude areas in Central Asia. In China there are two populations of yaks.
One population has a relatively high calving rate of around 80% [1], whilst the other has a calving rate
of about 50% [2]. The reasons for this difference are not clearly understood, but there are differences
in milking patterns and feed supplementation which might be contributing factors.

There is little information on the reproductive physiology of the yak. Progesterone
concentrations during the oestrous cycle were measured in a preliminary study [3], but there are no
other reports on the use of this hormone to characterize different reproductive states in the yak.

In the present study we surveyed the traditional systems of management in the two populations
of yak and used measurements of milk and/or plasma progesterone to (1) monitor post-partum ovarian
function in the low calving rate population, (2) characterize ovarian activity at the onset of the
breeding season and (3) describe changes in progesterone during the oestrous cycle, gestation and
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around parturition. It was anticipated that the findings would lead to recommendations on practical
ways to improve the fertility of yak cows.

2. MATERIALS AND METHODS

2.1. Survey of traditional systems of management in two different yak populations.
The survey was carried out from August 1989 to October 1990. Questionnaires were completed

at the site of interview, where information relating to management practices, feed availability and
reproductive performance of yak cows maintained under traditional systems of management was
collected. A total of 1953 yak cows, 5-10 years of age, were included in the survey. The animals
were randomly selected from different districts with two distinct populations. One population had a
high calving rate (HCR) and the other a low calving rate (LCR). The locations of the districts were
36°29' to 39°49' North latitude for the HCR group and 33°06' to 35°34' North latitude for the LCR
group. A total of 7 counties and 15 villages were involved in the survey as shown in Table I.

TABLE I. DISTRIBUTION OF YAK COWS SURVEYED

Province

Northern*

Gansu

Sub total

Southern**

Gansu

Sub total

Total

Counties

Tianzhu

Shandan

Sunan

Maqu

Luqu

Xiahe

Altitude (m)

2300-4000

2200-3900

2500-4000

3000-4200

2860-4200

2800-3800

No. of villages

3

2

2

7

3

3

2

8

15

No. of yak cows

283

220

251

754

452

418

329

1199

1953

* High calving rate population; ** Low calving rate population.

2.2. Post-partum ovarian function as revealed by concentrations of milk progesterone and rectal
palpation.
Fifteen female yaks (5-10 years of age) from the LCR population were used in this experiment.

Milk was sampled every 5 days from calving until day 90 post-partum. Samples were collected from
the milking bucket, centrifuged (3000 x G, 10 min) immediately for skimming of fat, and then put into
storage bottles containing 1% (V/V) saturated potassium dichromate. All samples were stored at -25 °C
until assayed for progesterone. Ovaries and uteri were palpated rectally at the time of milk samplings
and size, shape, and consistency recorded. Progesterone was determined in fat-free milk using RIA kits
provided by the Joint FAO/IAEA Division of Nuclear Techniques in Agriculture. Assay sensitivity
was 3.9 pg/tube and the intra- and inter-assay coefficients of variation were 4.4% (n = 10) and 12.3%
(n = 5), respectively.
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2.3. Ovarian function at the onset of the breeding season and progesterone profiles during the
oestrous cycle, gestation and around parturition.
These experiments were carried out from 1988 to 1991 using HCR yaks kept on high mountain

grasslands at an elevation of 2500-3000 meters above sea-level. Grazing conditions were relatively
good and the experimental yaks roamed freely all year and received supplementary feed in the evening
from late winter to early spring (Feb to Apr). The yaks therefore remained in relatively good body
condition year round.

Blood and milk samplings were undertaken before the first oestrus in the breeding season from
9 yaks and once every day during the oestrous cycle from 6 yaks. In the first month of pregnancy,
blood was collected every day for the first 20 days and every two days for the other 10 days (n = 12).
Milk was collected daily during this period. Thereafter, blood samples were collected once every
month until the 7th month of gestation (n = 8). Additional blood samples were taken on days 20, 15,
10, 5, 2, and 1 before parturition, at the beginning of parturition and at 3, 7 and 15 hours and 1, 3,
5, 10, 15, and 20 days after parturition.

Blood was taken from the jugular vein into tubes containing 0.01% heparin and after
centrifugation (1000 x G, 10 min), the plasma was transferred to ampoules containing 1% thimerosal.
Milk samples were obtained from milking buckets and placed in small bottles containing 1% (V/V)
saturated potassium dichromate. Plasma and milk samples were stored at -25°C until assayed for
progesterone.

To determine onset of oestrous behaviour at the beginning of the breeding season (mid-Jul to
Oct) the yak herd was followed by herdsmen and other observers. A yak was considered to be in
oestrus when she was followed closely by a bull(s) and was also mounted. Female yaks mated were
later examined for pregnancy by rectal palpation and were confirmed by recorded calvings.

Plasma progesterone concentrations were determined using an extraction RIA based on the kit
produced by the Shanghai Endocrinology Institute. A 200 ul plasma sample was extracted with 2 ml
anhydrous ether to give a recovery rate of 93%. The sensitivity of the assay was 4.1 pg/tube and the
intra- and inter-assay coefficients of variation were 8.3% (n = 10) and 11.7% (n = 5), respectively.
Relative percentage cross-reactivities were: progesterone 100, 17<x-hydroxyprogesterone2.50, cortisol
0.01, corticosterone 0.06, testosterone 0.02, oestrone < 0.01, oestradiol < 0.01, and oestriol < 0.01.

Progesterone was assayed directly in milk samples using a modification of the RIA procedure
described by Heap et cd. [4] and Pope et cd. [5]. The sensitivity was 4.8 pg/tube and the intra- and
inter-assay coefficients of variation were 4.7% (n = 10) and 18.87% (n = 14), respectively. Standards
were prepared in 100 ul of milk from an oestrous cow, diluted 1:1 with phosphate buffered saline
(PBS). Sample tubes contained the same amount of milk sample diluted with PBS ranging from 1:1
to 1:2 depending on anticipated progesterone concentrations.

Concentrations of progesterone in plasma and milk were expressed as the means ± SD.
Differences between means were tested for significance by Student's t-test. The correlation coefficient,
regression coefficient and regression equation between plasma and milk progesterone concentrations
were obtained by correlation and regression methods and the significance of the correlation coefficient
was determined by Student's t-test:

3. RESULTS

3.1. Survey of traditional systems of management in two different yak populations
Pasture types for the areas surveyed were similar in regions occupied by HCR and LCR yaks

and consisted primarily of (1) meadow (Kobresia capillifola, K. pygamea; Polygonum vivipamm;
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Deschampsia caespitosa, etc.), (2) grassland (Stipapururea, S. breviflora; Poaannua, P. pratensis, etc.)
and (3) shrub grassland (Scdix mystillacea, S. scherophylla; Dasiphora fruticosa; Rhododendron
przewalskii, R.thymifolium, etc).

The climatic conditions of the different districts obtained from local meteorological stations
are shown in Table II. All the districts were high grassland areas and the climate was harsh almost
all year round. The growth period of the vegetation was short (May to Aug) and the dry period was
very long (Sep to Apr). During the late dry period (Feb to Apr) the grassland was often covered with
thick snow which made grazing difficult for both groups. During this period HCR yaks were fed with
oat and wheat straw (about 2 kg/day) but LCR yaks did not receive supplementation. However, maize
(about 1 kg/day) was given to emaciated yaks in both groups when necessary. Moreover,
supplementary fodder was not given to HCR yaks during the whole of the late dry period, but only
when the grass was covered with thick snow. As a result of dry season supplementation HCR yaks
had a higher (P <0.05) body condition score (6.8 ± 1.2) than LCR yaks (6.1 ± 1.7). Further details
of feed supplementation and body condition scores are shown in Table III.

TABLE II. CLIMATIC CONDITIONS IN THE DISTRICTS SURVEYED

Population

HCR*

LCR**

District

Tianzhu

Shandan

Sunan

Maqu

Luqu

Xiahe

Vegetative growth period
(May-Aug)

Avg. monthly
temperature (°C)

4.3 - 10.4

4.8- 11.0

4.6 - 10.7

4.1 - 9.8

4.2 - 10.0

4.5 - 11.0

Avg. monthly
rainfall (mm)

200 - 250

230 - 260

240 - 265

260 - 280

250 - 280

240 - 270

Dry period
(Sep-Apr)

Avg. monthly
temperature (°C)

-12.2 - 5.4

-13.4- 6.1

-13.5 - 5.9

-14.1 - 5.2

-13.8 - 5.1

-12.9 - 6.0

Avg. monthly rainfall
(mm)

150- 190

180 - 205

195 -210

200 - 230

205 - 240

190 - 235

* HCR = High calving rate population; ** LCR = Low calving rate population.

The yak cows were milked either once in the morning (HCR) or in the morning and afternoon
(LCR). They were milked in the presence of calves, since milk letdown would not occur otherwise.
Results for milk production are shown in Table III. Average milk yields (kg/cow/day) were lower (P
<0.01) in HCR yaks (0.75 ±0.15) than in LCR yaks (1.20 ± 0.26). Also, the milking period for HCR
yaks (110 ± 9 days) was shorter (P O.05) than in LCR yaks (128 ± 7.6 days).

In both the HCR and LCR yaks mating was by natural service. The proportion of each
population showing first calving at 4, 5 or 6 years, and the proportions with calving intervals of 1, 2
or 3 years are shown in Table IV. Age at first calving was around 5 years for both HCR (86.7%) and
LCR (86.9%) yaks. In the HCR population 76.6% of animals had a calving interval of one year,
while only 50.4% of those in the LCR population achieved this (P <0.01). The annual calving rates
in HCR and LCR yaks were 78% and 50.2%, respectively. The difference was significant (P <0.01).
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TABLE III. MILKING PERFORMANCE AND BODY CONDITION OF YAKS IN THE TWO
DIFFERENT POPULATIONS

Population

HCR*

LCR**

District

Tianzhu

Shandan

Sunan

Average

Maqu

Luqu

Xiahe

Average

Milking
times/day

I

1

1

1

2

2

2

2

Milking period
(days)

108 ± 10

112 ±6

115 ± 8

110±9a

129 ±3

126 ±7

130 ±6

128 ± 7b

Milk yield/day
(kg)

0.50 ± 0.12

0.75 ± 0.09

0.78 ±0.16

0.71 ±0.15"

1.20 ±0.32

1.30 ±0.20

1.15 ±0.26

1.20 ±0.26"

Body cond.
score

6.5 ± 0.9

7.1 ± 1.0

6.8 ± 1.2

6.9 ± 1.2"

6.4 ± 1.7

6.0 ± 1.1

5.8 ± 1.4

6.2 ± 1.7b

* HCR = = High calving rate population; ** LCR = Low calving rate population.
Column means with different superscripts differ significantly (P <0.05).

TABLE IV. PROPORTIONS OF ANIMALS WITH DIFFERENT AGES AT FIRST CALVING AND
CALVING INTERVALS IN THE TWO POPULATIONS

HCR*

Age at first calving

- 4yrs

- 5 yrs

- 6 yrs

Total

Calving interval

- l y r

- 2 yrs

- 3 yrs

Total

Annual Calving rate

N°

22

416

42

480

426

95

35

556

%

4.5

86.7

8.8

-

76.6

17.1

6.3

-

78.0

LCR**

N°

38

695

67

800

507

432

67

1006

%

4.8

86.9

8.4

-

50.4

42.9

6.7

-

50.2

HCR = = High calving rate population; LCR = Low calving rate population.

3.2. Post-partum ovarian function as revealed by concentrations of milk progesterone and rectal
palpation.
Based on milk progesterone concentrations the 15 cows were classified into four categories:

Type I (normal), where cows had cyclic changes of milk progesterone concentrations within 40 days
post-partum (n = 6); Type II where there was a short progesterone rise within 20 days post-partum,
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then progesterone remained low (<1.6 nmol/1) until 90 days post-partum (n = 2); Type III where milk
progesterone concentrations remained below 1.6 nmol/1 until 90 days post-partum (n = 5); Type IV
where progesterone concentrations remained consistently above 3.2 nmol/1 from 20 days until 90 days
post-partum (n = 2). Among the 7 cows in Types II and III, all had inactive ovaries by rectal
palpation. The cows of Type IV were diagnosed by rectal palpation as bearing either a luteinized
follicle or persistent corpus luteum.

Figure 1 shows typical progesterone profiles in two yaks where a short progesterone rise
appeared at approximately 20 days post-partum and oestrus and mating occurred at 33 days post-
partum. One cow conceived to this mating while the other did not.

From Table V it can be seen that 66.7% of cows had started cyclic activity within 40 days
post-partum as judged by progesterone concentrations, but only 13.3% had shown oestrus. This would
suggest that a high proportion of the oestrus periods were either of low intensity or short duration.
Alternatively, ovulations may not have been accompanied by oestrus. The latter tends to occur with
the resumption of oestrous cycles following post-partum or seasonal anoestrus.

10

o

0)

o

ato>
O)
o
o. 2

10 20 30 40 50 60
Days after calving

70 80

FIG 1. Progesterone concentration in fat-free milk of two yak cows during the post-partum period.

TABLE V. PROPORTIONS OF YAK COWS COMMENCING OVARIAN ACTIVITY AT
DIFFERENT INTERVALS POST-PARTUM, AS DETERMINED BY MILK PROGESTERONE
CONCENTRATION AND RECTAL PALPATION, OR BY OESTROUS SIGNS._________

Commencement of ovarian activity determined by

Days post-partum Milk progesterone concentration and
rectal palpation

Oestrous signs

<, 20

21 - 30

31 -40

;> 90

Number (%)

4 (26.7)

3(20)

3 (20)

5 (33.3)

Cumulative %

26.7

46.7

66.7

100.0

Number (%)

0

1 (6.7)

1 (6.7)

13 (86.7)

Cumulative %

0

6.7

13.3

100.0

Total 15 15
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3.3. Ovarian function at the onset of the breeding season and progesterone profiles during the
oestrous cycle, gestation and around parturition.
Progesterone concentrations in plasma and whole milk were basal (0.7 ± 0.3 nmol/1 and 0.9

± 0.6 nmol/1, respectively) at the start of the breeding season. The levels rose gradually from 5 days
before the first oestrus (day -5) and peaked on day -2 in plasma (3.9 ± 0.3 nmol/1) and milk (8.8 ±
3.0 nmol/1). Concentrations declined promptly to 1.1 ±0.6 nmol/1 in plasma and 2.1 ± 1.0 nmol/1 in
milk on day -1 (P <0.01) before the first oestrus.

During the second cycle respective plasma and milk progesterone concentrations rose markedly
to 3.6 ± 0.9 nmol/1 and 12.8 ± 0.3 nmol/1 on day 5 (P <0.01) and reached peak values (16.6 ± 3.2
nmol/1 and 65.0 ± 11.6 nmol/1) on day 15. Concentrations dropped abruptly from day 17 (day -3 in
a 20 day cycle) to 0.9 ± 0.3 nmol/1 (plasma) and 1.43 ± 0.2 nmol/1 (milk).

Progesterone concentrations in plasma and milk, both in the oestrous cycle and in the initial
stages of gestation, increased gradually in the first 14 days. In the cyclic animal progesterone levels
in plasma and milk reached a peak on day 15, whilst in the pregnant cow levels dropped slightly on
the same day. From day 16 onwards, the levels in the pregnant cow increased and after day 19 were
maintained at significantly higher levels than those in the cyclic cow.

Progesterone concentrations in plasma during the period of pregnancy and around parturition
are shown in Figure 2.

On the day of mating, plasma progesterone concentrations were 1.0 ± 0.5 nmol/1.
Concentrations increased gradually to a high of 35.8 ± 7.3 nmol/1 on day 60. Thereafter, levels
declined and were lower (p <0.05) on day 120 (25.2 ± 5.8 nmol/1). Levels then increased again and
reached a maximum (49.1 ± 11.9 nmol/1) on day 210. They declined abruptly (P <0.01) on the day
of parturition to the same level as observed at mating. Levels were low up to 20 days following
parturition.

Significant positive correlations existed between progesterone concentrations in plasma and
milk before the first oestrus (0.99), during the oestrous cycle (0.98), during the first month of
pregnancy (0.94) and in the above stages as a whole (0.96). Respective plasma and milk
concentrations at the different periods above were assigned XL, x2, x3, x and yls y2, y3, y, and the
equations for the respective regression lines were y, = 2.46x, - 0.15, y2 = 3.91x2 +0.04, y3 = 5.69x3

60 120 180 240-10 0 10 20

Days

FIG. 2. Mean progesterone concentration in plasma of yak cows (n = 8) during the period of
pregnancy and parturition.
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- 3.74 and y = 5.17x - 1.82. The equations indicated that milk progesterone concentrations were 2 to
6 times higher than those in plasma and the correlations and regressions between plasma and milk
progesterone were highly significant (p <0.01).

4. DISCUSSION

Reproductive performance is one of the most important considerations determining the
profitability of yak husbandry. If yaks do not show regular oestrus activity, become pregnant and
deliver a calf each year, then other desirable characteristics may be to no avail. The findings in
Experiment 1 showed that LCR yaks do not receive supplementation during late winter to early spring
and they are milked twice a day and for a longer period than yaks in the HCR population. This was
reflected in the poorer body condition of yaks in the LCR population which likely explains the delay
in resumption of ovarian activity post-partum as described for the post-partum cow [6].

It has been shown that during milking and/or sucking the frequency of adrenal corticoid
secretion increases [7] and this may lead to a reduced frequency and magnitude of LH peaks similar
to that seen in cows subjected to ACTH [8] and cortisol treatments [9]. Reduced LH secretion could
then contribute to an extended post-partum anoestrous period. Direct neural inputs from increased
suckling and milking in LCR yaks might also extend the post-partum anoestrous period. Progesterone
concentrations observed in Experiment 2 indicated that in 66.7% of yak cows luteal activity had started
within 40 days post-partum, but only 13.3% had shown behavioural oestrus. This suggested that in
a high proportion of yaks the intensity of oestrus might be low and of short duration (possibly due to
corticosteroid influences) and there is little opportunity to mate. Alternatively, the early rises in
progesterone may have been associated with short cycles that were not accompanied by oestrus.

Progesterone profiles in plasma and milk during the oestrous cycle and initial stages of
gestation in the yak were similar to those of the dairy cow [10, 11]. However, absolute concentrations
in plasma and milk during various stages were lower, except for milk progesterone during the luteal
phase which was similar to that in dairy cows.

The yak is a seasonal breeder and matings occur during summer and early autumn.
Progesterone concentrations were low and stable before yaks showed signs of oestrus at the beginning
of the breeding season. However, before the first oestrus there was a small rise in progesterone that
lasted around 4 to 5 days. This most likely reflects an ovulation that is not accompanied by oestrus
and results in a short lifespan corpus luteum. This has been described in cattle at the resumption of
ovarian activity after a period of anoestrus either post-partum or seasonal.

The pattern of plasma progesterone during gestation and around the time of parturition was
similar to that in the dairy cow [13-16]. A slight difference was that concentrations of progesterone
were somewhat higher in the yak. Progesterone concentrations in yaks declined around day 90 of
gestation and increased again around day 150. This may have resulted from a decreased secretory
function of the corpus luteum of pregnancy around day 90 and enhanced secretion by the placenta
around day 150. Similar shifts in the source of progesterone during gestation have been reported for
the sheep and guinea-pig [17, 18].

In summary, observations on the reproductive performance of yaks in China have shown that
there is a high calving rate population (HCR) and a low calving rate population (LCR). This
difference in fertility between the two populations was found to be due to feed supplementation of
HCR yaks during late winter and early spring and milking once a day, compared to no
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supplementation and twice daily milking in LCR yaks. Implementation of management strategies in
LCR yaks similar to those used in HCR yaks should improve the reproductive efficiency of the LCR
population.

ACKNOWLEDGEMENTS

The authors wish to thank the International Atomic Energy Agency, the International
Foundation for Science (Grant No. B/l424-2) and National Science Foundation of China (Grant No.
39100096) for their financial support.

REFERENCES

[I] LIU, W.L., LIU, S.Y., Some reproductive performance of female yak in our pasturelands,
Chinese Yak, 1 (1982) 64. (In Chinese)

[2] ZHOU, C.X., The yak in Haiyan, Chinese Yak 4 (1981) 53. (In Chinese)
[3] XUE, L.Q., Levels of milk progesterone in yak cows during oestrous cycle and early

pregnancy. In: A Symposium of Animal Reproduction and Endocrinology, North-Western
Agriculture University (1983) 201. (In Chinese)

[4] HEAP, R.B., HOLDSWORTH, R.J., GADSBY, J.E., LAMMING, J.A., WALTERS, D.E.,
Pregnancy diagnosis in the cow from milk progesterone concentration., Br. Vet. J., 132 (1976)
445.

[5] POPE, O.S., MAJZLIK, I., BALL, P.J.H., LEAVER, J.D., Use of progesterone concentration
in plasma and milk in the diagnosis of pregnancy in domestic cattle, Br. Vet. J., 132 (1976)
497.

[6] CARRUTHERS, T.D., CONVEY, E.M., KESNER, J.S., HAFS, H.D., CHENG, K.W., The
hypothalamo-pituitary gonadotropic axis of suckled and non-suckled dairy cows post-partum,
J. Anim Sei., 51 (1980) 949.

[7] WAGNER, W.C.,LI, P.S., Influence of adrenal corticosteroids on post-partum pituitary and
ovarian function, Current topics in Vet.Med. and Anim. Sei., 20 (1981) 197.

[8] STÖßEL, D.P., MOBERG, O.P., Effect of ACTH and cortisol on estrous behaviour and
luteinizing hormone surge in cows, Fed. Proc., 38 (1979) 1254.

[9] MOBERG, G.P., STOBEL, O.P., The effect of cortisol on ovulation in the dairy cow, Proc.
9th. Int. Congr. Anim. Reprod. A.I., III (1980) 103.

[10] WAN, Y.H., WEI, Y.Z., HE, Y.W., GAO, Y.H., YANG, X.P., HUANG, Y.M., JIANG, S.,
Analysis of reproductive hormones in dairy cow. III. Levels of progesterone in peripheral
plasma and milk during oestrous cycle, Acta Agriculturae Universitatis Gansu, 2 (1985) 1. (In
Chinese)

[II] ECHTERNKAMP, S.E., Concurrent changes in bovine plasma hormone levels prior to and
during the first post-partum oestrous cycle, J. Anim. Sei, 37 (1973) 1362.

[12] HEAP, R.B., FLINT, A.P.F., Hormonal Control of Reproduction. In: Reproduction in
Domestic Animals, Eds. Austin, C.R., Short, R.V., 2nd ed., (1973) 155.

[13] SHORT, R.V., Progesterone in blood. I. Progesterone in the peripheral blood of pregnant
cows, J. Endocrinol., 16 (1958) 426.

135



[14] STABENFELDT, G. H., OSBURN, B.I., EWING, L.L., Peripheral plasma progesterone levels
in the cow during pregnancy and parturition., J. Anim. Physiol., 218 (1970) 571.

[15] DONALDSON, L.E., BASSETT, J.M., THORBURN, G.D., Peripheral plasma progesterone
concentration of cows during puberty, oestrous cycles, pregnancy and lactation, and the effects
of undernutrition or exogenous oxytocin on progesterone concentration, J. Endocrinol., 48
(1970) 599.

[16] SCHAMS, D., HOFFMANN, B., FISCHER, S., MATZ, E., KARG, H., Simultaneous
determination of LH and progesterone in peripheral bovine blood during pregnancy, normal
and corticoid-induced parturition and the post-partum period, J. Reprod. Pert., 29 (1972) 37.

[17] BEDFORD, A., The role of oestrogens and progesterone in the onset of parturition in various
species, J. Reprod. Pert. Suppl., 16 (1972) 1.

[18] CHALLIS, J.R.G., HEAP, R.B., ILLINGWORTH, D.V., Concentrations of oestrogen and
progesterone in the plasma of non-pregnant, pregnant and lactating guinea-pig, J. Endocrinol.,
51 (1971) 1333.

136 Next page(s) left blank



ANIMAL HEALTH



ENZYMES IN MODERN ASSAY SYSTEMS

S.S. SUTHERLAND
Western Australian Department of Agriculture,
South Perth, Australia

Abstract

ENZYMES IN MODERN ASSAY SYSTEMS.
Enzymes in EIA technology and molecular biology have led to many new diagnostic reagents and applications. These

technologies have permitted access to the protein products of gene sequences and to the genetic makeup of the organism. Reagents
such as enzyme antibody conjugates (polyclonal and monoclonal antibodies), avidin-biotin antibody conjugates and lectin peroxidase
conjugates all have the ability to be utilized in a variety of immunotechnological procedures. These include the microtitre plate
and bead EIA applications, immunoblotting and immunohistochemical staining and imaging techniques. Enzymes such as the
restriction endonucleases, exonucleases, kinases, DNA and RNA ligases, polymerases, and special enzymes, in particular proteinase
K, have permitted the development of molecular techniques and procedures. These molecular procedures allow investigation
of the genomic content of any organism and provide powerful tools for new diagnostic reagents. One major constraint to the
transfer of these technologies has been the requirement for the use of radio-isotope 32P to visualize the DNA fragments. This
is now being overcome primarily by new enzymatic technologies which are being developed in the private and public sectors,
and which allow the visualization of DNA by immunological and chemical means.

1. INTRODUCTION

This review deals with the use of enzymes to detect specific molecular structures (or targets)
which may be found in animals, plants, humans, food, the environment or any complex matrix. In
animals, the targets for detection may be hormones, agents or indicators of disease (bacteria, viruses,
fungi, mycoplasma, parasites or toxins), or chemicals which are either used directly in animals (antibiotics)
or indirectly in agriculture (pesticides) and find their way into the animal via food, water and soil.
More recently another group may be added to the list of targets for detection and these are specific
genes (DNA) or gene products (proteins).

The major objective of this review is to explore the use of enzymes in current and emerging
assay systems, the uses of these assays, their value to animal industries and their application to developing
countries and international development agencies.

2. CURRENT ASSAY SYSTEMS

Enzyme-immunoassay (EIA) was introduced approximately 20 years ago [1]. Since that time
there has been a mass of published work in which the technique has been employed. This is evidence
of its broad applicability and potential. El As are regarded as simple to perform, convenient, economical,
reliable, highly sensitive and compare favourably with other assay systems. The system is flexible
and this is apparent by the numerous configurations in methodology employed in basic EIA procedures.

The key feature of the technique is the use of an enzyme indicator for an immunological reaction.
The most commonly used enzymes in diagnostic veterinary medicine have been horseradish peroxidase
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(HRP), alkaline phosphatase (AP), urease, B-galactosidase and glucose oxidase. The choice of an enzyme
for use as a label is based on availability of low cost purified homogenous enzyme, high-specific activity,
the presence of functional groups by which the enzyme can be cross-linked (conjugated) to another
protein and its ability to form stable conjugates. In addition, the enzyme or its substrate must pose
no risk to human health, it must not be affected by factors present in samples to be assayed, and it should
permit fluorimetric, luminometric or colorimetric measurement of the products formed [2]. The
purification of enzymes and methods for their conjugation to antisera have been reported extensively
[3]. Indeed many of the commonly used "pure" enzymes and enzyme-conjugate preparations are available
commercially from a number of manufacturers.

Laboratory diagnosticians and disease control officials are now being confronted by new enzymatic
and molecular approaches to the diagnosis, treatment, prevention epidemiology and eradication of diseases.
Therefore, professionals dealing with infectious disease need to become familiar with the terminology,
outcomes and potential of these new enzymatic and molecular approaches. This paper will focus on
a new technology "molecular biology" which utilizes a wide-range of specific enzymes and tools.

Molecular biology looks at the genetic material, of the cell i.e. the deoxyribose nucleic acid
(DNA) and ribonucleic acid (RNA). DNA and RNA can be examined, amplified or manipulated using
specific enzymes and tools. So: what are nucleic acids?; what is DNA?; what are these enzymes?; and
what are these new tools?

3. THE NUCLEIC ACIDS

There are two nucleic acids, DNA and RNA. The basic unit of DNA is made up of deoxyribose
sugar, phosphate and one of four bases, adenine (A), thymine (T), cytosine (C) and guanine (G) while
the basic unit of RNA is ribose sugar, phosphate and one of four bases, adenine, uracil, cytosine and
guanine.

DNA is the universal currency of genetic exchange and carries the genetic blueprint of the cell.
The bases are paired (thymine pairs only with adenine and guanine pairs only with cytosine) and form
the structure of the DNA double helix. When a number of DNA molecules are strung together one
can get a unit of DNA called a gene which codes for a product, usually a protein. The sequence, in
which the letters (ACTG) representing the four bases appear in the gene, determines the information
translated and the protein produced; three adjacent bases determine each amino acid. A small change
in the sequence or code can alter the protein it specifies and perhaps modify its shape or function.

4. ENZYMES - NUCLEASES AND RESTRICTION ENDONUCLEASES

Nucleases are enzymes that depolymerise nucleic acids. Most nucleases show chemical specificity
and are either a deoxyribonuclease (DNase) or a ribonuclease (RNase). One can have exonucleases
that act at either end of the DNA or endonucleases which act within the DNA strand.

Restriction endonucleases are fundamental to all molecular techniques, and can cut DNA in
a very precise way. Their discovery, primarily made molecular biology possible. These enzymes evolved
by bacteria as a defence against viruses and can cut both DNA and RNA. Different species of bacteria
have different restriction endonucleases each of which recognises particular base coding sequences in
DNA or RNA and cuts at that very specific point (Table I).
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TABLE I. SOME EXAMPLES OF RESTRICTION ENZYMES SHOWING THEIR CLEAVAGE SITES

Micro-organism
producing the
enzyme

Escherichia coli

A cetobacter
pasteurianus

Brevibacterium
cdbidium

Streptomyces
achromogenes

Haemophilus
influenzas

Name of
enzyme

Eco RI

Apa I

Ball

Sacl

Hind III

Recognition
sequence

GAATTC
CTTAAG

GGGCCC
CCCGGG

TGGCCA
ACCGGT

GAGCTC
CTCGAG

AAGCTT
TTCGAA

Sequences

G
CTTAA

GGGCC
C

TGG
ACC

GAGCT
C

A
TTCGA

after cleavage

AATTC
G

C
CCGGG

CCA
GGT

C
TCGAG

AGCTT
A

5. TOOLS FOR MOLECULAR BIOLOGY

The tools include:

Restriction endonuclease analysis (REA) / Restriction Fragment Length Polymorphisms (RFLP)
Gene probes - DNA probes
Polymerase chain reaction
DNA libraries - genomic libraries
Cloning DNA
Recombinant vaccines

5.1. Diagnosis by REA
Many serological and biochemical tests do not identify closely related viral or bacterial isolates

whereas REA (nucleic acid fingerprinting) can often detect differences in the genomes of the same
serotypes [4].

The DNA is extracted from the sample (bacteria or virus) using specific protease enzymes e.g.
proteinase K. The extracted DNA is cut into fragments with the restriction endonucleases and the
fragments sorted and separated by size in an agarose gel by electrophoresis. One can then compare
the number and size of the DNA fragments which are represented by bands on the gel.

To make interpretation easier the number of bands on the DNA fingerprint gel may be reduced.
To do this, DNA fragments are transferred from the gel to a membrane by blotting (Southern blotting).
The membrane is placed in solution containing a DNA probe labelled with 32P or an enzyme. The labelled
DNA "probe" which contains a DNA sequence, "seeks out", and binds only to a specific complementary
DNA sequence on the sample's DNA fragments. After washing off the excess probe, the labelled probe
can be detected on the membrane by autoradiography or development for visible colour in a manner
similar to EIA systems (Fig. 1).
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comparison
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FIG. 1. Restriction endonuclease analysis and DNA probes.
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5.2. DNA probe for detecting pathogens
The use of DNA hybridization provides a sensitive and powerful tool in the diagnosis of bacterial

or viral agents. Probes have been described as "fish hooks" that catch a specific gene.
A diagrammatic representation of the use of a probe is shown in Fig. 2. To make a probe,

the DNA is separated by heating or chemical treatment until the two strands separate. Each strand will
then be able to bind to another strand of DNA that has a complementary nucleotide base sequence.
To determine whether binding (hybridization) has occurred the single strand of the probe DNA is labelled
with either a radioactive 32P label or a non-radioactive label such as an enzyme.

Basically the specimen (blood, exudate, saliva or plant material) is applied to nitrocellulose
filters (dot-blot). For non-radioactive detection systems the enzyme labelled probe is added and if the
target DNA of the specimen is complementary they will hybridize. The filter is then checked using
basic EIA detection principles for the presence of the enzyme labelled probe. If the labelled probe
is found the specimen is deemed positive for that particular pathogen.

DNA probes can be labelled with biotin, which is detected by allowing it to bind with
enzyme-conjugated avidin or streptavidin (horseradish peroxidase or alkaline phosphatase). The complex
then reacts with a substrate that produces a coloured reaction product.

DNA probes are also being detected by chemiluminescence (the emission of light due to a
chemical reaction). In this system the DNA probe is labelled with horseradish peroxidase which is
hybridized to the filter and soaked in the detection reagent. This elicits a peroxidase-catalyzed oxidation
of luminol and subsequent enhanced chemiluminescence where the probe is bound. The resulting light
can be detected on a film. This system is available commercially and has been used successfully to
characterize Corynebacterium pseudotuberculosis isolates from sheep and goats [5].

5.3. Polymerase chain reaction (PCR)
The PCR procedure has the potential to dramatically increase the sensitivity of nucleic acid

hybridization tests. A heat-stable enzyme (Taq DNA polymerase) is used to amplify up to a millionfold,
specific (target) nucleic acid sequences in several hours. The Taq DNA polymerase catalyses the
formation of DNA in the presence of a DNA template. The newly made DNA contains sequences
complimentary to the templates. The whole process is automated by what is called a "thermo cycler".

A diagrammatic representation is shown in Fig. 3. Basically two short pieces of DNA are
synthesized to sequences complementary to the DNA that will be amplified. These short pieces of
complementary DNA are called primers. When the DNA sample is heated the two strands separate,
allowing the primers to bind to the flanking sequences, one on each strand. Cycle one commences
and the primers extend in the presence of the Tac DNA polymerase. The result is two copies, of the
targeted or sample DNA. Generally 20-40 cycles of heating and DNA synthesis are run during a gene
amplification of the PCR. The amplified gene or specific DNA sequence is then detected on a gel.
Work is currently underway to utilize the EIA detection system to detect the amplified DNA or gene.

Procedures utilizing PCR technology have been published for the rapid detection of bovine
tuberculosis [6] and identification of Brucella sp. [7].

5.4. Cloning DNA/DNA libraries
Cloning DNA and DNA libraries (a DNA library represents a full genetic blueprint of the

organism) are two further molecular techniques which utilize restriction endonucleases and other enzymes
called DNA ligases which can join specific pieces of DNA together. The restriction endonucleases
cut the DNA which is inserted into another piece of DNA (e.g. plasmids) using the DNA ligase enzyme.
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Probe DNA (strands separated)

Specific Nucleic Acid Binding
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FIG. 2 DNA probes for detecting pathogens.
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FIG. 3. Polymerase chain reaction.
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Both these techniques are used primarily for research purposes. Further information may be
obtained from a number of references and books e.g. [8, 9].
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Abstract

THE DEVELOPMENT OF AUJESZKY'S DISEASE DIAGNOSIS IN THAILAND.
Three diagnostic techniques, viral isolation (VI), DNA hybridization (DH) and immunofluorescence (IF) for identifying

pigs infected with the CB-1 strain of Aujeszky's disease (AD) virus were evaluated using samples collected from five
experimentally infected animals. All techniques detected infection in the tonsil and olfactory bulbs from 3 to 9 days after
infection. The DH technique was the most sensitive detecting 21 samples while IF detected 19 and VI demonstrated infection
in 13. A DNA probe derived from the Pst l fragment of the Phylaxia European strain of AD was used to detect the Bam HI
fragments of the CB-1 and NP-1 Thai strains of AD. The Bam HI fragments of these strains migrated at a significantly different
rate to the reference European strain suggesting that this technique could be used to differentiate Thai and European strains of
AD. A quantitative indirect ELISA used to measure immune responses following vaccination with AD was compared with virus
neutralization (VN) test. There was an agreement of 88.4% with 48 and 76 ELISA units corresponding with VN titres of 4 and
16 respectively. Surveys of the seroprevalence of AD in 15 commercial herds were carried out using a commercially available
indirect ELISA based on an affinity purified gl antigen and a blocking ELISA utilizing a single monoclonal antibody which
reacts with the gl glycoprotein. There was 100% agreement in samples collected from 13 herds and 93% for the 2 remaining
herds. There was one herd having no reactors. While four herds with a prevalence of 2.1 to 15.6% are candidates for vaccination
with removal of infected animals, the remaining 10 herds (71%) had a prevalence of >20% indicating that removal of infected
animals is not a viable option until the prevalence of infection can be reduced.

1. INTRODUCTION

Since Aujeszky reported the first case of disease in 1902, Aujeszky's disease (AD) has been
recognized in most countries and is now an economically important disease for the swine industry
worldwide. Various diagnostic techniques e.g. virus isolation and immunofluorescent staining have
been used to diagnose and confirm the infection [1-3]. Aujeszky's disease virus (ADV), as for other
herpesviruses, frequently establishes latent infections and from latency manifest infections may appear
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particularly in foetuses and piglets. In the latent stage, no conventional immunological technique can
detect the presence of virus in carrier pigs. Various methods of nucleic acid hybridization were
established to overcome this problem [4-7].

The first AD outbreak in Thailand was reported in 1977 [8] and since then the disease has
been recognized throughout the country, causing severe economic loss in the swine industry. A wide
variety of commercially available vaccines are used routinely to prevent losses due to clinical disease.
The effectiveness of individual vaccination programs is evaluated by measuring post-vaccination
antibody titres by the VN test. The indirect ELISA has been shown to be more sensitive and more
economical to perform than the VN test for screening purposes [9-11].

The main purposes of the work reported here were to establish more sensitive and rapid tests
for AD diagnosis and to compare their sensitivity and specificity with the conventional techniques.
For viral detection, the sensitivity of three techniques was compared and their suitability under
different conditions assessed. The characteristics and the distribution of locally isolated virus in animal
organs were also studied. For antibody detection, two differential ELISA test kits (indirect and
blocking tests) were compared to evaluate the efficacy of the tests in Thailand and to study AD
prevalence in swine herds.

2. MATERIALS AND METHODS

2.1. Cells and viruses
The Thai ADV isolates, CB-1 and NP-1 strains, propagated in PK-15 cell line [11, 12] were

used throughout the study. The European Phylaxia strain DNA extract was from the Biomédical
Center, Uppsala, Sweden.

2.2. Experimental infection of pigs, virus isolation and immunofluorescent staining
Five six-week old seronegative pigs were inoculated intranasally with the CB-1 strain of ADV

and the specimens were collected and prepared as described previously [13]. A seronegative pig of
the same age was used as control.

2.3. Vims neutralization test
The VN test was conducted as described previously [11].

2.4. DNA hybridization
The ADV Pst l-fragment corresponding to the pTM 16 insert was purified as described [7]

and labelled with 32P by the oligolabelling kit (Pharmacia). The DNA samples were hybridized and
signals were detected as described earlier [13].

2.5. Sera
Standard positive control (SPC) serum was prepared by pooling 20 sera collected from known

ADV infected pigs with VN titres of at least 128. Standard negative control (SNC) serum was
prepared by pooling sera collected from 56 known negative weanling pigs. Test sera (n = 600) were
collected from 15 pig herds in central Thailand vaccinated with GI-deleted vaccines.
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2.6. Quantitative indirect ELISA
The viral and control antigens were prepared by extracting proteins from ADV infected and

uninfected PK-15 cells respectively with TE buffer (0.05 Tris, 0.025M EDTA, pH 7.4) containing
0.5% Triton X-100. The ELISA was a modification of the test which was described previously [11].
Essentially, each plate contained 16 test sera which were diluted 1:50 in ELISA dilution buffer (EDB).
50ul of each diluted serum was added in duplicate to test and control antigen wells. Duplicate
volumes of EDB, 1:50 diluted SNC serum and 6 appropriate dilutions of SPC serum chosen to cover
the range from 2 to 512 ELISA units were also added to the plate. The plates were then incubated
at room temperature for 60 min and washed 3 times. Affinity purified goat anti-swine IgG diluted to
1:3000 in EDB was added to each well and the plates were reincubated at room temperature for 30
min and washed as before. 50ul of substrate was added to each well. The reaction was stopped after
15 min by adding 25 ul of l M H2SO4. The optical densities were determined by subtracting the mean
OD control antigen from the mean OD viral antigen.

The determination of a standard reference curve was as follows: The SPC serum was serially
diluted two-fold in ELISA dilution buffer (EDB) beginning at 1:50 and terminating at 1:256,000. The
highest dilution of SPC serum that produced an optical density (OD) greater than that produced by
1:50 dilution of SNC serum was given an arbitrary value of 2 ELISA units [19, 20]. Each consecutive
lower dilution of SPC serum was given a relative value two-fold greater than the preceding dilution
so that the lowest dilution of the SPC serum represented 128 ELISA units or greater. The curvilinear
relationship between OD and ELISA was found to be best represented (R2 = 0.98) by the equation:

y = B0 * eBl * x

where y = ELISA units, B0 = X intercept, B, = slope and X = OD.
The minimum positive threshold OD value was established by testing 30 sera collected from

known ADV free pigs. The mean ELISA reaction was 1.53 units and the upper 95% confidence limit
was 2.03 units. Consequently, a positive threshold value of 5.0 units was selected. This value was
never exceeded when field sera which were VN and latex agglutination test negative were tested by
the ELISA.

Test sera from 15 individual herds were separately grouped according to their VN titres. The
mean ELISA titer in units and the 95% confidence limits were calculated for each serum group in each
herd [14].

2.7. The gl-based ELISAs
The gl indirect (IDEXX, U.S.A.) and blocking (SmithKline Beecham, U.S.A.) ELISAs were

conducted according to the manufacturers' instructions [15].

2.8. Study of some characteristics of Thai strain ADV
The characteristics of the CB-1 strain ADV used in these studies were studied according to

the results of previous experiments [11-15].

3. RESULTS

3.1. Virus detection methods
All infected pigs showed mild anorexia but no clinical nervous signs were observed throughout

the study. Virus was isolated from all nasal swabs from day 1 post infection onward (Table I). From
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white blood cells, the virus was first recovered at day 5 post infection (Table II). In the central
nervous system (CNS), infectious virus could be isolated from the olfactory bulb between days 1 to
9 after infection. Nasal mucosa, lungs and the bronchial lymphnode also contained infectious virus
during this period (Table III). Fluorescence typical for ADV-infected cells was observed from the
olfactory bulb within 1 day of infection. Nasal mucosa and tonsils were found to be positive from day
3 (Table III). Fluorescence was not observed from other tissues as well as all control specimens. The
specific DNA probe first detected ADV nucleic acid in the nasal swabs at day 2 after infection (Fig.
1) and in the white blood cells from day 1 onward (Table II).

TABLE I. COMPARISON OF ADV ISOLATION AND DNA HYBRIDIZATION FROM NASAL
SWABS OF EXPERIMENTALLY INFECTED PIGS

DPI*
0
1
2
3
4
5
6
7
8
9

VI**
0/5P

5/5
4/4
4/4
3/3
3/3
2/2
2/2
1/1
1/1

DH***
0/5
0/5
3/4
4/4
3/3
3/3
2/2
2/2
1/1
1/1

* DPI = Day(s) post inoculation.
**VI = Virus isolation.
***DH = DNA hybridization.
P = Positive animals/tested animals.

TABLE II. COMPARISON OF ADV ISOLATION AND DNA HYBRIDIZATION FROM WHITE
BLOOD CELLS OF EXPERIMENTALLY INFECTED PIGS

Pig No

c****

1

2

3

4

5

DPI*

0

1

3

5

7

9

VI** DH***

-

+

+

+ +
+ +

+ +

* DPI = Day(s) post inoculation.
** VI = Virus isolation.
*** DH = DNA hybridization.
****C = Control pig.
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TABLE III. COMPARATIVE RESULTS OF VIRUS ISOLATION, IMMUNOFLUORESCENT STAINING AND DNA HYBRIDIZATION IN DETECTION
OF ADV IN ORGAN MATERIALS AND CNS TISSUES

Organic materials CNS tissues

DPI

1

3

5

7

9

Methods WBC

A
B nt
C +

A
B nt
C +

A +
B nt
C +

A +
B nt
C +

A +
B nt
C +

NM TS LG SP MA ME BL TG OF CR MD SC

+ - + . . . + . + + . +
+

+ + - - +
+ + + . . . + . + . .
+ + . . . . . - + . .
+ + + + . - . + + . + +
+ + + . . . + + + _ _
+ + . . . . - . + . .
+ + + + + . . + + + + +

+ + . . . . + . + . . .
+ + . . . . . . + . .
+ + + . . . _ + + ± + +

+ + + . . . + . + . .
+ + . . . . . . + - -
+ + + + . + + + + + + +

A = Virus isolation, B = Immunofluorescent staining, C = DNA hybridization,
WBC = White blood cell, NM = Nasal mucosa,
TS = Tonsil, LG = Lung, SP = Spleen, MA = Mandibular lymph node,
ME = Mediastinal lymph node, BL = Bronchial lymph node,
TG = Trigeminal ganglion, OF = Olfactory bulb, CR = Cerebrum,
MD = Medulla, SC = Spinal cord, nt = not tested.



pue
40ng

pue
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40 Ope
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dl
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250ng
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p2
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d3

TM16
200ng
TM16
20ng
1M16
2ng
TM16
200pg
TOI 6
20pg

P3
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p3
d2
P3
d3
p3
d4
p3
d5

P4
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p4
d2
p4
d3
p4
d4
P4
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p4
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d7
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d9

P5
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p5
d2
p5
d3
P5
d4
p5
d5
p5
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p5
d7
P5
d8

FIG. L ADV detection from nasal swabs of experimentally infected pigs by DNA probe hybridization.

In the CNS organs, the olfactory bulb and trigeminal ganglion as well as the spinal cord gave
positive signals throughout the experiment. Signals appeared in the medulla from day 3 after infection
onwards. At days 5, 7 and 9 post infection, infection could be seen in the cerebrum in addition to the
previously affected organs (Table III). In other organs, hybridization signals were obtained from nasal
mucosae, tonsils and lungs from day 2 onwards. At the end of the experimental infection (day 9) the
spleen, the mediastinal and bronchial lymph nodes were also positive.

The three methods showed a good correlation in those specimens where positive detection was
obtained as nasal swabs and organ materials as olfactory bulb, nasal mucosa and tonsil. The
DNA-hybridization-based techniques detected the presence of ADV in more organs than virus isolation
which in turn was more sensitive than immunofluorescent detection.

3.2. Antibody detection methods

3.2.7. Quantitative indirect ELIS A
A comparison of the antibody titres determined by the VN test and the ELISA is summarized

in Table IV. There was an apparent direct correlation between the two assays. The mean ELISA titres
and their corresponding upper 95% confidence limits increased with the VN titres. The mean
coefficient of variation for all sample means between herds was 22.1% and ranged from 14% to 29%
(Fig. 2). The mean relative sensitivity and percent agreement of the quantitative ELISA with respect
to the VN test when titres of 2 and greater were considered positive, were 96.7% and 88.4%
respectively.
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TABLE IV. COMPARISON OF SERUM ANTIBODY TITRES DETERMINED BY THE VN TEST
AND THE QUANTITATIVE ELISA

VN titer
(Iog2)

Neg

1

2

3

4

5

6

7

8

9

ELISA
in units

11.7 ±

17.2 ±

40.1 ±

48.3 ±

68.6 ±

106.4±

170.4 ±

148.6 ±

141.1 ±

192.9 ±

titer Upper 95% Number of sample
± SE confidence limit means

2.7 14.4 14

4.8 22.0 10

7.1 47.2 10

12.0 60.3 12

10.4 79.0 10

31.1 137.5 11

31.2 201.6 12

35.4 184.0 10

22.5 163.6 6

53.2 246.1 7

VN titer vs ELISA unit

200 -

«••
'cs

2 100 -
m

A -

]/ 1 *• —— a —— ELISA unit

0 2 4 6 8 10
VN titer (Iog2)

FIG. 2. Comparison of the VN titres and ELISA units.

3.2.2. The gl-based ELISA s
The results of gl-based ELISAs are summarized in Table V and reflect a high level of

agreement between both tests. There was 100% agreement between positive and negative test results
from swine in 13 of 15 herds. Two pigs in each of the remaining two herds tested positive for gl anti-
body by the blocking test but negative by the indirect test.

153



TABLE V. COMPARATIVE RESULTS OF gl-BASED ELISAs IN SWINE HERDS THAT HAVE
BEEN IMMUNIZED WITH AD gl-DELETED VACCINES

Herd number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15 '

Number of samples

30

30

30

29

30

30

30

30

32

41

101

35

83

47

30

Number (%)
gl blocking

17 (56.7)

16 (53.3)

7 (23.3)

19 (65.5)

4(13.3)

15 (50.0)

27 (90.0)

14 (46.7)

5 (15.6)

32 (78.0)

7 (6.9)

0 (0.0)

4 (4.8)

38 (80.9)

15 (50.0)

Number (%)
gl indirect

17 (56.7)

14 (46.7)

5 (16.7)

19 (65.5)

4(13.3)

15 (50.0)

27 (90.0)

14 (46.7)

5 (15.6)

32 (78.0)

7 (6.9)

0 (0.0)

4 (4.8)

38 (80.9)

15 (50.0)

The results summarized in Table V also demonstrate that ADV is widely distributed in
Thailand. Fourteen of the 15 (93.3%) herds sampled were shown serologically to be infected with
ADV. Ten of the 14 (71.0%) infected herds had infection rates greater than 20%. The remaining four
(29.0%) infected herds had infection rates ranging from 2.1% to 15.6%.

3.3.3. Study of some characteristics of Thai strain ADV
In this study, the pTM 16 DNA probe which originated from the Phylaxia strain can detect

ADV DNA of CB-1 strain at nearly the same detection level (500 pg). Similar restriction patterns,
characteristic of the group IV genome, were seen in local strain. Differences were revealed between
Phylaxia and Thailand strains. The pTM 16 insert recognized the Bam HI fragment which showed
different mobility (Fig. 3), thus discriminating between European and Thai strains.

In experimental pigs, the distribution of CB-1 strain ADV was found to be rapid with the virus
being isolated from various organs within 1 day after infection. The DNA hybridization also detected
the presence of virus from the buffy coat within 24 hrs of infection indicating the possibility of viral
transmission via lymphocytes. All techniques detected infection of the olfactory bulbs from day 1
after infection. The DH technique was the most sensitive detecting 21 samples, while IF detected 19
and VI demonstrated infection in 13 samples (Table III).
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FIG. 3. Hybridization of the pTM 16 probe to restriction enzyme digests of ADV DNA.
A. DNA was extracted from purified ADV virions and cleaved with restriction endonucleases. The digests were analyzed on agarose electrophoresis and stained with EtBr. Phylaxia strain cleaved with Pst I (a) and Bam HI
(e); Thailand isolate CB-1 cleaved with Pst I (b) and Bam HI (f); Thailand isolate NP-1 cleaved with Pst I (c) and Bam HI (g); Pst I cleaved pTM 16 (d); lambda DNA cleaved with Hind III (m). The numbers to the
right indicate kilobase pairs. The white squares indicate the strain-specific Bam HI fragment.
B. The DNA in A was transferred to a membrane filter and hybridized with the gel-purified labelled pTM 16 ADV insert. Samples are as in A.



4. DISCUSSION

In the experimental infection, ADV was isolated from the nasal tract from day 1 after infection
while the presence of ADV nucleic acid was detected 3 days after infection. The very early virus
isolation may either be the residue of the experimental inoculum or the excretion of virus in amounts
below the detection level of DNA-hybridization. The detection of virus from white blood cells as early
as day 1 and the later distribution in lymphoid organs indicated the possibility of viral replication in
and transmission via lymphocytes. These results confirmed the reports that the multiplication of ADV
occurs in bone marrow cells, thymus cells and peripheral blood lymphocytes [16-18].

Belak et cd. [6], using a direct filter hybridization (DFH) technique, reported the successful use
of both radioactive and non-radioactive biotinylated DNA probes in detecting Phylaxia strain ADV
from tissues of acutely infected pigs as early as 4 days after intranasal infection. Here, the CB-1
ADV was detected from several organs of infected pigs during the first 9 days of infection (Table III).
Virus isolation was shown to be the most sensitive test in acute infections, especially for nasal swabs.
However, proper specimen collection and transportation are essential to avoid loss of the virus
infectivity, and cell culture facilities are needed. Immunofluorescent staining could also be a test of
choice in some instances because the technique is simple and rapid and suitable for practical use in
any laboratory where a fluorescent microscope is available. But its sensitivity is lower than both virus
isolation and DNA hybridization.

This laboratory developed an indirect ELISA for detecting AD antibody which utilized antigen
derived from a Thai strain [11]. The test proved very effective for screening individual pigs within
herds and was more economical and provided results sooner than the VN test. However, this
screening ELISA is unable to provide quantitative results, and hence it cannot be used to evaluate the
effectiveness of vaccination programs or the status of ADV infections in swine herds. The quantitative
test developed in the current study was similar to that described by Spencer and Burgess [19] and
Bock et cd. [20] and provides the capability to quantitate ADV-specific antibody levels. Although the
mean ELISA titer of sera progressively increased as the VN titer increased the test described in this
study could not be used to predict equivalent VN titres of individual sera because the degree of
variation was too large.

The results of studies using the gl-based ELISA demonstrated that ADV is widely distributed
in Thailand. Herds with infection rates greater than 20% would normally preclude the use of test and
removal as an effective means of herd clean up, and under these conditions depopulation and/or
offspring segregation would be more effective approaches. The remaining four herds with infection
rates ranging from 2.1% to 15.6% would be candidates for herd clean up by testing and removing
infected pigs. However, the overall high prevalence of AD infected herds and the high infection rates
within these herds will make it difficult to eliminate ADV from this region because of the constant
threat of reinfection. Successful elimination of ADV from infected herds will most likely require a
commitment to coordinate herd clean up efforts and to control movement of swine into and within
specific areas of the region.

The Thai ADV strain CB-1, was shown to belong to the DNA group IV based on restriction
enzyme pattern of ADV DNA which was the same as the report of Herrmann et cd. [21]. The Thai
isolates could be detected by the pTM 16 probe and could be easily differentiated from the other
strains after Bam HI cleavage of the DNA followed by hybridization with the same probe. This
method will be very useful both in Thailand and in other countries in order to determine the
prevalence of infecting viruses causing outbreaks connected to import or export animals.
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Abstract

A BLOCKING ELISA FOR DETECTING ANTIBODIES AGAINST AUJESKY'S DISEASE VIRUS AND ITS
APPLICATION IN SEROLOGICAL SCREENING.

A blocking ELISA was developed for detecting antibodies in pigs exposed to Aujeszky's disease virus (ADV). This
test was evaluated against the virus neutralization test and compared with a blocking ELISA supplied by the Joint FAO/IAEA
Division. The blocking ELISA developed in this study had a similar sensitivity and specificity to the FAO/IAEA-ELISA when
compared with the VN test. The sensitivity was 80.6% and the specificity was 95.2% when compared to the VN test. This
blocking ELISA was used for a survey to determine the prevalence of Aujeszky's disease in Sichuan Province. There was a high
prevalence of infection in piggeries in Sichuan, suggesting that control by vaccination would be necessary. A proposed control
strategy for Aujeszky's disease is discussed.

1. INTRODUCTION

Aujeszky's disease caused by Aujeszky's disease virus (suid herpesvirus type 1) is a serious
infectious disease in pigs, and is prevalent in more than 40 countries. In China, Aujeszky's disease
was first reported in Shanghai in 1947 [1]. Since then the disease has spread to 19 provinces and
districts of the country, and Sichuan which has a swine population of 65 millions (around 20% of the
total in the country) is one of the areas where infection is prevalent and the disease is an important
constraint to production. For example, in 1982, all the weaning piglets in a farm in Rong-Chang
County were infected with ADV and mortality reached 87.2% [2]. In 1985, infections of ADV and
swine fever virus occurred together in a breeding farm in Neijiang City [3] and since 1983, the cattle,
sheep, goats, dogs, cats and pigs in Meigu County have been infected continuously with ADV [4].

Traditionally, diagnosis of ADV infection in China is conducted mainly by using virus
neutralization (VN) and indirect haemagglutination tests. Though the Dot-ELISA and SPA-ELISA
were studied they have not been used widely in practice. In order to assist the development of pig
rearing it is important to control Aujeszky's disease and this in turn depends on the availability of
diagnostic tests which are sensitive, specific and easy to use. The purpose of this study was therefore
to develop a blocking ELISA for serological screening of Aujeszky's disease in pigs for use in Sichuan
Province, China.
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2. MATERIALS AND METHODS

2.1. Establishment of blocking ELISA

2.1.1. Cell and virus
Primary rabbit kidney (PRK) cells were grown in medium 199 (Ml99) supplemented with 10%

inactivated foetal calf serum, 0.16% sodium bicarbonate, 8 mM N-2-hydroxyethylpiperazine-N-2-ethane-
sulphonic acid (HEPES) and antibiotics (100 I.U. penicillin, 100 ug streptomycin sulphate and 100
ug kanamycin sulphate per ml). They were maintained at 37°C in a humidified incubator containing
5% carbon dioxide. The ADV strain Min-A was supplied by the Veterinary Institute of Fujian Province,
China.

2.1.2. Preparation of antigen
The antigen was prepared using PRK cells infected with the Min-A strain of ADV. Antigen

from infected and uninfected cell cultures were prepared using the method described by Rock and Reed
[5].

2.1.3. Preparation of rabbit anti-ADV serum
Six healthy rabbits were injected intravenously six times at 3-day intervals with formalin-

inactivated antigen [6]. Seven days after the last immunization the rabbits were bled and the serum
tested with goat anti-rabbit IgG-peroxidase conjugate (horseradish peroxidase [HRP]). The rabbit
anti-ADV sera was stored in aliquots at -20°C.

2.1.4. Preparation of enzyme-conjugated swine anti-rabbit IgG
Three healthy pigs aged 10 weeks were each injected subcutaneously with an emulsion containing

equal volumes of purified rabbit IgG solution and Freund's complete adjuvant. Booster injections were
given twice at intervals of two weeks, and then once monthly. The animals were bled 5 months later
and the IgG purified from the antisera and labelled with HRP according to the method described by
Guo and Guo [7].

2.7.5. Control sera
Negative control sera were collected from 20 non-vaccinated pigs and tested with SPA-ELISA.

After examination the sera were stored in aliquot at -20°C. Three pigs aged four months were selected
and housed in an isolation unit for producing positive control sera. Before inoculation, the sera from
the swine had been examined with SPA-ELISA to insure that the pigs had not been exposed to infection.
The pigs were first vaccinated with an attenuated vaccine from the Veterinary Institute of Fujian Province,
and then inoculated intranasally with 105.5 TCID50 of virulent strain Min-A 21 days after vaccination.
Clinical signs were monitored daily and the sera were collected 21 days later.

Five pigs aged 10 weeks housed in an isolation unit were inoculated with 105.5 TCID50 of virulent
strain Min-A via the nostrils and monitored daily for clinical signs. Blood samples were taken on the
day of inoculation and 7, 14, 21, 28 and 35 days for later testing.

The sera collected from the vaccinated pigs and from those inoculated with Min-A were examined
with reference positive sera from the Veterinary Institute of Fujian Province using SPA-ELISA.
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2.1.6. ELIS A procedure
The procedure used for the blocking ELI S A is that described by FAO/IAEA in the procedures

for the Aujeszky's disease ELIS A kit. Briefly, flat-bottom polystyrene microtitre plates (Chong Qing
Medicine Factory) were coated with ADV antigen in carbonate buffer, pH 9.5, overnight at 4°C. The
plates were washed with washing solution (O.OOOlMNajHPC^ containing 0.01% Tween 20). Test sera
at a dilution of 1:2 in PBS containing 0.05% Tween 20 and 1% BSA were added to the plates and
incubated at 37°C for 2 hrs. The plates were washed and the rabbit anti-ADV serum added at a dilution
of 1:1500 in dilution buffer; the plates were then incubated at 37°C for 30 min. After washing, swine
anti-rabbit IgG HRP conjugated serum (1:1200 dilution) was added to the plates and the plates incubated
at 37°C for 30 min. The plates were washed again before adding the substrate (1% tetramethylbenzidine,
TMB, in 0.1 M sodium acetate and containing 0.02% H2O2), and incubated for 15 min at 37°C; the reaction
was then stopped with IM H2SO4 and the optical densities read at 450 nm. Samples which had a mean
optical density lower than 40%, between 40% and 50%, and higher than 50% of the mean optical density
of the negative control were considered positive, doubtful and negative respectively. The specificity
and sensitivity of the blocking ELISA were compared with the VN test.

3. Virus neutralization (VN) test
The microtitration VN test was performed using a constant amount of virus and reducing

concentrations of serum [8]. Briefly, serial doubling dilutions of the test sera inactivated at 56°C for
30 min were made using 25u-l per test well. The stock virus (Min-A) was diluted to 100 TCID50 and
the virus dilution in equal volume (25ul) was added to each serum dilution. The plates were shaken
gently, covered with a lid, and then incubated for 1 hr at 37°C in a CO2 incubator. After incubation,
50ul of the PRK cells suspended in M199 were added to each well (approx. 27500 cells per well) and
then incubated for 48 to 72 hrs. Each series of VN tests included positive and negative control sera,
and virus and cell controls. During incubation the cytopathic effect (CPE) was observed daily. Serum
diluted at 1:4 capable of neutralizing 100 TCID50 virus was judged as positive.

4. Application of blocking ELISA in serological screening for Aujeszky's disease
Serum samples taken from 143 sows, 337 piglets (aged 3 to 6 months) and 1539 fattening pigs

without vaccination in commercial and breeding farms in 22 counties and cities in Sichuan Province
were tested using the blocking ELISA developed as described above.

3. RESULTS

3.1. Comparison between the VN test and the blocking ELISA
Two hundred and fifty-nine serum samples collected from different farms in Sichuan Province

were tested by the VN test and the blocking ELISA established at our laboratory. Twenty-five were
positive in both tests and 217 negative in both tests (Table I). Six sera were VN positive and ELISA
negative and 11 were ELISA positive and VN negative. The relative sensitivity of the ELISA test was
80.6% and relative specificity was 95.2%. Antibodies in the serum samples taken from 8 pigs inoculated
with ADV (Min-A) were detected in the samples taken 14 and 21 days after inoculation. Both the VN
and the blocking ELISA detected ADV antibodies in the same serum samples.
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TABLE I. COMPARISON OF DETECTING ADV ANTIBODIES IN PIG SERA USING THE
BLOCKING ELISA AND THE VN TEST1________________________________

VN ELISA

25 6

11 217

'Relative sensitivity = 25/(25+ll) = 80.6%.
Relative specificity = 217/(217+11) = 95.2%.

3.2. Comparison between the VN test and the blocking ELISA kit provided by FAO/IAEA
Two hundred and twenty-nine sera from farms in Sichuan Province were tested using the ELISA

kit provided by the Joint FAO/IAEA Joint Division and the results compared with testing using the
VN test (Table II). In this comparison, 17 sera were positive in both tests and 200 negative in both
tests. Eight were ELISA positive but VN negative and 4 were VN positive but ELISA negative. The
relative sensitivity of the ELISA was 81% and the relative specificity was 96.2%. In testing serum
samples from 5 pigs inoculated with ADV both tests showed the same serum samples as positive.

TABLE II. COMPARISON OF DETECTING ADV ANTIBODIES IN PIG SERA USING THE
FAO/IAEA ELISA KIT AND THE VN TEST1______________________________

VN ELISA

17 4

8 200

'Relative sensitivity = 200/(17+4) = 80.1%.
Relative specificity = 2007(200+8) = 96.2%.

3.3. Prevalence survey for Aujeszky's disease using the blocking ELISA
Based on the testing of 2019 sera taken from sows, piglets and fattening pigs in 22 counties

and cities using the blocking ELISA developed as described, ADV infection was found in 62.5% (5/8),
55.6% (5/9) and 63.6% (14/22) of those counties and cities for each grouping of pigs. The positive
rates ranged from 11.5% to 37.5%, 9.1% to 33.3% and 7.4% to 30.0% respectively (Table III).
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TABLE III. DETECTION OF ADV ANTIBODIES IN PIG SERA COLLECTED FROM 22 COUNTIES
AND CITIES IN SICHUAN PROVINCE USING THE BLOCKING ELISA

County or City

Rongjing

Lushan

Mianyang

Ya'an

Zhongjiang

Shimian

Santai

Hongya

Rongchang

Rongxian

Shenfang

Mingshan

Tianquan

Baoxing

Ducou

Hanyuan

Zigong

Jiangan

Guangan

Cangxi

Jianwei

Leshan

Type of pigs tested

No.

26

33

2

9

3

8

37

25

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

Sows

positive

3

0

0

2

0

3

7

4

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

Piglets

%

11.5

0

0

22.2

0

37.5

19

16

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

No.

nt

38

nt

40

33

nt

45

20

15

20

66

60

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

positive

nt

0

nt

0

3

nt

6

3

5

0

14

0

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

%

nt

0

nt

0

9.1

nt

13.3

15

33.3

0

21.2

0

nt

nt

nt

nt

nt

nt

nt

nt

nt

nt

Fattening swine

No.

135

133

11

119

28

228

60

20

30

40

50

160

52

35

80

86

48

48

48

64

53

11

positive

10

0

0

16

0

27

5

2

9

0

8

12

0

0

12

0

8

7

7

12

9

0

%

7.4

0

0

13.5

0

11.8

8.3

10

30

0

16

7.5

0

0

15

0

16.7

14.5

14.5

18.8

17

0

nt = not tested.

4. DISCUSSION

The results presented in Tables I and II showed that the blocking ELISA developed during this
study had a similar relative sensitivity and specificity (80.6% and 95.2% respectively), when compared
to the VN test as the kit supplied by the Joint FAO/IAEA Division (81.0% and 96.2%). These results
indicate that both tests are effective assays for detecting antibodies to ADV in pig sera and that they
have a similar reactivity. The cost of the FAO/IAEA kit is such that it would not be feasible for
widespread use in serological monitoring programmes in China. The blocking ELISA developed in
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these studies, however, relies on locally developed reagents and provides a cost-effective assay system.
Furthermore, this test can be used in regional laboratories which cannot handle the more complicated
VN test. This makes it a useful assay for widespread use in China. Therefore, it was chosen for the
survey of piggeries in Sichuan Province reported in this study.

The serological survey of piggeries in Sichuan Province (Table III) showed that there is a high
level of Aujeszky's disease. The positive rates in sows, piglets and fattening pigs ranged from 11.5%
to 37.5%, 9.1% to 33.3% and 7.4% to 30%, respectively. As vaccination is not widely practised in
Sichuan Province and the farms selected for this study did not practise vaccination the antibody prevalence
found in this study is a good indicator of the prevalence of ADV infection. Where vaccination is not
practised, the blocking ELISA is a good test for determining the prevalence of infection. In recent
years, Aujeszky's disease has been reported to occur in farms in Guang Dong, Hu Bei and Liae Ning
[9-11]. The blocking ELISA could be transferred to these and other provinces for determining the
prevalence rates of Aujeszky's disease.

The data obtained in these studies indicate that the prevalence of Ausjeszky's disease in Sichuan
Province is too high to justify control by removal of infected pigs. The prevalence should be below
10% before this strategy could be adopted. It will therefore be necessary to introduce vaccination in
infected farms in order to reduce the infection rate. A strategy that could be adopted is to vaccinate
pigs in any given farm for a period of 3 years and at the same time prohibit new introductions of pigs
from other farms except those in the control programme. During this time, older sows should be culled
and replaced with vaccinated younger breeding sows raised separately from their mothers. At the end
of 3 years, the vaccination programme should be discontinued but strict movement controls continued.
Culling of sows should be continued and then the pigs monitored for ADV antibodies by the blocking
ELISA after a period of 18 to 24 months. Detection of antibodies in the unvaccinated pigs would suggest
that Aujeszky's disease is still active on the farm. If no seroconversion was recorded since cessation
of vaccination all remaining antibody-positive pigs should be culled and the farm maintained ADV
free by importing pigs only from ADV-free farms. The reason this strategy is necessary is that the
blocking ELISA cannot distinguish between vaccinated and ADV infected pigs. An alternate scheme
would be to detect carrier pigs by virus isolation or antigen detection [12]. However, this approach
is technically more difficult and the testing is more expensive.

An alternate vaccination strategy would be to vaccinate using the gene-deleted vaccines where
one of the glycoproteins has been deleted (GX, GI or GUI) and use an ELISA that detects antibodies
to the deleted glycoproteins. This will allow identification of infected pigs and their differentiation
from vaccinated pigs [13-15]. However, the need to import these expensive vaccines and ELISA kits
makes this an unlikely approach for control of Aujeszky's disease in China at the present time.

In any event, more extensive surveying of piggeries in Sichuan Province should be undertaken
to more accurately determine the prevalence of ADV infections and set background levels if a control
programme is instituted. The test should also be transferred to other laboratories and international
standardization of the test should be undertaken. If vaccination is to be undertaken, the ELISA should
be used to monitor the response and challenge experiments undertaken to check the efficacy of the
vaccine.
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Abstract

A STUDY OF BRUCELLOSIS IN A DAIRY GROUP IN INDONESIA.
This study formed part of a large study currently examining the prevalence of brucellosis in the Jakarta area of Indonesia.

The objectives of this study were to validate serological tests, including the Balitvet and FAO/IAEA ELISAs, by comparing
isolation ofBrucella abortus from cultured milk samples with serological test results. In addition the tests were used to undertake
limited epidemiological investigations of factors which may affect the prevalence of brucellosis. The bulk milk ring test (BMRT)
was used as a tool to detect infected farms and follow up serological and bacteriological studies were undertaken. Seventy six
isolates of B.abortus, biovars 1,2 and 3, were obtained from culture of individual milk samples of brucellosis sero-positive cows.
Based on the serological procedures, the prevalence of brucellosis in the Jakarta area was found to be about 4.4% with notable
differences between Sub-Districts and a correlation with farm size. The FAO/IAEA-ELISA was found to perform satisfactorily
compared to the Rose Bengal Plate Test (RBPT), complement fixation test (CFT), Balitvet-ELISA and bacterial culture provided
that a modified negative control serum (C-) was used. This C- was comprised of a pool of field sera which had a percentage
positivity (PP) value of 38±24% relative to the FAO/IAEA high positive control (C++). The diagnostic cut-off for the FAO/IAEA-
ELISA was taken as a PP value of 86%, based on the PP for the negative (38%) plus 2SD (48%). This value was relatively
high and may reflect some problems in standardizing the level of antibody in the FAO/IAEA standards. The sensitivities of
the serological procedures were 92.1 % for the RBPT, 90.8% for the CFT and 94.7% for both the FAO/IAEA-ELISA and Balitvet-
ELISA. The results of this study show that the BMRT is an effective means of detecting bovine Brucella-infected farms. It
also highlights the need for the proper handling and pasteurization of the milk produced by dairy farmer plus the fact that the
complicated pattern of cattle movement is a constraint to eradication and control of brucellosis in the Jakarta area.

1. INTRODUCTION

Brucellosis is considered to be a major worldwide problem in cattle, although many countries
have made considerable progress in the eradication of the disease [1]. Economic losses associated with
bovine brucellosis are the result of abortion, stillbirths, congenital abnormalities [2], decreased milk
yield, the loss of markets and the costs associated with human infection [3, 4].

Donker-Voet [5] found the prevalence of brucellosis to be about 5% in dairy cattle in the
Indonesian provinces of East and West Java. Studies conducted during 1968-1972 of dairy cattle in
the Bogor, Bandung, Jakarta and Surabaya areas showed that 11% of animals were positive in the Rose
Bengal Plate Test (RBPT) [6]. A further survey conducted on dairy cattle between 1980-1987 using
the complement fixation test (CFT) indicated that the prevalence of brucellosis was 2.7% in East Java,
0.3% in West Java, 11.8% in the Jakarta area and about 0.2% in Aceh [7].
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In Indonesia, dairy cattle are concentrated in areas known as milk ways, the majority of which
are on the island of Java which has approximately 80-90% of the total number of dairy cattle in the
country. These milk ways are located in West Java (Districts of Pangalengan, Bandung, Lembang and
Bogor), Central Java (Ungaran and Boyolali) and East Java (Pasuruhan and Malang). Small holder dairy
farmers in Indonesia are united under the National Dairy Cooperatives (Gabungan Koperasi Susu
Indonesia; GKSI). In a village, a number of farmers are grouped into a Kelompok, which then make
up a cooperative dairy in that district. Farmers sell unpasteurized milk to the cooperative, to collectors
or direct to the consumer. Collectors may sell milk to the cooperative or direct to the consumers, whereas
the cooperative sells all milk to the factory for pasteurization and processing.

The objectives of the study reported herein, and which commenced in November 1990, were
to validate serological procedures, particularly those based on ELIS A, through comparison of test results
with the isolation of Brucellaabortus from matching milk samples. In addition information was gained
on the prevalence and the method of spread of disease within and between the farms. This study formed
part of a larger investigation which is currently examining the prevalence of brucellosis in dairy groups
in the Jakarta area.

2. MATERIALS AND METHODS

2.1. Study area
South Jakarta, the chosen area of study, contains about 400 dairy farmers with approximately

4,500 head of dairy cattle. It covers 5 Sub-Districts namely Mampang Prapatan, Setiabudi, Pasar Minggu,
Cilandak and Kebayoran Baru.

2.2. Collection of samples and classification of farms and animals
Bulk milk samples were collected from either the individual farm bulk milk cans at the milk

collection point or, in the case of farmers who did not sell milk to the local co-operative, by visiting
each farm. Milk cans were either 15 1 or 25 1 in size and 10 ml of milk was collected from each milk
can after ensuring that the milk was well mixed. Three bulk milk collections were made at 4 monthly
intervals - November 1990 to February 1991 (collection 1), June 1991 to July 1991 (collection 2) plus
January, March, April 1992 (collection 3). A farm was classified as brucellosis "suspect positive" if
the bulk milk ring test (BMRT) result was greater than zero. These farms were visited, where possible,
within two weeks of the collection of the bulk milk samples and blood and milk samples collected from
all cattle. A farm was classified as brucellosis "sero-positive" if any of the serological tests (RBPT,
CFT or ELISA) gave a positive result.

2.3. Milk serology
Milk samples from bulk milk can and individual cow milk samples were tested by the milk

ring test (MRT) according to the method of [8] using a commercial antigen (CSL Ltd, Melbourne,
Victoria, Australia).

2.4. Serology
Serum samples were tested by the Rose Bengal Plate Test (RBPT) according to the standard

procedure [9] using an antigen produced by CSL. All sera with a positive RBPT result (1+, 2+ or 3+)
were tested using a complement fixation test (CFT) according to the procedure of Alton et cd. [8] using
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Brucella SAT antigen, guinea pig complement and haemolysin (CSL). All serum samples from collections
1,2 and 3 were tested by the Balitvet-ELISA using the method of Flackert and Stewart [ 10] as modified
by Sudibyo and Patten [11]. Selected sera from collection 2 were tested using Brucella-ELISA kit
provided by the Animal Production and Health Section of the Joint FAO/IAEA Division, Vienna, Austria.

2.4.1. Bditvet ELISA
This utilised round bottom microtitre plates (#2-62170, A/S Nunc, Denmark) with 50 ul volumes

of ELISA antigen, test serum and conjugate solution and 100 ul of ABTS substrate solution. The Balitvet-
ELISA antigen was lipopolysaccharide (LPS) produced by ethanol precipitation from smooth strain
19 B. abortus by the method of Flackert and Stewart [10]. The antigen was coated at a concentration
of approximately 1 ug/ml in phosphate buffered saline (PBS). Test sera were diluted 1:200 in PBS
with 0.05% Tween 20 (PBS-T) and the horseradish peroxidase conjugated anti-bovine Ig (heavy and
light chain) was obtained from Silenus Laboratories, Melbourne, Victoria, Australia. A positive control
serum was titrated on each microplate to produce a standard curve relating ELISA units (El) to the
optical density (OD). A computer program (Plate Reader V3.2, Regional Veterinary Laboratory, Benalla,
Victoria, Australia) was used to produce El values for each test sample by comparing the relative sample
OD with this standard curve. The lowest dilution (1:2000) of the positive control was assigned an El
value of 1024 and a sample was defined as positive using a cut-off of 64 El (1:32000 dilution) as
recommended by the Regional Veterinary Laboratory, Wagga Wagga, New South Wales, Australia.

2.4.2. FA 0/IA EA -ELISA
This utilised flat bottom microtitre plates (#475094, A/S Nunc, Denmark) with 100 u.1 of LPS

antigen, serum samples, conjugate, ABTS substrate and stopping reagent. The serum was diluted 1:200
in PBS with 0.05% Tween 20. A high positive (C++), weak positive (C+) and negative serum control
(C-) were supplied with the kit and used on each microplate. The ODs of the controls and test samples
were converted into percent positivity (PP) using the relationship (OD sample/OD C++ control) x 100.
This was performed using a computer program (Plate Reader V3.2) and assigning the C++ control a
value of 100 units. Cut-off levels were determined using the PP plus 1SD or plus 2SD of the C- control
as a reference point (see below).

2.5. Bacteriology
Approximately 10 ml of milk was collected aseptically from each quarter and pooled as one

sample from every MRT positive or sero-positive cow. The milk was centrifuged at 3,000 rpm for
30 minutes and the supernatant discarded. The cream and sediment was mixed using a sterile cotton
swab which was then used to inoculate a dextrose serum (10% bovine serum) broth (Difco Laboratories,
USA) containing Brucella selective antibiotics (Oxoid Ltd, UK) and dextrose serum (10% bovine serum)
agar plates (Difco) containing Brucella antibiotic supplement (Oxoid). The media were incubated in
10% CO2 in air at 37°C for 96 hrs. Suspect B. abortus colonies were sub-cultured onto dextrose serum
agar and, after incubation in the same manner as above, tested biochemically by the procedure of Alton
et al [8] to determine the biotype of B. abortus.

2.6 Farm data
Relevant data concerning cases of abortion, number of services and type of service (natural

or artificial insemination), brucellosis vaccination status and cattle movements were recorded on each
visit to a sero-positive farm.
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3. RESULTS

3.1. Standardization of FAO/IAEA-EIISA
The ODs from 18 replicate tests of each of the control sera showed a mean ± SD of 1.09 ±

0.29 (PP = 100%) for the high positive, 0.59 ± 0.14 (55%) for the low positive, 0.16 ± 0.04 (15%)
for the negative control and 0.05 ± 0.02 (2.8%) for the conjugate control. Similar testing and calculations
using more than 500 field negative samples produced an OD of 0.41 ± 0.26 (38%) (Table I).

TABLE I. OPTICAL DENSITY AND PERCENTAGE POSITIVITY OF FAO/IAEA STANDARDS

Parameter

Mean ± SD

Range

PP

Optical density (OD)

C++*

1.09 ±0.29

0.67-1.73

100%

C+

0.59 ±0.14

0.34-0.84

55%

C-

0.16 ± 0.04

0.10-0.23

15%

C-F

0.41 ± 0.26

N/A**

38%

CC

0.05 ± 0.02

0.02-0.09

2.8%

* C++, strong positive; C+, weak positive; C-, IAEA negative; C-F, field negative; CC, conjugate control.
** N/A = Not available.

A total of 704 serum samples from collection 2 were tested by the RBPT, CFT and Balitvet-
ELISA using the accepted cut-off levels and compared with the FAO/IAEA-ELISA using cut-offs defined
using both the FAO/IAEA and field negative control PP values obtained from Table I, plus 1 SD or
2SD. These were calculated to be 20% or 26% and 62% or 86% for the FAO/IAEA and field negatives,
respectively. Based on these values the FAO/IAEA negative was found to define significantly higher
numbers of samples as being positive than either the RBPT, CFT or Balitvet-ELISA. For example,
456 samples were positive to the ELISA using a cut-off of 26% (PP+2SD), whereas only 172, 158 and
204 samples were positive to the RBPT, CFT and Balitvet-ELISA, respectively. The number of samples
which were positive to the ELISA decreased dramatically when the field negative was used as the C—
reference control. For example, 217 samples were positive to the ELISA using a cut-off of 86%
(PP+2SD). The field-derived negative was used as the C- control in all subsequent testing, together
with a PP cut-off value of 86%.

3.2. Validation of serological tests
Forty four B. abortus isolates were recovered from the 235 collection 1 milk samples, 27 isolates

were recovered from the 225 collection 2 milk samples and 5 isolates recovered from the 33 collection
3 milk samples. Fifty nine of these isolates were biovar 1, 10 isolates were biovar 2 and 7 isolates
were biovar 3 on based on biochemical testing. Of the 76 cattle confirmed to be infected with B. abortus,
70 were positive in the RBPT, 69 were positive in the CFT, and 72 were positive in both the Balitvet-
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ELISA and FAO/IAEA-ELISA. The calculated test sensitivities were 92.1%, 90.8% and 94.7% for
the RBPT, CFT and ELISA (both Balitvet and FAO/IAEA), respectively (Table II).

TABLE II. COMPARISON OF TEST SENSITIVITIES

Parameter

No. positive samples

Sensitivity

Test method

Culture

76

100%*

RBPT

70

92.1%

CFT

69

90.8%

Balitvet-ELISA

72

94.7%

FAO/IAEA-ELISA

72

94.7%

* Gold standard, therefore 100% by definition.

3.3. Comparison of serological tests
The distribution of serological test results is shown in Table III. The ELISA results refer only

to the Balitvet-ELISA as the FAO/IAEA-ELISA results were not available for all 3 collections. Overall,
450 samples were positive in the RBPT, 412 in the CFT and 490 in the Balitvet-ELISA. Eighteen (1%)
serum samples were positive only in the RBPT, 1 (0.06%) was positive only in the CFT and 55 (3%)
were positive only in the Balitvet-ELISA. A further 8 samples were on the border of positive/negative
in the Balitvet-ELISA.

TABLE III. DISTRIBUTION OF SEROLOGICAL TEST RESULTS

KKPT TFT Balitvet No-Khsrl L,r 1 CT TO A
bLlbA collection 1

+ + + 152

+ - + 4

+ - - 7

+ + - 1

499
+ - 1

+ + 0

+ 10

± 0

450 412 490 674
(24.8%) (22.7%) (27.0%)

of serum samples

Collection 2 Collection 3

154

15

5

0

493

0

4

33

4

704

100

6

6

0

312

0

0

12

4

436

Total

406

25

18

1

1296

1

4

55

8

1814

%
22.4

1.4

1.0

0.06

71.4

0.06

0.2

3.0

0.4

100

3.4. Prevalence of disease
The results of testing of milk and serum samples obtained at collections 1,2 and 3 are presented

in Table IV. Collections 1, 2 and the majority of 3 were randomly collected, whereas samples obtained
from Setiabudi Sub-District during the latter collection were obtained only from those farms which
had been shown to be positive in collection 2. Of the 323 milk can samples in collection 1, 43 (13.3%)
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were BMRT positive plus 43 (13.7%) farms were BMRT positive and 31 (9.6%) farms were sero-positive.
Similar rates were found using samples from collection 2 although some farms lost their positive status,
others gained a positive status and the sero-positive rate increased to 12.9%. The results from collection
3 were distorted by the lack of random sampling (see above) although comparable changes in status
of individual farms were observed.

A total of 674 serum samples were collected from the 43 farms that were brucellosis positive
based on the BMRT of collection 1 (Table IV). Of these, 164 (24.3%) were positive by RBPT, 154
(22.8%) were positive by CFT and 166 (24.5%) positive by Balitvet-ELISA. Seven hundred and four
sera were collected from 42 farms that were BMRT positive in collection 2. Of these, 174 (24.7%)
were positive in the RBPT, 158 (22.4%) were positive in the CFT and 206 (29.3%) were positive in
the Balitvet-ELISA. These samples were also tested using the FAO/IAEA-ELISA and 218 (30.9%)
were found to be positive. As indicated above, collection 3 comprised samples from previously positive
farms (Setiabudi Sub-District) plus random samples (Manpang Prapatan Sub-District). Overall, 436
serum samples were obtained during collection 3 and, of these, 112 (25.7%) were positive in the RBPT,
100 (22.9%) were positive in the CFT and 118 (27.1%) were positive in the Balitvet-ELISA.

TABLE IV. BMRT, RBPT, CFT AND ELIS A RESULTS AT EACH COLLECTION PERIOD

Milk cans
Collection

number

1

2

3

Totals

i
No.

323

280

118

721

BMRT
+ve

43
(13)

49
(18)

35
(30)

125
(17)

No.

313

275

118

706

Farms

BMRT
+ve

43
(14)#

42
(15)

30
(25)

115
(16)

Sero
+ve

31
(10)

36
(13)

N/A

-

- No. of ~
samples

674

704

436

1814

No. samples +ve

RBPT

164
(24)

174
(25)

112
(26)

450
(25)

CFT

154
(23)

158
(22)

100
(23)

412
(23)

*ELISA

166
(25)

206
(29)

118
(27)

490
(27)

"ELI S A

N/A*

218
(31)

N/A

218
(31)

*ELISA = Balitvet-ELISA; **ELISA = FAO/IAEA-ELISA; N/A = Not available; #( ) = % of total rounded to nearest integer.

3.5. Effect of farm size
The data in Table V summarize the disease status of farms tested during collection 1 and

collection 2 as a function of number of cattle present on those farms. There was little difference between
the status of the farms in the two collections with the exception that the isolation rate of B. abortus
was lower in the second collection than in the first. Forty four isolates were obtained from animals
during the first collection period and 27 during the second collection period. There was an inverse
correlation between the size of the farm and the incidence of brucellosis, whether based on the original
BMRT, backup serology or bacterial culture. For example, 15% of farms of 11 to 20 animals were
sero-positive whereas only 4% of farms of 1 to 5 animals were sero-positive. Similarly for the B. abortus
isolation rates which were 13 isolations (80 farms) from the former and only 2 (115 farms) from the
latter.

172



TABLE V. SIZE AND DISEASE STATUS OF FARMS

Farms BMRT positive Farms sero-positive Farms culture positive
No. of

Farm size farmg Collection Collection Collection Collection
1 2 1 2

* ( ) = % of total rounded to nearest integer; ** [ ] = number of isolates.

Collection Collection
1 2

1
6

11

21

31

41

>

- 5

- 10

-20

-30

- 40

- 50

51

Totals

115(31)

124 (34)

80 (22)

22(6)

12(3)

5(1)

8(2)

366

11 (10)*

10(8)

13 (16)

4(18)

2(17)

2(40)

1(13)

43 (12)

9(8)

10(8)

15 (19)

4(18)

1 (8)

1(20)

2(25)

42 (12)

4

6

12

4

2

2

1

(4)

(5)
(15)

(18)

(17)

(40)

(13)

31(9)

5

9

14

4

1

1

2

36

(4)

(?)
(18)

(18)

(8)
(20)

(25)

(10)

2

2

9

4

1

1

1

20

[2]*

[4]
[13]

[10]

[4]

[3]

[8]

[44]

1[1]
2 [3]

2 [3]

2 [2]

1 [5]

1 [4]

1 [9]

10 [27]

4. DISCUSSION

Initial experiments involved investigations of the performance of the FAO/IAEA brucellosis
positive (C++, C+) and negative controls (C-) under Indonesian conditions (Table I). During these studies
it was found that all controls performed within the required limits as suggested in the kit guidelines,
with the exception of C-, the negative control, which gave PP values which were consistently higher
than the recommended levels. It was also found that, when this negative control was used to define
the diagnostic cutoff, a very high positive reactor rate was found compared to the RBPT, CFT and
Balitvet-ELISA (Fig. 1). As an alternative, a locally derived serum pool was used as the negative control.
Using this reagent it was found that an acceptable cutoff for the FAO/IAEA-ELISA, again based on
a comparison with the other tests, was the mean PP (38%) plus 2SD (2 x 24%), or a PP value of 86%
(Fig. 1). This value is significantly higher than the mean PP of the C+ control and approaches that
of the C++ control (Table I). Based on this and other information (Spencer, pers. comm.) it appears
that the problem may be associated with not only the C- control, but low activities of the C++ and/or
C+ controls. Clarification of this issue will require comparison with and re-calibration if necessary
of the controls at the FAO/IAEA Seibersdorf Laboratory.

Notwithstanding the problems described above, it was found that the FAO/IAEA-ELISA, when
used with a cut-off based on the alternative negative control, did give acceptable results when compared
to the RBPT, CFT and Balitvet-ELISA (Fig. 1, Table IV) and with culture results (Table II). The test
sensitivity of the FAO/IAEA-ELISA obtained with the modified cut-off was found to be the same, 94.7%
as the Balitvet-ELISA, the latter based on a positive control serum from Australia. Although both ELISA
systems failed to detect antibody from 4 cows that were shedding B. abortus in their milk, they were
more efficient than either the RBPT (6 missed) and CFT (7 missed) in diagnosing brucellosis in culture-
positive cows.

Based on the use of the CFT, this study found 200 individual cows that were positive, indicating
that the prevalence of brucellosis in dairy farms in Jakarta was about 4.4% (200/4500). The prevalence
varied from a high of 8.5% in the Setiabudi Sub-District to 2.3% in Mampang Prapatan and 2.9% in
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600
RBPT

CFT

Balitvet-ELISA

PP+1SD PP+2SD RBPT/CFT/
L IAEA-ELISA J Balitvet-ELISA

Basis of cut-off

FIG. 1. Effect of different cut-off levels withFAO/IAEA-ELISA. Numbers of serum samples positive
by the FA O/IA EA -ELISA using the negative control provided (PP v dues of 20% and 26%) and afield
negative control (PP values of 62% and 86%) were compared with the RPB T, CFT and Balitvet-ELISA.
The sample size was 704.

Pasar Minggu. Based on the culture data contained in Table II (76 culture positive) and the serology
data contained in Table III (406 culture positive) it would appear that all antibody tests produced a
large number of false positive reactions and were therefore of low specificity. In the present study
B. abortus was isolated from 25.5% (76/298) of the seropositive cattle from 64% of the brucellosis
sero positive farms; samples were not available for culture from the other 36% of farms. Similarly
Sudiana et al [12] found that less than 50% of serologically positive dairy cows in the Bogor regions
were culture positive. It is well documented that the method used in this study to confirm infection,
namely culture on solid medium of individual milk samples, will only detect a proportion of infected
animals [13,14]. Therefore the true test specificity, whether it be RBPT, CFT or ELIS A, cannot be
determined from this data. The calculated test sensitivities (Table II) may also need adjustment as more
culture data become available using tissues from slaughtered animals.

Results from the biochemical testing of the 76 B. abortus isolates indicated that 59 (78%) isolates
were biovar 1,10 (13%) were biovar 2 and 7 (9%) typed biovar 3. B. abortus biovar 1 was previously
isolated from East Java, Jakarta and South Sulawesi in 1985 (Soeroso, unpublished data) and B. abortus
biovar 2 has also been isolated from the Bogor area in 1989 (Sudiana, unpublished data). B. abortus
biovar 3 has not previously been reported in Indonesia.

The milk ring test (MRT) is the most common screening test used for detecting bovine brucellosis
in individual cows [15], and the bulk milk ring test (BMRT) is a rapid test for the detection ofBrucella
infected farms [16]. Milk samples are easy to collect, and the MRT and BMRT are easy to perform
and inexpensive in terms of the equipment and reagents required [17]. The results of this study to date
indicated that about 16% (62/400) of farms were classified as suspect positive by the BMRT. Sero logical
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testing of all cattle from the suspect farms showed that 78% (48/62) were classified as sero-positive
farms. Although no testing was performed on cattle from farms which were BMRT negative it appears
that the BMRT is an effective means of detecting brucellosis infected dairy cattle farms. In Indonesia,
dairy fanners send their milk either to the Cooperative Body or to a Milk Collecting Kiosk, making
the collection of bulk milk samples relatively easy. In Jakarta, however, 80% of the farmers sell the
unpasteurized milk direct to the public because they receive more money for the milk at the consumer
level. This made the collection of milk can samples more difficult and more expensive than first
anticipated. Jakarta is also unique within Indonesia in that most of the cattle are owned by the farmers
rather than being supplied as part of the national GKSI credit program.

In Jakarta, bovine brucellosis has spread between and within dairy farms and these are mostly
the medium to large size farms, £ 20 animals (Table V). It is speculated that high cattle turnover has
influenced the spread of the disease in Jakarta as indicated by the fact that 19 farms that were BMRT
negative in collection 1 became BMRT positive in collection 2. Sixteen of these additional farms were
also sero-positive. It was determined from the farmers that either cows which were dry during the period
of collection 1 were brought into production or new cows had been purchased which were subsequently
tested as sero-positive. Conversely, 6 of 29 positive farms from collection 2 were BMRT negative in
collection 3. On questioning the farmers it was found that sero-positive cows present at the time of
collection 2 had been sold in the intervening period. During the period November 1990 to June 1992,
13 of 155 introduced cattle were sero-positive which resulted in 10 additional farms in the Jakarta area
being classified as sero-positive. In the period November 1990 to March 1991, 35 sero-positive cows
were sold and 16 cattle sero-negative in collection 1 were subsequently tested sero-positive in collection
2. In the period June 1991 to April 1992, 53 sero-positive cows were sold and 22 cattle sero-negative
in collection 2 were subsequently tested sero-positive in collection 3.

The cattle movement pattern for Jakarta appears very complex. Cattle brokers, of which there
are 10 in the Jakarta area, purchase and move lactating dairy cows from the District of Boyolali, Central
Java, Sub-Districts Ngampel, Cepogo and Sunggingan, for sale in Jakarta. Calves under 5 months of
age from Jakarta are sent to Boyolali for rearing, again through cattle brokers. Dairy cows which have
aborted, have low milk production or are repeat breeders are marketed in and around Jakarta and Bogor.

The pattern of movement of cattle in and from Jakarta will complicate any brucellosis control
and eradication program for Jakarta and will allow the spread of the disease to neighbouring areas.
The use of the BMRT in conjunction with sensitive and specific serological testing, such as that based
on ELISA, should provide the tools for implementing such programs at low cost and minimal imposition
on the farmers.
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Abstract

ELISA TO STUDY ANTIBODY RESPONSES TO ANTHRAX VACCINE IN CATTLE, SHEEP AND GOATS.
An ELISA based on tri-partite toxin partially purified from Bacillus anthracis was used to determine the antibody responses

of groups of cattle, sheep and goats after anthrax vaccination. All species produced detectable increases in antibody titres after
vaccination with the order being cattle>sheep>goats. A second vaccination induced variable anamnestic responses depending
on the species or time (6 or 22 weeks) after the primary dose. Large differences were observed between individual animals
with respect to the antibody induced by the 2 vaccine doses. This observation, together with differences in vaccine quality and
apparent immunogenicity may affect efficient control of anthrax outbreaks. ELISA provided a convenient method of determining
the relative contribution of these factors to the protection afforded by anthrax vaccination programs.

1. INTRODUCTION

Anthrax (malignant carbuncle, woolsorter's disease), caused by the Gram-positive spore-forming,
aerobic rod-shaped organism Bacillus anthracis, is a disease of antiquity which has caused devastating
epidemics and epizootics in many wild and domestic animals. An animal ingesting soil-borne spores
becomes sick and dies of anthrax. Ruminants are considered to be more susceptible than carnivores,
although the disease can be transmitted from animals to man through animal products.

B. anthracis has 4 main distinguishing antigens, the capsule and the 3 components of the tripartite
toxin. The former, which is composed of poly-D-glutamic acid, is not considered to be a toxic fraction
but rather serves as a protective mechanism against the host's defence responses. The tripartite toxin
consists of oedema factor (EF), protective antigen (PA) and lethal factor (LF). All 3 are serologically
distinct and have no effects when injected separately into laboratory animals. However, the combination
of PA and LF can lead to death. Non-encapsulated, spore-forming, toxin-producing variants of
B. anthracis suitable for animal vaccination have been produced. The best known of these is the Sterne
strain which forms the basis of most available vaccines. Depending on the local and national practices
cattle receive a single injection containing 1 to 10 million spores, whereas sheep and goats receive half
this number. For example, within Australia, vaccination is usually carried out on an annual basis in
endemic anthrax areas, supplemented by prophylactic vaccination in the case of disease outbreaks.
Based on available evidence immunity is presumed to persist from 8 days to 1 year after vaccination.
Sub-unit vaccines, based on components of the tripartite toxin, have been shown to be effective [1]
although their expense limits their use to humans.

Anecdotal and confirmed [2] reports of continued deaths after vaccination of animals have
occurred. A number of reasons have been proposed to explain these observations, including the existence
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of aberrant B. anihracis strains [3,4], the involvement of antibody to components other than toxin [5]
and low antibody levels alone [2]. This paper addresses this question through the use of an ELIS A
to determine and analyze the antibody response to B. anthracis in vaccinated cattle, sheep and goats.

2. MATERIALS AND METHODS

2.1. Animals
The experimental animals, none of which had been exposed to anthrax or to anthrax vaccine,

were maintained on natural pasture and supplemented with clover-based hay. Standard animal husbandry
practices, including castration and anthelmintic treatments, were carried out as required. The cattle
were Poll Herefords, the sheep were Merino/Poll Dorset cross and the goats were Angora cross and
all were 4 to 6 months of age when initially vaccinated. Groups of 10 animals were maintained for
each experiment. No deaths occurred in any of the groups, either immediately post-vaccination or during
the subsequent trial period.

2.2. Vaccination
All animals were vaccinated subcutaneously at week zero with 1 ml (cattle) or 0.5 ml (sheep

and goats) using a commercial live anthrax spore vaccine (Sterne strain, CSL Ltd, Melbourne, Australia)
containing not less than 1 x 107 spores per ml. Group 1 (cattle) and group 2 (sheep) received a second
dose of vaccine at week 6. Group 3 (sheep) and group 4 (goats) received a second dose of vaccine
at week 22. Animals in groups 1 and 2 were bled prior to the first vaccination, then every week until
week 8 and thereafter at 2 weekly intervals until week 24 when the experiment was terminated. Animals
in groups 3 and 4 were bled prior to the first vaccination, then every week until week 8. They were
again bled at weekly intervals from week 21 until week 26. After separation, serum samples were stored
at -20°C until ELISA analyses were performed.

2.3. Preparation of B. anthracis ELISA antigen
Vegetative cells of Sterne strain B. anthracis were prepared essentially as described by

Hardjoutomo et al [6] using vaccine pack spores (CSL Ltd) as the starting material. Basically this
involved growth of a seed culture overnight in nutrient broth at 37°C which was then inoculated into
a static Syn N broth medium. After overnight incubation at 37°C protease inhibitors (1 mM phenylmethyl
sulfonyl fluoride, 1 mM benzamidine, 5 mM caproic acid) were added and the suspension was rapidly
cooled to 0°C on ice. The supernatant was separated from the cellular material by centrifugation at
8000 g for 20 minutes prior to further clarification by filtration through a 0.22 uM filter. The resulting
straw-colored fluid was concentrated 50-fold using an ultrafiltration cell and 30,000 mol. wt. cutoff
membrane filter (YM30, Amicon Corporation, Danvers, Massachusetts, USA). Low molecular weight
contaminants were removed using a 14,000 mol. wt. cut-off dialysis tubing (Spectrapor 4, Spectrum
Medical Industries Inc, Los Angeles, California, USA) and phosphate buffered saline (10 mM Na
phosphate, 150 mM NaCl; PBS). Protein determinations were carried out by the method of Lowry
and the material stored at 4°C in the presence of 0.05% NaN3.

2.4. ELISA
All reactions were performed in standard "U" bottom polystyrene microtitre plates (#2-62170,

A/S NUNC, Denmark) using 100 ul volumes and room temperature (approx. 24°C). Coating was
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performed for 16 hours using the crude toxin material at a concentration of 0.5 ug/ml in PBS. The
plates were washed 3 times using PBS containing 0.05% Tween 20 detergent (PBS/T) and stored for
up to 1 week prior to use. All serum samples were diluted 1:200 in PBS/T, duplicate samples added
to the plate and incubated for 2 hrs before washing as above. Affinity purified sheep anti-bovine IgG
horseradish peroxidase or donkey anti-sheep IgG horseradish peroxidase conjugates (Silenus Laboratories
Pty Ltd, Melbourne, Victoria, Australia), appropriately diluted in PBS/T, was added and incubated for
2 hr. The anti-sheep IgG conjugate was also used with the goat serum samples. After washing, freshly
prepared substrate solution containing 1 mM 2,2' azino-bis[3-ethylbenthiazolin 6-sulphonate] (ABTS)
plus 2.5 mM H2O2 in 50 mM Na citrate pH 4.2 was added. The plates were incubated at room
temperature for 1 hour and the optical density (OD) of the wells measured using a Titertek Multiskan
MC plate reader (Flow Laboratories, UK) at a wavelength of 414 nm. The ODs were converted to
ELIS A units (El) using a computer program (Plate reader Program V3.2, Regional Veterinary Laboratory,
Benalla, Victoria, Australia) and comparison to a dilution series of a positive control serum [7]. A
1:500 dilution of this positive control was assigned a value of 2048 El and a complementary negative
control a value of zero EL

3.

3.1.

RESULTS

Response of cattle and sheep to vaccination
The data in Fig. 1 show the mean anthrax El of cattle (group 1) and sheep (group 2) after 2

doses of vaccine, 6 weeks apart. Cattle were marginally faster at responding to the initial vaccine dose
and both species of animals showed an anamnestic response after the second vaccination. This was
larger for sheep (88 El at week 4 to 350 El at week 10; 400%) compared to cattle (120 El at week
4 to 280 El at week 8; 230%). Individual animals from both species varied dramatically in their responses
to the vaccine with the standard deviations (SD) being as high as ± 150% of the mean value (results
not shown).

3.2. Response of sheep and goats to vaccination
The data in Fig. 2 show the mean ± SD (shaded areas) anthrax El responses of sheep (group 3)

and goats (group 4). In this trial the antibody levels were allowed to stabilize at a relatively low value
before the second dose was administered at 22 weeks after the first vaccination. An anamnestic response

1 2 3 4 5 6 7 8 10 12 18
Time after vaccination (weeks)

FIG. 1. Response of cattle and sheep to anthrax vaccination. Animals were vaccinated at week zero

and week 6. * cattle; o sheep
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was evident after the second vaccination with the goats (214 El at week 2 to 263 El at week 23; 120%).
In contrast, although the sheep also produced a response to the second dose of vaccine, the mean level
attained was lower than that produced by the primary vaccine dose ( 194 El at week 2 to 167 El at week
23; 90%). The results for the goats were distorted upwards by animal #3 which produced an extremely
large primary response whereas the results for the sheep were distorted downwards by animals #2, #3
and # 7.

Time after vaccination (weeks)
22 23 24

FIG. 2. Response of sheep and goats to anthrax vaccination. Animals were vaccinated at week zero
and week 22. • sheep; o goats; open enclosed area, sheep SD; cross-hatched enclosed area, goat SD.

3.3. Response of individual animals to vaccination

3.3.1. Sheep
There was a variation in the response of individual sheep both to the primary vaccination and

the secondary vaccination. Four different categories of response could be identified. They were low
primary response/low secondary response, low/high, high/low and high/high (Fig. 3). A complete summary
of the primary and secondary responses of all sheep is shown in Table I.
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0 1 2 3 4 V 2 2 2 3 2 4
Time after vaccination (weeks)

FIG. 3. Response of individual sheep to anthrax vaccination. Animals were vaccinated at week zero
and week 22. • low primary/low secondary response; o low primary/high secondary response; • high
primary/low secondary response; D high primary/high secondary response.
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TABLE I. COMPARISON OF PRIMARY AND SECONDARY RESPONSES OF INDIVIDUAL SHEEP
TO ANTHRAX VACCINE

Sheep number
Parameter

Primary**
Secondary**
Ratio (S/P)

1

70*
190
2.7

2
L/L
105
45
0.4

3
H/L
340
16

<0.1

4

32
185
5.8

5
L/H
53
330
6.2

6
H/H
480
190
0.4

7

820
64
0.1

8

170
125
0.7

9

175
390
2.2

10

70
140
2.0

Av

232
168
0.7

* ELISA units; * * maximum primary and secondary responses; L/L - low primary/low secondary; H/L - high primary/low secondary;
L/H - low primary/high secondary; H/H - high primary/high secondary.

3.3.2. Goats
As for the sheep there was variation in the response of different goats to the 2 vaccine doses

and, again, animals with low/low, low/high, high/low and high/high responses could be identified (Fig.
4). Goat #3 produced antibody titres which were about 10-fold higher than most of the other animals.
Table II summarizes the results obtained with all goats after primary and secondary vaccination.

500

1 2 3 4 V 2 2 2 3 2 4
Time after vaccination (weeks)

FIG. 4. Response of individual goats to anthrax vaccination. Animals were vaccinated at week zero
and week 22. • low primary/low secondary response; o low primary/high secondary response; • high
primary/low secondary response; n high primary/high secondary response.

TABLE H. COMPARISON OF PRIMARY AND SECONDARY RESPONSES OF INDIVIDUAL GOATS
TO ANTHRAX VACCINE

Goat number
Parameter

Primary**
Secondary**
Ratio (S/P)

1
L/H
68*
290
4.5

2

128
220
1.7

3
H/H
1360
760
0.6 .

4

90
240
2.7

5

94
360
3.8

6

126
200
1.6

7
H/L
160
140
0.9

8

156
220
1.4

9

92
260
2.8

10
L/L
66
96
1.5

Av

234
279
1.2

* ELISA units; ** maximum primary and secondary responses; L/L - low primary/low secondary; H/L - high primary/low secondary;
L/H - low primary/high secondary; H/H - high primary/high secondary.
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4. DISCUSSION

Increased antibody levels to a crude toxin preparation of B. anthracis were obtained in cattle,
sheep and goats following 1 or 2 doses of a live spore-based anthrax vaccine (Fig. 1 and Fig. 2), although
there was an extremely large variation in the response of individual animals to the primary and to the
secondary vaccinations (Fig. 3 and Fig. 4). This is consistent with observations in humans and guinea
pigs following various vaccination regimes [5, 8]. The specificity of these antibodies has been confirmed
by experiments which showed that sera from anthrax-vaccinated cattle or sheep give minimal or no
reaction to antigens obtained from the related organisms, B. cereus and B. subtilis, when assayed using
ELISA or immunoblotting techniques (Ferrier, unpublished). Therefore the antibody levels measured
with this ELISA system should represent the immune response to anthrax vaccination and not exposure
to other bacteria.

All species and all animals responded to the second vaccination with an increase in ELISA
units above those observed immediately prior to this vaccination. The secondary/primary stimulation
ratios in the cattle/sheep trial were 2.3 and 4.0 for cattle and sheep, respectively (calculated from data
in Fig. 1). Analysis of the data from the sheep/goat trial indicated that peak ELISA titres were lower
after the second vaccination, when compared to the primary vaccination, in 5 out of 10 sheep and 2
out of 10 goats (Table I). The average stimulation ratios were 0.7 and 1.2 for sheep and goats,
respectively. The goat ratio was increased to 2.1 if the data for goat are excluded from the calculations.
The difference between the sheep groups in the 2 trials may be related to the fact that the second
vaccination occurred at week 6 in the cattle/sheep trial and at week 22 in the sheep/goat trial.

The reasons for the failure to observe a typical anamnestic response in the sheep/goat trial are
not clear, although it may be related to the fact that the vaccine was administered in the form of live
spores. In order to induce a detectable immune response, it is necessary for the B. anthracis spores
to germinate and multiply before the vegetative form can produce the tripartite toxin which is the major
antigen in the present ELISA. It is possible that other immune defence mechanisms can block one
or more of these events either by producing other types of protective antibody or by priming of
components of the immune system. There is good evidence that cell-mediated immunity is a major
factor in protecting animals from anthrax and that protective immunity is more than a simple function
of antibody to toxin components as measured here [5].

The Sterne strain of B. anthracis is effective as a vaccine because the non-encapsulated bacteria
are readily ingested and destroyed by macrophages before they can produce lethal amounts of toxin
material. However, they appear to survive long enough to produce sufficient of the toxin to induce
protective antibody. The capsule renders the wild type strains resistant to ingestion by providing a
relatively inert surface to the outside world. There is anecdotal evidence that certain breeds and/or
lines of goats are also susceptible to and killed by the non-encapsulated Sterne vaccine strain, perhaps
related to a less efficient non-specific immune system. However, no goat deaths occurred after vaccination
although there was a slight pyrexia and loss of appetite which persisted for several days post-vaccination
(daily observations were performed for 2 weeks after the first vaccination).

Attempts were made to compare the relative immune responses of the 3 species of ruminants.
Only a rudimentary comparison could be made between cattle and sheep (Fig. 1) as 2 different anti-species
conjugates were employed, although the cattle appeared to respond more rapidly to the primary vaccination
and the sheep more rapidly to the secondary vaccination. Previous experiments indicated that the anti-
sheep IgG conjugate gave a signal with goat IgG which was about 50% of that with the equivalent
amount of sheep IgG. Therefore all El values obtained with the goat samples were multiplied by 2
to convert them to semi-quantitative sheep "equivalents". In this case the sheep responded more rapidly
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than the goats to the primary vaccination with little difference after the secondary vaccination (Fig. 2).
This pattern was accentuated if the data for goat #3 were omitted from the calculations (data not shown).

A number of reports have commented on the variability in efficacy of the Sterne anthrax vaccine
under field conditions (quoted in [2]) and variation in quality between anthrax vaccines manufactured
in different countries has been reported [9]. We have also observed that there are morphologically distinct
"isotypes" of B. anthracis and that these produce different amounts of immunoreactive material and
PA as detected by sheep anti-Sterne and rabbit anti-PA antisera [10]. Based on the data presented above
it is probable that a large component of the variability is associated with the immune response of
individual animals to the vaccine. Confirmation of this hypothesis would require challenge of vaccinated
animals under simulated field conditions. In view of the hazardous nature of B. anthracis, and animal
health regulations, this is not possible without resort to expensive facilities such as those provided by
Plum Island in the United States or the Australian Animal Health Laboratory in Geelong, Australia.

The Sterne anthrax vaccine has served the animal industries of the world with distinction since
its development. On this ground, an in-depth, expensive and dangerous investigation of its perceived
or real deficiencies cannot be warranted at this stage. However, the use of an ELIS A as described here,
would be a valuable and inexpensive tool for determining the efficacy of and monitoring anthrax
vaccination programs.
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Abstract

DEVELOPMENT OF AN ENZYME-LINKED IMMUNOSORBENT ASSAY FOR DETECTION OF SERUM ANTIBODIES
TO HAEMORRHAGIC SEPTICAEMIA.

An indirect enzyme-linked immunosorbent assay (EUSA) was developed using a heat-stable extract of
Pasteurella multocida serotype 6:B to detect antibodies to haemorrhagic septicaemia (HS) in serum from cattle and buffaloes.
The sera were tested at 1:400 dilution and the optical density was compared with a standard curve. The results were expressed
in ELISA units. There was 91% agreement when the ELISA results were compared with the indirect haemagglutination test
using field samples. The ELISA was used to detect specific serum antibodies in buffaloes after vaccination with an HS-oil
adjuvant vaccine. The first three months after vaccination showed a gradual rise in HS antibody concentration which was
followed by a marked increase over the next 14 days when a second vaccination was given at 3 months. Nine months after
the initial vaccination the animals were challenged intranasally with 109 colony-forming units of P. multocida. All animals
survived. This suggested that the ELISA is capable of detecting antibodies responsible for protection. Colostra! derived
antibodies to HS were also detected by ELISA in newborn buffalo calves. The antibody concentration increased markedly within
24 hours of colostral consumption but declined within 28 days of birth. The immune response to P. multocida in rabbits was
also measured by ELISA. A 50-fold increase in the antibody concentration occurred within 36 days of vaccination. The ELISA
developed in this study proved to be useful for measuring antibodies to P. multocida in cattle and buffaloes and will assist in
monitoring antibody responses to vaccination against HS.

1. INTRODUCTION

Haemorrhagic septicaemia (HS) is an acute fatal disease of cattle and buffaloes in Asia
and Africa which is caused by specific serotypes of Pasteurella multocida [1-3]. The disease has been
reported to occur in almost all countries of South and South East Asia where it causes serious
economic losses to the livestock industry [4, 5]. The causative agent of HS is a non-motile, Gram
negative cocobacillus and the serotype frequently isolated in Asia is serotype 6:B (Namioka-Carter)
or B:2 (Carter-Heddleston).

Vaccination is accepted as the most effective method of controlling the disease. At
present, several types of vaccines are available of which the alum-precipitated and aluminium
hydroxide gel vaccines are the most widely used in Asia. The oil adjuvant vaccine, however, confers
a longer period of immunity and is also used in many countries despite difficulties in the
administration of the vaccine due to high viscosity [1].

Immunity to HS is mediated through specific serum antibodies [6] and a number of tests
such as the passive mouse protection test (PMPT) and the indirect haemagglutination (IHA) test are
used to assess the immune status of vaccinated animals. These serological tests, however, are less
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sensitive in reflecting the immunity in animals. For example, in the vaccination experiments reported
by De Ahvis et al [7] only 60 per cent of the sera from immunised calves demonstrated passive mouse
protection and 27 per cent showed positive IHA titres when all of the animals survived a direct
challenge.

The early 1970's saw the introduction of the ELIS A. In subsequent years this test has
replaced many of the conventional serological tests as it has proven to be more sensitive and specific
and has the ability to detect both antigen and antibody in a wide range of animal diseases [8, 9]. In
Pasteurellosis, ELISA has been successfully developed to assess the immunity to P. multocida
infection in rabbits [10] and poultry [11] as well as P. haemolytica infection in cattle [12] and sheep
[13]. In addition the ELISA has been used in an antigen detection assay for the rapid identification
of HS-causing Pasteurellae [14].

The present study reports on the development of an ELISA to detect antibodies to P.
multocida in cattle, buffaloes and rabbits and compares the tests with the IHA in selected field
samples. The ELISA was also used to measure maternally derived HS-antibodies in newborn buffalo
calves and to monitor the antibody response to the HS oil adjuvant vaccine.

2. MATERIALS AND METHODS

2.1. Antigen preparation
A heat-stable antigen of the organism was prepared as described by Heddleston et cd. [15].

Briefly, a confluent growth of P. multocida on sheep blood agar plate was harvested in 1.0 ml normal
saline containing 0.3% formalin and heated to 100°C for 1 hr. The cells were sedimented by
centrifugation (6000 r.p.m; 30 min) and the supernatant containing the antigen stored at -20°C.

2.2. ELISA

2.2.7. Coating of plates
The assay was performed in 96-well flat-bottom polystyrene plates (Flow Laboratories).

Optimum dilutions for antigen, serum and conjugate were determined as described by Spencer and
Burgess [16]. The plates were coated with lOOul of antigen (1:10) in coating buffer (50 mmol/1
sodium carbonate buffer, pH 9.6) and incubated overnight at 4°C. The coated plates were rinsed 3
times (5 min each wash) with washing buffer (10 mmol/1 sodium phosphate and 150 mmol/1 sodium
chloride, pH 7.2, containing 0.05% Tween 20; PBS/T).

2.2.2. Serum dilutions
Test sera were diluted 1:400 in PBS/T and lOOul volumes added to each well. The plates

were incubated for 1 hr at 37°C and washed as described previously.

2.2.3. Conjugate
Rabbit anti-bovine IgG-horseradish peroxidase diluted 1:2000 in PBS/T was used as the

conjugate. The conjugate (lOOul) was added to each well of the plate, and the plate incubated for 1
hr at 37°C and then washed with PBS/T.
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2.2.4. Substrate
The substrate consisted of a 1 mmol/1 solution of 2,2'-azino-bis-3-ethylbenzthiazoline-6-

sulphonic acid (ABTS) in 0.1 mol/1 citrate buffer, pH 4.2 and 2.5 mmol/1 hydrogen peroxide.
Substrate (lOOul) was added to each well and the plates incubated at room temperature (24°-29°C) until
the colour developed. The reaction was stopped with 50ul of 1 mmol/1 sodium azide and the optical
density values of the wells read using a portable microplate photometer (CLS 963 Cambridge Life
Science pic., UK) fitted with a 405 nm detector. Each plate was blanked against wells into which
diluting buffer was added at the serum incubation step.

2.2.5. Control sera and ELISA units
Serum from an experimentally infected buffalo calf which had a reciprocal IHA titre above

1:2560 was used as the positive control. The negative control Was serum from the same animal before
infection or pooled sera from a herd of disease-free animals. Dilutions of the positive serum were
used to construct a standard curve relating optical densities to ELISA units (Fig. 1). The highest
dilution of positive serum with an optical density above that of the negative serum was designated to
have 2 ELISA units and so on up to 64 units for the most reactive dilution. On each plate, the
negative control and six appropriate dilutions (to cover the range) of the positive serum were included
and the optical densities produced by the test sera compared with those from the standards and ELISA
units calculated using a curve fitting procedure (Titersoft, Flow Laboratories, UK). The data
comparing ELISA units and IHA titre were assessed for the percentage agreement and for relative
sensitivity and specificity as described by Noon et al. [17]. The negative "cut-off level was defined
as the mean ELISA unit value plus 2.5 standard deviations of 207 serum samples obtained from cattle
which were not exposed to HS or vaccinated against the disease for the past 20 years and had no IHA
titre.
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FIG. 1. Standard curve relating optical densities (405 nm) to dilutions of positive serum.
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2.3. Indirect haemagglutination test
The IHA test was carried out basically according to the method described by Carter [18], but

using fresh ovine erythrocytes coated with stable antigen [15] in 96-well round bottom microtitre
plates.

2.4. Serum collection

2.4.1. Vaccination tried
Five buffalo calves between 7-12 months of age with no detectable antibodies to P. multocida

and no evidence of the organism in the nasopharynx were used in this study. The animals were
inoculated intramuscularly with 3 ml of the oil adjuvant vaccine and a booster given 3 months later.
Blood was collected before vaccination, two weeks after each inoculation, and at monthly intervals for
a further 8 months. At the end of this period all animals were challenged intranasally with viable
virulent P. multocida type 6:B cells (109 colony forming units/ml).

2.4.2. Transfer of colostral antibodies to HS
The level of HS-specific colostral antibodies transfer from dam to calf was measured by

ELISA. Blood samples collected from 10 buffalo calves before suckling colostrum, and at days 1, 7,
14, 28, 42 and 56 after birth were tested by the ELISA.

2.4.3. Vaccination study in rabbits
Eight New Zealand white rabbits were each inoculated subcutaneously five times at fortnightly

intervals with formalin-killed P. multocida emulsified in Freund's complete adjuvant. Serum samples
collected prior to inoculation and 14, 21 and 36 days post inoculation were tested by the ELISA as
described previously, except that goat anti-rabbit IgG horseradish peroxidase (Sigma) was used.
Standards prepared from six appropriate dilutions of a positive serum (collected on day 36) and the
corresponding pre-inoculation negative serum were included in each plate.

3. RESULTS

1. Comparison between ELISA and IHA Tests
The data comparing IHA titres and ELISA units demonstrated a 91% agreement between tests

when the cut-off used was 10 IHA titres and 8 ELISA units (Fig. 1 and Table 1). Further, with an
IHA cut-off of 10 titres the ELISA had a sensitivity of 85% and a specificity of 95% relative to the
IHA test.

2. Response to vaccination

2.1. Buffalo study
Following vaccination of buffalo calves a gradual rise in antibody levels was recorded until

the booster was administered at 3 months. There was a significant increase in antibody response by
14 days after the booster injection (Fig. 2). Later, antibody levels declined steadily to approximately
8 ELISA units, 9 months after the initial inoculation. All immunised animals survived the intranasal
challenge with a virulent culture of the organism.
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TABLE I. AGREEMENT BETWEEN DETECTION OF HS ANTIBODY BY IHA AND ELISA
(IHA TITRE >10 AND ELISA UNITS >8 = REACTIVE)

ELISA results

Reactive

Non-Reactive

Total

Reactive

118 (a)

21 (c)

139

IHA results

Non-
Reactive

15 (b)

271 (d)

286

Total

133

292

425

% Agreement
(a+b/grand total)

91

Relative sensitivity and specificity of the tests

ELISA compared with
IHA

IHA compared with
ELISA

c= 118/139 = 85%
b = 271/286 =

a/a

a / a + b = 118/133 = 89%
d/c + d = 271/292 = 93%

a = number of samples reactive in both tests,
b = number of samples reactive in ELISA but non-reactive in IHA.
c = number of samples reactive in IHA and non-reactive in ELISA.
d = Number of samples non-reactive in both tests.
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FIG. 2. The antibody response of buffalo calves immunised with HS oil adjuvant vaccine. The arrows
indicate the time of primary and booster vaccination. Each data point represents the mean for 5
animals. The dotted line shows the negative cut-off level of the ELISA.

2.2. Rabbit study
The antibody response to formalin-killed whole cell Pasteurella vaccine was examined in

rabbits using the ELISA. All rabbits developed antibodies following vaccination with levels at 36 days
being 50-fold greater than before immunization (Fig. 3).
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8 12 16 20 24 28 32

FIG. 3. The antibody response of 8 rabbits immunised with formalin-killed whole-cell Pasteurella
vaccine. Each data point is the mean.

3. Transfer of colosrral antibodies to HS
The transfer of colostral antibodies to new-born buffalo calves showed that HS-specific

antibody increased markedly soon after suckling, antibody levels reaching a peak within 24 hrs of birth
and then gradually declining with advancing age (Fig. 4).
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0 0 4 8 12 16 20 24 28 32 36 40 44 48 .52
Days

FIG. 4. The HS-specific antibody concentration in new born buffalo calves before and after colostrum
feeding. The data points represent the mean of 10 observations. The dotted line indicates the negative
cut-off level of the ELISA.
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4. DISCUSSION

In Pasteurella-specific ELIS A procedures a variety of antigens, including potassium thiocyanate
extracts [19], lipopolysaccharides [20], sodium salicylate extracts [13] and capsular extracts [21] hâve
been used. The preparation of many of these antigens requires extensive laboratory facilities which
are generally not available in countries where HS prevails. In contrast, the heat-stable antigen used
in this study is easy to prepare and can be stored for 9 months at -20°C. Sealed microtitre plates
containing diluted antigen and stored at 4°C may be used for up to 6 weeks. This heat-stable antigen
preparation is known to be mainly lipopolysaccharide [22] which is also reported to be responsible for
serotype specificities of P. multocida [15].

Current research is directed at producing an improved HS-vaccine, particularly one which
confers longer periods of immunity [1]. One of the major problems with this research is the absence
of a serological test that reflects the immune status of vaccinated animals. The ELISA developed in
this study appears to provide a satisfactory test for measuring specific immunity in HS-vaccinated
animals. The evidence for this is the strong antibody response detected by the ELISA within 2
months of vaccination. This antibody response remained until the time of challenge 9 months after
vaccination. No animals succumbed to the disease as a result of the challenge.

Previous studies showed that there was a significant relationship between protection and serum
antibody concentration (IgG) in mice [23]. The class of antibody in vaccinated cattle and buffaloes,
however, has to be defined. When animals are exposed to HS or immunised using whole cell
vaccines a diversity of antibodies are formed against a wide range of epitopes. In this study antibodies
in vaccinated animals were detected by the ELISA and IHA using the same antigen preparation. It
was surprising therefore to find that the two tests had a 91% agreement, particularly when one
considers the differences in the procedures and in the antigen attachment and consequently epitope
presentation. The differences between the two tests observed in this study may be attributed to the
ELISA selectively binding a class of antibody other than IgM, since IgM is known in the IHA to be
preferentially aggregated by sensitised erythrocytes [24].

In the ELISA reported here, a 1:400 dilution of the sera eliminated non-specific reactions.
However, when a heat-stable antigen was used in an HS antibody-detection ELISA cross reactivity
was observed with bovine sera from animals in Australia, a country where HS does not exist. Thus,
cross-reaction between the ELISA antigen and antibodies to other types of upper respiratory tract
Pasteurellae, in particular, P. haemolytica may exist. The cross-reactivity of the antigen to other
species of Pasteurellae was not examined here but merits investigation because an unpurified extract
of the organism is the coating antigen.

When buffalo calves were exposed to HS, those below six months of age were less susceptible
to disease than those between 6 and 18 months [25]. It was concluded that the greater resistance of
younger calves was derived from maternal antibodies. In contrast, this study showed a steady decline
of HS-specific maternal antibodies between 1 and 28 days after birth. On the other hand, it could be
that the ELISA was less sensitive in detecting antibodies responsible for protection during the first six
months after birth. However, other age-related factors may also be important in protection during this
period.
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Abstract

ELIS A AND OTHER METHODS IN MONITORING VACCINATION RESPONSE TO HAEMORRHAGIC SEPTICEMIA.
Two groups each of 15 buffaloes were vaccinated subcutaneously or intramuscularly with a Pasteurella multocida

vaccine consisting of crude capsular antigen. No significant differences in immune response were observed between the two
groups using the indirect haemagglutination assay. Sera from the vaccinated buffaloes were subjected to the passive mouse
protection test and there was an overall average survival rate of 87.5% when the mice were challenged with 100LD50 of the
homologous vaccine strain.

In a second trial, 67 buffaloes were grouped into 7 groups. Six of the groups were vaccinated with whole cell or
crude capsular antigen respectively combined with water, alum or an oil adjuvant respectively. The seventh group (group VII)
was not vaccinated and served as the control. Sera collected from these groups were tested by an enzyme-linked immunosorbent
assay (ELIS A) and the results obtained analyzed by Duncan's multiple range test. The antibody responses of vaccinated groups
were statistically different to the control group. Serum from these buffaloes were grouped according to their ELISA optical
density values (x dilution factor) and inoculated into mice. One hundred percent protection was provided by sera with an ELISA
titre between 71-90 collected 3 months after vaccination while 11 months after vaccination 100% protection was provided but
only with sera having ELISA titres greater than 90.

1. INTRODUCTION

Haemorrhagic septicemia is a fatal and contagious disease of cattle and buffaloes in the
Philippines with 32,051 cases and 2,782 mortalities reported in 1990 [1]. In Southeast Asia the
disease is caused by Pasteurella multocida type B [2].

Vaccination and antibiotic therapy are among the prophylactic measures utilized to prevent the
disease. Two major antigenic structures of Pasteurella are important in vaccine production [3]. They
are the cell wall which is a lipopolysaccharide protein complex called O antigen and the capsule which
is a lipopolysaccharide and known to be associated with bacterial virulence [4].

Adjuvants are used with vaccines to improve their performance by effecting the slow release
of antigen. Commonly used adjuvants are aluminum compounds and oil which are used in
combination with an emulsifier [5]. Single water-in-oil emulsion (SE) preparations provide protection
for approximately 12 months [6]. The double emulsion (DE) preparations make use of a second
emulsifier which enhances the effectiveness and reduces the viscosity of the SE adjuvant.
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This study was conducted to assess the value of the enzyme-linked immunosorbent assay
(ELISA) compared to the indirect haemaggultination assay (IHA) and passive mouse protection test
(PMPT) to monitor the immune response in the sera of buffaloes vaccinated with different
haemorrhagic septicemia vaccines.

2. MATERIALS AND METHODS

2.1. Trial 1
Thirty buffaloes were divided into two groups. Fifteen were vaccinated intramuscularly (IM)

with a crude capsular antigen alum-adjuvanted vaccine and 15 were vaccinated subcutaneously (SC)
with the same vaccine. A second vaccination was given 30 days after initial vaccination. Blood was
collected prior to vaccination and 30, 60, 90, 120, 150, 180 and 210 days after vaccination for IHA
antibody titre determination as described by Carter [7]. The sera from 3 animals in each group with
a titre of 256 were pooled and injected into one of 5 groups of 10 mice. Groups I and III were
injected with sera from IM-vaccinated buffaloes, Groups II and IV received sera from SC vaccinated
animals and Group V served as controls. The mice were challenged intraperitoneally (IP) after 24 hrs
with 0.2 ml 100LD50 homologous P. multocida type B as described [8]. The mice were observed for
14 days and mortalities recorded.

2.2. Trial 2
Sixty seven buffaloes were divided into 7 groups as shown in Table II. Animals in groups

I to VI were each vaccinated IM with 1ml of the following vaccines: Group I-whole cell (WC)
aqueous vaccine; Group II-WC alum-adjuvanted; Group III-WC oil-adjuvanted; Group IV-CCA
aqueous vaccine; Group V-CCA alum-adjuvanted vaccine; Group VI-CCA oil-adjuvanted. Group VII
was a non-vaccinated group and served as the control. A second vaccination was given one month
later. Blood was collected prior to initial vaccination, and 1, 2, 7, 9 and 11 months later. The sera
were tested by an ELISA [6] to determine the antibody response to P. multocida.

Sera from buffaloes whose ELISA optical density values (xlOO) fell within the ranges of 40-
50, 51-70, 71-90 and greater than 91 for each of the 6 blood collections were pooled and injected into
a group of 5 mice. Two uninoculated groups served as the controls. After 16 hrs, the mice were
challenged with 0.2 ml IP 100LD50 of the homologous P. multocida strain.

Analysis of % protection for Trials 1 and 2 was made as follows:

N°. of deaths in control group - N°. of deaths in immunised groups 1 „ „
No. of deaths in control group

The optical values obtained in each ELISA test were multiplied by the serum dilution factor
and the values were tested statistically by the Duncan Multiple Range Test (DMRT). ANOVA was
used for analysis of the reciprocal IHA titres.
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3. RESULTS

The results of the tests conducted on the sera from the 30 buffaloes vaccinated with CCA
alum- adjuvanted vaccine are shown in Fig. 1. Titres in both IM- and SC-vaccinated groups showed
similar and rising trends during the 7-month period of the study.
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FIG. L Mean IHA antibody titre of vaccinated buffaloes.

The results from the PMPT are shown in Table I. The IM-vaccinated buffaloes (Groups I and
III) showed 90% and 80% protection respectively while the SC-vaccinated buffaloes (Groups II and
IV) showed 100% and 80% protection respectively. The average levels of protection for the IM- and
SC-vaccinated groups were 85% and 90% respectively with an overall average of 87.5%. The control
animals were not protected.

TABLE I. PASSIVE MOUSE PROTECTION TEST (PMPT) OF MICE GIVEN SERA FROM
VACCINATED BUFFALOES AND CHALLENGED 24 HRS LATER WITH 0.2 ml 100LD50
HOMOLOGOUS P. multocida TYPE B

Days of Observation

Group No. of mice 1 3-6 7 8-12 13 14
Mortality Protection

UM

use
HUM
IV SC

V Control

10

10

10

10

10

1 - 1/10

0/10

1 - 1 - 2/10

1 - 1 - 2/10

6 4 - - - - - 10/10

90

100

80

80

0
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Analysis of the ELISA titres of the 67 buffaloes vaccinated with the WCA and CCA vaccines
(Table II) showed that the titres of the vaccinated animals were significantly different from those in
the controls. Sera from buffaloes vaccinated with alum-adjuvanted WC (Group II), WC oil-adjuvanted
(Group III) and CCA aqueous vaccine (Group IV) had similar antibody titres as measured by the
ELISA. Also, sera from buffaloes vaccinated with WC oil-adjuvanted (Group III), CCA aqueous
vaccine (Group IV) and WC aqueous vaccine (Group I), CCA alum-adjuvanted (Group V) and CCA
oil-adjuvanted vaccine (Group VI) gave similar antibody titres as measured by the ELISA.

TABLE II. DUNCAN MULTIPLE RANGE TEST (DMRT) OF THE VACCINATED BUFFALOES

Vaccine Group

1

2

3

4

5

6

7

No. of animals

14

9

10

8

8

13

5

Mean*

324.36 b

350.13 a

35 1.50 ab

333.62 ab

253.90 b

258.50 b

121.57c

*Means with the same letter are not significantly different at 5% level.

Mean ELISA antibody titres were lower 1 month after vaccination than prior to vaccination,
were higher at 2 and at 7 months post vaccination, and were again lower at 9 months and higher 11
months after vaccination (Fig. 2).
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FIG. 2. ELISA titre of vaccinated buffaloes.
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The PMPT results are shown in Fig. 3. Sera collected prior to vaccination showed 20-40%
protection while sera collected 3 months after vaccination showed 100% protection over the 40-90
ELIS A titre range. Maximum protection occurred in the 71-90 ELIS A titre range as this was present
2, 7 and 9 months post vaccination. Protection was evident 11 months after vaccination only when the
ELISA titre was greater than 90.
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FIG. 3. Passive Mouse Protection Test of sera from vaccinated buffaloes.

4. DISCUSSION

This study illustrates the value of ELISA to measure protection generated by the vaccination
of buffaloes with different vaccines. Sera from the vaccinated buffaloes were grouped according to
their ELISA titres and used in the PMPT. It was found that 100% protection was provided by sera
with ELISA titres as low as 40 and collected 2 months after vaccination. Protection in many of these
animals was maintained until 7 months after vaccination and up to 11 months after vaccination in the
animals with ELISA titres greater than 90. ELISA titres of 71 and more provided 80%-100%
protection in the PMPT. These results suggest that the ELISA may serve as a guide to future
vaccination regimes. For example, in the Philippines the interval between vaccinations is currently
six months. This interval may be extended to 9 months.

The direct relationship between the PMPT and ELISA titres recorded in this study is consistent
with other reports which have also shown good correlation between ELISA and PMPT [6, 9].
However, the PMPT is a slow and cumbersome test to perform. It is not quantitative and therefore
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less sensitive and there are inherent variables in the test that need consideration. These include the
protocol, the bacterial strain used to challenge mice and the genetic make-up of the mice used. The
ELISA on the other hand is easy to perform, safe, convenient and not labour intensive. Nevertheless,
the assay may be subject to non-specific reactions due to impurities in the antigen used or cross-
reactions with antibodies of other organisms to which the buffaloes have been exposed. This may
explain the unusually high ELISA titres of the pre-vaccination sera.

The CCA and the whole-cell vaccine gave similar ELISA titres irrespective of the adjuvant
used and these were significantly different to the non-vaccinated group of buffaloes. Hence the sera
from all six groups of vaccinated buffaloes were pooled on the basis of their ELISA titre prior to being
subjected to the PMPT.

The sera from the IM- and SC-vaccinated buffaloes which showed the maximum IHA titre of
256 were grouped separately. The sera collected from both these groups over a period of 210 days
after vaccination produced good protection in mice subsequently challenged with a virulent
homologous field strain. Hence it may be concluded that either intramuscular or subcutaneous
vaccination of buffaloes may be used in the field situation as the protection afforded by both routes
of administration was similar. These results were reinforced by the results of the second trial which
showed optimum protection for up to 9 months after vaccination.
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Abstract

APPLICATION OF ELISA FOR DIAGNOSING AND INVESTIGATING THE EPIDEMIOLOGY OF TRYPANOSOMIASIS
IN BUFFALOES IN NORTH VIETNAM.

An antigen-detection enzyme immunoassay (Ag-ELISA) based on a Trypanosomaevansi specific monoclonal antibody
was used for the detection of circulating antigens in experimentally infected buffaloes and in buffaloes kept in different
geographical regions of Vietnam. In experimental infections, circulating antigens were detected around 7 to 14 days after
infection but the levels detected were considerably lower than those in sera collected from the field, suggesting that the parasite
isolate used became highly adapted to mice through passage. In a study of field sera the agreement between the Ag-ELISA and
parasitological methods for detecting infected cases was 80% and the apparent specificity of the test was 90%. In these and
other studies the Ag-ELISA consistently detected many more infected cases than did the conventional parasitological methods.
In most cases animals whose sera reacted in the Ag-ELISA also had trypanosome specific antibodies in their circulation.
Treatment of infected animals with a trypanocidal drug in most cases resulted in a significant drop in trypanosome antigen levels
but their status with respect to trypanosomal antibodies remained unchanged.

Seroepidemiological surveys using Ag-ELISA and Ab-ELlSA and based on an analysis of around 1000 sera collected
from different regions of Vietnam demonstrated prevalences ranging between 17% and 50% with no apparent relationship to
geographical region. However, prevalence of infection was generally higher in summer (rainy season), when fly activity is
highest. It is concluded that serological methods based on Ag-ELISA and Ab-ELISA are valuable adjuncts to clinical and
parasitological methods for diagnosing trypanosomiasis, studying the epidemiology of the disease and monitoring the
effectiveness of control programmes.

1. INTRODUCTION

Trypanosomiasis caused by Trypanosoma evansi is one of the most important diseases of
ruminants in Vietnam, particularly in draught animals such as buffalo. T. evansi is considered to be
endemic in the plains and in the mountainous areas especially in North Vietnam.

Despite its importance, there is little current information available that would be of use in
understanding the epidemiology of the disease or its significance to livestock production in Vietnam.
At present the diagnosis of T. evansi infection relies on the detection of trypanosomes by
microscopical examination of Giemsa-stained thin blood smears or wet blood films. However, these
methods fail to detect all infected animals, especially during chronic infections. Inoculation of mice
with blood from suspect animals can give good results even during the early period of infection.
However, this technique is difficult to apply if results are required quickly and for large scale diagnosis
it is too costly.
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The objectives of the work reported here were to use antigen and antibody detection ELISA
techniques for the serodiagnosis of trypanosomiasis in the field and to provide information on the
distribution of trypanosomiasis in several provinces of North Vietnam. It was anticipated that the
information obtained would help to formulate more effective control programmes for the disease in
buffaloes and thereby contribute to increased buffalo productivity in Vietnam.

2. MATERIALS AND METHODS

2.1. Trypanosomes
Trypanosomes were collected from the blood of buffaloes naturally infected with T. evansi and

passaged in mice.

2.2. Experimental animals
Mice and buffaloes were reared at the Veterinary Institute farm, Hanoi. Experimentally infected

mice were used for the preparation of trypanosomal antigens. Additionally, five buffaloes under one
year of age were inoculated with 108 T. evansi. These buffaloes were bled before infection and at
weekly intervals for a total of 12 weeks thereafter. None of the animals showed evidence of
trypanosomiasis before the experiment and they were housed in isolation premises at the Veterinary
Institute. Eight weeks after infection each animal was treated intramuscularly with isometamidium
chloride (Trypamidium) at the dose of 1 mg/kg. One buffalo acted as a control throughout the study.
Serum samples were collected from all the buffaloes before infection and treatment and at weekly
intervals thereafter.

2.3. Field studies

2.3.7. Validation of antigen and antibody ELISA s
In addition to the sera collected from experimentally infected buffaloes, 80 blood and serum

samples were collected from buffaloes kept in villages and tested using mouse inoculation (MI), the
microhaematocrit centrifuge technique (MHCT) and the antigen detection and antibody detection
ELISAs. Further information on this aspect was obtained in a study in which 185 blood and serum
samples collected from buffaloes in five villages were assayed in MI, MHCT and the antigen detection
ELISA.

2.3.2. Effect of treatment on serological and parasitological parameters
Blood and sera were collected from 11 buffaloes in Huu Nghi village on two occasions with

a three to four week interval. Eight animals were then treated with Trypamidium at 1 mg/kg and
samples of blood and serum were collected from eight of these buffalo four weeks later. These samples
were assessed for the presence or absence of trypanosomes and trypanosome antibodies using MI,
MHCT and the antigen and antibody detection ELISAs.

A further 21 infected animals were treated with Trypamidium and the sera which were
collected before and four weeks after treatment were tested with the antigen and antibody detection
ELISAs.

202



2.4. Seroepidemiological studies on trypanosomiasis in North Vietnam
A total of 558 serum samples was collected from eight villages in three provinces in North

Vietnam and tested in the antigen detection ELISA to estimate the prevalence of T. evansi infection
in North Vietnam. These samples together with about 400 additional serum samples collected from
the same locations were also tested in the antibody detection ELISA.

Additionally a study was made of the possible difference in seasonal prevalence by collecting
sera from different villages between October and December (winter/dry season) and again between
April and June (summer/wet season).

2.5. Parasitological methods
Blood samples were examined for the presence of trypanosomes using the MHCT [1]. For

the MI, mice were inoculated with 0.4 ml blood containing anticoagulant and wet blood films were
prepared from tail blood and examined for the presence of T. evansi every three days for three weeks.

2.6. Serological tests
An antigen detection ELISA based on a specific monoclonal antibody and an antibody

detection ELISA using T. evansi antigen were performed using reagents supplied by the Joint
FAO/IAEA Division and the Centre for Tropical Veterinary Medicine, UK [2]. Each serum sample
was tested in duplicate. Day-to-day and plate-to-plate variations were controlled by including standard
positive and negative control sera on each plate.

3. RESULTS

3.1. Validation of antigen and antibody detection ELISAs
The determination of the presence or absence of antigen and antibody was based on a

comparison of results obtained with the reference negative and positive sera provided with the tests.
The mean optical density (OD) value at 450 nm of sera from 30 clinically normal and

apparently uninfected buffalo was 0.012 ± 0.012 (range 0-0.04) in the antigen detection ELISA and
0.237 ± 0.062 (range 0.12-0.23) in the antibody detection ELISA. The OD values for sera from the
50 infected buffaloes ranged between 0.03 - 1.09 in the antigen detection ELISA and between 0.32
and 0.72 in the antibody detection ELISA.

In deciding whether or not a buffalo was infected with trypanosomes, sera with OD values
> 0.04 in the antigen detection ELISA (Ag ELISA) or 0.36 in the antibody detection ELISA (Ab
ELISA) were considered to be reactors. Of the 50 sera from infected buffaloes, 40 samples reacted
in the Ag-ELISA giving an agreement between the two tests of 80%. Of the 30 sera from uninfected
buffaloes 27 failed to react in the ELISA giving an apparent specificity of 90%.

In the study of 185 additional blood samples collected from five different villages in North
Vietnam 37 (19.7%) were detected by the MI and only 2 out of 69 samples (2.2%) tested were
detected by the MHCT. A total of 73 out of 185 (36.9%) were detected by the Ag-ELISA (Table I).

In the experimental study the OD values prior to infection ranged between 0.01 and 0.03 with
a mean of 0.02, and values for the control buffalo B6 fluctuated between 0.05 and 0.02 throughout
the duration of the experiment (Fig. 1).

Samples from only two infected animals (B2 and B5) had OD values substantially above the
nominal cut-off value of 0.04 (at 14 and 21 days after infection) Thereafter the values for these
animals and for the three remaining infected animals were not markedly different from the cut-off.
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TABLE I. COMPARISON OF THE RESULTS OF AG-ELISA AND STANDARD
PARASITOLOGICAL TECHNIQUES

Location

Huu Nghi

Que Nham

Lan Gioi

Ky Son

Da Bac

Total

Assay

n

34

20

15

57

59

185

MI

(+)
3

5

0

10

19

37

MHCT

% n (+)

8.8 34 0

25.0 20 2

0 15 0

17.5

32.2

19.7 69 2

% n

0 34

10 20

0 15

57

59

10 185

Ag ELISA

(+)
10

9

5

17

32

73

%

29.4

45.0

33.3

29.8

54.3
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FIG. 1. Circulating trypanosomcd antigen in sera of buffaloes infected with T. evansi.

Treatment of infected buffaloes had no apparent effect on the OD values obtained. Interestingly,
inoculation of blood from infected animals into mice resulted in the development of a parasitaemia
at all stages of infection up to the time of treatment. Parasitaemia was not detected by MI following
treatment (Fig. 1).

3.2. Effect of treatment
At the first visit parasitaemia was demonstrated in four animals by parasitological methods,

but seven reacted in the Ag-ELISA and five in the Ab-ELISA (Table II). At the second visit
parasitaemia was demonstrated in one animal by parasitological methods, but eight reacted in the
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Ag-ELISA and nine in the antibody detection ELISA. Following treatment none were detected by
parasitological methods or the antigen detection ELISA but sera from four animals reacted in the
Ab-ELISA.

TABLE II. EVALUATION OF THE AG-ELISA USING SAMPLES FROM BUFFALO FROM HUU
NGHI VILLAGE

First visit

Animal MHCT/
N° MI

19

17 +

78 +

80 +

93 +

49

56

75

41

87

89

Ag-
ELISA
(OD)

0.17

0.08

0.04

0.05

0.04

1.05

0.62

0.13

0.06

0

0.05

Ab-
ELISA
(OD)

0.42

0.34

0.6

0.44

0.42

0.33

0.33

0.55

0.38

0.24

0.28

Second visit

MHCT/ Ag-
MI ELISA

(OD)

+ 0.05

0.12

0.03

0.21

0.03

0.68

0.83

0.03

0.07

0.11

0.05

Ab-
ELISA
(OD)

0.43

0.39

0.82

0.61

0.47

0.42

0.4

0.79

0.37

0.43

0.38

Third visit

MHCT/ Ag-ELISA
MI (OD)

0.03

0.03

0.01

0.02

0.02

nd nd

0.37

0.02

0.03

nd nd

nd nd

Ab-
ELISA
(OD)

0.55

0.31

0.32

0.20

0.38

nd

0.43

0.31

0.52

nd

nd
Treatment with Trypamidium 1 mg/kg.
OD: Samples with readings of 0.04 (Ag) 0.36 (Ab) and above are regarded as positive.
nd: not done.

All samples from animals with a parasitaemia reacted in the Ag-ELISA and nine of ten
samples reacted in the Ab-ELISA. The remaining sample was close to the nominal cut off value. In
two cases with high titres in the Ag-ELISA, infection could not be detected by parasitological
methods.

Following treatment the average OD values of 17 of the 21 treated buffaloes fell in the
Ag-ELISA from 0.27 ± 0.42 to 0.01 ± 0.01, whereas Ab-ELISA values remained virtually unchanged
at 0.42 ±0.10 and 0.45 ±0.16 respectively. However, in the remaining four of the treated animals
both Ag and Ab-ELISA values were essentially the same before and after treatment i.e. 0.21 ± 0.27
and 0.31 ± 0.15, and 0.39 ± 0.38 and 0.38 ± 0.05 respectively.

3.3. Seroepidemiological surveys
The results of the serological studies conducted in different areas of North Vietnam are

illustrated in Fig. 2. These indicate that the prevalence of infection was similar in all geographical
areas with an average of approximately 45% as determined by the Ab-ELISA (range 31% to 53%) and
an average of 21% determined by the Ag-ELISA (17% to 21%).

In the study of seasonal prevalence, significant differences were not observed between the two
groups (Table III). However, during October to December the average prevalence as determined by
the Ag-ELISA was 14% (range 4% to 25%) whereas between April and June the average prevalence
was 21% (range 12% to 42%).
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FIG. 2. Prevalence of T. evansi using A g and Ab detection ELIS As.

TABLE III. SEROLOGICAL DETECTION OF T. EVANSI INFECTIONS IN BUFFALOES AT
DIFFERENT SEASONS

Location

KY SON

Dong bai

Thang gieng

HA BAC

Huu nghi

Que nham

HA NAM NINH

Tien ngoai

Tien noi

Total

Ag

n

17

20

26

12

19

21

115

ELISA (October -

Reactors

2

2

1

3

4

2

X

December)

%

11.8

10.0

3.8

25.0

21.1

9.5

= 13.9 ± 7.9

n

17

20

26

12

33

26

134

Ag ELISA (April

Reactors

2

3

7

5

5

4

X

- June)

%

11.8

15.0

26.9

41.7

15.2

15.4

= 21.0± 11.4

4. DISCUSSION

Diagnosis of trypanosomiasis in Vietnam is presently based on clinical observations and the
detection of T. evansi or antibodies in the peripheral blood. However, clinical diagnosis alone is not
satisfactory because there are no pathognomonic signs. Besides, the disease may not manifest any overt
clinical signs [3]. Parasite detection on the other hand is curtailed by the fact that in the chronic phase
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of the disease, parasitaemia is intermittent [4]. There is therefore a need to develop serological
techniques for the diagnosis of this infection.

One of the most important potential advantages of antigen detection assays would appear to
be their ability to complement parasitological diagnosis by diagnosing infections in animals in which
the parasites can not be demonstrated in peripheral blood [5].

In the work described here, an antigen detection enzyme immunoassay based on a T. evansi
specific monoclonal antibody was used for the detection of circulating antigens in buffalo infected with
T. evansi. In buffaloes experimentally infected with a T. evansi stock from Vietnam, circulating
antigens were first detected between 7 and 14 days of infection but in only two of the infected
animals. Thereafter, the OD values were not significantly greater than the nominal cutoff value. The
fact that parasites were consistently detected in blood from all infected animals in MI contrasts sharply
with the Ag-ELISA results. This disparity may be explained by the use of a parasite strain that had
been adapted to growth in mice but produced only mild infection in the buffaloes, thereby resulting
in the presence of low levels of antigenaemia. This conclusion is supported by the data obtained from
a range of field studies in which the Ag-ELISA consistently detected substantially more infected
animals than did the parasitological methods. Analysis of results from 50 infected buffaloes indicated
an 80% agreement between the Ag-ELISA and parasitological methods and successfully identified as
uninfected 90% of cases which were shown to be uninfected by parasitological methods. These results
are comparable with data obtained by other workers e.g. Nantulya and Bajyana Songa [6] who found
that the sensitivity of an antigen detection immunoassay for T. evansi infection in camels was over
90% and Waitumbi who found antigenaemia in 85% of the instances where parasitaemia was patent
m-

Nantulya and Bajyana Songa [6] also used the Ag-ELISA to detect circulating trypanosomal
antigens in natural infected water buffaloes from Thailand and found complete agreement between this
test and parasitological methods for detecting infected animals. However, he also found that three out
of four water buffaloes which had no parasitaemia were antigenaemic.

In the present study an analysis of 185 buffalo sera indicated that 19.7% were parasite -
positive by MI or MHCT whereas 36.9% were antigen-positive. Furthermore, 90% of the antigen
positive samples were also antibody positive, providing further evidence that buffalo sera which
reacted in the Ag-ELISA were indeed infected with trypanosomes despite the negative parasitological
findings. Waitumbi [7] showed that seven out of 120 camels were never parasitaemic despite the
presence of antigenaemia. That the antigens were indeed due to the presence of trypanosome infections
in these seven camels was confirmed by the presence of anti-trypanosome antibodies.

The results of this study showed that treatment with Trypamidium was successful in the
majority of cases. However, in about 20% of treated animals antigenaemia persisted following
treatment indicative of parasite resistance or improper use of the drug. Isometamidium chloride has
been shown to have little activity against T.evansi in South America and Indonesia [8, 9, 12] and
therefore further investigations seem warranted to determine the efficacy of this drug and whether drug
resistance occurs in Vietnam.

The information obtained from the serological surveys described in this paper clearly suggest
that there is a high prevalence of infection with T. evansi in buffaloes in Vietnam. This confirms
previous work by Doan Van Phuc (unpublished) who recorded a 12% prevalence based on the serum
agglutination test and also work by Tran Dinh Tu (unpublished) who demonstrated a 56% prevalence
in cattle using an indirect immunofluorescence assay. Likewise, in the Indonesian island of Madura
50% of buffaloes and 13% of cattle were found to be infected with T. evansi using the MHCT [9].
Also, Lohr and Pholpark [10, 11] demonstrated T.evansi infection rates in buffaloes in the north east
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of Thailand of about 15% by parasitological techniques and a prevalence of 79.7% based on a
complement fixation test at the National Buffalo Research Station and in a village with a history of
abortion. These authors concluded that the abortions were associated with epizootic outbreaks of
T. evansi and that T. evansi infections were a frequent cause of abortion in buffaloes during the late
stages of gestation. From these findings it may be concluded that the magnitude of the T. evansi
problem in buffaloes may be similar in several countries in South East Asia.

In the present study there was a noticeably higher prevalence of T. evansi infections between
April and June. In Vietnam insects are most active from May to July and transmission of
trypanosomiasis probably occurs at this time although buffaloes do not develop disease. Usually
however, clinical trypanosomiasis flares up in winter and early spring i.e. between February and April.
This can probably be explained by the stresses of work, malnutrition and adverse weather [8]. Also
at this time of the year the stress of moving buffaloes from the mountains to the plains may cause
acute trypanosomiasis and high mortality in susceptible animals.

The studies reported here dealt primarily with serological testing of buffalo but it is intended
to extend the work to other species of livestock such as cattle and horses. The results presented here
showed that the MHCT detected a lower rate of T. evansi infection than did MI. However, MI is slow
and it is difficult to follow large herds in different locations far from a local veterinary station. While
the results obtained using the Ag-ELISA provided extremely valuable information, it is also clear that
for accurate diagnosis and epidemiological surveys these tests must be used in combination with
conventional parasitological methods and possibly reliable antibody detection systems.
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Abstract

EPIDEMIOLOGICAL STUDIES ON BLUETONGUE VIRUS INFECTION IN WEST JAVA, INDONESIA.
In monitoring of sentinel cattle in West Java, seroconversions to orbiviruses occurred mostly at the end of the wet

season. A low altitude site gave more reactors than did a high altitude site. Due to perceived inefficiencies of the agar gel
immunodiffusion (AGIO) test, a competitive ELISA (C-ELISA) was applied and the results compared with the AGIO test
results. C-ELISA detected antibodies at an earlier stage of infection than did the AGIO test. Not all sera reacting in the AGID
test reacted in C-ELISA, suggesting that the C-ELISA is more specific in detecting bluetongue virus (BTV) antibodies than the
AGID. However, as the infection status of most field sera was not known, this could not be confirmed conclusively from the
available data. A comparison of isolation methods indicated that isolates were obtained more frequently if samples were
passaged in embryonated eggs before blind passage in Aedes albopiclus cells followed by passage in BHK-21 cells. Six BTV
serotypes, 1,7,9,12,20, 21 and 23 were identified and confirmed from apparently healthy sentinel cattle blood at low altitudes;
BTV serotype 21 was also isolated from a pool of the Avaritia sub-genus of the Culicoides spp which contained 227 C. fulvus
and 20 C. orientalis.

1. INTRODUCTION

Twenty four bluetongue virus (BTV) serotypes have so far been identified. The viruses infect
ruminants, but clinical signs have been reported mostly in sheep which show high fever, facial oedema,
hyperaemia, ulcération of mucous membranes and inflammation of the coronary bands [1].

In Indonesia, clinical signs have not been reported in local ruminants. However, in serological
surveys more than 60% of large ruminants and less than 30% of small ruminants were reactors in the
agar gel immunodiffusion (AGID) test [2, 3]. Serum neutralization tests against 5 BTV serotypes and
1 type of the related epizootic haemorrhagic disease of deer virus (EHDV) indicated that Indonesian
ruminants had antibodies against these orbiviruses with varying prevalences [4].

Based on these preliminary results sentinel herds were established in West Java at high and
low altitudes to gain more information on the seasonality of BTV infection and to obtain isolates from
weekly blood collections [5]. Earlier work yielded two serotypes of BTV, 7 and 9, from blood of
sentinel cattle in the low altitude area [6]. Since then, further isolations from cattle blood have been
conducted and the results are presented here.
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Although BTV is an arthropod-born virus spread by Culicoides spp., vector studies on BTV
have not yet been reported in detail. Isolation from insects has been attempted and the results are
reported here.

2. MATERIALS AND METHODS

2.1. Viruses
BTV 1 (CSIRO 156) and BTV 20 (CSIRO 19) were used as antigens for the agar gel

immunodiffusion test. BTV 1 and 20 were supplied by T.D. St.George of the Division of Tropical
Animal Production, Brisbane, Australia.

2.2. Sentinel herds
Sentinel dairy cattle were established at two sites in West Java, Depok as a low altitude area

(70 m) with 3,500 mm annual rainfall and Cisarua as a high altitude area (1300 m) with 3,500 mm
annual rainfall [5]. Sentinel cattle were monitored from June 1986. Each group of 10-20 cattle was
used for one year and changed with a new group in the same area. Sera were collected monthly for
serological testing to gain information on seasonality of BTV infections and heparinized blood was
collected weekly for viral isolation. Sentinel goats and sheep were also established in 1987 at a high
altitude area (700 m, Cikidang), and bled at monthly intervals for 15 months. A second group of
sentinel goats and sheep (8 goats and 4 sheep) was established in the same area in 1991 and bled at
monthly intervals for 11 months.

2.3. Serological testing

2.3.1. Competitive ELIS A (C-ELISA)
The C-ELISA test was performed on all sera from sentinel cattle. Antigen derived from BTV

serotype 1 and monoclonal antibody 3-17-A3 was supplied by Dr. J. Anderson of the Pirbright
Laboratories, UK. The method used was that described by Anderson [7].

2.3.2. Agar gel immunodiffusion (AGID) test
The AGID test was carried out as described by Della-Porta et d [8] and Sendow [3]. Antigen

used in this test was prepared from BTV 20 for the samples from 1986 to 1989 and from BTV 1 for
the samples from 1990 to 1991.

2.4. Insect collection
Insects were collected since February 1991 at both sentinel cattle sites using Pirbright

miniature light traps [9]. Insects were identified to gain more information of Culicoides spp. present
in the study areas. Identified Culicoides were also used for viral isolation.

2.5. Viral isolation
Heparinized blood from weekly collections from sentinel animals and pools of Culicoides spp.

were investigated. Blood samples collected between 1986 and 1990 were inoculated directly into
BHK-21 cell cultures. Blood samples collected between 1990 and 1991 were inoculated into 11 day
old embryonated chicken eggs (ECE) before passaging to A edes albopictus (C6/36) and BHK-21 cells.
The method was described in Sendow et cd. [6].
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2.6. Identification of viral isolates
Isolates showing CPE in cell culture were identified to the bluetongue serogroup using

immunodotblotting (IDB) [10]. The AGIO test [8] or the fluorescent antibody technique (FAT) [11]
were also used previously in detecting orbiviral group antigens. Hyperimmune rabbit antisera against
BTV1 virus was supplied by Dr. A.J. Della-Porta, AAHL, Australia for the AGIO and FAT tests. A
monoclonal antibody specific to BTV viral protein VP7 and supplied from AAHL through Drs I.
Polkinghorne and G. Burgess, Australia was used in the IDB test. Isolates containing BTV antigen
were marked by a brown colored dot on nitrocellulose paper in the test where the immunoperoxidase
conjugate detected the binding of the monoclonal antibody [12].

3. RESULTS

At the start of these observations, antibody was detected in calves at the low altitude area
using the AGIO (Fig. 1). These animals were less than 3 months old, hence maternal antibody may
have been involved. During the 3 years of study (1987-1990), seroconversions occurred mostly in
February/March at the low altitude site and during May-June at the high altitude site (Fig. 2). A
higher prevalence of infection was recorded at the low altitude site than in the high altitude area using
the AGID test. No seroconversions were recorded in 1990/1991.

Sentinel goats and sheep established at a high altitude site did not seroconvert in either the
AGID or C-ELISA.

The AGID and C-ELISA results from the sentinel cattle are presented in Tables I and II.
Thirty three (33) sera were positive in the AGID but negative in the C-ELISA using BTV 20 as AGID
antigen. This may be related to the specificity of the test. Seventy two (72) sera were negative in the
AGID but positive in C-ELISA. Similar results were obtained using BTV1 as AGID antigen as shown
in Table II.
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FIG. 1. Percentage of reactors to BTV in sentinel cattle at Depok, a low altitude area (June 1987 to
1990).
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FIG.2. Percentage of reactors to BTV in sentinel cattle at Cisarua, a high altitude area, (June 1987 to
1990).

TABLE I. COMPARISON OF REACTIVITY OF SERA TO BTV IN AGIO TEST AND ELISA

ELISA

AGIO*

154

72

33

313

*BTV-20 used as antigen.

TABLE II. COMPARISON OF REACTIVITY OF SERA TO BTV IN AGIO TEST AND
COMPETITIVE ELISA

ELISA

AGIO*

105

48

32

54

*BTV 1 used as antigen.

Comparison of the AGIO and C-ELISA results indicated that C-ELISA detected maternal
antibody longer than did the AGID test. Maternal antibodies were detected for 3 months in the AGID
test and then declined to undetectable levels. However, using C-ELISA maternal antibodies were still
detected up to 6 months of age before declining to less than the 40% inhibition level cut-off point.
After the animals were naturally infected, seroconversions were detected earlier by C-ELISA and
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before the AGID became reactive. Isolation was attempted to obtain BTV isolates. From 469 samples
processed from Depok, 18 isolates (3.8%) were obtained by inoculating directly into BHK-21 cells.
The isolation method was improved by inoculating into embryonated chicken eggs before passaging
into Aedes dbopictus and BHK-21 cells. The latter method yielded 34 isolates from 477 blood
samples processed (7.1%). However, these two methods could not be directly compared because the
samples used in two methods were not the same. Isolates were not obtained from the high altitude
area.

Insects, were collected for identification. Twenty one Culicoides spp. were found in the low
altitude area including C. barnetti, C. parahumercdis, C. pcdpifer, C. dbibasis, C. gewertzi, C. actoni,
C. flavipunctatus, C. fulvus, C. orientalis, C. \vadai, C. brevitarsis, C. jacobsoni, C. peregrinus, C.
sumatrae, C. insignipenis, C. guttifer, C. arakawae, C. oxystoma, C. shortii, C. geminus, C. huffi. Four
of these species, C. cdbibasis, C. flavipunctatus, C. brevitarsis, and C. arakawae were not found in the
high altitude area during the 1 year of observation (1990-1991).

Isolation from insects was also attempted. Serotyping indicated that a pool of the Avaritia sub-
genus which comprised 10% C. orientalis and 90% C. fulvus yielded BTV serotype 21 [9]. From 52
isolates obtained from cattle blood and insects, some were processed for group identification. Initial
results identified 21 isolates of the BTV group. Confirmation of isolates and serotyping were
conducted by the OIE Reference Laboratories for bluetongue virus at Onderstepoort, South Africa and
Pirbright, United Kingdom. At present, these laboratories have confirmed 6 BTV serotypes, 1, 7, 9,
12, 21 and 23 from West Java [6, 13].

4. DISCUSSION

The studies reported here were part of a wider study of the epidemiology of arboviruses in
Indonesia which includes serological surveys, monitoring of sentinel animals, and vector studies [14].

Some sera did not react in the AGID test but were positive in C-ELISA (Tables I and II).
Some of those sera contained maternal antibodies that were detected longer by C-ELISA, while others
represented early responses to infections. Maternal antibodies were detected for up to 3 months in the
AGID, and then declined to undetectable levels while still being detected in the C-ELISA for up to
6 months. This means the C-ELISA detected low titres of antibodies which the AGID did not. These
results were consistent with those obtained earlier by Anderson [7] and Afshar et al. [10], who
demonstrated that a C-ELISA using Mab 3-17-A13 detected low titres of BTV antibodies and maternal
antibodies up to 6 months. Analysis of results obtained from individual animals indicated that
seroconversions were detected earlier by the C-ELISA and before the AGID became reactive. Again,
this may indicate better sensitivity of the C-ELISA.

The results also indicated that some sera were positive in the AGID but negative in the C-
ELISA. This suggests that these calves were exposed to other related orbiviruses such as EHD, Palyam
group viruses or Eubenangee [15]. However, it cannot be proved that reactions in the AGID test were
due to such other viruses as reagents for their study were not available. However, Anderson [7]
demonstrated that there is little or no inhibition of the BTV monoclonal antibody reactivity by EHD
virus antibody, but that high levels of inhibition occurred with antibodies to all BTV serotypes tested.
Other workers confirmed that monoclonal antibodies specific to BTV group did not react with
antibodies to other orbiviruses such as EHDV in the C-ELISA [16].

In the 3 years of observation, seroconversions mostly occurred in February-March at the low
altitude site. However, in the high altitude area seroconversions occurred mostly in May-June. Based
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on historical monthly rainfall data [17], February-March at low altitude is usually the end of the wet
season, while in the high altitude area the end of the wet season is usually in May-June. Hence there
appears to be a trend for seroconversions to occur at the end of the wet season.

Based on the serological data, BTV infections were more prevalent at low altitude than in the
high altitude area. Also BTV serotypes 1, 7, 9, 12, 21 and 23 [6, 12, 13] were isolated at Depok, but
no isolates were obtained at the high altitude area. These differences may be related to the vector
populations at each site. At Cisarua, fewer Culicoides spp. were trapped than at Depok. At the lower
site the temperature is warmer (average 28°C compared with 20°C), and sanitation is poorer (huge
dung piles near the animals may act as breeding sites for Culicoides spp). Hence a combination of
broad climatic influences and local environmental factors may influence the abundance of vectors and
hence the incidence of infections.

During one year of observation on sentinel goats and sheep, seroconversion did not occur.
Previous serological surveys indicated that small ruminants had a lower prevalence of reactors than
large ruminants [2]. Again, local environmental factors may have contributed to an apparent lack of
BTV infections. Animals were not grazed but were housed in pens under roofs. Some Culicoides spp.
do not enter such pens. Also cattle and buffaloes were not found in the adjacent area perhaps due to
the hilly nature of the land and so were not present to act as amplifier hosts for virus or to support
cattle during breeding Culicoides spp. Insect collections trapped only a very small number of
Culicoides spp. It is believed that the feeding preferences of Culicoides spp. also result in lower
exposure of small ruminants to infections.

The isolation of BTV virus serotypes 1, 7, 9, 12, 21 and 23 confirms that BTV is present in
Indonesia, even though clinical bluetongue disease has not been reported in indigenous ruminants.
BTV serotypes 1, 21 and 23 were also reported from another province, Irian Jaya, which is some
4,000 km from Bogor [12]. BTV serotype 21 was isolated from a pool of C. fulvus and C. orientcdis.
In Australia, C. fulvus is a proven BTV vector suggesting that some vectors may be the same in the
two countries. However, further detailed studies of BTV vectors in Indonesia should be conducted.
This work should be followed by studies on the pathogenesis of Indonesian BTV isolates and studies
to determine whether Indonesian strains are different from those of other countries.
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Abstract

STANDARDIZATION OF THE INDIRECT ENZYME-LINKED IMMUNOSORBENT ASSAY FOR DETECTION OF
ANTIBODIES AGAINST NEWCASTLE DISEASE VIRUS IN CHICKENS.

Newcastle disease is the major viral disease of poultry causing significant economic losses in most countries except
Australia and New Zealand. Serological monitoring of poultry has traditionally been carried out using the
haemagglutinin-inhibition (HI) test. More recently, ELISA has been used for the same purpose. This paper described the use
of an indirect ELISA for assay of antibodies in chickens against Newcastle disease viruses and compares some of the parameters
for this test. The sucrose density gradient purified, inactivated, antigen enabled performance of the test without the addition
of any blocking agents other than the usual Tween 20. A range of plates was compared and the most suitable plate was found
to be a polystyrene haemagglutination plate giving an excellent positive to negative ratio of 33.2, compared with some expensive
ELISA plates which gave very low +ve/-ve ratios. Various incubation conditions for the steps in the ELISA were compared
and incubation with shaking at room temperature (24 to 28°C) gave adequate reactivity whilst simplifying incubation conditions
and speeding up the test. The negative cut-off value was determined by testing 1632 HI negative specific pathogen free sera
from birds of a wide age range. The reactivity of sera in the ELISA was standardized using a standard curve on every plate
and converting the readings to ELISA units (EUs) in the range of 16 to 512 EUs. The EU values of these sera were not
normally distributed and so the 95% cut-off was determined by ranking the values in descending order and retaining only the
top 5% of the values as false positives. This resulted in a cut-off value of 33.6 EUs, with few of HI positive sera having values
lower than this cut-off. The use of a standard curve on each plate is recommended in order to standardize the assay and to
determine the ELISA units for the test sera.

1. INTRODUCTION

Newcastle disease is the major virus disease of poultry of economic importance and occurs
in most countries except Australia and New Zealand. The cause of Newcastle disease was first
identified as a virus in 1926 [1]. The presence of antibodies in chickens has usually been quantified
using the haemagglutination-inhibition (HI) assay [2, 3] which is inexpensive to perform and gives
reproducible results. However, as more and more laboratories standardize on enzyme-linked
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immunosorbent assays (ELISAs) the replacement of the HI test by an ELI S A needs to be seriously
considered. Further, the ELISA has the advantage that the results can be readily computerized directly
from the plate reader. A number of ELISAs for quantifying NDV antibodies have been described
[4-9]. Despite this, ELISA has not yet replaced the HI test as the standard for monitoring exposure
to NDV in chickens or their response to vaccination. This paper describes the further standardization
of an indirect NDV ELISA [5] by the setting of cut-off levels for discrimination between positive and
negative values.

2. MATERIALS AND METHODS

2.1. Antigen Production
The Queensland V4 isolate of Newcastle disease [10] was inoculated into 9-10 day old specific

pathogen free chick embryos by the allantoic route and following incubation for 5 days at 37°C the
allantoic fluids were harvested. Virus antigen was concentrated and purified from the pooled allantoic
fluids using a method similar to Hamaguchi et al. [11]. The fluids were clarified at 10,000 g for 10
min., and virus pelleted by centrifugation of the clarified allantoic fluids at 19,000 rpm in a Beckman
Type 19 rotor for 2 hr. The resuspended virus pellet was sedimented in a 20-50% sucrose density
gradient in NTE buffer (10 mM NaCl, 10 mM Tris, 4 mM EDTA, pH 7.4) in a Beckman SW28 rotor
at 24,000 rpm for 3 hrs and then the virus from the band pelleted at 20,000 rpm in the SW28 rotor
for 1 hr. The virus was resuspended in NTE buffer and inactivated using 6 mRad of y-radiation and
freeze-dried in vials containing 250ug lots. The quality of the purified antigen was checked by
polyacrylamide gel electrophoresis.

2.2. Procedure for ELISA
The method used has been previously described by Delia-Porta and Spencer [5]. Briefly,

purified NDV antigen (0.5ug/ml) was coated onto polystyrene (PS) round bottom microtitre plates
(Disposable Products) in sodium carbonate buffer pH 9.5 overnight at 4°C or Ih at room temperature.
Plates were washed with phosphate buffered saline containing 0.05% Tween 20 (PBST). Sera were
tested at a dilution of 1:200 in PBST, and incubated on a plate shaker at room temperature for 30 min.
The plates were washed with PBST and a sheep anti-chicken Ig horseradish peroxidase labelled
conjugate (prepared by Dr. T.L Spencer) was used to detect any bound chicken antibodies. Plates
were incubated for 30 min at RT with shaking, followed by washing and then the substrate solution
consisting of 1 mM 2,2'-azino'di[3-ethylenebenzthiazoline sulphate] (ABTS) (1 mM) in citrate buffer
(50 mM) containing H2O2 (2.5 mM) was added. The ABTS was incubated for Ih at room temperature
and then the optical densities (ODs) read at 414 nm. (405 nm if a 414 nm filter is not available). The
results were converted into ELISA units (EU) by reference to a standard curve, over the range of 16
to 512 EUs [12], included in columns 11 and 12 of each plate. Columns 11 and 12 also included a
negative serum control and a substrate blank.

2.3. Evaluation of Plate Type
The following 96-well round bottom plates were coated with antigen and evaluated in the

indirect ELISA: Disposable Products polystyrene (PS) HA (DP-)and corona-treated HA (DP+) plates
(Disposable Products, Melbourne), PS NUNC HA (NU-) and NUNC polysorb (NU+), PS Cooke
M24A HA (C'K) and polyvinyl chloride (PVC) Dynatech ELISA plates.
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2.4. Use of Blocking Agents
The effect of adding normal sheep serum (5%) and casein (2 mg/ml) to the conjugate buffer

were compared with PBST only.

2.5. Determination of Negative Cut-Off Value
The negative cut-off value was determined by testing 1632 HI negative specific pathogen free

(SPF) chicken sera in duplicate in the ELISA and analyzing the data in comparison with the standard
curve on each plate.

3. RESULTS

3.1. Antigen Quality
The purified NDV antigen was analyzed by electrophoresis on a 10% polyacrylamide gel. The

protein bands, .detected with Coomassie blue staining, were typical of NDV and showed minimal
contamination with other proteins. Checker board titration of the antigen showed it could be used at
0.5ug/ml. Tests with casein and normal sheep serum as blocking agents showed that there was no
improvement in the positive to negative (+ve/-ve) ratios for test sera and controls, compared with the
use of Tween20 alone.

3.2. Plate Type
Six plate types were compared in the indirect ELISA (Fig. 1). The best performance was

obtained using the Disposable Products polystyrene round-bottom polystyrene HA plates, with a
+ve/-ve ratio of 33.2. Other plates that performed well were the NUNC and Cooke round-bottom PS
HA plates, with +ve/-ve ratios of 26 and 19.4 respectively, and the NUNC round-bottom PS Polysorb
plates (+ve/-ve ratio of 23.8). The least useful plates were the corona-treated Disposable Products
(+ve/-ve ratio of 1.0) and the Dynatech polyvinyl chloride round -bottom ELISA (+ve/-ve ratio of 2.8)
plates.

3.3. Effect of Incubation Conditions
A comparison of incubation conditions is shown in Fig. 2. The highest optical density (OD)

readings were obtained using a plate shaker at room temperature (24 to 28°C) for 1 hr. Shaking at
room temperature for 30 min gave similar results to stationary incubation at 37°C. Incubation at 4°C,
without shaking, gave little detectable response, and room temperature incubation, without shaking,
gave much lower OD values than when the plates were shaken.

3.4. Determination of Negative Cut-Off Value
1632 HI negative SPF poultry sera were tested using the ELISA to determine the negative

cut-off value. 1401 had OD values below the standard curve (<16 ELISA units; EU). The remaining
231 had values from 16.0 to 190.9 EU. The distribution of these values was not normal. The data
was organised in a table of descending values in order to determine the cut-off values at different
percentiles. Cut-off values for a range of different percentiles is shown in Table I. The 95 percentile
had a value of 33.6 EU.
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PVC

CUneg. sérum
• pos/neg ratio

Ipos. sérum

F/G. 1. Evaluation of 6 plate types in thé indirect ELISA : DP-, Disposable Products PS HA plate;
DP+, Disposable Products PS HA plate-corona treated; NU-, NUNC PS HA plate; NU+, NUNC PS
Polysorb plate; C'K, Cooke M24A PS HA plate; and PVC, Dynatech PVC ELISA plate.
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Reciprocal of serum dilution
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F/G. 2. Effect of incubation conditions on thé indirect ELISA. 4 deg, 4°C with no shaking for Ih; 37
deg, 37°C with no shaking for 1h; RT/30 min, room temperature (24-28°C) with no shaking for 30
min; RT/lh, room temperature with no shaking for Ih; RT/30 min/sh, room temperature with shaking
for 30 min; and RT/lh/sh, room temperature with shaking for 1 hr.
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TABLE I. DETERMINATION OF THE NEGATIVE CUT-OFF VALUES FOR THE NDV
INDIRECT ELISA

Cumulative %

50

86

90

95

97.5

99

100

False pos. %

50

14

10

5

2.5

1

0

Cumulative
frequency1

816

1403

1468

1550

1591

1615

1632

EU cut-off value2

<16

16

21.1

33.6

57.6

102.5

190.9

'Cumulative number of observations categorized.
2EU cut-off value, ELISA Unit cut-off value as determined from standard curve, within the range of 16 EU to 512 EU.

4. DISCUSSION

The NDV ELISA antigen used in this study was shown to be of a high purity by
polyacrylamide gel electrophoresis. While other antigen preparations for NDV ELISAs have usually
used cruder preparations, Snyder et. al. [8] also purified their antigen by banding in sucrose density
gradients and it can be assumed that the purity was similar to the preparation in this study. Adair et
cd. [4] used purified glycoprotein, probably consisting principally of haemaggultinin-neuraminidase.
Allantoic fluid and semi-purified virus has also been used by others [6, 7, 9]. One of the major
advantages of using very pure antigens was that blocking agents were not required to produce a high
degree of discrimination between a positive and negative control at the dilution of 1:200. Ratios as
high as 33.2 were observed in our studies (Fig. 1).

This study demonstrated, based on purified antigen, that expensive ELISA plates were not
required for the NDV indirect ELISA (Fig. 1). The plate that produced the highest +ve/-ve ratio was
a relatively inexpensive Disposable Products polystyrene round bottom HA plate. The NUNC and
Cooke polystyrene HA plates and the NUNC Polysorb plates also performed satisfactorily. Two
plates gave unacceptable results. These findings emphasized the need to specifically evaluate plates
in relation to the antigen preparation and ELISA format. Different antigen preparations can vary
markedly in their ability to bind to a particular plastic plate. For instance, the Disposable Products
HA plates are unsuitable for binding capture IgG against NDV, whereas the higher binding Dynatech
plates were the most suitable for this application [12]. These results emphasize the caution that needs
to be exercised when contemplating changing plate types from the one recommended for a particular
ELISA. Further, our observation that an inexpensive HA plate, rather than an expensive ELISA grade
plate, was the most suitable could lead to significant cost reductions for the indirect NDV ELISA.
Also the use of round bottom plates produces around 50% reagent savings for all steps, except the
substrate step, where the same volume (lOOul) was used as for flat bottom plates.

The speed at which an assay can be performed can be critical to its acceptance and wider
application. The traditional approach has been to perform 1 hr incubation steps at 37°C. In this study
a range of incubation conditions was investigated and it was demonstrated that room temperature (24
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to 28°C) with shaking for 30 min. gave similar reactivity to stationary incubation at 37°C for Ih.
Incubation at 4°C or room temperature without shaking gave inadequate reactivity, probably due to
less efficient mixing of reagents at the lower temperature and without shaking. By reducing the
incubation steps to 30 min, the time taken to perform this ELIS A can be significantly reduced, by
approximately 1 hr. Concerns about the standardization, especially the variable conditions produced
by incubation at room temperature, can be overcome by using a standard curve on each plate.
Alternatively, the incubation conditions could be standardized by placing the shaker at 37°C; however,
not every laboratory has adequate incubation facilities available at this temperature.

The determination of the negative cut-off value is critical to the interpretation of the results
of an ELISA. Some assays have been published without determining the cut-off values [13], while
in others the absorbance was determined for a collection of negative sera and the mean and standard
deviation from the mean determined and then the negative cut-off set at 2 or 4 times the SD added
to the mean [4, 6, 7]. Such calculations assume that the distribution of the negative values is normal.
This is often not the case and with the negative sera that we examined in this study the distribution
was not normal. Hence the approach that was taken in calculating the 95% cut-off value for the
negative control. The establishment of the cut-off (Table I) is dependent upon how the test is to be
applied. If the assay must not detect any false positives then a value that incorporates 100% of the
negatives would be chosen. In this case this would be 190.9 EU, which would certainly result in
many positive sera being recorded as negative [12]. On the other hand, if all positive values were to
be recorded and a reasonable level of false positive values were acceptable, then a lower cut-off would
be chosen. It is our experience that the majority of the HI positive reactors would be recorded as
positive in the ELISA at a value that excludes 95% of the negative values, that is 33.6 EU (Table I)
gives a specificity of the ELISA when compared to the HI test of 97% and a sensitivity of 97% [12].

With the move to an international approach to the standardization of ELISAs [14], there will
be a need to recalibrate the indirect ELISA. EU values will need to be recalibrated from 16 to 512
EU to lie within the range of 0 to 100 EU. We are at present recalibrating the negative cut-off value
in relation to the new EU values. With NDV there is a need to determine the relative titre of the sera,
particularly as measurement of antibody response following vaccination is often required. Whether
the use of percentage positively, as proposed by the Joint FAO/IAEA Division [14] is adequate needs
to be evaluated. It may well prove necessary to incorporate a standard curve on each plate to enable
EUs to be calculated. The use of a standard curve also enables variation in the test conditions, such
as temperature of incubation, to be catered for in a manner not possible when percentage positivity
is calculated from a high positive control.
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Abstract

SEROLOGICAL MONITORING OF INFECTIOUS DISEASES.
A brief overview is given of the role of serological monitoring in relation to animal disease control and some

recommendations made with respect to the choice of assay, the design of serological surveys and the analysis and interpretation
of results to maximise the value of the information obtained. The importance of defining the performance of serological tests
in terms of sensitivity and specificity is stressed, as is the value of establishing properly catalogued serum banks and facilities
for ensuring reliable storage. Of great importance also is the choice of sentinel animals, sites and sampling frequency. Methods
of profiling results and of interpreting such profiles are discussed. It is concluded that proper interpretation and hence
assessment of follow-up measures can only be made against comprehensive background knowledge of all the variables involved.
Details are also provided of a system for ELISA testing of poultry flocks for the presence of antibodies to a number of
infections and the automatic presentation and profiling of results using a computer software program.

1. INFECTIONS AND THEIR RELATIONSHIP TO HOST ANTIBODY RESPONSE

In order to make good use of sero-epidemiology it is important to understand the infection and
the serological assay. Host factors also need to be considered but are outwith the scope of this paper.
Serological assays rely on the fact that following an infection with an organism, a host will mount an
immune response which includes the production of antibodies which can be measured by testing a
serum sample. Antibodies may not be responsible for recovery from an infection and may not be
responsible for protective immunity. However, the antibody response may parallel the response which
is responsible for recovery or protection.

Infections can be classified as acute, chronic and persistent. In an uncomplicated acute
infection there is a classical infection followed by an immune response. The result is death or
complete recovery. There is a rise in antibody titre which falls progressively and may fall below the
threshold of sensitivity of the assay. Following an acute episode there may be an immune response
which fails to eliminate the organism. A persistent infection may be established in which the organism
may be present in one or more sites. This usually lasts for the lifetime of the animal. The replication
of the organism is suppressed by the immune response. When there is immunosuppression, replication
may continue. This is known as recrudescence. There may be growth and excretion of organism with
increased immune stimulation and an increase in antibody titre. Chronic infections have a longer time
course but a similar outcome as in acute infection.

There may be waves of infection as the host is presented with variants with a different
immunological profile to the organism which caused the initial infection. This is a feature of
infections with retroviruses such as equine infectious anaemia.

Some organisms produce high titre responses which are readily monitored and animal
populations can be readily divided into infected and uninfected animals. However, infection with
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other organisms may result in low titre responses which are difficult to measure and may be of very
short duration. Despite the low titres the animals may be protected from further challenge.

2. SEROLOGICAL ASSAYS

Serological assays rely on an initial antibody-antigen reaction and an indicator system.
Sensitivity is loosely defined as the ability of a test to detect, animals which have produced an immune
response to a particular organism. To serologists this definition is not sufficient as it does not take
into account the relative titre which is observed. Specificity is defined as the ability to recognise
uninfected animals as not reacting in the assay.

A serum sample may react in a test. This is referred to as a reaction and the animal from
which it was derived is a reactor. If a serum sample fails to react in a test it must therefore be a
non-reactor. The animal from which it was derived must also be a non-reactor.

A simple shorthand is to use + for a reaction and - for failure to react. There is no such thing
as a negative reaction as negative is less than 0. By implication there is no such thing as a positive
reaction. There can be a reaction and the intensity of the reaction is expressed as a titre. There can
never be positive and negative animals.

Assays with high levels of specificity rely on reaction between antibodies and a restricted
number of epitopes which may exhibit considerable variation. Serum neutralization relies on the
ability of antibodies to combine with a limited number of epitopes on the surface of a virus and
prevent the virus from infecting the host system. In nature these antibodies apply considerable selective
pressure and the result is diversity in the epitopes involved in neutralization. If there is less than 5% -
10% neutralization between two isolates they are considered to be different serotypes. Competitive

ELISAs may be specific for a single epitope if an appropriate monoclonal antibody is used as the
indicator antibody. Such assays have the potential to be more specific than serum neutralization
provided the monoclonal antibody that is chosen reacts with an epitope specific to a limited number
of isolates. Assays with broad specificity may involve reactions with a wide range of epitopes many
of which are highly conserved within families of viruses. Examples are immunodiffusion, indirect
immunofluorescence assays and complement fixation. Assays with variable levels of specificity (e.g.
ELISAs) can be configured in a variety of ways to achieve various levels of sensitivity and specificity.
Crude antigen preparations can expose conserved epitopes and the choice of other reagents with poor
specificity can result in an assay with either poor specificity or poor sensitivity or both.

Considerable caution should be adopted when using these assays as a clear understanding of
the performance of the test is essential to interpreting the results.

2.1. Choice of assay
In order to choose an assay it is necessary to have a clear understanding of the task which is

to be performed. An assay with a broad specificity such as immunodiffusion may be used as a
screening assay to detect immune responses to a group of organisms. Selected samples may then be
tested further with a panel of specific assays such as serum neutralization to more accurately define
the infecting organisms. For example, a simple inexpensive assay like rose bengal agglutination may
be used to detect possible Brucella reactors. This assay can be carried out in regional centres and will
identify samples which need further investigation. The definitive diagnostic assay may, however, be
ELISA.
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The most important factors to be considered when evaluating an assay are sensitivity,
specificity, convenience and cost. There is often a compromise and the best balance of these factors
should be the prime consideration.

2.2. Value of serological surveys
Serological studies can be conducted on banks of serum to determine the prevalence of

reactors in a particular assay. This may be accompanied by data such as location, age, sex, breed,
species etc. This provides essentially a cross-section in time. Valuable information can also be
obtained on the geographical distribution of a disease and when the serological data are combined with
information on the age of the groups it may be possible to describe the history of an outbreak using
a single set of samples.

The uniformity of titres in samples collected from a group of similar animals may provide
information on the efficacy of vaccination. Management strategies are simplified when all animals
in a group have a similar level of immunity to a particular organism. A group of animals which
appears to be uniformly susceptible to a disease may need to be vaccinated. Vaccination may best be
delayed when a group of animals has uniformly high maternal antibody titres.

If samples are repeatedly collected from individual animals or specific representative groups
of animals, changes in titre are an indication that infection has occurred. This can provide information
on the incidence of a particular infection and is the basis of sentinel animal studies. This approach
is frequently used to monitor vaccinated populations. The decline in maternal antibody titres can be
monitored and the appropriate stage to commence vaccination then be chosen. Samples can be
collected prior to vaccination and at an appropriate interval following vaccination. A rise in titre may
indicate that the vaccination was successful whereas the lack of an appropriate response from a
substantial part of the population may indicate the need for re-vaccination.

3. DESIGN OF SURVEYS AND ANALYSIS OF RESULTS

3.1. Sample collection and serum banks
Blood samples are usually collected in vacuated tubes, but it is also possible to collect samples

on absorbent paper which is then dried. Samples can then be conveniently transported to the
laboratory for testing. The antibody is eluted from the paper and tested in an ELISA. Short-term
storage can be carried out at 4°C and long-term storage at -20°C is usually suitable.

Serum banks are a valuable resource. The storage facilities must be reliable, preferably with
some backup in case of power or equipment failure. There is a need for on-going commitment to the
maintenance of the facility. Care must be taken with the selection of samples. They can be
representative of sex, age, regional distribution, species, and breed or husbandry group, and they must
be collected in good condition and be well identified. The storage containers must allow the samples
to be indexed. It may be better to store small replicates of each sample rather than thawing and
freezing samples. Key samples should be stored in large quantities and there is a need for a database
which can contain the sample as well as the animal information.

3.2. Role and choice of sentinel animals and sites
Groups of animals which will act as sentinels are chosen for their susceptibility to the disease

to be studied and they are placed in an environment where their exposure to a disease is monitored.
Sites should be chosen to represent the environment, e.g. arbovirus vectors may have variable activity
depending on elevation and proximity to water and a suitable population of animals. Sites may be
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chosen to represent river valleys, elevated locations, populated regions and any other discrete habitat.
Replicates may be used to ensure that the choice of one site does not bias the results.

The species of animal chosen must also be susceptible to the target disease. It must also be
a convenient animal, e.g. some arboviruses of humans may be monitored using chickens because they
are convenient. Bluetongue must be monitored using a ruminant. The number of animals used must
be large enough to have a representative sample and small enough to be manageable. Studies
involving sentinel animals involve a great deal of work and require very significant resources. Careful
planning is therefore necessary to avoid studies which fail to deliver results or are too expensive to
maintain.

Sampling must commence prior to the anticipated onset of the infection and must continue past
the time when the infection is expected to cease. The frequency of sampling will determine the
accuracy with which the time of onset of infection in individual as well as in groups of animals can
be determined. When samples for isolation are collected as well as the serum samples, the probability
of successful isolation rises with a reduction in collection interval. The amount of work will also
increase and there may be compromises in technique.

3.3. Profiling of results
Serological profiles are simple and meaningful tools for communicating results as well as

powerful epidemiological tools. They are easily understood, targets are simple to explain and it is
relatively easy to compare different populations. Representative samples are collected from an animal
population and tested in an appropriate assay. This technique is commonly used to monitor poultry
flocks. The flock size frequently exceeds 5,000 birds and this represents a more or less homogeneous
group. To obtain information on the serological status of a flock of birds it is not necessary to test
every bird. It is seldom necessary to collect more than 40 samples unless the prevalence to be detected
is very low, but it is advisable to collect at least 20 samples.

The results are ranked into groups and a histogram produced which indicates the proportion
of the test population in each of the titre groups. The number of groups chosen usually varies between
eight and ten. The titres may be calculated by straight line extrapolation between the lower and upper
control samples or the titre groups may be allocated using a series of control samples (Fig. 1).
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FIG. 1. Titre groups as allocated using seven standards.
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An uninfected or susceptible population will have most of the samples clustered in the left
hand end of the profile (Fig. 2). The proportion of susceptible animals increases as the majority of
titres move further to the left.

As maternal antibody levels in a flock of chicks fall the mean of the group progressively
moves to the left of the profile.

A population which is adequately vaccinated or has been infected will have most of the
Samples clustered in the right hand section of the profile (Fig.3). Other profiles may indicate that there
is a mixed population of vaccinated and susceptible birds (Fig. 4). This is referred to as a bimodal
distribution.
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FIG. 2. Population profile - Uninfected group.
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231



0)

100

80

60

o 40

20

0
3 4 5 6

Titre category
8

FIG. 4. Profile - B im odd distribution.

3.4. Interpretation of results
Results may be interpreted using a variety of criteria. Profiles may be compared with parent

or model profiles, i.e. a series of histograms representing model populations can be drawn. The actual
profile can be compared with each of the parent profiles and the best fit then calculated. The
confidence with which the test population is matched to the parent profiles rises as the number of
samples tested increases. It is also possible to determine the mean titre and express the variation in
terms of standard deviation, standard error or variance. This is meaningful if the population is
clustered around a single value. However, if there is a bimodal distribution the mean will have little
significance and the variance is high. It is therefore best to examine the profile first and then to decide
if a mean value is helpful. This approach is best when two populations are compared, e.g. a trial of
two vaccines, one treatment may produce a higher response.

The percentage of the test population above or below a target value may also be used. These
values may readily be calculated using a computer interfaced to a plate reader. If the control samples
are chosen using data relating to protective immunity it may be possible to predict the number of birds
with a titre which correlates closely with protection.

Serological data must be interpreted with a full knowledge of the disease, the assay, the
reporting system as well as the host and environmental factors. The information presented will be
sample data and as such will almost certainly be incomplete. Management strategies will be planned
using the data generated. The data may sometimes be difficult to interpret. The population may have
a variable level of maternal antibody which is falling as the age increases. Simultaneously the animals
will be exposed to vaccination at regular intervals as well as challenge with wild type strains of the
organism.

Sequential bleeds may be vital for obtaining information on trends in the profiles. However,
it may not be possible to sample the same animals each time and this will add to the variability of the
result. The interpretation of the serology is therefore a task for an epidemiologist who is familiar with
all of the variables. Recommendations should only be made with a full understanding of all variables.
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4. CURRENT WORK AT JAMES COOK UNIVERSITY

The University has formed its own biotechnology company for producing a range of poultry
profiling serological kits.

The serological assays are designed to test up to 80 samples on each plate and are available
as self-contained kits containing five coated plates along with the appropriate diluents, wash buffers,
conjugate and substrate solutions. The kits can be used to detect immune responses to Newcastle
disease, infectious bursal disease, infectious laryngotracheitis and infectious bronchitis virus. They
have been designed for determining vaccine efficacy and for monitoring disease outbreaks and specific
pathogen free flock status.

In association with another company, a plate reader-computer interface program has been
marketed and can be loaded onto most computers and can be configured to interface with the
commonly used automatic plate readers; data are transferred using a serial cable. The installation of
the program onto the hard disk is simply carried out by inserting the program disk and turning on the
computer. Upgrades will also be automatically installed. Using the program is also very simple. The
user is presented with a menu which can be selected by typing a letter, moving the cursor with the
arrow key or a mouse and selecting the appropriate menu item. One of the options in the program
is fill in the positions on the plate. This displays a screen with a plate outlined at the top, and on the
bottom section of the screen there is a series of cells. The details of each flock are entered into the
cells and the position on the plate allocated to each flock is progressively displayed in the top section
of the screen. Up to 10 flocks can be tested on each plate. However, the confidence which can be
applied to the data increases with the sample size and a minimum of 16 samples per flock is
recommended. The data relating to the flocks and the position on the plate can be printed and then
stored as a data file.

When the test is completed the operator uses the program to read the optical densities from
the plate reader which is under the control of the computer. The plate contains 7 standard samples
which are loaded in duplicate. The optical densities for the 80 test samples are each compared with
the mean values of the 7 control samples and allocated to one of 8 titre groups. The information on
each flock can be displayed on the screen or a report can be printed. The first page of the report
contains details of the full plate including date and type of test, details of the flocks tested, optical
densities for all 96 wells, the groups to which each of the 80 samples were allocated, a graph showing
the standard curve and a histogram of the distribution of titre groups for all 80 test samples. Results
for each flock are presented on separate pages. These pages contain details which identify the samples
and the test plate. There is a histogram which shows the percentage of the flock samples which are
allocated to each of the eight titre groups. Summary data includes the mean and standard error of the
titres as well as the percentages which were allocated to low, medium and high titre groups. The first
page is retained by the laboratory for quality assurance and as a full record of the test. The subsequent
pages showing the flock details are intended for use by the epidemiologist to convey recommendations
to the flock manager. The data are presented in a simple logical form which allows decisions to be
made on vaccine efficacy or the disease status of flocks.
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