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FOREWORD

The IAEA through its technical co-operation programme and the activities of the Joint FAO/IAEA
Division of Nuclear Techniques in Food and Agriculture supports the introduction of nuclear and related

techniques to improve animal disease diagnosis in developing countries.

In this connection the Joint FAO/IAEA Division established in 1986 a co-ordinated research

programme entitled " The Sero-monitoring of Rinderpest In Africa". Primarily funded by the Swedish

International Development Authority (SIDA), this programme is concerned with supporting national

laboratories in African countries carry out the sero-monitoring of rinderpest as part of their involvement in
the Pan African Rinderpest Campaign (PARC). This campaign, organized by the International Bureau for
Animal Resources (IBAR) of the Organization of African Unity (OAU), aims at the eventual eradication

of rinderpest from Africa. African countries participating in PARC are carrying out annual sero-monitoring

of rinderpest to verify the success of their vaccination programmes and in the long term to ensure a final

eradication of the disease.

The Phase One of this FAO/IAEA/SIDA co-ordinated research programme has been concerned

with the introduction and routine use of an FAO/IAEA enzyme-linked immunosorbent assay (ELISA) based
system for carrying out rinderpest sero-monitoring. The final research co-ordination meeting of this

programme was held in Côte D'Ivoire in November, 1991 and this publication documents the proceedings

of that meeting.
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INTRODUCTORY REMARKS
by

W.N. Masiga
Director

Pan African Rinderpest Campaign,
International Bureau for Animal Resources,

Nairobi, Kenya

Africa's major challenge at the end of this century remains the war against poverty, disease and
malnutrition. Even with an estimated livestock population of 520 million, Africans continue to import

1 million tonnes of meat and 6 million tonnes of milk to meet domestic demand and the importation of

livestock products continues to increase at a rate of 10% every year. This figure is absolutely alarming when

we take into consideration the annual population growth on the continent.

The OAU Heads of State and Government during their Lagos summit in 1980 issued the famous
declaration known as "the Lagos Plan of Action". This declaration calls upon African countries to make the

best use of their natural resources and to work hard to be self-sufficient in food production before the end

of the century. In accordance with this goal OAU/IBAR, in collaboration with other international donor

organisations, has been striving to address the crucial issue of producing adequate food of animal origin for

Africa through the introduction of various livestock development projects.
One of the programmes which caters for the promotion of the above philosophy is PARC. The

project covers 34 countries, involves approximately 65,000 Livestock Development personnel and technicians,

and benefits around 150 million livestock owners in Sub-Saharan Africa. The Project's main objective is first

and foremost to eradicate the scourge of rinderpest from the continent of Africa while at the same time
assisting African countries in rehabilitating and revitalizing their livestock development services through the

introduction of policy reforms and liberalization of government monopolized services.

Since the inception of PARC in 1986, many encouraging achievements have been reported from
participating countries. The most dramatic achievements have been recorded in the area of rinderpest

control. The disease is now limited to a few countries in Eastern African region. In this regard I would like
to commend the contribution made by the FAO, IAEA and SIDA in introducing ELISA technology which

has now become the most important tool in evaluating the immunity level of vaccinated cattle, and hence
the efficiency of vaccination. The Animal Production and Health Section of the Joint FAO/IAEA Division

has played an important role in the distribution of ELISA kits and reagents and through providing the

necessary equipment and training of African technicians. It is interesting to note that ELISA technology has
now been properly transferred and reliably implemented in more than 20 African laboratories, largely

through the support provided by SIDA and the IAEA's Technical Cooperation programme.

I wish to congratulate the organizers of this programme for their vital contribution to this component
of PARC. I also feel very much honored as the Director of OAU/IBAR to be invited to reflect OAU's view
on this important document. I am convinced that African scientists shall benefit much from this publication

which provides valuable information in terms of serological data, the African sero-surveillance network and

it's achievements and constraints.



INTRODUCTION

M. H. Jeggo
Animal Production and Health Section,

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

Vienna

1. BACKGROUND

In 1986, following the recommendations made by a nine-man consultative group, the Animal
Production and Health Section of the Joint FAO/IAEA Division introduced an animal health component

to its programme of support to scientists in developing countries. Central to this support was the use of

nuclear and related techniques (ELISA) for the diagnosis and control of livestock disease.

It had been apparent for some time that the Enzyme Linked Immunosorbent Assay (ELISA) had

a great deal to offer the diagnostician in developing countries. The technique is relatively simple to use, is
of low cost, a large number of samples can be tested in a short time, and perhaps most importantly the test

is applicable to a large number of diseases. Hence once a laboratory is equipped and its personnel trained

in the ELISA for one disease it is a simple matter to transfer the technology to diagnose the majority of the

other epizootics affecting livestock in developing countries.

To provide additional support for this new programme in animal health, a number of outside funding

organizations were approached. In 1987 the Swedish International Development Authority (SIDA) agreed
to provide support for a Coordinated Research Programme concerned with the introduction and use of

nuclear and related techniques in animal disease diagnosis. Initially this five-year programme was inter-

regional and involved support for the award of research contracts to scientists wishing to use the ELISA and

DNA probes. Around 8 diseases were involved including rinderpest, brucellosis, babesiosis, infectious bovine
rhinotracheitis, salmonellosis and enzootic bovine leucosis.

Around this time, plans were being finalized for the initiation of the largest ever disease control
programme, the Pan African Rinderpest Campaign (PARC). This campaign aims at the eventual eradication

of rinderpest from Africa, initially through control of the disease by mass vaccination followed by an intense

period of disease surveillance and serological monitoring to ensure eradication of the virus. For this to be

achieved it was necessary for national laboratories in each participating country to have the capability to test

large numbers of sera for evidence of antibodies to rinderpest virus as well as having the capability to
diagnose the disease itself.

Thus at the time that research contract proposals were being considered for inclusion in the new

SIDA-funded FAO/IAEA Coordinated Research Programme, a number of countries in Africa were

contemplating how to meet this sero-monitoring requirement for rinderpest. Some of these countries

subsequently submitted proposals for inclusion in the new programme with the objective of introducing an

ELISA capability into their national laboratories, in part to meet the PARC requirement for sero-monitoring.

At the first Research Coordination Meeting of the new SIDA-funded programme (held in Sweden

in 1987), 7 of the 16 research contracts involved rinderpest sero-surveillance. At this time the PARC



programme was beginning to have a real impact in Africa and applications for support of rinderpest sero-
monitoring were being received by the Joint FAO/IAEA Division from many more countries. It thus became

apparent that what was required was a separate Coordinated Research Programme dealing exclusively with

rinderpest sero-monitoring in Africa and designed to meet, in a fully sustainable manner, the needs of
countries participating in PARC.

Two important factors should be taken into account when considering the rinderpest sero-monitoring

network. Firstly it was never envisaged that the FAO/IAEA/SIDA Coordinated Research Programme would

provide the primary funding for the serological surveys. Thus under the programme, research contracts were

awarded to individuals in each participating country primarily to provide the ELISA kits and some basic

laboratory equipment. In many cases though, funds for the laboratory equipment were augmented through

IAEA technical cooperation projects, the EEC and national government organizations (ODA, GTZ). The

programme also provided for annual research coordination meetings which were often held in conjunction

with specialized training courses, and for technical backstopping by FAO/IAEA and FAO technical staff and

outside experts. In essence therefore, the FAO/IAEA/SIDA programme provided the primary support for

the laboratory aspects of sero-monitoring.

It was foreseen from the beginning that funds for the actual collection of sera (involving transport,

staff per-diems, sampling tubes, refrigeration equipment etc.) would be provided by national governments

with assistance from PARC. In most cases this assistance would be EEC funded. In reality, the
accompanying activity of sera collection has taken considerably more time to organize and become

operational. Hence in many participating countries, the sera collected to-date for rinderpest sero-monitoring,

has often been carried out by laboratory staff including the FAO/IAEA research contract holders in an

attempt to get sero-monitoring underway before a fully functioning field sample collection system is in place.

The second factor to be noted is that the PARC programme is a gradual event. No two countries
are at the same stage of PARC implementation. Thus proposals for inclusion in the rinderpest sero-

monitoring network were received throughout the life of the programme and the programme itself thus had

to take account of the varying abilities and experience of individual contract holders. Although the network

approach tended to bring the expertise in individual laboratories to the same level much more quickly, it did

create some organizational problems and frustrations on the part of contract holders. Individuals fully

conversant with the techniques and with their laboratory poised to test thousands of sera became

understandably disappointed when the sera did not arrive. This varying rate of sero-monitoring
implementation in each country is clearly visible from the reports contained in these proceedings.

2. FAO/IAEA/SIDA/PARC COORDINATED RESEARCH PROGRAMME

2.1. Introduction

The FAO/IAEA/SIDA/PARC Coordinated Research Programme entitled "The sero-monitoring
of rinderpest throughout Africa" was concerned with providing support to individual institutes to meet the

sero-monitoring requirements as envisaged under PARC. In most cases these individual institutes were the
central veterinary laboratories for countries participating in PARC.
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The programme was initially funded for five years with the majority of the research contract being

supported by funds provided by SIDA. However, in 1988 and 1989 FAO funded research contracts in 6
participating countries and in 1990 provided some funding for the purchase of ELISA kits and reagents.

Overall coordination of activities conducted under this programme was carried out by the

FAO/IAEA regional technical cooperation expert for animal production and health in Africa. At all times

a close dialogue was maintained between the IAEA, FAO and PARC, and in particular with the FAO
epidemiological team based in PARC headquarters, Nairobi. Numerous visits were undertaken by the

programme coordinator to PARC headquarters Nairobi and to the many participating laboratories during

the five years of the programme. In keeping with the duality of language found in the region, the programme

has operated both in French and English with the major publications being available in both languages.

22. Research contract holders

During the programme, 21 research contracts were awarded to scientists involved in rinderpest sero-
monitoring (TABLE I; Fig. 1). These contracts however, were not all awarded at the commencement of the

programme in 1987. Some were incorporated later as the need for a sero-monitoring capability arose in

individual PARC participating countries.

In a number of cases, individuals initially identified as research contract holders became

inappropriate and it became necessary to identify a new person. For example, in Uganda, Dr. Opuda-Asibo

of the Veterinary Faculty, Makerere University was awarded a research contract at the commencement of

the programme. However by 1989 it became clear that testing would be carried out at the Central

Veterinary Laboratories in Entebbe and the contract holder was changed to Dr. E. Twinamasko, a staff

member of this latter institute. In other cases, the initial contract holder subsequently departed from the

country and it was therefore necessary to identify a new contract holder. In Sudan for example, this

happened on two occasions. It should be noted that in these situations considerable retraining was required

and in certain cases, a further set of ELISA equipment had to be provided.

Finally, the political instability of some countries considerably affected the ability of contract holders
to carry out their work. In Somalia, although Dr. A. Dini was awarded a research contract at the outset of

the programme, he was never in a position to test sera and was thus unable to submit a report for inclusion

in these proceedings. It should however, also be noted in contrast, that a number of contract holders

managed to collect sera at considerable personal expense and with a high degree of individual risk. The most
outstanding example of this must be Emily Twinamasko who collected 4,000 sera during a period of intense

civil unrest in Uganda.

Research contracts were awarded on an annual basis with the sums provided ranging from $1,000

to $10,000 per year. These funds were primarily used to purchase basic ELISA equipment, reagents,

FAO/IAEA ELISA kits and ELISA plates. In several cases a portion of the research grant was made
available locally to provide funds for sample collection.

At research coordination meetings each research contract holder provided a detailed report of the

work carried out and an account of the workplan for the following year. The country reports presented at

the final research coordination meeting in Cote D'Ivoire and contained in these proceedings, are a

summation of these individual reports and constitute an account of the sero-monitoring activities carried out
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TABLE I. FAO/IAEA/SIDA/PARC NETWORK FOR THE SERO-MONITORING OF RINDERPEST

IN AFRICA

Name

Elamin A.

Wamwayi H.

Opoku-Pare G.

Ezeokoli D.

ObiT.

Majiyagbe K.

Sidibie M.

Diallo I.

Sarr J.

Loretu K.

Tounkara K.

Couacy-Hymann E.

Ngangnou A.

Twinamasko E.

Mebratu Y.

Bedoua-Marboua E.

Dini A.

Nsabiyuma L.

Meberuka J.

Touray E.
Karim I.

Country

Sudan

Kenya

Ghana

Nigeria

Nigeria

Nigeria

Burkina-Faso
Niger

Senegal

Tanzania

Mali

Cote DTvoire

Cameroon

Uganda

Ethiopia

Central African Republic

Somalia

Burundi

Rwanda

Gambia

Egypt

Related IAEA TC Project

SUD/5/016

KEN/5/010

GHA/5/013
NIG/5/014

NIG/5/019

NIG/5/019

n/a

NER/5/007

SEN/5/019

URT/5/009
MLI/5/011

IVC/5/016
RAF/5/006
UGA/5/013

ETH/5/009
n/a

n/a

n/a

n/a

n/a

EGY/5/018

n/a - not applicable since not an IAEA Member State.

during the five years of the programme. In the most part therefore, these reports detail the introduction of
the ELISA to a laboratory, the establishment of a local negative cut-off point, the establishment of the test

as routine and the collection and testing of sera as part of a national survey.

23. Agreement holders

As part of the FAO/IAEA/SIDA/PARC Coordinated Research Programme, research agreements

were awarded to scientists from developed countries whose primary task was to oversee and assist the work
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TOUNKARA (Mali) DIGUIMBAYE (Chad)
DIALLO

KARIM (Egypt)

SARR (Senegal)

TOURAY
(Gambia)

COUACY-HYMANN
(Cole

D'Ivoire)

SIDIBIE (Burkina-
Faso)

OPOKU-PARE
(Ghana)

OBI, EZEOKOLI
MAJIYAGBE (Nigeria)

NGANGNOU
(Cameroon)

ELAMIN (Sudan)

MEBRATU (Ethiopia)

TWINAMASKO
(Uganda)

DINI (Somalia)
WAMWAYI

(Kenya)
MEBERUKA (Rwanda)
NSABIYUMA (Burundi)

LORETU
(Tanzania)

BEDOUA-MARBOUA
(CAR)

FIG. 1. FAO/IAEA/SIDA/PARC network for sero-monitoring of rinderpest.

carried out under the research contracts. Under this programme, research agreements were awarded to Dr.

J. Anderson of the Pirbright Laboratories, Institute of Animal Health, UK; and to Dr. G. Libeau of the

Institut d'Elevage et de Medicine Vétérinaire des Pays Tropicaux, Maisons Alfort, France. Both these
scientists have been involved for many years in the use of ELISA in developed and developing country

situations. During the period of this programme, they also developed a rinderpest competitive ELISA with

improved sensitivity and specificity; reports of this work are contained in these proceedings.

2.4. Research coordination meetings

Unlike previous FAO/IAEA coordinated research programmes, research coordination meetings were

held each year, and in conjunction with training courses. This proved invaluable in maintaining a close link

with all those in the network and developing a standardized and uniform approach.

Contract holders joining the programme in the second and third years were able to learn at these

meetings from more experienced members and avoid many of the early pitfalls. These meetings also served

to identify general problems with the kit and accompanying equipment, and enabled improvements and the

introduction of new components (e.g. computer software) to be rapidly assimilated into the network.
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The following meetings were held:-
DATE LOCATION ACTIVITIES

May 1987

(2 weeks)

Sept. 1988

(3 weeks)

National Veterinary Laboratories

Uppsala, Sweden

National Veterinary Institute

Debre Zeit, Ethiopia

RCM; training in

ELISA, DNA Probes

RCM; training in

ELISA, epidemiology

June 1989 PARC Headquarters,

Nairobi, Kenya*

RCM; training in

computers.

Nov. 1990 Laboratoire de Pathologie
Animale, Bingerville, Cote D'Ivoire

RCM; training in

epidemiology

This meeting was primarily funded by FAO.

At each research coordination meeting contract holders were required to give a presentation of their

work during the last twelve months. A generalized workplan for the following 12 months was agreed upon,

taking into account the differing situation in each country. Equipment and further training requirements were

also dealt with on an individual basis.

At the final meeting in Cote D'Ivoire each participant produced an account of all activities

conducted under the programme and this is contained in the proceedings.

3. IAEA TECHNICAL COOPERATION SUPPORT

IAEA operates a technical cooperation programme aimed at providing support to its members states

for the peaceful use of nuclear and related techniques. In a large number of member states technical

cooperation projects serve to provide equipment, training and expert services to assist in technology transfer.

In the field of animal production and health, IAEA operates many technical cooperation projects

with African countries. In animal health, these are mostly concerned with the introduction and use of the

ELISA to improve national diagnostic capabilities. This activity is carried out in many of the laboratories

responsible for rinderpest sero-monitoring and in receipt of FAO/IAEA research contracts under the SIDA-

funded programme. In many cases therefore there was an integration of the support provided through

research contracts and individual country technical cooperation activities (see TABLE I). This pooling of

resources made it possible for the FAO/IAEA Division to provide the best overall support to those scientists
carrying out sero-monitoring.

14



In many cases, IAEA technical cooperation projects provided the bulk of the equipment,

supplementary training fellowships for laboratory staff, and expert services for more extensive technical

backstopping. The research contracts provided the ELISA kits and funding for the annual meetings and

training courses. It should be noted that wherever possible these two support mechanisms were integrated
with support provided through other organizations and in particular FAO, EEC , ODA and GTZ.

4. TRAINING

A key component of this programme was the provision of adequate and appropriate training. This

was carried out both at the annual coordination meetings and through the provision of extensive technical
backstopping in individual laboratories. Technical officers and outside FAO/IAEA experts visited each
laboratory in the network at least once a year. This proved invaluable in providing local training to a number

of staff of a particular laboratory and augmented greatly that provided to contract holders at the research
coordination meetings.

The subject matter covered during training was introduced in a stepwise logical manner. Initial

emphasis was therefore on the use of the ELISA both as a general diagnostic tool and more specifically as
used in the FAO/IAEA rinderpest ELISA kit. Once it was clear that contract holders could reliably test
samples using the ELISA-based system the training emphasis moved towards basic and applied epidemiology

to ensure that the samples collected would provide the information required. Towards the completion of the

programme, training was provided in the use of computers and specialized computer software to store and

manipulate the data.
Crucial to the success of the network was the frequent visits by FAO/IAEA technical officers and

experts to participating laboratories. This served to identify many of the difficulties experienced locally and

provided considerable impetus to solve these. For example, the difficulty of obtaining good quality water for

reconstitution of reagents in the ELISA kit only became obvious following visits to a number of laboratories.

The solution was to provide sufficient diluent and appropriate storage bottles with the kit.

Finally, and perhaps most importantly, the FAO/IAEA is now able to utilize the more experienced
contract holders from within the programme to act as IAEA experts to other laboratories. Within the region

therefore, the programme has built up a pool of experienced scientists who can technically backstop others
in the region.

5. FAO/IAEA RINDERPEST ELISA KIT

Central to the successful implementation of rinderpest sero-monitoring was the development and

introduction throughout the network of a fully validated and standardized ELISA kit specifically designed
for use under the types of conditions found in laboratories in the region.

A full report of the indirect ELISA kit and its field validation are contained in these proceedings.

However it is pertinent to note at this stage that the kit was originally designed to measure the level of

rinderpest vaccination achieved in participating countries. The indirect ELISA which was developed was, and
still is, ideal for this purpose. Nevertheless, as PARC moves towards a phase of sero-monitoring to ensure

15



the absence of circulating virus - and this will only be carried out after vaccination has ceased in a country -

the assay will be required to have higher levels of sensitivity and specificity. To meet this need a different

type of ELISA is required, based around the use of a monoclonal antibody in a competitive assay. This new

ELISA kit is already complete and full details of the validation are contained in these proceedings.

5.1. Quality assurance

To ensure both to individual laboratories and to outside interested bodies that the testing of the sera

is producing reliable results a system of quality assurance was introduced on a trial basis in 1990 and a full
account of this is given later. In the long-term, quality assurance must become a key component of sero-

monitoring activities in the region. It is essential that an adequate standard of testing is maintained in

laboratories until eradication is achieved. This can only be fully guaranteed if an external and obligatory
quality assurance programme is kept in operation.

6. COMPUTERIZATION

It became clear during the early stages of establishment of the network, that a great deal of

information and data would be generated and that computers could significantly assist in the storage and

management of these data. However, two problems had to be overcome. Firstly, computers and suitable
training had to be introduced into each laboratory; and secondly, specialized computer software needed to

be developed.
The choice of computer system was relatively straightforward since cost and simplicity of operation

were essential prerequisites. Hence the IBM based personal computer system (personal system 2) was

chosen. Initial problems were overcome by the use of a standardized computer and the provision of a UPS
(uninterrupted power supply) with all machines provided. Training was provided at research coordination

meetings and supplemented during the visits of FAO/IAEA technical staff and experts to individual

laboratories.

Two clear functions had to be undertaken by the computer. Firstly, it had to interface with the

ELISA reader so that the data generated by testing of the sera could be collated and manipulated to provide

simple positive/negative results for each serum sample. At the same time, the computer had to carry out
internal quality control checks on the assay itself and provide information on this process and highlight any

problems being encountered. A software programme EDI (Elisa Data Information) was developed for these
tasks.

The second task was to collate all field information relating to a particular serum. To meet this need

the commercial programme PANACEA (PAN Livestock Ltd. UK) was adapted to provide a customized

package called SID (Serum Information Data). This programme had the added advantage of standardizing
the information collected in each country and the method of report submission to rinderpest national

coordinators and PARC headquarters, Nairobi. A full account of this programme is contained in these
proceedings.

The introduction of computers to all laboratories in the network is not yet complete and is being

continued as individual laboratories develop a clear need for such support and funds become available.
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7. EPIDEMIC-LOGICAL SUPPORT

The primary objective of the FAO/IAEA/SIDA/PARC Coordinated Research Programme was to

establish a capability to test sera as part of the sero-monitoring activity in PARC participating countries.

However, one important factor influencing the validity of the results obtained, is the way in which the

samples are collected. It is essential that the animals sampled are representative of the population as a whole

and that sufficient data are collected with each sample to enable meaningful conclusions to be drawn about

the sera tested.
In nearly all cases, contract holders were not only responsible for the actual testing of the sera, but

also for the collection procedure. It was therefore necessary to provide support for this activity. Initially an

FAO/IAEA consultants group was convened in Vienna to provide guidelines on the sampling protocol to

be adopted. These guidelines took into account both the objectives of the sero-monitoring and the

constraints that operate in Africa to restrict the use of ideal sampling approaches. In 1988,

FAO/IAEA/SIDA published a booklet entiltled "Guidelines for Sero-monitoring of Cattle Conducted by

PARC" giving epidemiological guidelines for the sero-monitoring of cattle as envisaged under PARC. During

subsequent research coordination meetings and training courses this acted as the basis for developing

sampling strategies in each of the countries in the network. However, in all cases account had to be taken

of local constraints and in no two countries was the sampling approach identical. Accounts of these differing

sampling strategies are contained in the individual contract holder's reports.

The Epidemiological Unit of Reading University (UK) and the accompanying commercial

organization PAN Livestock Ltd. provided the majority of the epidemiological wisdom in the approach

adopted. To some extent this was a learning process for all concerned and is thus still evolving. A new

edition of the sero-monitoring guidelines is under preparation and the philosophy behind the advice given

in that publication is contained in the report provided in these proceedings by Dr. L. Tyler.

8. FUTURE ACTIVITIES

The reports contained in these proceedings clearly indicate that the FAO/IAEA/SIDA/PARC

Coordinated Research Programme and accompanying activities succeeded in introducing into the majority

of PARC participating countries a capability to conduct rinderpest sero-monitoring. The justification for this

conclusion and recommendations for the future are contained at the end of the proceedings.

It is clear from this introduction that the task of rinderpest sero-monitoring is far from complete.

Although initially aimed at monitoring the vaccination programme, in the long run serology will be the basis

of individual country declarations of freedom from disease and virus. This process has not yet begun and will

take many years to complete. Although the approach adopted of utilizing an ELISA-based system has
sustainability as a major component, continued support will be required in the near future. Fortunately, funds

have again been secured from SIDA for a further three years of support, and a follow-on Coordinated

Research Programme is already operational. This will focus on consolidating what has been achieved during
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the first five years, on introducing the competitive ELISA test, on establishing a quality assurance system as

routine and on improving data management.

However, PARC and individual countries will need to consider carefully how to sustain this sero-
monitoring capability that has now been so successfully established in the region over the longer term.
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Abstract

THE FAO/IAEA RINDERPEST INDIRECT ELISA KIT

To meet the needs of the sero-monitoring component of the Pan African Rinderpest Campaign, the Joint

FAO/IAEA Division in conjunction with the Pirbright Laboratories of the Institute for Animal Health, UK,

developed an ELISA kit for the detection of antibodies to rinderpest virus in cattle. This kit was specifically

designed to be used in the sort of conditions likely to be met in laboratories in Africa. The kit was based

on an indirect ELISA and contained all the necessary reagents to test 20,000 cattle sera in duplicate. The

kit also contained a detailed protocol describing how to carry out and interpret the results of the test, a list

of all the reagents and how to prepare and store them and information on the types of problems likely to

be encountered in using the kit and how to solve them.

The FAO/IAEA rinderpest ELISA kit has now been used to test over a quarter of a million cattle

sera and has been shown to be a robust and reliable system for the sero-monitoring of rinderpest in Africa.

1. INTRODUCTION

The Joint FAO/IAEA Division has developed a series of ELISA diagnostic kits for the key
epizootics affecting livestock in developing countries. These kits have been specifically designed to function

in the developing country situation and take into account the type of laboratory facilities that are likely to
exist, the level of training of staff in these laboratories, the problems encountered in getting kits to such

laboratories and the type of studies that will be undertaken.

The FAO/IAEA Indirect Rinderpest ELISA kit was one of the first to be developed and the design
reflects nearly all the considerations mentioned above. It has been supplied to scientists wishing to
serologically test cattle sera for rinderpest antibodies. Most of these scientists have been awarded research

contracts through the FAO/IAEA/SIDA Co-ordinated Research Programme dealing with the sero-

monitoring of rinderpest in Africa, which is an essential part of the Pan African Rinderpest Campaign,

PARC. The kit employs indirect ELISA methodology and contains sufficient reagents to test some 20,000

sera.
In very few cases have scientists been provided with a kit only and the kit has been a small

component of an overall support package. This has included training in the use of the kit, the supply of much

of the equipment needed to carry out an ELISA, computer software, epidemiological training and advice and
most importantly, continual technical backstopping though frequent visits from FAO/IAEA experts and staff.

19



Since the inception of the kit five years ago it has been used in Africa to test over a quarter of a

million cattle sera and although minor problems have been encountered resulting in a few changes, the kit

is basically the same today as it was five years ago.

2. DEVELOPMENT

The use of an indirect ELISA to measure antibodies to rinderpest virus in cattle in Africa began in

1985. At this time scientists from the Pirbright Laboratory of the Institute for Animal Health in the UK were

assisting Tanzania to measure, on an annual basis, the effectiveness of its emergency rinderpest vaccination

campaign. It was at the time of these studies in Tanzania that the Joint FAO/IAEA approached Pirbright

Laboratories for assistance in producing an ELISA "kit" for rinderpest antibody determination and the

ELISA that was at that time being successfully used in Tanzania formed the basis of this kit. This serological

exercise in Tanzania can thus be seen as the forerunner of the FAO/IAEA/SIDA sero-monitoring

programme now being conducted under PARC.

Prior to the use of a new diagnostic test it is necessary to validate the assay against existing tests and

if possible in animals of known disease status. In the detection of antibodies against rinderpest virus,
neutralization has been the most widely used diagnostic test. This was used in two forms, the tube
neutralization test [1] and the virus micro-neutralization test [2, 3]. A large number of sera were tested using

the tube neutralization system during the 1960's at the Kenya Agricultural Institute, using many animals of

known disease status [4]. This established the tube neutralization as the "bench-mark" test and it still

occupies that position today [5]. However, because of the cost and the difficulties of routinely carrying out

a tube neutralization system, the microtitre plate assay became more widely used. Although this system is

easier to use than tube neutralization it still requires tissue culture facilities, is time consuming, cannot

process sera that are contaminated and more importantly shows considerable variability in its sensitivity and

specificity between and even within laboratories [5].

The use of an ELISA system for the detection of antibodies to rinderpest virus was first described

in 1982 [6]. This system clearly has a number of unique advantages for the wide-scale testing of sera as

envisaged under PARC and was the natural choice for use in the FAO/IAEA/SIDA/PARC sero-monitoring

network. Although details of the validation of this ELISA against the virus micro-neutralization test and its
use to detect antibodies in animals of known disease status have been published [6, 7] a number of the

national laboratories reporting in this publication (Kenya, Sudan, Senegal, Egypt) also carried out

comparative studies of the ELISA with the neutralization test. In all cases a high level of agreement was

achieved and in all cases the ELISA was adopted as the test of choice.

In preparing this ELISA "kit" it was necessary to consider a number of important factors relating

to its supply and use:
a) The reagents should be able to withstand prolonged exposure to high temperature (20 - 30°C) and high

humidity as the kits may well have to spend some time in transit to laboratories in Africa (ie at airport

custom holding areas).

b) The reagents should comply with regulations governing the transport of chemicals by air as laid down by

the civil aviation authorities. This for example, precluded the inclusion of sulphuric acid as a stopper in the

kit.
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c) The box containing the kit should be relatively small but contain sufficient reagents for testing the number

of sera that are likely to be collected in one year (an initial conservative estimate was 20,000). This precluded
the dispatch of antigen-coated plates.

d) The actual ELISA system adopted should be as simple and robust as possible. In this context the assay
used in Tanzania was an indirect ELISA and used well-established reagents. However it was necessary to

conduct trials on the stability of these reagents, and on their ability to withstand high temperatures and

freeze-drying.

e) The kit should contain all the necessary reagents. Thus all the buffers required had to be included along

with the more obvious conjugate and substrate.

f) The kit should be supplied with a detailed manual. This should cover all aspects of the use of the kit as
well as some practical information regarding buffer composition, interpretation of results trouble-shooting,

sera collection and references (A full account of the manual is given in section 4).

h) The kit and the manual should be flexible enough to allow for the incorporation of changes as problems

are encountered and solutions found. This was particularly relevant to reagent packaging (eg. the later use
of tablets instead of powders) and updating of the manual (ie a loose-leaf approach was essential).
i) Components of the kit, including the plates should be available in bulk to ensure standardization. For
example, the plates were obtained from NUNC (Nunc Ltd., Netherlands) as a single batch run of 10,000.

Sixty plates from the run were initially sent to the FAO/IAEA Laboratory at Seibersdorf, for checking for

defects prior to acceptance of the whole batch. This large batch run then provided a one-year supply of
uniform plates to the rinderpest network.

Having taken into account these various factors and on completion of the reagent stability trials, the

FAO/IAEA rinderpest indirect ELISA kit was ready for use in mid-1987. During the subsequent 4 years a

great deal of experience has been gained in the use of this kit, in problems relating to its dispatch to

individual laboratories and in interpreting the results.

When examining problems relating to the use of kit, it was found that hi nearly all cases these

related to the quality of the water used for reconstitution of the various reagents supplied. In particular, in

reconstituting those components supplied freeze-dried (antigen, reference sera and conjugate) it was found
essential that properly de-ionized water was used. Although in many cases the pH of the water was checked

and found to be correct, other extraneous ions or pyrogens were interfering with the functioning of the

reconstituted reagents. In 1990 sufficient water and glass vials for the reconstitution of all freeze-dried
reagents were included in the kit.

The only other significant change to the kit was the supply of most reagents in tablet rather than
powder form. Although this was more expensive, the reagents remained in better condition in tablet form

and the use of tablets enabled the reagent solutions to be prepared hi smaller and more convenient volumes.

3. SUPPLY OF THE KIT

The FAO/IAEA rinderpest ELISA kit was supplied as two distinct components. One component

containing the antigen and positive and negative reference sera was dispatched from the Pirbright Laboratory,
Institute for Animal Health, UK. The other component containing the remainder of the reagents was
dispatched from the FAO/IAEA Laboratories, Austria.
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Initially, all kits were sent to each country via the national United Nations Development Programme
(UNDP) offices. This greatly facilitated customs clearance but in some cases resulted in long delays in
delivery of the kits. In these cases it was found advantageous to use commercial carriers.

4. KIT MANUAL

Detailed below are the instructions contained in the kit manual as supplied with each kit. In many

of the national reports found in this publication, reference is made to this kit protocol and hence it has been

included in its entirety. The manual as well containing information on how to carry out the actual ELISA

test, includes sections on the equipment required, the contents of each kit, preparation and storage of the

reagents, the interpretation of the results, some trouble-shooting help, references and details of buffer

compositions.

4.1. Introduction

The kit employs a simple indirect ELISA to determine the presence of rinderpest antibodies in

bovine sera. The rinderpest antigen is bound to the plate and the sera under test added. Any antibody to the

virus will attach to this bound antigen. Rabbit anti-bovine IgG conjugated to horse radish peroxidase is then

added to detect the specifically bound antibody. A substrate/chromogen solution is added and after an
appropriate time, the reaction is stopped. The colour which develops during the reaction is determined using
a micro-titre plate reader. Suitable washing procedures to remove unbound reagents are needed at each

step. This protocol should be strictly followed to ensure standardization and to enable country by country

comparisons.

42 Equipment required in the laboratory

1. Microtitre plate reader (manual or automatic); this must contain a 492 nm filter.
2. Single and multi-channel variable volume pipettes (5-50/ul and 50-250/ul).

3. Tips for above
4. Reagent troughs for multichannel pipetting

5. 5-10 litre container for washing fluid

6. Refrigerator (+4°C)
7. Freezer (-20°C)
8. Incubator ( + 37°C)

9. Water distillation unit and/or deionizing equipment
10. NUNC Immuno I, 96-well flat-bottomed ELISA plates.

11. Glassware for storage and dilution of sera and reagents, e.g. 5 ml. and 20 ml. screw-capped bottles,
100 ml. flasks and 1 litre measuring cylinders for preparation of buffers

12. Plastic wash bottles (250 ml)
13. Water bath (+37°C)
14. Balance for weighing chemicals

15. pH meter (not necessary, but of assistance if problems are encountered)

16. Orbital plate shaker (not essential)
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43. Reagents supplied

4.3.1. Kit components supplied from the FAO/IAEA Agricultural Laboratory, Seibersdorf

COMPONENT : PRESENTATION USE

Phosphate Buffered Saline (PBS)

Skimmed milk powder

Tween 20

Phenol Red
pH indicator strips

Rabbit anti-bovine
IgG conjugated to HRP

Ortho-phenylenediamine

Hydrogen peroxide (H2O2)
Sterile water

Sterile PBS solution
Labelled sterile vials

Conjugate titration reagents A

Conjugate titration reagents B

24 packets (1 litre each)

5 x 100 g sachets
20ml

20ml

100

1 ml freeze-dried

35 x 30 mg tablets

10 tablets of l g
10ml

9ml

10

1 ml freeze-dried

1 ml freeze-dried

: diluting antigen, preparing

washing and blocking buffers

; preparing blocking buffer

: detergent

: pH indicator (pH 6.4-8.2)
: pH indicator (pH 4-7)

: detecting bound antibodies

chromogen

substrate
reconstituting kit reagents

diluting conjugate solution

storage of conjugate
conjugate and plate controls

conjugate and plate controls

4.3.2. Kit components supplied from the Institute for Animal Health, Pirbright Laboratory

COMPONENT : PRESENTATION USE

Rinderpest ELISA antigen

Reference +ve serum

Reference -ve serum

: 25 x 1 ml freeze dried

: 15 x 1 ml freeze dried
: 15 x 1 ml freeze dried

: test antigen

: +ve control

: -ve control

4.4. Reagent preparation

The reagents provided in the kit are sensitive to changes in temperature, light, etc. and they must
be stored and prepared with care if they are to work effectively in the test. It is essential that the procedures

described below are strictly adhered to both at the time the kit is delivered and when any test is to be carried

out. The instructions should therefore be read carefully before using this kit.

Clean and sterile glassware is also vital for preparing the various reagents, and it is essential that

every effort is made to ensure that distilled and/or deionized and sterile water is available, particularly for

reconstituting the rinderpest antigen and the conjugate.
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4.4.1. Rinderpest antigen
This is the RBOK attenuated vaccine strain of rinderpest virus grown in Madin-Derby Bovine

Kidney cells, prepared by repeated sonication and clarification of infected cell cultures. It is supplied

freeze-dried and should be reconstituted with the sterile water supplied and stored at +4°C or -20°C until

used.

Reconstitute a vial of the freeze-dried rinderpest antigen with 1 ml of sterile water. Gently shake

the vial to ensure that all the antigen is reconstituted and properly mixed. If small tests are planned (up to

5 plates) and to avoid repeated freezing and thawing, the reconstituted antigen should be subdivided into
lOOyul aliquots and stored in 1 ml screw-topped glass vials. The reconstituted antigen should be stored at

-20°C until required.

4.4.2. Reference Sera
Reference positive (anti-rinderpest virus) and negative bovine sera are supplied freeze-dried. They

should be stored at +4°C or -20°C until used.

Before use, the contents of each vial should be reconstituted in 1 ml of sterile water. If small tests

are planned, the reconstituted sera should be subdivided in 100/ul aliquots and placed in 1 ml screw-topped

glass vials. Reconstituted sera should be stored at -20°C.

4.4.3. Coating buffer
This consists of phosphate buffered saline, PBS and is used to dilute the antigen before coating the

plate. To prepare, dissolve the contents of a packet in 1 litre of distilled or deionized water. The pH of this
solution should be 7.2-7.6 (to test this add 5/ul of phenol red to 1 ml of PBS in a test tube; the solution

should become cherry red).

Phenol red may be added to the whole of the PBS prepared for antigen coating (1 ml of indicator

in 1 litre of buffer) to give a cherry red solution and a continuous indication of the pH. This will also

provide visual assistance during pipetting. The coating buffer should be stored at +4°C if not used

immediately.

4.4.4. Washing buffer
This consists of PBS prepared as described above (without the addition of phenol red) but further

diluted 1/5 in distilled and/or deionized water (1 volume PBS + 4 volumes of distilled or deionized water).

4.4.5. Blocking buffer
This is used to dilute all the sera and the conjugate. It consists of PBS + 0.1% Tween 20 + 5%

skimmed milk powder. To prepare, make a 0.1% solution of Tween by adding 100/ul Tween to 100 ml of

PBS. This solution can be stored at +4°C.

Before use, dissolve 5 gms of skimmed milk powder in this 100 ml PBS-Tween solution (a measure
is provided to dispense 5 gms of powder) and incubate for 30 minutes at 37°C to disperse the Tween. Do

not store this solution - it has to be made up fresh each time a test is conducted.
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4.4.6. Conjugate
This consists of freeze-dried rabbit- anti-bovine IgG, labelled with the enzyme horse radish

peroxidase (HRP). It should be stored at +4°C. When required, it should be reconstituted with 1 ml of the

supplied sterile water and then further diluted in 9 ml of the sterile PBS solution supplied to give a 1/10

solution. Pipette 1 ml aliquots into the glass vials provided and store at -20°C if not being used immediately.

4.4.7. Substrate and Chromogen
These are respectively hydrogen peroxide and OPD and are provided in the form of tablets. To

prepare the H2O2 solution, dissolve one tablet in 10 ml of distilled or deionized water in order to give a 3%

solution. Store at +4°C, in a screw-capped glass vial in the dark.

To prepare the OPD solution dissolve one OPD tablet (30 mg) in 75 ml of distilled or deionized

water. The pH of this solution should be between 5 and 6. Use the pH indicator strips for checking this. This
solution will provide enough reagent for 15 plates. If the whole volume is not required for a day's test, the

solution should be stored immediately in the dark, in aliquots of 10-20 ml at -20°C.

4.4.8. Stopping Reagent
1 molar sulphuric acid is required to stop the enzyme-substrate reaction. This is prepared by adding

55 ml of concentrated sulphuric acid slowly to 1 litre of distilled or deionized water, (do not add water to

sulphuric acid!)

4.4.9. Conjugate titration reagents A and B
These are only required if problems are encountered with the test. When required, reconstitute each

in 1 ml of distilled and/or deionized water and store at +4°C.

4.4.10. Test sera
It is assumed that these will be collected locally according the guidelines provided by IAEA/PARC.

Although a reference negative serum is provided, it is imperative that local negative reference sera are

available. Such sera should be from animals considered from epidemiological evidence or by reference to

the virus neutralization test to be free of antibodies to rinderpest virus. It can be expected that the reference

-ve sera included in the kit will give higher values than the local mean -ve, but it has been included in the

kit to serve as a reference value.

A local reference -ve serum must be prepared. This can be done by using individual sera giving the

population mean value and pooling such sera. Before making a large pool, check the reactivity of a small test

pool, as this may sometimes give a higher value than the individual sera. All sera should be stored at -20°C.

It is not necessary and inadvisable to inactivate sera since this can cause non-specific binding.

4.5. Test Protocol
Before beginning a test, check that the equipment is all available and working, that the test sera

and reagents are prepared as described earlier, thawed out (with the exception of the OPD) and brought

to room temperature ready for use.
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Other wells are vertical duplicates of the test sera

FIG. 1. FAO/IAEA riderpest kit plate layout.

The recommended plate layout for screening sera at a single dilution (in duplicate) is shown in Fig.l.

This is ideal for the large-scale screening of sera. This may be modified for serum titrations (i.e. a full serum

dilution series for determining serum

dilution end-points).

Reference positive and negative sera must be included on every plate. For each multichannel

pipetting operation new disposable tips must be used.

4.5.1. Prepare test record sheets showing the position of the sera under test. The plate layout sheet (Fig.

1) is satisfactory for this purpose. It should include the date, source of sera and the kit batch number. Check

that all the plates are aligned properly (with the letters A-H on the left hand side) as the reader will only

accept the plates in one position. Number the record sheets and plates with a waterproof marker to enable
the matching of results later. If desired, mark the plates using a waterproof felt-tipped pen to aid in the

placement of the sera.
NOTE: only ELISA plates can be used for the test and they are not reusable!

4.5.2. Reconstitute a vial of the freeze-dried rinderpest antigen with 1 ml of distilled water as described
or if this has already been done thaw out one of the 100/ul aliquots and shake this gently before use to
ensure proper mixing. The working dilution of the antigen is 1/100 in coating buffer. To coat each plate, 5

ml of diluted antigen are required. Each vial of antigen is therefore sufficient for around 20 plates (100 ml)

while each 100/ul aliquot is sufficient for about 2 plates (10 ml). Calculate the amount of antigen required

and prepare the appropriate amount diluted in coating buffer (PBS), e.g. for 2 plates, dilute 100/ul of

undiluted antigen solution into 10 ml of PBS, Store any remaining reconstituted antigen at -20°C.
NOTE: Antigen is diluted and adsorbed to the plate using PBS. The sera and conjugate are diluted

in blocking buffer.
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4.5.3. If the sera for testing are stored at -20°C, thaw out at +37°C (either in a hot room or in a water
bath). Gently mix the sera to give an homogeneous sample and then loosen the bottle caps (to aid rapid

delivery of the sera during pipetting).

4.5.4. Add 50/ul of diluted antigen to each well of the plates, checking that all tips of the multichannel

pipette deliver the correct amount at each stage (i.e. no air bubbles). Tap the plates gently on the side and

check each well for dispersion of the antigen over the whole surface of the well. Cover the plates with a

plastic lid or empty plate (if plates are stacked, only cover top plate).

4.5.5. Incubate at +37°C for 60 min. using the orbital shaker.

NOTE: In the absence of an orbital shaker, tap each corner of the plates every 20 minutes to

disperse the reagents. This applies to all stages of plate incubation.

4.5.6. While the plates are in the incubator, prepare blocking buffer (5% milk powder, 0.1% Tween-20,

in PBS) as described earlier. Always prepare fresh blocking buffer for each test.

4.5.7. Fill a bowl/sink with an appropriate dilution of disinfectant. Shake out the contents of the plates

into the bowl or sink. Wash the plates three times by flooding them with washing solution using a wash

bottle or a tube connected to an aspirator, then emptying. Blot on absorbent paper towel to remove most
of the washing fluid.

4.5.8. The optimal dilution of serum for the test is 1/4. Add 45/ul of blocking buffer to all the wells of the

plates and then 15/ul of test serum to the appropriate wells of the plates (in duplicate). Use a fresh sterile

tip for each serum as the sera may form theies. Ensure that the tips deliver the correct amount and that
the serum actually goes into the blocking buffer and does not remain sticking to the sides of the wells.

4.5.9. Add 15/ul of reference positive serum to the +ve control wells (column 1 C-D). Add 15/ul of
reference negative serum [use local mean negative serum when established] to the -ve control wells (column

1 E-F), and 15/ul of blocking buffer to the background control wells (column 1A-B and column 1 G-H). Tap

the sides of the plates to disperse the contents of each well.

4.5.10. Cover the plates and incubate at +37°C for 60 minutes using the orbital plate shaker.

4.5.11. Wash the plates three times with washing solution and blot dry as described previously.

4.5.12. The conjugate is used in the test at a working dilution of 1/10,000 in blocking buffer and 5 ml of
this diluted conjugate is required for each plate. Thaw out the contents of one of the glass vials (1/10
dilution) and pipette 20/ul into 20 ml blocking buffer with mixing (this is sufficient for 4 plates). Any
remaining 1/10 conjugate can be stored at +4°C for subsequent use, but never store the working dilution

(i.e. 1/10,000 for future use!)
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4.5.13. Add 50 /ul of the 1/10,000 conjugate solution to each well of the plates.

4.5.14. Cover the plates and incubate at +37°C for 60 minutes using the orbital shaker.

4.5.15. Switch the ELISA reader on and allow about 15 minutes to warm up; check that the 492 mm filter
is inserted.

4.5.16. Prepare the solutions of H2O2 and OPD as described previously. Calculate the volume of
substrate/chromogen solution required (5 ml is needed per plate). If necessary, thaw out the OPD solution

(in a water bath at +37°C and keep at +4°C in the dark).

4.5.17. Wash the plates three times in washing solution, dry the underside to prevent optical aberration

when reading.

4.5.18. Immediately before it is required, prepare the substrate/chromogen solution by adding the
appropriate amount of hydrogen peroxide to the OPD solution (20/ul H2O2 per 5 ml OPD solution). This

final solution should be colourless or have a faint yellow tinge. If strongly coloured it should be discarded.

4.5.19. Add 50yul of substrate/chromogen to each well. Add 50/ul of substrate/chromogen to column 1, A

to H of a clean plate to serve as a blank control.

4.5.20. Leave the colour to develop for 10 minutes, then stop the reaction by the addition of 50/ul of

sulphuric acid prepared as described to all wells. Also add stopping reagent solution to the blank control

wells on the clean plate.

NOTE: After addition of the stopping reagent solution, discard the tips immediately from the

multichannel pipette as the acid will cause corrosion.

4.5.21. "Blank" the reader using column 1 (A to H) of the blank control plate, then read the test plate(s).
Wash the blank control plate in distilled water, blot dry and store for future use.

4.5.22. Attach the print-out from the reader to the corresponding micro-titre plate plan so that a record

is available of the results of the sera tested and their position in the plates. Make a note on the test sheets

of the kit batch number.

Although the standard conditions described above are recommended, incubation times and

temperatures are flexible to a certain extent. The following variations may be used where they would offer

significant advantages under local conditions:

1) Coating: Increasing the incubation time to 2 hours at +37°C or overnight at +4°C makes no

significant difference to results.
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2) Serum incubation: Increasing the incubation time to 2 hours at +37°C or incubating overnight

at +4°C makes no significant difference to results.

Whichever protocol is used - it is essential to be consistent, and the protocol should not be
changed from test to test!

4.6. Interpretation of results

The antibody status of serum is assessed on the basis of the OD values of the reference sera, and
the OD values on any given plate must be interpreted according to the mean of the OD values of the

reference sera on that plate. Never take the mean of the reference negative values from all plates.

Results from individual serum samples are interpreted as follows:
1) Calculate the mean OD values of both the reference -ve and +ve duplicates of each plate and of the test
sera duplicates. The difference between duplicates should not exceed 20%. If duplicates differ by more than

20% this may be due to inaccuracies in pipetting, missing out a sample, variable attachment of antigen (ie.

failure to disperse the antigen solution over the well of the plate), or poor mixing of sera before pipetting.

Where variation is too great the test should be repeated.

2) Calculate the binding ratio for each plate:

Binding ratio = Mean +ve reference OD value
Mean -ve reference OD value

Compare the binding ratios of each plate. These values should be approximately the same. There may be
slight variation from plate to plate but the binding ratio (ratio of positive to negative) should be similar

(about 7:1).
3) Calculate the negative/positive "cut-off value for each plate by doubling the mean OD value of the
reference -ve sera on that plate. Any serum giving an OD higher than 2 x the reference negative value may

be considered positive for rinderpest antibodies ie. immune.

Once the binding ratio between the local mean negative serum and the positive control serum has

been established over a number of tests, the +/- cut-off value can be calculated using only the positive

control value. In Tanzania, for example, the + /- binding ratio was found to be 7/1. Therefore test serum
values greater than the OD of the positive control serum divided by 3.5 could be considered positive (i.e. 2

x local mean negative value). In practice this may prove more consistent than using the local mean negative
value for calculating + /- cut-off values.

The local mean negative should be approximately 0.1 OD units. Small variations between duplicates
can affect the number of positives if large numbers of sera are on the border-line between positive and
negative. However small variations in the positive control serum (which normally has an OD value of around

0.7) will not affect the +/- cut-off to such a great degree. In practice, all results should be examined
critically.

In particular, consideration should be given to the following:
a) Comparison of the control values from plate to plate may highlight falsely high or low controls

for individual plates.

b) Comparison of + /- cut-off values calculated by both methods (2 x local mean negative or OD

divided by 3.5) may highlight errors.
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c) Comparison of negative control values with OD values from negative sera on test. This will
confirm the suitability of the + /- cut-off value.

d) The testing of a small group of known negative sera at 6-monthly intervals will reconfirm the

suitability of the +/- cut-off value (this must be done when new local reference negatives are being

introduced).

e) Frequency distribution plots (frequency of an OD reading versus the OD) at regular intervals will

give a better understanding of positive and negative populations. NB. the inclusion of young animals with
waning maternal antibodies may mask the positive and negative distribution.

f) Full epidemiological data are essential for proper interpretation of results. It is suggested that

information on age distribution and vaccination history and on serum samples and results are recorded in

a large file or ledger. This will also help to highlight errors in labelling of serum samples, e.g. if all the calves

are positive, and the adults negative, this may indicate wrongly labelled groups.

Using this system it should be possible to calculate immunity levels for Regions and Districts and

to evaluate different age groups. If these sera are to form the basis of a serum bank for studies on other

diseases, as much relevant information as possible should also be recorded at the time of collection.

4.7. Guide to problem solving
If the results of the test are not as expected, it is vital to check that the correct type of plate was

used, and that the reagents provided were stored, reconstituted and diluted as described. It is then necessary

to retrace the test procedure and ascertain if all the correct steps were taken. In particular try to recall if

the correct dilution of all the reagents was used and if these reagents were correctly distributed on the plate.

In this context it is essential to remember that all glassware and tips used must be clean and sterile,

and that the water used to reconstitute both the antigen and conjugate was with the water supplied with the

kit.

If the colour which develops is patchy (i.e. there is large variation between duplicates of individual

samples), or if colour develops all over the plate, the pipetting, mixing and/or washing have been poor.

More care is therefore needed with these procedures.

It is useful to keep a sample of the conjugate and the substrate used in a test until the end of that

particular test. If problems occur (no colour, slow colour or quick colour in the test) then the reagents can

be checked as follows :
a) Pipette 100/ul of substrate/chromogen solution used for the test (H2O2 + OPD solution at the

correct concentration) into a well of a microtitre plate or into a tube.

b) Add 50/ul of conjugate as prepared for the test (correctly diluted in blocking buffer). Colour

should develop within 30 seconds.

c) If no colour develops try one or more of the following tests to find out the possible cause:

d) Prepare a new substrate/chromogen solution but use the conjugate originally used in the test.

e) Repeat the above steps. If no colour develops prepare a new conjugate solution (correct dilution

in buffer) and repeat the above test using the "old" and "new" substrate/chromogen solution.

f) If all the above tests fail to give satisfactory results it may be necessary to request new conjugate

from FAO/IAEA.
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FIG. 2. Conjugate titration plate layout.

However, before doing so check that the dilution of conjugate used is appropriate. This can be done

as follows:
g) Prepare a 1/10000 dilution of conjugate titration reagents A and B in PBS coating buffer.
h) Coat half of a plate by adding 50/ul diluted reagent A in each well; coat the other half by adding

50/ul reagent B (see Fig.2). Incubate for 2 hours at +37°C.

i) Prepare conjugate in blocking buffer at various dilutions (1/500 1/1000; 1/2000; 1/4000; 1/8000;

1/16000; 1/32000 and 1/64000.).
j) Wash the plate as described for the rinderpest test.

k) Add 50/ul of each conjugate dilution (in duplicate) to the wells of the plate (see Fig. 2).

1) Incubate for 1 hour at +37°C. Wash the plate and add 50/ul of prepared substrate/chromogen

solution to each well.

m) Stop the reaction after 10 minutes incubation at room temperature using sulphuric acid .

n) Read the plate using a 492 nm filter in the ELISA reader. Optical density values of each duplicate
should be very similar (the difference should not exceed 20%).

o) Reagent A should give an OD value of 0.02 - 0.1 and reagent B a value of 0.9 - 1.1.

p) Re-use the conjugate at the dilution which gives an OD value closest to these values.

4.8. Serum samples
When collecting blood from the field, sampling should be along the lines described in the

FAO/IAEA booklet on general epidemiology and sero-monitoring. It is vital that along with an acceptable

sampling protocol, a proper system of sample identification is established, e.g. marking bleeding tubes and

preparing field data sheets. As much epidemiological information as possible should also be recorded. For

example, geographical distribution, age, prevalence of disease, vaccination history (number of vaccinations,

vaccination team, date of last vaccination) are all important factors in understanding the immune status of

the animals. The value of the results obtained by the ELISA test will also only be as good as the quality of

the sera used. Samples should therefore be handled with care. Provision of sterile bottles and pipettes will
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allow aseptic technique to be used throughout blood collection and serum preparation procedures. This will

prolong the storage life of sera and allow their use in other assays. Ideally personnel should be provided

with a small centrifuge, a portable generator for operating this and an ice box.

Samples should normally be collected in properly-labelled 10 ml vacutainers and should be kept at

ambient temperature or preferably at + 4°C overnight, until a clot forms. They should not be exposed to

direct sunlight. If the tubes are kept flat during storage then the clot will stick to the rubber bung which can

be carefully removed along with the clot. This may be done in the field and will help to preserve the sample

quality. Samples should then be centrifuged and the sera either decanted or transferred using Pasteur

pipettes into sterile glass bottles.

Sera should be stored in a deep freeze at -20°C until used. Prior to storage consideration should

be given to subdividing samples into a number of smaller aliquots (e.g. 1 ml) to avoid repeated freezing and

thawing. It is also important that each bottle is clearly labelled. Putting serum bottles into plastic bags is

not recommended, since all the sera must be sorted out at the laboratory. The use of cardboard boxes with

suitable dividers for holding individual bottles will greatly assist transport and storage of samples.

5. CONCLUSIONS

PARC has recommended that as a component of the eradication campaign, the routine sero-

monitoring of cattle for antibodies to rinderpest virus should be carried out in participating countries. To

meet this requirement it was necessary to develop, distribute and establish as routine the use of an

appropriate diagnostic assay. The FAO/IAEA indirect ELISA system has successfully achieved this. Central

to the system has been the use of a completely standardized, fully validated, appropriately packaged ELISA

kit and this is now being routinely used in over 20 African countries for rinderpest sero-surveillance.
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Abstract

THE FAO/IAEA ELISA KIT QUALITY ASSURANCE PROGRAMME

A system for quality assurance was first introduced into the rinderpest sero-monitoring network in

1989 and was designed to ascertain how well the FAO/IAEA rinderpest ELISA kit was functioning in

individual laboratories. Of the 15 laboratories actively using the kit at that time, 9 submitted results. These
revealed that the kit was working well although the overall binding ratio (an indication of the ability of the

assay to separate positive from negative sera) was sub-optimal. The results also revealed that in every

laboratory the local negative population gave a lower value than the kit reference negative sera. This was

not unexpected, as the kit reference negative serum was never intended to be used for the calculation of

negative/positive cut-off values and was included only as a reference. The examination of local negative sera

and the establishment of the mean local population negative value is essential to the establishment of the

test in any laboratory. An examination of individual laboratory results indicated that where problems were

encountered it was invariably due to the use of poor water for reconstitution of reagents. This has confirmed

the need to supply sterile de-ionized water for re-constitution of all kit reagents. The results from this quality

assurance exercise proved vital in identifying problems with the kit itself and with the use of the kit in
individual laboratories. In the most part these problems have now been resolved. However, in retrospect it

is considered that the approach adopted was over-complicated and in future quality assurance will involve
the testing of a panel of 44 sera distributed to all participating laboratories once a year.

1. INTRODUCTION

In utilizing a standardized protocol and set of reagents for conducting rinderpest sero-monitoring

in the many laboratories involved in PARC, it is hoped that a uniformity will be achieved in the ability of

each laboratory to test cattle sera for antibodies to rinderpest virus. However, mere use of these reagents

and adherence to the protocol does not ensure this and thus it is necessary to operate a quality assurance
programme. Involvement in the programme will not only enable individual laboratories to ascertain if they

are using the kit correctly but also demonstrate to all interested parties that the results being obtained are
reliable and comparative from one laboratory to another.
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Although this assurance of the reliability of the sero-monitoring data is important in the vaccination
phase of the eradication campaign, it becomes essential in the various stages that a country must go through

in declaring the disease eradicated. It is vital that outside regulatory bodies and indeed funding organizations

are convinced of the reliability of such results from each laboratory.

Thus the aim of these first quality assurance exercises was to compare the reproduceability and

sensitivity of the FAO/IAEA rinderpest ELISA system between laboratories. There was no element of

criticism in this exercise and it was purely a means of quality control for the rinderpest sero-monitoring

network. It was agreed that the results would be treated in strict confidence and laboratories involved were
asked to send a copy of the results including the actual optical density (OD) values, graphs and frequency

distribution plots to FAO/IAEA, Vienna.

2. MATERIALS AND METHODS

2.1 Quality Assurance - procedure 1
Quality assurance procedure 1 involved the titration of the rinderpest ELISA kit reference positive

and negative sera and utilized routinely when testing sera. The procedure was repeated twice. It was

anticipated that the following information should be obtained following analysis and comparison of the results
from different laboratories in the Network.

a) Replicate tests will highlight day-to-day variation

b) Replicate samples will determine pipetting efficiency
c) The "blank" values will give an indication of non-specific

binding of the conjugate.
e) The end-point titre will show the sensitivity of the test.

f) The plateau height will indicate the integrity of the antigen.

g) The length of the plateau will indicate the integrity of the

reference sera,

h) Results from samples on inside and outside wells will highlight "edge-well"

effects.
The following procedure was undertaken in carrying out this assay:-

The plates were coated in the normal manner with rinderpest antigen diluted 1/100 in PBS and incubated

at 37°C for 60 min. They were then washed 3 times in PBS before the addition of 50 7ul of blocking buffer

to all wells, followed by the addition of 50 ful of kit reference positive serum to wells Al, Bl, Cl and Dl,
and 50 ;ul of kit reference negative to wells El, Fl, Gl and HI (See Fig.l). The sera were diluted across

the plates in a 2-fold dilution series excluding column 12 (this must receive no serum i.e. antigen + conjugate

control). The plates were then incubated at 37°C for 60 min., washed 3 times and 50/ul of conjugate added

to each well (diluted 1/10,000 in blocking buffer). After a further period of incubation at 37°C for 60 min.,

the plates were again washed 3 times before the substrate (H2O2) and chromogen (OPD) were added.
Finally the reaction was stopped after 10 min. by the addition of sulphuric acid (1 molar) or trichloroacetic

acid (supplied with the kit). The plates were read using a multichannel ELISA reader and the 492nm. filter.
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FIG. 1. Quality assurance — procedure 1.

22 Quality assurance - procedure 2
This procedure involved the testing of locally collected sera from animals that had neither been

infected nor vaccinated with rinderpest virus. This group of sera therefore formed part of the local negative

pool of sera that was being used in the assay as a local reference negative.

The results from this experiment gave:

a) A direct comparison of the positive/negative cut-off points

between laboratories
b) A comparison of the binding ratios between laboratories.

c) A comparison of the negative populations from different

geographical areas which may highlight differences due to animal

husbandry, breed and nutritional status

The following procedure was followed:- Using two plates and the plate-layout shown in Fig. 2, 66 sera from

the local negative population were tested in duplicate using the standard test conditions laid down in the
rinderpest ELISA kit protocol. However, in rows G and H, and starting at column 2, the kit reference

negative sera were tested in duplicate over a 2-fold dilution range starting at a dilution of 1/2. The kit

reference positive and negative sera and the laboratory's own population mean negative controls were also

included.

The mean values of the duplicate samples and the population mean negative value were calculated.

A frequency distribution plot of the values obtained from the negative sera was prepared and the dilution

of kit negative serum which gives the population mean negative value calculated.

3. RESULTS AND DISCUSSION

Results were submitted from nine laboratories and these have been coded 1 to 9 for confidentiality.

An examination of the binding ratio for each laboratory and using both the kit reference negative

sera and local negative sera showed that in all cases the value obtained with the local sera was considerably
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TABLE I. COMPARISON OF THE KIT REFERENCE NEGATIVE SERUM TO A

LOCALLY DERIVED NEGATIVE SERUM

Lab. No. 1
Kit. Negative .19

Local Negative .07

Overall

Sample size
Average
Standard deviation (SD)

Standard error (SE)

Minimum value

Maximum value

Range

2 3 4 5

.27 .21 .31 .19

.15 .16 .12 .12

Kit Negative

8
0.20
0.084

0.029

0.07

0.31

0.24

6 7 8

.09 .07 .26

na na .19

Local Negative

7
0.14

0.014

0.016
0.07

0.19
0.12

9
na

.18

Note: Local negative value obtained from quality assurance procedure 2. Kit negative value is

average of all results obtained in both quality assurance procedures 1 and 2.

na - not available.

higher (Table I), although the highest value obtained with the kit reference sera (laboratory 7) was perfectly

acceptable. When examining the results overall a binding ratio of 3.6 was obtained with the kit negative sera

and 5.6 using locally derived reference sera. As stated in the Manual and repeatedly stressed at training

courses, it is essential to establish the mean local negative value and to use sera giving this population mean

negative value as the test control (for comparison see Table II). The kit negative serum is included merely

as a reference point with which to compare local negative values. The kit negative serum may be used when

diluted to an appropriate concentration (established by titration) to give the local population negative value.
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TABLE IL COMPARISON OF THE KIT BINDING RATIOS DETERMINED USING THE

KIT REFERENCE NEGATIVE SERUM AND A LOCALLY DERIVED NEGATIVE

REFERENCE SERUM

Lab. No. 1

B/R l 3.5
B/R 2 9.6

Overall

Sample size

Average
Standard deviation (SD)

Standard error (SE)
Minimum value

Maximum value

Range

2 3 4 5

1.9 3.2 3.5 2.1

3.4 3.5 9.6 5.6

B/R1

8

3.6

1.85

0.66
1.9
7.4

5.5

6 7 8

7.4 3.4 2.3

na na 3.5

B/R 2

6

5.6

2.7

1.1
3.4

9.6
6.2

9

na
na

Note: Ratios established at 1/4 dilution of reference positive and negative sera (as used in the

test) and taking the average of all values obtained in both quality assurance procedures.
B/R l obtained using the kit reference negative sera.
B/R 2 obtained using the locally derived negative reference sera.

na - not available.

In most countries a dilution of between 1/20-1/30 was shown to be suitable. The use of diluted kit negative

serum ensures continuity in supply of this vital control serum and being freeze-dried, is very stable.

The mean value from all the laboratories for the titration of the positive and negative reference sera

was calculated and plotted to give an overall estimation of the performance of the kit (Fig. 3). It is
recommended in the kit protocol to test field sera at a dilution of 1/4 and it can be seen from the Fig. 3 that
this was indeed optimal both in terms of the point where the maximum binding ratio (difference between

positive and negative sera) occurs and its location at the end of the plateau region of the positive sera. These

overall results indicate that the kit was working well and that the chosen dilutions for reagents in the kit were
appropriate. Examples of the results from the individual laboratories are shown in Figs. 4 and 5.
Considerable variation is seen between laboratories but in general the results can be considered satisfactory.
In the case of the laboratory designated number 7 (Fig. 6), the low values for both the positive and negative

reference sera indicate a problem. In discussions with the staff of this laboratory it would appear that the

conjugate was at fault (probably due to poor water used for reconstitution) and the problem was resolved

using a fresh batch of conjugate.

The policy of supplying sterile de-ionized water for re-constitution of the freeze-dried reagents was
not implemented in all the laboratories before the quality control exercise was implemented. However, three
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laboratories were able to compare results using local water and water supplied by FAO/IAEA for

reconstitution of the kit reagents. In all cases there was a marked improvement in binding ratio when the

water from the FAO/IAEA was used. The first laboratory apparently had good quality local water as the

binding ratio rose from 6.0 to 7.0. In the second laboratory the binding ratio rose from 3.9 to 5.5 (using the

kit negative) and the test detected 24 positive sera compared to only 14 positives when the FAO/IAEA water
was used. In the third laboratory the positive control value rose from 0.36 OD to 0.69 OD when using the

FAO/IAEA water. The quality of the water also affected non-specific binding as in one case the blank value

decreased from 0.148 to 0.067 when IAEA water was employed. These findings confirm reports from

FAO/IAEA experts who visited laboratories over the last five years that the major problem with the ELISA

is the quality of the local distilled or de-ionized water. Hopefully the supply of de-ionized water with the kits
and the provision of distillation or de-ionizing plants will eliminate these problems.

It was disappointing that only 9 of the 15 laboratories routinely using the FAO/IAEA rinderpest

ELISA at the time of this quality assurance exercise, submitted results. In future the further supply of

reagents and equipment to participating laboratories will be dependent on the annual submission of quality
assurance data.

In retrospect this first quality assurance exercise may have been too complicated. Each plate of
sera tested involves the use of reference positive and negative sera and the calculation of a binding ratio. The

cut-off point for each plate is derived from the negative reference serum on that plate. These internal quality

controls carried out on each plate tested can provide all the necessary data on day-to-day test performance
without the need for an external quality assurance.
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The primary question to be answered by an external quality assurance programme is whether an

individual laboratory can correctly evaluate test sera. This is most easily achieved through the testing of a
batch of sera of known antibody status. In future therefore, a standard batch of sera will be prepared and
distributed to each laboratory for testing. This batch will be identical for all the laboratories and include both

high and border-line positive sera. All that will be required by each laboratory will be to determine the

status of each sera in exactly the same manner as field sera. It is anticipated that this system will come into

operation in 1991.

4. CONCLUSIONS
The operation of the first quality assurance programme for the FAO/IAEA rinderpest ELISA kit

can be considered successful. Over half the participating laboratories submitted results and an analysis of
these indicated that the kit was performing reasonably well. Where problems were encountered a more

detailed examination of the results identified the problem in all cases.
Although the binding ratios obtained in some laboratories was relatively low, this does not in reality

present a problem as few field sera give results close to the cut-off point. It must be stressed yet again that
a local reference negative value must be used for analysis of the ELISA results. The use of the kit negative
reference sera in the assay will result in decreased binding ratios and a drop in sensitivity. As is detailed
elsewhere (see Introduction), the network will be adopting a new assay in 1991 based on the use of a

monoclonal antibody in a competition ELISA. This assay has greatly increased sensitivity and specificity and

gives large differences between positive and negative sera.
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The quality assurance procedures adopted in this first programme were unnecessarily complicated
and the future external quality assurance programme will concern only the testing of a batch of unknown sera

in the same manner as is used routinely for field sera.
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Abstract

THE USE OF MONOCLONAL ANTIBODIES IN COMPETITIVE ELISA FOR THE DETECTION OF

ANTIBODIES TO RINDERPEST AND PESTE DES PETITS RUMINANTS VIRUSES
A monoclonal antibody against the haemagglutinin of rinderpest virus has been used in a competitive

ELISA (C-ELISA) for the detection of antibodies to rinderpest virus in cattle, sheep, goat and game sera.

Unlike the indirect ELISA and the virus neutralisation test (VNT), the C-ELISA detects only antibodies to

rinderpest virus and gives no cross-reactivity with antibodies to peste des petits ruminants (PPR) virus.

Antibodies to a wide range of strains of rinderpest virus have been detected using this assay, suggesting its
suitability for both sero-monitoring and sero-surveillance. Analysis of C-ELISA results from the examination

of field sera shows a much greater separation of negative and positive populations as compared to the

indirect ELISA.

A further monoclonal antibody against the H protein of PPR has also been found suitable for use

in a C-ELISA for the detection of antibodies to PPR virus. The use of these two C-ELISA's has made

possible rapid differential sero-diagnosis without recourse to cross-VNT testing.
The use of monoclonal antibody based assays will allow much greater standardisation of rinderpest

and PPR diagnosis and following field-trials the C-ELISA will replace the indirect ELISA for sero-

monitoring throughout the Pan African Rinderpest Campaign.

1. INTRODUCTION

The indirect ELISA for the detection of antibodies to rinderpest [1] has been successfully applied
to the evaluation of the immune response following vaccination throughout Africa through the

FAO/IAEA/SIDA/PARC Network. However, as the Pan African Rinderpest Campaign (PARC) moves into

the second phase, and most of the cattle have been vaccinated and become antibody positive, sero-

surveillance of other animal species will become increasingly important. This will involve the testing of sera

from sheep, goats and game animals, all of which could act as reservoirs of infection. Difficulties were

experienced in the development of an indirect ELISA for sheep and goat sera, due to the high non-specific

reactivity of such sera. The situation is further complicated by the presence in some countries of a closely
related virus, peste des petits ruminants (PPR). Antibodies to PPR cross-react with rinderpest virus in the

rinderpest ELISA. The lack of commercially available enzyme conjugates suitable for the various species of
game animals has been another constraint.
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The use of a monoclonal antibody based C-ELISA for bluetongue diagnosis has already highlighted

the advantages of competitive assays [2]. This paper describes the use of rinderpest and PPR-specific
monoclonal antibodies in C-ELISA's as a solution to some of the current problems in rinderpest sero-

diagnosis.

2. MATERIALS AND METHODS

2.1. Rinderpest virus

The tissue culture attenuated RBOK vaccine strain was used throughout. Virus was propagated in
the Madin Derby cell line in Eagles media supplemented with 5% bovine serum. Culture media was changed

to serum-free Eagles medium after three days and cultures were harvested when there was 90% cytopathic

effect.

22. PPR virus

The Nigerian strain 75-2 was propagated in Vero cells using the protocol described above.

23. Preparation of ELISA antigen

Two different preparations of viral antigen were used for screening the monoclonal antibodies.

2.3.1. Cell sonicated antigen
Cells from infected cultures were pelleted at 1000g, resuspended in phosphate buffered saline (PBS)

pH 7.6 and sonicated at an amplitude of 30 microns for l min. Cell debris was again pelleted by low-speed

centrifugation, the supernatant removed and the cells resuspended in PBS. This cycle of sonication and

clarification was repeated 6 times and the clarified supernatant from each cycle tested by indirect ELISA for

reactivity. The supernatant fractions with a suitable titre were pooled and freeze-dried.

2.3.2. Purified virus

Purified virus was prepared from the medium of infected cell-cultures when cells showed 90-100%

cytopathic effect. The medium was clarified by centrifugation at 1000g for 15 min. then virus was pelleted

at 100,000g for 1 hr. The resulting pellet was resuspended in PBS, layered onto a 65% (w/w) sucrose cushion

in Tris-EDTA and centrifuged at 110,000g in a Beckman SW28 rotor for 1 hr. The opalescent band at the

interface was collected and layered onto a 15-50% (w/w) linear tartrate gradient and centrifuged at 200,000g
in a Beckman SW40 rotor for 4 hr. Fractions of 1ml were collected and their optical density (OD) monitored
at 260nm. and peak fractions pooled and stored at -70 C.

2.4. Immunisation of mice and hybridoma production
Primary immunisation was by sub-cutaneous inoculation of 10 /ug of purified virus in Freund's

complete adjuvant. Mice were hyperimmunised 1 month later with 40 jag of purified virus in PBS, using a

multi-site regime.
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Spleens were removed three days after hyper-immunisation and spleenocytes fused with the NSO

myeloma cell line using standard procedures [3]. Following fusion, the cells were dispensed into 96-well

microtitre plates in semi-solid selection medium (RPMI supplemented with HAT and methyl cellulose). After

1-2 weeks, colonies were selected and transferred to H-T medium. When cell cultures were 80% confluent,

samples of hybridoma supernatant were tested by indirect ELISA for reactivity with rinderpest and PPR virus

antigens. Hybridomas which secreted antibody of the required specificity were expanded to large volumes

(100-1000ml) and cells were stored under liquid nitrogen.

2.5. Indirect ELISA

Nunc Maxisorb 96-well microtitre plates were used for all assays. Volumes of 50 /ul were used

throughout the test. Antigen was adsorbed to the plate using PBS, all other reagents were added in blocking

buffer (PBS supplemented with 0.1% [v/v] Tween-20). All incubation steps were for 1 hr at 37°C on an

orbital shaker. Mouse immunoglobulin was detected using rabbit anti-mouse immunoglobulin conjugated to

horseradish peroxidase (HRPO). Hydrogen peroxide/ OPD was used as the substrate/chromogen. The

indirect ELISA was used for screening hybridoma supernatant (at a dilution of 1/2) against crude and

purified antigen preparations of rinderpest and PPR viruses.

2.6. C-ELISA

Plates, volumes, buffers, substrate/chromogen and incubation times were as described for the

indirect ELISA. Following antigen adsorption, test sera were added at a dilution of 1/5 in blocking buffer

followed immediately by the addition of the specific monoclonal antibody (at a dilution previously established

by titration). Control wells were included with known positive and negative serum and a 0% competition

control. The latter contained antigen, Mab and enzyme conjugate (no test serum) and was used in

subsequent calculations as the expected OD value. Following incubation at 30°7C for 1 hr on an orbital

shaker, plates were washed and anti-mouse HRPO conjugate added. After a final incubation for 1 hr at 37°C,

substrate/ chromogen was added and the colour allowed to develop for 10 min. Plates were read on a

Titertek Multiskan ELISA reader at an absorbance of 492nm and the OD values converted to percentage
inhibition (PI) values using the following formula:

PI = 100 - ([OD in test well / OD in 0% control well] X 100)

2.7. Test sera

The test sera were as follows:

i) Serial bleeds from cattle experimentally infected with the RBOK strain of rinderpest virus,

ii) Serial bleeds from goats experimentally infected with the 75-2 strain of PPR virus,

iii) Rinderpest and PPR negative cattle, sheep and goat sera from Britain.

iv) Cattle sera (130) collected in the Yemen Arab Republic (kindly supplied by Douglas Wilson from the
ODA project in the Yemen Arab Republic).

v) Sheep and goat sera pre- and post-vaccination with rinderpest vaccine from the Gambia (kindly supplied
by the Royal Dick Veterinary College, Edinburgh, UK).
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vi) Antisera from cattle experimentally infected with the Egyptian and Tanzanian (RBT1) "mild strains" of

rinderpest virus, the virulent Saudi Arabia strain and field sera with antibodies to Nigerian, Ethiopian,
Kenyan and Indian strains of virus (including buffalo sera),

vii) Antisera from sheep and goats infected with PPR strains from Iran, Saudi Arabia, Nigeria and India.

3. RESULTS AND DISCUSSION

At the 96-well stage of growth, hybridoma cultures were screened by indirect ELISA against crude
and purified preparations of rinderpest and PPR viruses. Screening using crude sonicated cell extract resulted
in 11% positive cultures whereas using purified virus 40% positives were detected. Further screening was

carried out using purified virus only. The vast majority of the rinderpest positive Mabs were rinderpest-

specific and likewise, the majority of the PPR Mabs were PPR specific.

The rinderpest-positive Mabs were screened for use in a competitive ELISA for the detection of

antibodies to rinderpest virus. Only one Mab (against the H protein), was found suitable for use in a

competitive assay. The other Mabs either showed competition with rinderpest negative serum or gave cross-
reactions with antiserum to PPR virus.

The PPR Mabs were also screened for use in a competitive assay and three were found suitable for
the specific detection of antibodies to PPR. One Mab, (against the H protein) was chosen due to its rapid

growth rate and high levels of antibody secretion.

3.1. Rinderpest competitive ELISA

Rinderpest positive and negative sera were titrated by C-ELISA to establish the optimal test serum

dilution for a "spot-test". A serum dilution of 1/5 was found to give the optimal binding ratio and was

adopted for all subsequent assays.

Serial serum samples from an experimentally infected cow, animal number NM 19, were tested by

C-ELISA and virus neutralisation test. The immune response detected by both assays was very similar (Fig
1), antibody to rinderpest being detected at 7-days post-infection in both assays. Using the same sera, the

indirect ELISA was shown to detect antibody 3 days later, ie. at 10-days post-infection

The specificity of the C-ELISA was determined by testing a panel of antisera from animals which

had been infected with various strains of rinderpest and PPR (see Materials and Methods, 2.7). Results

showed the C-ELISA to be capable of detecting antibodies to all strains of rinderpest virus (data not shown).

Antibodies to PPR virus did not compete in this assay.

Before the assay could be evaluated for testing field sera, negative sera from cattle, sheep and goats

were examined to establish the range of inhibition values obtained from such negative populations, and the
negative/positive cut-off value for the test. Frequency distribution analysis of these results showed most

negative values to be within the 0-10% inhibition range for ah1 three species (Fig 2). The highest negative
value for all species was 20%. Although lower cut-off values could be used when testing serial serum

samples, for evaluation of field sera, a value of 50% was adopted as this gave absolute confidence in positivity

and was simple and convenient to calculate.
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FIG. 1. A comparison of C-ELISA and VNT for the detection of antibodies to rinderpest virus in serial serum samples
from a rinderpest virus infected animal.

Cattle sera from the Yemen Arab Republic (150) were tested by C-ELISA, indirect ELISA and virus

neutralisation test as a comparison of the three assays. These particular sera had been frozen and thawed
many times with the result that by indirect ELISA, there was no distinct negative and positive population (see

Fig 3 ). Figure 4 shows frequency distribution analysis of the C-ELISA results from testing the same sera.

There was a marked separation of the negative and positive populations with the majority of the positive
samples falling into the 90-100% competition range. There was a 98% agreement between the VNT and the

C-ELISA and a 89% agreement between the VNT and the indirect ELISA.

32. PPR competitive assay

As with the rinderpest C-ELISA, a test serum dilution of 1/5 was found to give optimal results in
a spot-test. The specificity of the assay was again determined by testing a panel of antisera to rinderpest and

PPR viruses (see Materials and Methods). Antisera to all strains of PPR virus gave high levels of
competition, whereas the majority of the antisera to rinderpest gave insignificant levels of competition. Some

antisera to rinderpest, however, did compete against this PPR-specific Mab.
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Serial bleeds from a goat experimentally infected with PPR virus were tested by C-ELISA to

determine the sensitivity of the assay. Antibody was detected between days 7-14 post-infection (see Fig 5).

These sera were also tested using the rinderpest C-ELISA, and as can be seen from Fig 5, very low levels

of competition were obtained (<10%).

Serum samples from PPR negative sheep, goats and cattle were examined to establish the range of
negative values. Higher levels of competition were observed using the PPR assay as compared to the

rinderpest assay, the highest value being 45% competition (see Fig 6). Once again, a 50% competition value

was adopted as the negative/positive cut-off value.

33. Differential diagnosis of rinderpest and PPR

Serum samples from sheep and goats sampled in The Gambia before and after vaccination with

rinderpest vaccine were tested by both the rinderpest and the PPR C-ELISA. The samples collected from

animals in different geographical regions showed marked differences in their response to vaccination.
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FIG. 5. A comparison of rinderpest and PPR C-ELISA for AB detection to PPR virus in serial serum samples from
a PPR infected animal.

Examples from two geographical regions are shown in Table I. Most of the animals sampled from Niamina

region failed to respond to rinderpest vaccination but showed high levels of antibody to PPR virus before

vaccination. Most animals sampled in Fuladu region responded to rinderpest vaccination and were PPR

negative before and after vaccination. Some animals were found to be rinderpest positive before vaccination.

3.4 Discussion

The rinderpest C-ELISA described here has been shown to be rinderpest-specific, detecting antibody

to a wide range of rinderpest virus strains whilst failing to give any cross-reaction with antisera to PPR virus.
In the past, the only means of differentiating antibodies to rinderpest and PPR viruses was by means of

cross-virus neutralisation tests. Even using VNT, cross-reactions were detected and reliance was placed in

the difference between homologous and heterologous antibody titre being significant. Although the PPR C-

ELISA has been shown to detect cross-reactive antibodies to rinderpest in some sera, when used in

combination, the rinderpest and PPR C-ELISA's offer the opportunity for rapid differential sero-diagnosis

without the need for tissue-culture or sterile serum samples. The results from testing the sera from The

Gambia exemplify the diagnostic potential of the two C-ELISA's. Sheep and goats from the Niamina region

showed almost no response to rinderpest vaccination but were PPR positive before vaccination. Antibodies

to PPR have been shown to cross-protect against rinderpest virus infection. Therefore, the antibodies to PPR

virus (due to previous infection with PPR) must have prevented the limited replication of the attenuated

rinderpest vaccine necessary to stimulate an immune response. In contrast, animals from the Fuladu region
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sera from the United Kingdom.

were antibody negative for PPR and therefore were able to respond immunologically to vaccination in a

normal manner. Animals which were serologically negative to both rinderpest and PPR throughout the
experiment probably escaped vaccination or were vaccinated with non-viable vaccine

The FAO/IAEA indirect ELISA has proven successful for sere-monitoring throughout the Pan

African Rinderpest Campaign. However, like the VNT, it is not a rinderpest virus antibody specific assay and

may detect antibodies to PPR virus. Another problem has been the poor quality of the water in some

laboratories. This has resulted in lower binding ratios in the indirect ELISA, which in turn has lead to a

slight merging of negative and positive populations. The rinderpest C-ELISA, which gives a much greater

separation of negative and positive populations should offer significant advantages in these situations.

The ability to test serum from different animal species without the need for species specific enzyme
conjugates will facilitate studies on the role of sheep, goats and wildlife in the epidemiology of the two

diseases.

A major advantage of monoclonal antibody based assays is in test standardisation. Monoclonal

antibodies which are homogeneous in nature and available in unlimited quantities offer the possibility for
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TABLE I. RINDERPEST AND PPR C-ELISA RESULTS FROM THE EXAMINATION
OF PRE-VACCINATION AND POST-VACCINATION FROM SHEEP AND GOATS
VACCINATED WITH RINDERPEST VACCINE IN THE GAMBIA.

DISTRICT COMPETITIVE ELISA
(Animal RINDERPEST PPR
number) PRE-VACC POST-VACC PRE-VACC POST-VACC

NIAMINA
9B179 - + -
9Y11 - - + +
9B196 - - + +
8B157 - + - -
8B153 - - + +
8B155 - - + +
8B158 - - + +
8B165 - - + +
8B163 - - + +
8B170 - - + +
8B162 - - + +

FULADU
2G48 + - -
3G87 - + - -
3G81 - + -
3G99 - - - -
3G80 + -
3G83 - + - -
3G88 - - + +
3G89 - -
3G84 - + - • -
3G82 - - + +

every laboratory to have identical diagnostic reagents. This, allied to the FAO/IAEA approach of bulk buying

quality controlled plates and enzyme conjugates should ensure optimal standardisation throughout the Pan
African Rinderpest Campaign.

4. CONCLUSIONS

A C-ELISA for the detection of antibodies to rinderpest virus based around the use of a monoclonal

antibody against the haemagglutinin of the virus offers many advantages when compared to the previously

used indirect assay. Unlike the indirect assay and the virus neutralization test, the C-ELISA detects only

antibodies to rinderpest virus and gives no cross-reactivity with antibodies to PPR virus. Analysis of C-ELISA
results from the examination of field sera showed a much greater separation of negative and positive
populations as compared to the indirect ELISA. The combined use of this test with a C-ELISA using a

monoclonal antibody against the H protein of PPR virus has made possible the rapid differential sero-

diagnosis of rinderpest and PPR without recourse to cross-VNT testing. Finally, the use of a monoclonal

antibody in the test permits a greater degree of standardisation of the assay.
All these factors clearly indicate the need to replace the indirect assay currently used in the

FAO/IAEA rinderpest ELISA kit with a C-ELISA system for the sero-monitoring of rinderpest in Africa.
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Abstract

A COMPETITIVE ELISA USING ANTI-N MONOCLONAL ANTIBODIES FOR SPECIFIC

DETECTION OF RINDERPEST ANTIBODIES IN CATTLE AND SMALL RUMINANTS

A competitive ELISA (C-ELISA), using monoclonal antibodies (Mabs) which bind to the

nucleoprotein (N) of rinderpest virus (RPV) and thereby detect antibodies to RPV in cattle and small

ruminant sera is described. This test (based on Mab IVB2-4) unlike the virus-neutralization test (VNT), can

detect specific RPV antibodies without showing a cross-reaction with peste des petits ruminants virus
(PPRV) antibodies. When another Mab is used (Mab VE4-1) the test detects both RPV and PPRV

antibodies, including the low levels that can be found in sera containing maternal antibodies. With Mab

51-5-6, although antibodies to the PPRV 75-1 strain are also detected, the test is suitable for assessing the

immune status of bovines against the Rinderpest Old Kabete (RBOK) strain. The results from testing a

panel of sera with a known antibody status through vaccination show a highly significant correlation between

C-ELISA and VNT. The C-ELISA may thus be a useful tool in standardized, accurate determination of the
immunity status of both cattle and small ruminants.

1. INTRODUCTION

Epidemiological surveys of small ruminants with antibodies to rinderpest virus (RPV) requires a

rapid serological test since live attenuated rinderpest vaccine is now being administered to control peste des
petits ruminants (PPR) in Africa.

Since small ruminants are known to be susceptible to the rinderpest virus [1], they must be infected
with bovine rinderpest from time to time. A small ruminant "adapted" strain is already known in India [2]

where evidence shows that transmissible strains of rinderpest circulate inside the species.

The detection of antibodies to rinderpest virus in bovine and the assessment of the immune status

of herds before and after vaccination campaigns in Africa is currently being carried out using made using
an indirect ELISA test [3], distibuted as a kit by the Joint FAO/IAEA Division. However this test can only
be apph'ed in cattle epidemiological surveys as the conjugate detection system is specific for bovine sera.

In this report, we describe the use of monoclonal antibodies (Mabs) in a C-ELISA for detecting

antibodies to rinderpest virus in cattle and small ruminants. Three Mabs were found suitable for use in a

competive-type ELISA and their characteristics were detailed in an earlier paper [4]. The performance of

C-ELISA is compared to that of the virus-neutralization test (VNT) on a panel of bovine and small ruminant
sera drawn from animals with a known vaccination status.
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TABLE I. CHARACTERISTICS OF THREE MONOCLONAL ANTIBODIES

C-ELISA8

Detection of activity on infected cells

ELISA IF

Mab

VE4-1

51-5-6
IVB2-4

IgG
isotype

2b

2b
1

Iog2

titre

8

7

7

%inh.

90

55

80

RPV RPV PPRV RPV RPV PPRV

vac. vac.

+b + + +
+ India 75-1 + India

+ + + +

a Competition with polyclonal bovine RBOK antiserum; % inh. at serum titre of 2.
b Mabs reacted with all strains.

2.

2.1.

MATERIALS AND METHODS

Monoclonal antibodies
Thirteen Mabs against the RBOK strain of rinderpest vaccine virus were produced and characterized

as described earlier [4]. It appeared that these Mabs were immunoglobulins directed against the
nucleoprotein N of the virus. Indirect ELISA and immunofluorescence (IF) on infected cell cultures showed

that 6 of the 13 Mabs recognized only the rinderpest strains. Three Mabs (VE4-1, IVB2-4 and 51-5-6) were
deemed suitable for use in C-ELISA. VE4-1 and IVB2-4 recognized 9 field strains that had been isolated

from outbreaks and 3 vaccine strains, while 51-5-6 recognized only vaccine strains and the Indian RPV strain.

None of the 3 Mabs detected any of the wild PPR strains (TABLE I).

22. Viral strains

The cell attenuated vaccine strain [5] Rinderpest Old Kabete (RBOK), used after 98 passages in

bovine kidney cells (BK/98) and 2 passages in Vero cells (Vero/2), and the PPR 75-2 (Sheep Kidney cells/1,

BK/1, Vero/24) strain, were grown in Vero cells with Minimum Eagle's Medium supplemented with 2%

foetal calf serum. The RBOK strain was used in SNT and for antigen preparation, and the PPR strain in

SNT.
PPR 75-1 (SK/1, BK/1, Vero/55) cell attenuated vaccine strain and the heat stable clone (BK/98,

Vero/6) of the RBOK strain were used to produce post vaccination sera (see test sera).

RPV Saudi and PPR Meilig were used in challenge experiments to test the efficacy of the

homologous virus used as a vaccine.
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51-5-6 and IVB 2-4 from a negative population.
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TABLE II. CALCULATION OF THE ELISA TITRE WITH Mab VE4-1

Serum dilution (Iog2) ELISA titre8

2 3 4 5 6 7

OD of Mab (mean of duplicate) 0.32 0.41 0.51 0.63 0.64 0.70

OD of Mab minus OD of

100% competition control 0.17 0.26 0.36 0.48 0.49 0.55

% inhibition 66.8 49.3 29.8 6.4 4.4 0 4

OD of Mab (mean of duplicate) 0.60 0.64 0.65 0.69 0.66 0.72

OD of Mab minus OD of

100% competition control 0.46 0.49 0.50 0.54 0.51 0.57

% inhibition 10.3 4.4 2.5 0.5 0.0 0.0 <2

a Expressed as the reciprocal of the serum dilution whose % inh. is equal to or over the cut-off value

(19.25).

23. Serum samples

2.3.1. Control negative sera
Sera (n = 85), collected from French bovines, which had never been vaccinated or infected with RPV,

were used to establish the cut-off value for C-ELISA (see Fig.l).

2.3.2. Rinderpest Antibody Positive sera

Prechallenge sera from 11 prevaccinated, 2 vaccinated and 4 in-contact control animals were

collected from young zebu cattle during a vaccine potency test with the heat-stable vaccine in Chad [6].

Vaccinated animals received 50 doses each. Blood samples were collected at day 0, 3, 8, 14, 19 and 26.

Post challenge sera (n = 18) were collected from the 2 vaccinated and the 4 control animals of the

same experiment. Cattle were challenged 26 days after vaccination with the Saudi strain of rinderpest at

102 TCID5° and 103 TCID5° (Nos. 123 and 181). Blood samples were collected at 29, 31 and 33 days after
vaccination.

These sera were used to determine titre correlations and regression coefficients between C-ELISA

using Mab VE4-1 and 51-5-6 and VNT (TABLE II and III). Vaccinated animals Nos. 123 and 167, and

control animals Nos. 181, 165 and 152 from the vaccination experiment were chosen to measure test

sensitivity. Their temperature data were recorded daily (see Fig. 2).

2.3.3. PPR sera
Reference sera (n = 8) were prepared in 2 goats using the attenuated vaccine strain of PPR 75-1 virus

[7]. Two sera were collected after challenge with Meilig strain and 2 were from contact animals; these sera

were used to establish the specificity of the tests (see TABLE IV and Fig.3).
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TABLE III. TITRES OF RP POSITIVE AND NEGATIVE SERA BY C-ELISA (VE4-1) AND VNT

Animal

No.

101
103
105
107
109
111
113
115
117
202
204
206
208
210
212
215
217
219
302
601
603
606
608
802
804
806
808
810
811

Titre by
C-ELISA

<2
<2
<2
<2
<2
<2
<2
<2
<2
2
2
2
2
3
4
3
2
5
6
5
4
5
4
8
4
8
8
8
8

Titre by
VNT

<2
<2
<2
<2
<2
<2
<2
<2
<2
2
2
2
2
2
2
2
2
2
3
6
6
6
6
8
8
8
8
8
8

Animal

No.

102
104
106
108
110
112
114
116
201
203
205
207
209
211
213
216
218
301
303
602
605
607
801
803
805
807
809
811

Titre by

C-ELISA

<2
<2
<2
<2
<2
<2
<2
<2
2
2
2
2
3
3
4
<2
<2
4
6
4
4
4
6
8
4
8
8
8

Titre by

VNT

<2
<2
<2
<2
<2
<2
<2
<2
2
2
2
2
2
2
2
2
2
3
3
6
6
6
8
8
8
8
8
8

2.3.4. Other sera
Sera (n = 41) from sheep and goats vaccinated with the RBOK vaccine strain were collected in Niger.

Records from the year before vaccination indicated that most of these small ruminants had had the

pneumoenteritis syndrome of PPR.

Sera (n=34) were also collected from a ranch in Burkina Faso where cattle were annually vaccinated

against rinderpest.

All sera were screened in VNT against both PPR and RP viruses, and were used to improve the
method in real use conditions (see Fig.3).

2.4. Virus-neutralization test

Neutralizing antibodies against RPV and PPRV were detected by a VNT [8]. Results were obtained

in 10 to 12 days. All sera were tested in twofold dilutions in duplicate. Neutralizing antibody titres were

expressed as the Iog2 of the reciprocal of the serum dilution preventing cytopathic effect of the virus in 50%

of 1 or 2 wells. Sera were considered as positive if Iog2 titres were > 3.
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DAYS

F/G. 2. Comparative development in 5 calves of temperature (......) and RP antibodies, measured by SNT and
C-ELISA using Mab VE4-1 (——), 51-5-6 (—). Nos 123 and 167 were vaccinated with the heat-stable vaccine
(50 doses), Nos 181 and 165 were negative, No. 152 had low SNT titres. At day 26 (arrow), animals were challenged
with RPV Saudi BK/2, Vero/7 virus.
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TABLE IV. DEMONSTRATION OF THE SPECIFICITY OF C-ELISA ACCORDING TO SERO-

CONVERSION TIME IN GOATS VACCINATED WITH PPR 75-1, AND THEN CHALLENGED WITH

VIRULENT PPR, AND WITH REFERENCE TO THE PPR-VNT

Animal/Day

C-ELISA titres

VE4-1 IVB2-4

Seroconversion

VNT-titres

51-5-6 anti-PPRV antibodies

14/ODPI3

14/7

14/15

14/22

14/8DPCa

15/ODPI3

15/7

15/15
15/22

15/8DPCb

36/15C0

37/15Cc

Positive control

Negative control

<2

<2

7

6

5

<2

2

5
4

4

<2

<2

5
<2

<2

<2

<2

<2
<2

<2

<2

<2

<2

<2

<2

<2

5

<2

<2

<2

4

2

3

<2

<2

3
2

2

<2

<2

7

<2

<3

6

>8

>8

>8

<3
8

>8
>8
>8

<3

<3

>8
<3

DPI3 days post infection DPCb days post challenge Cc contact

2.5. Antigen preparation.

The RP antigen was prepared as described earlier [9]. Briefly, supernatants from lysed cells were
pooled and clarified, and the virus was concentrated on a Pellicon cassette system (100 K cut-off filter).

Concentrated viral suspension was centrifuged at 100,000 g for 90 min. on a discontinuous sucrose gradient

of 20 to 60% prepared in a TNE buffer (0.010 M Tris-HCl, 0.150 M NaCl, 1 mM EDTA, pH 7.4). The virus

band was pelleted then resuspended in the TNE buffer and stored at -70°C.

2.6. Competition ELISA (C-ELISA)

2.6.1. Experimental desigti
Following antigen adsorption and plate washing, sera were diluted directly in the wells. The Mab

was then added, and the mixture was left to react with the coated plates. After a suitable incubation time,
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FIG. 3. Relationship between percentage inhibition values in C-ELISA using IVB2-4 and neutralising antibody titres
against RBOK and PPR 75-2 in bovines and ovines.

unbound antibodies were removed by washing. Possible binding of the Mab was detected by adding a

mouse-specific conjugate and its substrate. Absence of chromogenic reaction indicated the presence of

circulating antibodies whose specificity was defined by the Mab in competition. When the Mab was not

displaced, the wells were coloured.

2.6.2. Test procedure
Flat-bottomed 96-well polystyrene (Nunc Immuno I) plates were coated with Sfyul of antigen diluted

1/100 in PBS and incubated for 1 hr at 37°C on an orbital shaker (Vari-shaker, Dynatech). After three
washes in PBS 1/5, 50/ul of sera (diluted in blocking buffer consisting of 5% dried skimmed milk and 0.1%

Tween 20, in PBS) were added directly to the wells. Sera in duplicate were either tested in twofold serial

dilutions or at 1/4 dilution. Immediately thereafter 50/ul of the Mab were added at a predetermined dilution

of ascitic fluid in blocking buffer. The Mab dilution used in the competition assay was defined by its titration

curve in an indirect ELISA and corresponded to the maximum OD so that concentration of Mab was at

saturation to enhance sensitivity. Ascitic fluid was used at initial dilutions of VE4-1 at 1/1600, IVB2-4 at

1/600 and 51-5-6 at 1/1600. After incubation at 37°C for 1 hr and washing, the mouse monoclonal antibody
was detected with 50/ul of a 1/2000 dilution of horse-radish peroxidase-labelled rabbit anti-mouse IgG
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(H+L) (Nordic Immunological Lab.) in blocking buffer containing 2% normal serum of the species under

test (bovine, ovine or caprine). After 1 hr incubation at 3TC, a substrate solution containing 0.4mg of
phenylenediamine in 0.1 M citric acid-0.2 M NaHPO4 buffer (pH 5.5) and 15/ul of 10% H2O2 was put on

the plates. Reactions were stopped after 10 min. with l N H2SO4, and OD's were read at 492 nm.

2.6.5. Expression of percent inhibitions and ELISA titres
The percentage inhibition (% inh.) of a serum was calculated from its mean OD value as follows:

% inh. = 100 - [ OD test serum x 100 ].
OD Mab control

The OD of the Mab control is calculated by subtracting the OD of the negative control well (0% inhibition)

from the OD of the well containing the Mab (100% inhibition).

For diagnostic purposes the % inh. was expressed as an ELISA titre: this was the reciprocal of the
last serum dilution (Iog2) giving a % inh. equal to or higher than the cut-off value obtained with the

particular Mab on a reference negative population (TABLE II).

2.7, Statistical analyses

The standard deviation (6) was calculated for the mean x % inh. value, which represents the

background level present in negative sera.
An estimation of the correlation between C-ELISA and VNT tests was calculated by linear

regression to express r the correlation coefficient.

3. RESULTS AND DISCUSSION

3.1. Cut-off values

For each Mab, a cut-off value was established in the C-ELISA at 1/4 dilution with 85 reference sera
which had negative neutralizing activity. Because of the rate of distribution of the % inh. (Fig.l ), the cut-off
values were set at X+3SD for VE4-1 and 51-5-6, but at 2x for IVB2-4. Using these results, sera with % inh.

above 19.25 for VE4-1, 32 for IVB2-4 and 13.9 for 51-5-6 were considered as positive. ELISA titres
correlated highly with VNT titres (see below).

32. Specificity

The results in TABLE IV show the extent to which VE4-1, IVB2-4 and 51-5-6 bind when competed
with sera taken from goats vaccinated with PPR 75-1 attenuated strain. Normal goat sera were included as
controls. There was little or no inhibition by any of the sera when using IVB2-4 Mab compared with the level

obtained with an hyperimmune serum against RPV. However, those sera competed with Mab VE4-1 and

51-5-6 even if they have been defined as a RPV group specific Mabs by IF and ELISA on cells infected by
geographically widespread RP strains. The C-ELISA using IVB2-4 appeared highly specific in detecting

antibodies to the RP group, while with VE4-1 and 51-5-4 the test also detected antibodies to PPR. Sera from
non vaccinated goats failed to compete against any of the three Mabs.
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33. Detection of rinderpest antibodies in cattle with Mab VE4-1 and 51-5-6

3.3.1. Correlation between VNT and C-ELISA

An examination of the 58 bovine sera in the C-ELISA using Mabs VE4-1 and 51-5-6 and in VNT

against the RBOK strain, showed (TABLE III) highly significant correlation between the two tests (r = 0.86

and r = 0.67 respectively).

3.3.2. Sensitivity
The sensitivity of the C-ELISA was established by comparing % inh. at 1/4 dilution and VNT titres

on serial bleeds of calves which were vaccinated with the thermostable rinderpest vaccine (Nos. 123, 167),

had negative VNT titres (Nos. 181, 165) or had low VNT titres (No.152) (see Fig.2).

In C-ELISA antibody detection was equal with either Mab, and was identical to that of VNT.

Animal No. 152 however was negative by VNT, and positive in C-ELISA using Mab VE4-1 (% inh.~ 35).

Mab 51-5-6 failed to detect maternal antibodies which may have had a specificity directed against a wild type

of rinderpest virus since 51-5-6 only recognized vaccine strains. After challenge with the wild strain, a booster

effect was observed in animal No. 167 and perhaps also in No. 181 using both Mabs, while a depletion of

VE4-1 specificity was seen on Nos. 123, 167 and 165. Animals were slaughtered at 33 days after innoculation

and the vaccinated or passively protected (No. 152) animals did not show any sign of disease after challenge
unlike the 2 controls which had constant hyperthermia (>40°C).

3.4. Detection of rinderpest antibodies in cattle and small ruminants with Mab IVB2-4.

3.4.1. Correlation between VNT and C-ELISA

Populations subjected to both tests:
- 34 bovine sera with neutralizing antibody titres against RPV between 0 and 12, and no antibodies

against PPRV.

- 12 ovine/caprine sera with a wide spectrum of neutralizing antibody titres against PPRV and no

RP antibodies.
- 41 small ruminants which had been vaccinated against rinderpest. They had neutralizing antibody

titres against RPV between 3 and > 10. Amongst them, 34 had antibodies against PPRV with titres between

2 and >12.

Then C-ELISA test conducted at 1/4 dilution with all 87 sera showed (Fig. 3) that 36 of the 38 sera

with RP antibodies, but without PPR antibodies, had % inhib. over 32% (cut-off value with IVB2-4).
The 33 of the 34 sera from small ruminants which had RP and PPRV antibodies also had % inh.

over the cut-off value.

The 15 cattle and small ruminants sera that had no RP antibodies (although most of the latter had

PPRV antibodies) were all below 32% inh. on C-ELISA test.

The correlation between C-ELISA and VNT was only statistically significant in populations with one

kind of antibody specificity i.e. RP*/PPR~ or RP~/PPR* and in these cases the comparative test specificity

and sensitivity were 0.99 and 0.95 respectively.
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3.5. Discussion

Three of the 13 Mabs produced against RBOK strain of rinderpest (VE4-1,1VB2-4 and 51-5-6) were

found suitable for use in C-ELISA because of their high ELISA and IF titres, their high affinity (could be

diluted over 1/600), their IgG isotype and their different spectra of specificity i.e. restricted to rinderpest

strains (IVB2-4) or covering both RPV and PPRV (VE4-1 and 51-5-6).

The C-ELISA using VE4-1 detected antibodies to RPV and also to the PPR 75-1 strain although
this isolate did not react with the Mab in ELISA and IF on infected cells. This competition could be induced

by steric hindrance or by a conformational modification of the antigenic site after virus purification. Despite

cross-reactions, the Mab-based assay, because of its superior sensitivity over conventional tests, gave a more

accurate picture of the immune status of animals; e.g., with serum from animal No. 152 it detected residual

antibodies which proved to protect against challenge and it also exhibited a booster effect at that time. Mab

51-5-6 detected RP antibodies but also detected antibodies in sera from PPR 75-1 immunized animals. As

this Mab only reacted with RBOK and PPR 75-1 vaccines and the Indian strain of rinderpest using the

immunostaining methods, it could be suggested that it detected a qualitatively different immune response

between virulent and vaccine strains. Thus, antibodies against heterologous strains (PPR) and virulent strains

might be expected not to compete with Mab 51-5-6. However, the real value of these Mabs, especially 51-5-6,

will only be confirmed when monospecific bovine sera against wild strains become available. This said, these

particular Mabs were only used to detect RP antibodies in cattle. The determination of ELISA titres made

it possible to quantify the level of antibodies and obtain a highly significant correlation with VNT. To our

knowledge, this has never been demonstrated before.

The use of Mab IVB2-4 in C-ELISA made it possible to extend RP antibody detection to small

ruminants without encountering any cross-reactions with antibodies to PPR. By establishing a cut-off point

with a negative population, sera at a single dilution of 1/4 could be assessed. The % inhibition obtained in
C-ELISA with small ruminants also carrying antibodies to PPR was not related to neutralizing titres against
the RBOK strain, because of the lack of specificity of VNT [10]. Correlation between C-ELISA and VNT

became highly significant in animals that were only immune to one virus at the time. A monoclonal antibody

directly conjugated to horse-radish peroxidase is now being investigated.

4. CONCLUSIONS

A C-ELISA utilising a number of different Mabs has been developed and offers significant

advantages over the conventional VNT and indirect ELISA. This assay makes it possible to differentiate
between antibody responses generated by either RPV or PPRV, and between virulent and avirulent strains
of RPV. At the same time, the selection of an appropriate Mab allowed the assay to show a strong
correlation with the VNT. The use of Mabs in C-ELISA increases standardization and makes the test

available for different species of animals.

This assay now provides the epidemiologist with a considerably more powerful tool with which to

examine and develop control and eradication procedures for rinderpest in Africa and Asia.
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Abstract

PARC SERO-MONITORING: SURVEY DESIGN, IMPLEMENTATION AND THE ANALYSIS,

PRESENTATION AND USE OF RESULTS

A review is given of the advice that has been given to-date on the design and implementation of
sero-monitoring activities under PARC. Based on the sero-monitoring guidelines produced by FAO/IAEA

and PARC this advice has served to concentrate activities towards the common objective of determining the

success of national vaccination programmes. Future advice will focus on improving the sampling protocols

with the aim of determining the number of herds protected rather than the overall national level of immunity

with the emphasis shifting away from a determination of vaccine effectiveness and more towards the final

goal, the eradication of the rinderpest virus.

1. INTRODUCTION

The objective of this paper is to review the advice that has been given to those responsible for

national sero-monitoring activities under PARC and to make suggestions for future activities to ensure

progressive improvement of the PARC sero-monitoring programme. After discussion, a second edition of

the Guidelines for Sero-monitoring will be produced incorporating the latest thinking and experiences from

the field.
Support to national staff responsible for survey design and field work in the monitoring of the

success of the mass-vaccination campaign has consisted of discussion at workshops, the preparation of

training materials and consultancy visits. Limited assistance has been given with analysis and presentation.
Early thinking on requirements was summarized in the Guidelines for Sero-monitoring [1]. Additional notes

were distributed, based on experience with the survey and to reflect further thinking on the objectives of such

surveys and their analysis and presentation. Advice must always reflect local conditions, both the nature of

the livestock systems monitored and the degree of development of the monitoring capability of the veterinary

service. Often a pilot study has been undertaken with the very worthwhile aim of demonstrating that a survey

is possible at all, that the resources exist, that farmers will cooperate and that the laboratory can handle

samples in large numbers. The field activities and the emphasis of the advice should and must be reviewed

as experience and capabilities strengthen so that with each successive round of the survey, design and

implementation improve.
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Veterinarians involved in sero-survey now realise that their efforts will be useless or, worse,

misleading, unless the survey is properly designed and conducted. The effort required to ensure this is

considerable and allowance must be made for this in planning and budgeting for the survey.
For this discussion it is assumed that the country surveyed is divided into regions and regions into

districts. A pen where cattle are kept at night is termed a night boma.

2. OBJECTIVES OF SERO-MONITORING

The overall objective of the PARC sero-monitoring programme is to provide national and

international coordinators with information on the progress of the mass vaccination campaign. This is best

achieved through estimation of herd and age/sex class prevalence of rinderpest antibody and specifically the
survey aims:

1. To demonstrate that populations and sub-populations are protected from rinderpest and are
incapable of maintaining the virus, by determining the proportion and distribution of immune herds.

2. To monitor the efficiency of vaccinating teams or groups of teams under the same management.

3. POPULATION PROTECTION

Rinderpest virus has a wide host range and potentially we are interested in populations of any of

its hosts. The major species of concern is cattle but there will be situations where other domestic or wild

species may be of interest. For the present purpose, remarks here are directed primarily at work with cattle.

The goal of vaccination is to achieve a level of protection in the population such that rinderpest virus

cannot maintain itself and rapidly dies out. Any introduction would have a limited impact and the virus would

be unable to persist or cause a long term endemic focus of infection. Further, where a population is being

used as a barrier, we would require a level of immunity which would prevent penetration through the

population enabling the virus to gain access to unprotected populations. Criteria for population protection

must be established and methods developed to show that they have been met.

Estimates of the prevalence of antibody for large (often national) populations may not be very

helpful. These estimates are easy to quote in meetings and to journalists but suffer from the disadvantage

of concealing epidemiologically valuable detail, in particular telling us nothing about the statistical and spatial

distribution of protected and unprotected animals and herds.

Coordinators need to be able to assess the campaign at a regional level in their countries and since

herds are the most practical sampling units, will base this on an examination of immunity at herd level.

Herds can be classified as protected or unprotected on the basis of the prevalence of rinderpest antibody and

thus the proportion of protected herds and their spatial distribution can be determined.

The emphasis is on herd immunity, with the herd as the epidemiological unit. Two questions

immediately arise: at what herd prevalence of antibody is the herd protected and what proportion of herds

must be protected to confer protection on the population?

The epidemiology of the disease is such that there is no simple rule for determining these levels and

average figures are of rather limited epidemiological significance. Compare two herds which both have an

antibody prevalence of 90%. In one case all age groups have a prevalence of 90% which would be quite
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satisfactory. In the second case adults are uniformly protected but the yearlings, which should have been

vaccinated in the last campaign, have a very low prevalence of antibody. These contrasting situations would

require very different remedial actions. Similarly, compare two regions, in both of which 80% of the herds

are protected. In one case the protected herds are scattered throughout the region, this would be a
favourable situation, limiting the spread of the disease. A second region has a generally very high level, but
herds along the main road traversing the region are unprotected due to the uncooperative attitude of traders
and other people. Again, the average is the same but the epidemiological picture contrasts sharply.

However, it would be helpful to indicate in broad terms what prevalence of herd antibody is
considered protective and what proportion of protected herds are considered necessary to confer protection
on the population. It is clearly difficult, if not impossible, to obtain experimental or field evidence for such

judgements. Mathematical modelling techniques have been used to investigate the progress of an epidemic
within herds of different size, immunity age and sex structure and reproductive rate. The outcome of an
introduced infection at different prevalences of immunity depends on the contact rate and herd size but also
on the calving rate and pattern. For example, where calving is strongly seasonal the virus may spread rapidly

through the unvaccinated young stock but then die out when there are too few susceptibles available. A
similar herd with a uniform calving rate may sustain the infection indefinitely as there would always be

susceptibles available to develop new infections.
As a very general rule we should now be aiming at prevalence of antibody in the herd of at least

90% [2] in contrast to early estimations of around 80%. We should also be looking for a figure of 90% of
herds protected. In both cases we must always be concerned with the distribution of immune herds and
animals.

These figures may seem to be unrealistically high. Firtly, however, in relation to setting targets for
the field campaign, not all animals innoculated with vaccine will in fact develop immunity. Secondly, in

general, a year will pass before further vaccination, A prevalence of 80%, which may seem satisfactory, would
be reduced to perhaps 60% through the year, as passively protected young stock lose their immunity and as
calves born to non-immune dams are added to the population.

A further issue is whether we wish to calculate confidence intervals for the proportion of protected
herds. To do so with any useful degree of precision, would require the bleeding of a large sample of herds

for any stratum in which we are interested. The sample size depends on the confidence level required
(typically 95%), and the anticipated prevalence, based, for example, on previous surveys. Where no
information relating to the expected prevalence is available we take the "worst case" of a 50% expected
prevalence. In a large population of herds the sample required would be 96 herds if we required 95%
confidence level with limits +/-10% and where we assumed the prevalence was about 50%.

The standard error of the herd prevalence can be calculated:

p = a/n. If Np and N(l-p) > 15 then the distribution is approximately normal with standard error:
SEp = p(l-p)

n

Where p is the prevalence of protected herds, a the number of herds protected, N the number of herds

examined and SE the standard error of the prevalence estimate.
The 95% confidence limits are approximately p ± 2SE
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However, we can take the view that the confidence interval is not very useful in our monitoring of

the programme and that the cost of obtaining it is excessive. Let us assume that we have the resources to

examine a total of 96 herds in three regions. On the one hand we might determine from a random survey

of all three regions that 50% of herds were protected (95% CI 40-60%). This may or may not be considered

to be useful. It may be, however, that it would be very difficult to implement a random survey covering all

three regions but relatively simple to implement three rather different surveys in the three regions. We could

not afford to sample 96 herds in each region but detailed consideration of results from even 32 herds from
each region might well be most informative, particularly since follow up of results giving cause for concern

would be possible.

4. EVALUATING VACCINATION TEAMS

Although population protection is the fundamental issue, of important subsidiary interest is the

efficiency of vaccinating teams and this must be of concern to campaign managers. Ideally, the manager
would like to be able to review the performance of individual vaccinating teams at intervals throughout the

campaign.

The difficulty of doing this for each team, by determining the prevalence of antibody in the cattle

in their target populations, is that a reasonably large number of herds would have to be bled, as discussed

above. It would clearly be unfair to condemn, or indeed praise, particular teams based on a very small

number of herds. Statistically, we could compare the performance of teams using the Chi squared test or the
exact test, which would require, depending on the proportion of protected herds, around thirty herds for each

team.

In practice, it is more likely that the best we can do is to evaluate the performance of groups of

teams working under the same supervision. If this revealed shortcomings then more detailed work could be

done. It is important that teams are well supervised during the vaccination campaign, and monitored using

objective criteria preferably with some quantitative element, e.g. temperature records from the cold chain,

titrations of vaccine samples collected from the field. These results combined with information from

serological survey should be used to identify problems and/or the need for further work.

5. MAJOR ISSUES IN THE DESIGN OF SERO-MONITORING SURVEYS

The purpose of this part of the discussion is not to offer solutions for every situation but to highlight

some of the issues. Ultimately planners will have to make the decision which best combines the need for

sound design with practicality.

5.1. Design and implementation

Good survey design will not, on its own, guarantee a valid result. If the resources for the field work

are inadequate, implementation will fall far short of what might have been expected from an excellent design.

In addition to the obvious physical resources of transport, bleeding equipment and finance for field expenses

the single resource most usually lacking is good supervision, to ensure high compliance with the survey
design. Good supervision will also ensure that the inevitable adjustments to design forced on the field work

by circumstances, do not invalidate the whole survey.
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5.2. Sample surveys
Because of the large numbers of herds in the populations with which we work and the difficulty and

expense of accessing them it is clear that we will have to examine a sample of the herds in the population.

This sample, to be of any value, must be representative of the population. This means that it must be

selected in a statistically valid way involving a random procedure. Great care must be taken to ensure that
the sample is truly random and not biased in some way which will result in inaccurate and misleading

estimates.

For example, a common error is the selection of herds on grounds of convenience e.g. bleeding

herds at vaccination sites, located close to veterinary clinics, dipping facilities close to main roads and herds

with known cooperative owners. In general, all these will bias the outcome in favour of a high prevalence

of antibody since such herds are more likely to have been vaccinated than the population at large.

53. Epidemiological units and sampling units

There are two important issues to discuss before the detailed design of the survey is undertaken.

These are the need to define (1) the epidemiological unit: that is the group of animals which is of

epidemiological significance in terms of the disease and its control and (2) the sampling unit: that is the

group of animals comprising any one sample e.g. a herd on a list of all the herds in an area. It would be

most convenient if these two units were in fact identical.

For the purposes of this survey we will define a herd as a number of cattle under the same

management. Where the herds of individual owners are reasonably large and managed independently the

herd will be both the epidemiological unit and the sampling unit. The management of the herd is a key factor
in determining immunity, since any owner or manager decides whether or not to submit his animals for

vaccination. Herds belonging to individuals are also practical units for sampling purposes.
Often, however, the herd is a village herd, i.e. individuals own relatively small numbers of cattle and

these are put together for many purposes, being herded together on common grazing and kept together at

night (there may be several such herds, each kept separately at night). The village herd is clearly an

epidemiological unit and may be a convenient sampling unit. Often we could obtain a list of villages and draw
a random sample from the list. We could then select individual bornas and randomly select animals from

them. The difficulty with this is that we might have to contact many different owners to obtain permission
to bleed their animals.

It may thus seem preferable to use the cattle owned by individual farmers as the sampling unit, in
the expectation that these will indeed be representative of the epidemiological unit. Herd sizes are likely to

be small however. If we are sampling from a village herd it is justifiable to sample from additional fanners
animals until the quota is reached, keeping a record of ownership.

A problem with sampling herds belonging to individuals, particularly where these are small and

numerous, is that it is likely that no sampling frame is available and would be impractical to develop. If we

select a village and then draw up lists of farmers and select from them we no longer have a true random
sample but this may be the only practical solution and is one which is often used. This procedure would be

acceptable where a village herd was examined, but would be less acceptable where the herds were indeed

independent.
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6. PHASES IN THE SERO-MONITORING PROGRAMME

The broad objectives of sero-monitoring are stated above but the important first step is to refine

these for national purposes. Major issues can then be discussed under the following headings:
1. Definition of national survey objectives

2. Definition of the population to be monitored

3. Specification of overall survey design and methods

4. Methods of selecting herds

5. Methods of selecting animals

6. Bleeding of animals

7. Initial processing and despatch of samples.

8. Serological testing, validation, interpretation and recording of results

9. Analysis and presentation of results
10. Reporting and discussion of results.

Finally, corrective measures and further actions are identified and implemented.

6.1. The survey objectives
The detailed objectives of the survey should be redefined each year before detailed planning is

undertaken. Needs will change as PARC progresses and resources must not be wasted. In particular the

requirements of different parts of the country must be examined in relation to progress within the country

and that of neighbouring countries. This process will include defining the population and sub-populations to

be monitored.

62. Definition of the population to be monitored

Often national coverage is required but there may be regions which are not of interest e.g. those

which are remote from the risk of infection or where the cattle population is small and scattered. It may well

be possible to exclude these from the survey at great saving of cost. As PARC progresses it may be that

vaccination is withdrawn from some areas and post-vaccination survey will cease, to be replaced by survey

to search for any evidence of sero-conversion in unvaccinated animals.

63. Overall survey design and methods

The survey design and methods will be strongly influenced by local circumstances and are therefore

very difficult to discuss in general terms. The general rule is that the design must serve the objectives of the

survey and take into account information available, particularly information about the livestock population

size and distribution. Difficulties arise because information needed to design the survey may only become

available during the course of the survey.

6.3.1. Stratification of the population on the basis of geographical, agro-ecological or administrative criteria.
It is very natural to desire detailed information e.g by region, by production system or by vaccination

team but it must be realised that for every extra stratum examined the survey costs will increase.

The number of herds to be bled will be largely dependent on the number of strata (regions,
livestock systems, herd size range etc.) This is true even where confidence limits are not to be calculated but
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where we require a histogram showing herd prevalence or where a Chi Squared test will be used. A
compromise will have to be struck between the number of strata and the resources available for the survey.
Too few strata will not give the detail needed for management of the campaign, too many will stretch

resources and result in too few herds examined in each stratum.

We must thus think very carefully about the number of strata that are to be investigated. The criteria

will depend mostly on disease risk factors, on our judgement of the epidemiological significance of different

sub-populations, and on our view of the probability that different regions or types of herds are adequately

vaccinated. For example, if we are confident in the motivation and abilities of the field service we might put

more emphasis on identifying differences between different types of livestock producers: are there differences

between mixed farming areas and pastoral areas? If we were uncertain about the standard of the teams then

more weight would be given to looking at differences between animals vaccinated by different teams or

groups of teams.

We may wish to have separate estimates for:

* regions or groups of regions

* nomadic and settled livestock systems

* commercial and subsistence herds

* areas at high risk of infection from neighbouring states compared with safe areas

* large herds in comparison with small herds

* populations a short or long distance along the cold chain

Tough decisions may have to be made.
Often the design will be quite complex with a number of different stages and different sampling

strategies being adopted at each stage: a multiple stage sample survey. Rather than describing many possible

designs we will illustrate the possibilities with an example:

In planning the survey in a country called Parcania the planners make a series of decisions including

grouping similar regions together.

The geographical cover of the survey is determined. Two regions are excluded as being of no interest

(Group 0).
Group 1 (three regions) is remote from risk of rinderpest, has a cooperative farming population and excellent

field service. It is decided to treat all of this area as a homogeneous population and to randomly sample
herds from all districts in proportion to the number of herds in each district (probability proportional to size

as described below).

The other groups require more detailed assessment.
Group 2 (one region) is a large region of mixed farming where there have been great problems with vaccine

handling. It is decided to look at all districts served by two groups of teams under different supervision. Lists

of owners are available and herds are selected from each district with probability proportional to size.
Group 3 (two regions) are close to the international boundary and thought to be at risk, they are
characterised by having both settled farmers and pastoralists. Detail is required from both regions so they

are treated separately. The two types of herds are treated as separate strata. In one region the settled herds
are selected as for group 2 but two size classes are examined as this is believed to be of epidemiological
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significance. For the other region no lists are available for settled farmers and in neither region is a sampling

frame available for pastoralists. These herds are sampled using a geographical grid.

Although this may seem very complex the situation and analysis is simplified because each stratum

can and should be treated independently and analysed separately. In effect, in Parcania there are seven
different surveys:

1.
2.

3.

4.

5.
6.
7.

Group 1

Group 2

Group 3

Group 3

Group 3

Group 3

Group 3

Team groups

Region A

Region A

Region A

Region B
Region B

A and B

Small settled herds

Large settled herds

Pastoral herds
Settled herds
Pastoral herds

6.4. Methods of selecting herds

6.4.1. The sampling frame
In order to select the herds to be visited we require a method of selection and, generally, a sampling

frame. A list frame is a list of all the herds in the population. The design of the survey will depend on the

sampling frame available. Where the village herd is the sampling unit it may well be possible to make simple

random samples of herds from lists kept at regional or district level.

Lists of districts and villages rapidly become out of date and the use of outdated lists will clearly lead

to confusion and exclusion of some elements and possible bias. Efforts must therefore be made to locate the

most accurate lists. Access to lists of herds or livestock owners is usually only possible at district or village

level and the maintenance of such records varies widely between different countries. It is generally

impractical to draw up such lists specifically for the purposes of the survey.

Where there are many herds in a village or area and they cannot be aggregated into village herds

it is unlikely that a list of livestock owners will be available. It has been suggested that villages could be

selected randomly and then farmers selected randomly from a list held in the village. This however does not

constitute a random sample of herds as herds in villages with few herds have a higher than average chance

of being selected. In any case considerable responsibility is put on the field team which in effect becomes
responsible, in part, for the design of the survey. This may however be the only practical option, but if

adopted its limitations should be understood and close control exerted.

An alternative is to use a topographical sampling frame. A grid is superimposed on a map of the

area to be surveyed. A random sample of points (map coordinates) is selected and the nearest herd to the

chosen coordinate is bled. This has the attraction of avoiding the need for a sampling frame in the form of
a list, but would lead to over-representation of animals in low density areas and under-representation in high

density areas. Such bias could be avoided by sampling herds within an appropriate radius of the selected
point, at the cost of introducing an element of clustering into the design.

The maps required would have to be of sufficient quality to allow the identification of the selected

grid point on the ground. There is a danger of the team on the ground using some purposive method to

make the final choice of herd, e.g. one near the road rather than the selected coordinates.
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TABLE I. SAMPLING WITH PROBABILITY PROPORTIONAL TO SIZE

District

A.

B.

C.
D.

E.

F.

Total

Number

of cattle

350,000

675,000
550,000
2,500,000

850,000

1,000,000

5,925,000

Proportion

of total

.059

.113

.093

.422

.143

.169

Allocation

of herds

6
11

9
41

14

16

97

Sampling with probability proportional to size. Sampling can be refined by allocating the number

of herds so that it is proportional to the population of cattle in the district. TABLE I shows an example

where 97 herds are to be sampled. There is a danger if there is a high rate of refusal in the selected herds:

clearly this could introduce bias in favour of cooperative owners. Bleeding of cattle requires excellent

cooperation from the farmer.

6.5. Methods of selecting animals

In some ways this is the most difficult stage of the whole exercise. The present recommendation is

that ten in each of the age groups 0-1 years, 1-2 years, 2-3 years and over 3 years should be sampled. This,

however causes a number of difficulties. Most obviously, what is to be done if the herd is too small to

generate the required numbers? If we choose further herds to "make up the numbers" this dilutes the

principle that it is individual herd management which affects the prevalence. What procedure should be
followed where the herd contains more than 10 in an age class? If we sample from the animals present we
run the risk of biasing the estimate: e.g. the more aggressive animals may be avoided by the bleeding team,

and are also likely to have escaped the vaccination.

The following approach is suggested:

Firstly, it is proposed that the age classes be reduced to two: animals 18 months and less (Class 1)

and animals older than 18 months (Class 2)
1. Herds belonging to one individual: small or moderate size up to c. 40

In general, all animals in the herd should be bled and their ages noted.

2. Herds belonging to one individual: large over c. 40
Where it is possible all should be bled as in 1. Otherwise, a satisfactory method of random sampling should

be devised and 10 drawn from class 1 and thirty from class 2 and their ages noted.

3. Village herds: Where it would be possible to select and bleed animals at random without close

involvement of individual owners.
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Working at the night boma (selecting one at random where there is more than one) the total numbers in

each class are noted. All, or a random sample of ten of class 1 animals are bled. All, or a random sample
of thirty animals are bled from class 2 and their ages noted.

4. Village herds: where individual owners have to be contacted to catch or authorise bleeding.

Here it may be necessary to select owners at random and bleed successive herds until the quota of 10 Class

1 and 30 class 2 has been filled. Ownership should be recorded and traceable to the sample. The expectation

is that farmers in such a village will act in a similar way in relation to vaccination (but they may not).

6.5.7 Methods of random sampling of cattle in a herd
If a sample is to be drawn there are very real difficulties in ensuring that it is free from bias. The

danger, for example, of sampling those animals which are easy to catch is obvious. Similarly it would be very

dangerous to let the farmer or farm staff choose the animals. Because of the wide variation in working

conditions it is not possible to recommend a method which will be the optimum everywhere. Instead we will

discuss a number of methods starting with the best.

1. The ideal would be where all animals could be identified e.g by ear tag number or name. A list would be

drawn up and a random sample drawn. The selected animals are then restrained and sampled.

In some systems animals are tethered in lines at night. This makes the allocation of numbers and drawing
a random sample easy.

2. Where a race is available a similar list of randomly chosen numbers can be drawn up. If thirty animals

are to be bled from 140, thirty random numbers are chosen in the range 1 to 140 and the animals are

counted as they come through the race. Supposing that random numbers 2, 6 and 8 had been chosen. The

2nd, 6th and 8th animals through the race would be sampled. Less satisfactory is systematic sampling through

a race. If 10 samples were required from a herd of 110: choose a random number n between 1 and 10 and
bleed the nth animal. Bleed every tenth animal thereafter. This carries a risk that bias might be introduced

e.g if calves tended to follow their dams there might be a tendency for every tenth animal to be a calf.

3. Difficulties arise where there are no handling facilities and animals have to be caught and restrained. If

we reject all such herds or insist that they are taken to the nearest handling facility we may have a high drop
out which introduces bias since uncooperative owners will be under-represented in the sample.
The best solution is to number the cattle using a wax marker and then draw a sample using a random

number table. The numbering process clearly adds to an already difficult task. Attempting to allow animals

to leave in an orderly fashion and intercepting randomly selected individuals generally fails as a stampede

occurs once animals are being caught. A possible alternative is to ask some disinterested individual to

haphazardly select animals. This should not be the fanner or a member of his family or anyone involved with

catching and bleeding.

When animals have to be caught this is hard work and the team leader should be in a position to
offer some incentives for both farmer and his staff. The animals will be easier to handle the tighter they are

packed together. They must be handled gently but firmly without unnecessary shouting, beating etc. Ropes

and halters will be required but it is always best to let the people use whatever catching method is familiar.

In the last resort animals can be cast using Reuff s method.
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TABLE II. EXAMPLES OF TABLES AND FIGURES FOR INCLUSION IN REPORTS

PARC Seromonitoring 1991; Results by strata: prevalence of protected herds.

11
| Region
1
| ______
| Northern
1 —————— i ——————— , ———

Stratum

Herds

Total

(6540
i

(Southern (Large herds) 5500
| ————————————— , ———
| Southern | Small herdsi1 —————— ———————
(Western (District A
| ___________
(Western (District B
_____________
(Western (District C
i

r
8500

1 ————
450

1 ————
639
———
na

No. protected
No. tested

69/100

85/110

70/95

10/35
1 ——————————

15/40
———————————

35/68

\
% protected

69

83
1 ————————

74

29
| ————————

38
—————————

51

95% confidence
Interval

—————————
60 - 78

————————
75 - 93

1 ———————————
65 - 83

Np < 15
1 ——————————

23 - 53

na

1
Survey
month

May

May

June

May

May

July
i

6.6. Bleeding of animals

6.7. Initial processing and dispatch of samples

6.8. Serological testing, validation interpretation and recording of results

These stages are covered elsewhere. Clearly any difficulties experienced such as breakages,
mislabelling, inadequate documentation or laboratory errors will all reduce the validity of the survey. The

defined sensitivity and specificity of the ELISA test being used will also influence the calculated prevalence.

6.9. Analysis and presentation of results

Straightforward and simple approaches are emphasised as this is all that is required to give a useful

picture of the extent to which population protection has been achieved and similar methods can be used to
evaluate the vaccinating teams.

1. A table showing by stratum, group of teams, etc. the number of herds examined, the date of the field
work, the number and percentage protected and unprotected. The total animals examined could be added
as a note (TABLE II).

3. A series of histograms showing by stratum the observed prevalence within herds and the protection level.
An example of a histogram is given in Figure 1.

4. Repeat histograms by age class
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FIG. 1. PARC sero-monitoring 1991: statistical distribution of herd antibody prevalence.

protected

5. A map showing the distribution map of protected, unprotected and unexamined herds. Figure 2 is a map

showing the distribution of protected and unprotected herds. An area of apparently low prevalence is

indicated where there may be risk or where further work is required. The delineation of these areas is done
by eye but bearing hi mind any relevant determining factors such as accessibility, cooperativeness, previous

history etc.
Action of two types follows from this: investigation as to why such an area has a poor result through

review of team and supervisor's reports, and for large areas consideration of the need for a repeat campaign.

6. Chi squared analysis to indicate differences between strata, groups of teams etc.

6.10. Reporting, discussion and corrective measures
Results will be reported to the PARC National Coordinator in the first instance and this may lead

to re-appraisal and further investigation. Results hi an appropriate form should be presented to other

relevant service chiefs but also to regional and field staff with whom they will be discussed and any corrective

measures taken. It is important to convey results even where there is no further action, to maintain interest
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FIG. 2. PARC sero-monitoring 1991: spatial distribution and status of herds in the Central Region.

and cooperation. Summary reports should also be publicised to the farming community to maintain their

awareness.

7. CONCLUSIONS
As the sero-monitoring component of the Pan African Rinderpest Campaign has developed problems

associated with sampling procedures have become clearer and the type of information required from this
programme has become more defined. Guidelines initially prepared for approaches to sampling have

required updating and modifying to meet the current needs of the programme. In particular it has been

necessary to move away from approaches designed to establish immunity levels in cattle populations to

systems capable of identifying immune populations. Such a population will have over 90% of the animals

serologically convereted at the time of testing and a country should aim to have over 90% of herds in this

category. Only when levels of immunity of this magnitude are reach in individual countries can eradication

of the virus be assured.

REFERENCES

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Guidelines for Sero-monitoring of Cattle

Conducted by PARC, IAEA, Vienna (1988).

[2] ROSSITER, P.B., JAMES, A.D., Trop. Anim. Hlth. Prod. 21 (1989) 69.

79
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Abstract

MANAGEMENT OF PARC SERO-MONITORING DATA

A considerable amount of data is being generated in connection with rinderpest sero-monitoring.

To assist in the storage and management of this data specific computer software programs have been

developed both for use with the laboratory equipment (ELISA reader) and the collection of field data linked

with each serum sample. These programs allow not only large amounts of data to be stored, but also for a

variety of epidemiological analyses to be carried out in a standardised manner. The programs have been

designed to be simple to use with the minimum of manual support although it is fully realised that sufficient

and on-going training will be required if the maximum benefit is to be achieved from these packages.

1. INTRODUCTION

The PARC sero-monitoring campaigns create a large quantity of data concerning herd structures,

their history of rinderpest vaccination and outbreaks, and details of ELISA test results from individual

animals. A typical annual national survey which includes 100 herds, with an average of 40 animals sampled

per herd, produces 100 herd records and 4000 test records every year. In a larger country with more than

one ecological zone or system of animal management twice or thx-ee times this amount of data may be

generated.

The records need to be analysed in a variety of ways, to estimate the distribution of herd

prevalences, to show the spatial distribution of herd prevalences, to estimate prevalences in different age

groups. To date, analysis has generally been fairly rudimentary but this area of work is expected to develop

in the future as more countries produce data of high quality. The results must be presented clearly in tables

and histograms and for between-country and between-year comparisons, some sort of standardised

presentation is needed. Where very variable distributions are found there may be a need to investigate the

effect of location, management system, vaccination history or herd structure on antibody prevalence.

To manage the volume of data and to allow flexibility in analysis a computer is essential. Given the

capabilities of modern microcomputers, one microcomputer with a hard disk in each participating country

is sufficient to hold the national sero monitoring data, provided that the computer is not used for other tasks.

It is not feasible for all the PARC data to be held centrally, since there is not sufficient manpower to deal

with the data entry. In any case this would not be desirable since it would be almost impossible to verify the
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data and maintain a high level of data quality. Further, detailed data on ELISA tests can most conveniently

be captured through a direct link between a computer and an ELISA reader. In the long term a centralised

data processing system would lack flexibility and have limited use for the individual countries in PARC. The

policy adopted has therefore been to supply each participating country with its own microcomputer, and to
provide on-site training for the operators of the computers.

2. DATA RECORDING SYSTEMS

2.1 ELISA Data Information (EDI) program

Two types of software are used to capture the PARC sero-monitoring data. To record details of

ELISA tests and results the computer and ELISA reader are directly linked by serial cable and the EDI

program is then used to control all the ELISA reader functions through an easy to use menu. Data generated

from the testing of sera with the FAO/IAEA ELISA kit is automatically processed and transfered to the

computer for storage and further manipulation if required.

Calculation of the results based on the negative and positive controls on each plate are automatically

carried out and the program calculates individual plate binding ratios and variation between duplicate

samples. All this data can be immediately printed out using either the internal printer of the ELISA reader

or an external printer connected to the computer. Finally, the results are stored in such a manner in the

computer that they can be automatically transfered to the Serum Information Data (SID) program containing

all the details on each serum tested.

22 Serum Information Data (SID) program

For epidemiological analysis a combination of database and statistical functions are required. The

Panacea program which was chosen for this work combines the necessary functions and is not difficult to use,

but for operators who use a computer only infrequently a database can be expected to present more

problems than, for example, a word processor, or a spreadsheet used for financial calculations, because it

is less "user friendly" and requires a greater understanding of the organisation of data. For these reasons the

decision was made to customise Panacea so that data entry and routine epidemiological analysis could be

done easily and the program could detect and draw attention to obvious errors during data entry. Participants
in the sero-monitoring are therefore now supplied with SID, which is a customised program based on

Panacea, and also with a full copy of Panacea, so that if they become sufficiently expert they can carry out

a much wider range of analyses than is available through SID. Because the sero monitoring data are held

at two levels (the herd and the individual animal), this requires a two-level database structure, but the

partitioning of data is handled automatically by SID and is transparent to the user.
A data entry program is of only limited use without guidance in recording the data in the field. It

is important that field forms match the contents of the computer database, and that the layout of field forms

and data entry screens are as far as possible identical so that data entry can be fast and accurate. Two field

forms are provided with SID and the manual which accompanies the program contains some guidance on

their use. To a great extent compatibility has been achieved between forms and screens. Some modifications

are planned and any mismatches between paper and screen should then be removed.
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3. FUTURE DEVELOPMENTS

Every effort has been made to create a program and manual which are easy to use. In spite of this

some training is necessary, mostly to ensure that the forms are understood and that samples are chosen and
data collected as uniformly as possible between countries. This is an area where extended documentation

from PARC and FAO/IAEA would be of great value, although it is unlikely that this will ever completely

replace face to face training as people vary enormously in their ability to learn from the written word.

It is anticipated that modifications will be made to the program during 1991, to coincide with the
publication of an updated guide to sero-monitoring. It is likely that this will be the only modification and

existing and potential users are therefore encouraged to send written comments and suggestions to

FAO/IAEA and PARC. Although no commitments have yet been made the modifications will probably

include a facility to identify individual herds by number, and an extended set of routine analyses, with the

possibility of calculating prevalence by herd and of printing a frequency histogram of herd prevalences. A

mapping facility would be useful, although the programming would be laborious. There is space on the forms

and in the database to enter geographical coordinates but in the author's experience coordinates are not
being recorded by any of the participating countries.

The capability of individual computer users can be expected to improve, so that users will become

capable of accessing the data directly through Panacea to produce extended analyses and a wider range of

presentation. For very expert users it will also be possible to export data to other programs to produce

graphics or calculations not available in Panacea. This represents a very significant development potential

and it is to be hoped that within the FAO/IAEA/PARC system, funds will be found for continued training.

User expertise will be particularly important if countries are to make full use of serum banks for their own
investigations, since the samples, tests and statistical analyses required for other diseases will often be

different from those of rinderpest and require data structures other than that of SID.
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Abstract

FIELD EVALUATION OF THE INDIRECT ELISA FOR SERO-MONITORING DURING THE

RINDERPEST ERADICATION CAMPAIGN IN TANZANIA

The previously reported indirect ELISA for the detection of antibodies to rinderpest was modified
and ELISA results were correlated with those obtained by the virus neutralization test (VNT). Independent

studies in three laboratories showed a VNT/ELISA agreement of approximately 90%. Testing of serial

samples from rinderpest infected cattle showed no decline in ELISA antibody up to 18 months post-infection.

The test was used under local conditions in Tanzania to assay 50,000 sera as an evaluation of the rinderpest

control programme. The ELISA allowed rapid testing of large numbers of sera, a large proportion of which

had bacterial contamination which precluded the use of the VNT. Analysis of the results highlighted
problems in the field with either vaccination cover or vaccination team performance, which helped in the

management of the control programme. The use of the ELISA for sero-monitoring during the Pan African

Rinderpest Campaign should allow accurate and meaningful evaluation of herd immunity and vaccination
team performance.

1. INTRODUCTION

In 1982 there was a resurgence of rinderpest in northern Tanzania after an absence of 17 years.

Although it was successfully contained by emergency vaccinations in the north of the country between 1982

and 1984, the Southern Coordination Conferences countries (SADCC) decided to create a belt of immunized

cattle throughout Tanzania to protect livestock populations to the south. This was to be achieved by
vaccinating the total cattle population (13 million) annually for three years commencing in 1985 with financial

assistance from the European Economic Community (EEC). Sero-monitoring was considered essential as
tissue culture attenuated rinderpest vaccine gives life-long immunity following a single vaccination only if the

vaccine is maintained in a viable state by using a "cold-chain" before administration, because of the

thermoliability of the virus [1, 2].
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In the past, the accepted serological test for sero-monitoring has been the virus neutralization test

(VNT). However, it was thought that an ELISA would have many important advantages. It would allow
the testing of many more samples, it does not require the use of tissue culture (except for the production

of ELISA antigen) and even if the sterility of samples was not entirely satisfactory, they could still be tested.

The use of an indirect ELISA for the detection of IgG, IgA and IgM antibodies to rinderpest was
described by Anderson et. al [3] and a further report [4] demonstrated its application to serological and

epidemiological surveys. Consequently, the indirect ELISA was re-evaluated, modified in some ways and

applied to the serological monitoring of the EEC-funded rinderpest eradication campaign in Tanzania.
Sero-monitoring commenced before the first round of vaccination to establish pre-campaign immune

status and obtain pools of negative sera from local cattle. Serological monitoring thereafter was used to

assess the immune status at herd, crush, District and Regional level. These results were passed on to the

PARC National Co-ordinator who could identify Regions with low levels of immunity and investigate possible
problems in the field.

2. MATERIALS AND METHODS

2.1 Vaccination

Administratively, Tanzania is divided into 20 Regions containing 82 Districts. Vaccinations were

carried out simultaneously throughout the country on a Regional basis between May and September each

year. Live attenuated vaccine containing the RBOK strain of virus purchased commercially was used and

distributed from each regional centre along the cold-chain which was established for the purpose, to each
District and then to each vaccination site. All cattle with the exception of calves less than 3 months of age

were vaccinated. Vaccinated animals were not necessarily branded and therefore could not be identified with

certainty later.

22 Sampling Strategy

Blood samples were collected each year at the time of vaccination. This system was adopted because

of practical difficulties in collecting large numbers of samples at times other than when cattle were gathered

at crush sites for vaccination. Samples were collected randomly at the crush site as it was felt that sampling

pre-selected individual herds would bias the results in favour of herds regularly presented for vaccination by

more co-operative owners.

Cluster sampling was used, whereby samples were collected from two vaccinations sites as widely

separated as possible within each District. At each site a total of 140 samples, made up of 30 from calves,

40 from 1-2 year olds, 40 from 2-3 year olds and 30 from adults were collected. This allowed the comparison

of data on an age group basis between Regions, Districts, vaccination points and owners or herds.

The sample size chosen was based on the number of samples that could be tested by the Virology

Department of the Animal Diseases Research Institute (ADRI), Dar-es-Salaam. The sample size was kept

constant between Districts irrespective of the cattle populations to simplify the organization of sampling.

Assuming that a 95% confidence limit on the failure to detect sero-negative animals was required, this
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sampling intensity would fail to detect 3-5% of sero-negative animals. Animals were sampled randomly at
each site from a variable number of herds and no attempt was made to sample the same animals or even

the same herds each year, as the purpose of the survey was to determine population immunity and not simply

response to vaccination in the individual. '

23 Collection of samples

Blood samples were collected into 10ml vacutainer tubes and kept at 4°C in portable refrigerators
until the sampling team returned to the Regional Veterinary Investigation Centre (VIC) usually within 3-4

days. Here the serum was removed and stored at -20°C. At the end of each vaccination campaign, all the

samples were sent to the ADRI accompanied by full details of the place and date of collection, owner, age
of animal and any previous vaccination history. At ADRI each sample was given a laboratory code number

and stored in the serum bank at -20°C.

2.4 Experimental animals

The development and duration of humoral immunity as detected by ELISA was ascertained by
regular monitoring of antibody levels in a rinderpest vaccinated cow (NM19) and a group of 4 cattle

recovered from exposure to a mild strain (Egypt 1/84) of rinderpest virus. All experimental cattle were

Fresian crosses.

2.5 Antigen preparation

Rinderpest virus (RBOK attenuated strain) was prepared for use in the ELISA as described

previously [3] with the exception that the Madin-Derby calf kidney (MDBK) cell line was used for virus
propagation rather than secondary bovine kidney cultures. Six days post-infection, cell debris was pelleted

at 1800g for 30 minutes at 4°C. The resulting cellular pellet was resuspended in l/50th the original volume

in PBS (Dulbecco's Modification) and sonicated at an amplitude of 30 microns for 2 minutes on an

ultrasonicator (MSE Soniprep, UK). Following clarification at 1800g for 10 minutes, the supernatant was

stored at 4°C and the cellular pellet resuspended in PBS and subjected to a further 5 cycles of Bonification
and clarification. The pooled supernatants were subjected to a final clarification at 1800g for 30 minutes,
aliquoted and stored at -20°C for use in the ELISA.

2.6 Indirect ELISA

All sera were examined for specific antibodies to rinderpest virus using the indirect ELISA [3] with

the following modifications. Volumes of 50ul, rather than lOOul, were used throughout. Sera were tested

at dilution of 1/4 hi duplicate. The blocking buffer was PBS supplemented with 5% dried milk powder
(Marvel), and 0.1% Tween-20. The cut-off point to distinguish between positive and negative in the ELISA

was twice the mean optical density reading of the control negative serum ( a pool of sera collected from the

Lindi Region prior to vaccination hi 1985) as described previously [4]. Inter-plate and inter-test variation

was controlled by the inclusion of control sera (both positive and negative) on each plate and in every test.

Results were calculated by reference to the individual control on each plate. In practice, once the binding
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ration between the positive and negative control sera had been established, the positive/negative cut-off point

was calculated by reference to the positive control.
The test was read using a multi-channel spectrophotometer (Multiskan Plus, Titertek, Flow

Laboratories) linked to a BBC B microcomputer (Acorn Ltd., UK). Data was interpreted using custom

made soft-ware (supplied by N.J. Knowles, IAH, Pirbright) which calculated the mean value of the duplicate

samples and expressed the results as positive or negative based on control values. Percentage immunity

levels of the various age groups were then calculated on a herd/owner basis and District basis and recorded

either in a tabular form or entered into a database (Viewstore, Acorn-soft).

2.7 Virus neutralization test
Neutralizing antibody levels were estimated in the micro-plate neutralization test at a final dilution

of 1/8 and using 100 TCID^, as described previously [5] and cytopathic effect was visualized using the

ELISA/VNT method [6].

3. RESULTS AND DISCUSSION

3.1 Correlation between ELISA and VNT
Serial samples from a Fresian cross cow experimentally infected with rinderpest virus (animal no.

NM 19) were examined by indirect ELISA and the results compared with those obtained by the VNT (Fig.
1). Virus neutralizing antibody was detected at 7 days post-infection (dpi) and rose to peak levels by 10 dpi.

The indirect ELISA detected antibody 203 days later than the VNT, but showed that levels continued to rise

up to 64 dpi. All sera were assayed within the same test.

A comparison of the indirect ELISA and the VNT was made by the examination of 445 Tanzanian
field sera (TABLE I). Analysis of the different age groups showed animals 1 year and under gave an 82%
agreement, 1-2 years gave an 88% agreement, 2-3 years gave a 93% agreement, and animals over 3 years
gave a 92% agreement with the VNT. Overall there was an 89% correlation with the VNT.

Further correlations were carried out in Ethiopia (Mebratu and Obi, personal communication) and

in Kenya (Crowther, personal communication) using the same reagents. The results are shown in TABLE

II a and b. In Ethiopia there was a 94% agreement, and in Kenya an 88% agreement between the ELISA

and the VNT.

32 Duration of immunity

As a study of duration of immunity (as detected by the indirect ELISA) serial serum samples from

four British cattle (Fresian cross) experimentally infected with the Egypt 1/84 strain of rinderpest virus were

examined by the indirect ELISA and the results from one such animal (animal no. PQ8) are shown in fig.
2. In all animals, antibody levels rose rapidly up to 15 dpi then gradually increased up to 27 dpi. Only two

serum samples were collected after this period. They showed that antibody levels had continued to rise to
11 months post-infection and were maintained at this high level to 19 months post-infection. All sera were

assayed within the same test.

90



4.5

3 -

o

o

1.5 -

0

1.0

E
c

CN
cn
**
Qo

Cü

0
0 8 16 24 32 40 48 56 64 72 80

4 12 20 28 36 44 52 60 68 76 84
Days post—infection

Indirect ELISA VNT

FIG. 1. A comparison of the VNT and the indirect ELISA for rinderpest specific antibodies from an experimentally
infected animal.

TABLE I. THE CORRELATION OF ELISA AND VIRUS NEUTRALISATION

TEST RESULTS FROM THE EXAMINATION OF TANZANIAN CATTLE SERA

ELISA

Positive

Negative

Positive
Negative
Positive
Negative

Positive

Negative
Positive
Negative

Positive

92

18
142

18
43

3
109

6

386
45

VIRUS NEUTRALIZATION TEST

Negative Age group % Agreement

3

2
2
1

0

0
4

2

9

5

< 1 year

< 1 year

1-2 years
1-2 years
2-3 years

2-3 years

> 3 years

> 3 years

Total

82

88

93

92

89

91



TABLE II. A COMPARISON OF ELISA AND VIRUS

NEUTRALISATION TEST RESULTS FROM THE EXAMINATION

OF A) ETHIOPIAN AND B) KENYAN CATTLE SERA

A)
ELISA

Positive

Negative

B)
ELISA

Positive

Negative

VIRUS NEUTRALISATION RESULTS

Positive Negative % Agreement

89 7
0 23 94

VIRUS NEUTRALISATION RESULTS

Positive Negative % Agreement

56 7

8 55 88
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FIG. 2. Duration of immunity to rinderpest in an experimentally infected bovine as detected by indirect ELISA.
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F/G. 3. Frequency distribution of ELISA results front cattle sera collected prior to vaccination from Lindi, an area
previously unvaccinated.

33 Establishment of negative population

Tanzanian sera from areas which had no history of rinderpest disease or vaccination were examined

to establish the mean negative population value. The results for Lindi Region in the extreme south of
Tanzania (Fig. 3) showed a skewed normal distribution with a mean value of 0.19 OD., standard deviation

of 0.03 and a coefficient of variation of 16%. These values were similar to those shown by negative sera

from Britain, Bangladesh and Syria [4]. Sera giving the mean negative value (x) were used as reference

negative control sera for all further tests. A small group of Lindi sera were also periodically included in the
test, especially when areas having high levels of immunity were examined, as confirmation of the cut-off

point.

3.4 Sero-monitoring and frequency distribution analysis

Frequency distribution plots were made of results from the examination of pre- and post- vaccination

sera from Lindi Region (Fig. 4). The prevaccination sera showed the expected skewed distribution with a
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FIG. 4. Frequency distribution of ELISA results from cattle sera collected before and after vaccination from Lindi.

few positive sera whereas the majority of the post-vaccination sera were positive. There is little division

between the OD values from the positive and the negative populations as these are accumulated results from

different plates, with slightly different cut-off values ( the negative value shown is the mean value from all

the plates ). Analysis of results from a single plate are shown in Fig. 5, where distinct positive and negative
populations can be seen. These high levels of immunity were the result of a single round of vaccination.

In contrast, results from Arusha (Fig. 5), where vaccination has been carried out since 1983, showed a

continuous spectrum of OD values, with no distinct positive and negative population, similar to that shown

by Nigerian sera [4].

3.5 Effect of sampling bias on population immunity levels

Some districts submitted post-vaccination samples 1 month after vaccination in 1985 and further
samples were collected ( from different herds) 1 year later, before vaccination in 1986. It can be seen from

TABLE III that in some districts there was a great disparity between immunity levels shown by the two

samples. The immunity levels in Moshi, for instance, dropped from 64% to 18%. Replicate testing of sera
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Iringa

0.1 0.2 0.3 0.4 0.5 0.6

OD Range

F/G. 5. Frequency distribution of ELISA results from cattle sera collected from Iringa and Arusha.

has shown that this is not due to test variation (data not shown), and must be due to variation in immune

status between herds.

3.6 Effect of geographical location on efficiency of vaccination

The effect of the geographical location of the sampling sites is exemplified in comparisons of

different crush sites within one district (TABLE IV). The response to vaccination in cattle tested at Mbeya
Urban (close to the Veterinary Headquarters) and Mbeya Uyole, a less accessible crush site, also differed
markedly, the percentage immune being 78% and 36% respectively. The overall immunity level for Mbeya
District was 57%. A similar picture was shown by two crush sites in Morogoro, one a ranch and the other

a nomadic pastoral area.

3.7 Analysis of sero-monitoring data

The developing immune response of animals in a specific age group which was less than 1 year old
in 1985 was consequently 1-2 years old in 1986 and 2-3 years old in 1987 is expressed as histograms on a

95



TABLE III. VARIATION IN PERCENTAGE IMMUNITY LEVELS

DETECTED IN SAMPLES COLLECTED AFTER VACCINATION IN

1985 AND RE-SAMPLED BEFORE VACCINATION IN 1986

District

Korogwe

Handeni

Moshi

Mwanga

Arusha

Mbulu

Kilombero

Mpwapwa

Nsasi

% Immune 1985

31
34
64

45

48

63

54

64

63

% Immune 1986

32

17
18
44

34

42

50

34

37

district basis in Fig. 6. Obviously, due to random sampling protocol, these samples are not from the same

animals each year. It can be seen that in most cases, there is a rapid rise in the levels of immunity as the

animals increased in age.

As sera were tested, percentage immunity levels were calculated on an age-basis at District level

(data accumulated from both crush sites in each District). These were entered into the data base along with

relevant information on cattle population.vaccination history, percentage vaccination cover, and dates and

numbers sampled. Laboratory numbers and test numbers were also included as an aid to the laboratory

staff.

A summary of the results at Regional level is also shown (TABLE V). These results are expressed

as the mean percentage immunity values following 2-3 rounds of vaccination from a number of Districts

within some Regions and the figure in brackets represents the number if Districts included. These was a
significant variation in immunity levels from Region to Region and even greater variation between Districts

within Regions eg. Morogoro Region, 1-2 years old cattle, District immunity levels ranged from 17% to

99%.

Mean national levels of immunity calculated from the Regional values showed lower levels of

immunity in animals 1 year old and under.

3.8 Discussion

The use of the indirect ELISA for serologjcal surveillance in the Tanzanian rinderpest control

project has proved to be very successful. Assay of each years samples was completed over a period of three

months and to date, 50,000 sera have been tested. In most Regions, overall (all age groups) levels of

immunity were between 60%-90%. Due to the limited facilities at ADRI, it would not have been possible
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TABLE IV. VARIATION IN THE PERCENTAGE IMMUNITY LEVELS FROM DIFFERENT CRUSH

SITES WITHIN THE SAME DISTRICT. ALL SERA WERE TESTED WITHIN THE SAME TEST

Crush sites % Immunity
< 1 year 1-2 years 2-3 years > 3 years Total

Mbeya urban 86

Mbeya Uyole 43
Morogoro (static herd) 43

Morogoro (nomadic herd) 13

94

38
74

5

90

0

88

52

54

35

75

56

78

36

73
32

to examine such large numbers of sera using the VNT. Also the high numbers of sera with bacterial

contamination would have precluded the use of such a test. The test itself is both robust and flexible. ELISA
antigen has been frozen and thawed five times with no significant loss of activity and antibody can be altered
to suit local working conditions.

The ability to computerize the test process has meant that storage, retrieval and analysis of results
was made much easier than if alternative assay systems had been used. Because there was no history of
rinderpest vaccination or infection in southern Tanzania for at least 20 years it was possible to obtain a good

pool of reference negative sera with which to control the test, in some countries this may not be possible,
in which case either negative sera would have to be obtained from a neighboring country, or, colostrum

deprived calf sera could be employed. The use of negative reference sera from a neighboring country should

prove acceptable as previous work [4] showed little difference between mean negative values from

Bangladash, Turkey and Britain. Recent work (data not shown) has shown mean negative values from kenya,

Tanzania and Ethiopia to be similar.

The reappraisal of the correlation between the VNT and the ELISA has again shown that there is

around a 90% correlation between the two tests. The cut-off value of two times the reference negative value

is by design a slightly pessimistic value, however, it is simple to calculate and give confidence in a positive

result.
It was originally hoped to collect sera one month after vaccination to determine the response to

vaccination. In practice, this proved difficult, as owners were generally unwilling to return their cattle purely

for serum sampling. Where it was possible to collect one month post-vaccination sera the results in some

cases, compared unfavorably with those obtained the following year (see TABLE III). It has been postulated
that this is due to waning ELISA antibody to rinderpest. However, as we have shown experimentally that

antibody titres show no significant drop for at least 18 months post-vaccination. It is more probable that the

1 month post-vaccination samples did not represent a true random sample and were collected from farms
close to the vaccination site. Consequently retrospective sampling at the time of re-vaccination was adopted

in the hope that this would give a more random and meaningful sample.

The database created and updated at the completion of each annual vaccination has been used to

identify areas, either entire Regions, Districts or individual vaccination teams where the response to
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F/G. 6. Rising levels of immunity (by ELISA) in cattle from Mbulu, Mwanga, Mbeya and Singida.

vaccination has been inadequate. Subsequent investigations into the reasons (eg lack of petrol, shortage of

diluent, inoperative cold-chain equipment) have enable management decisions which have resulted in greatly
improved response the following year. Knowledge of the immune status in each Region following the three

rounds of vaccination has allowed decisions to be made on whether or not continued vaccination of the entire

cattle population was still necessary or whether vaccination be confined to previously unvaccinated calves.

Such a decision is of the utmost importance along the borders with enzootic neighboring countries.

The accumulation of data from the two crush sites in each district for entry into the data base

(purely due to limited available memory in the computer) can result in a false impression of the effect of

vaccination as exemplified in TABLE IV where Mbeya Uyole had much lower levels of immunity than

Mbeya District. An urban and a rural crush site in Morogoro showed similar discrepancy. The accumulation

of data to Regional level (see TABLE V) gives an even poorer impression of vaccination performance, as

demonstrated by the extreme range of percentage immunity values between Districts. Presentation of data

in this manner is not to be encouraged as it does not enable National Co-ordinators to identify problem

98



TABLE V. PERCENTAGE IMMUNITY LEVELS AT REGIONAL LEVEL FOLLOWING 2-3 ROUNDS

OF VACCINATION. RESULTS ARE EXPRESSED AS THE MEAN VALUE (AND RANGE OF
VALUES) CALCULATED FROM TWO CRUSH SITES IN EACH DISTRICT (THE NUMBER OF

DISTRICTS SAMPLED IS SHOWN IN BRACKETS)

Region (districts)

Mean (X)

< 1 year

% Immunity mean value (range)

1-2 years 2-3 years > 3 years

48 64 73 76

Overall

Arusha (4)

Coast (3)

Dodoma (3)
Iringa (2)

Kagera (5)

Kigoma (3)
Kilimanjaro (4)

Lindi (4)

Mara (3)

Mbeya (5)
Morogoro (4)

Mtwara (3)

Mwanza (4)

Rukwa (3)

Ruvuma (3)
Shinyanga (1)
Singida (3)

Tabora (3)

Tanga (4)

45 (23-63)

35 (12-64)

31 (24-37)

74 (68-79)

30 (2-81)
46 (40-58)

48 (43-51)
25 (13-37)

19 (10-29)
51 (43-62)

55 (13-80)

35 (20-53)
85 (74-93)

86 (80-93)

51 (17079)
37
54 (24-77)

46 (34-100)
68 (39-92)

61 (53-69)

50 (36-65)

53 (34-67)

66 (57-74)
52 (12-82)

not sampled

87 (77-93)

48 (24-65)
45 (13-77)

65 (55-73)

72 (17-99)
63 (44-94)

84 (75-100)

97 (95-100)

32 (15-60)
60
74 (66-80)

66 (36-81)

70 (60-87)

68 (55-79)

75 (42-100)

67 (44-85)
55 (42-67)

61 (30-90)

82 (71-88)
87 (68-97)

76 (42-100)
54 (27-72)

68 (50-86)
92 (82-100)

74 (51-91)

88 (63-98)

95 (86-100)

64 (52-75)
63
83 (74-94)

84 (69-96)

55

70 (38-92)

75 (60-86)

75 (62-86)

55 (47-50)

70 (36-95)
80 (62-96)
73 (55-94)

90 (89-92)

51 (30-71)

68 (18-98)

86 (57-100)

78 (62-86)

91 (75-98)

95 (87-100)

91 (86-96)

47

82 (67-98)
89 (75-97)

77 (59-95)

59 (47-72)

60 (49-75)

54 (49-58)

60 (52-67)

55 (23-90)
76 (64-82)

73 (66-85)

63 (50-75)
43 (36-52)

66 (45-79)

80 (51-99)

62 (44-75)
88 (79-%)

94 (88-99)

63 (56-75)
46
72 (64-87)

78 (53-93)

73 (56-86)

67

areas in the field. Consequently, in the last serological survey, results from different crushes, and where
possible different herds, were recorded separately.

In this programme serum samples have been collected from over 160 places throughout the country.

An alterative approach that was considered, was to concentrate sampling in 2 to 3 areas in which a greater

number of samples could be collected. This would not have allowed the influence of such factors as different
farming practices or accessibility of different areas to be assessed. Sampling all age groups each year has

shown that it may require more thana single round of vaccination to achieve acceptable levels of immunity.

In this study a larger proportion of samples was collected from animals aged between 18 months and 2 years
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of age as the response in this group indicates the response to the previous round of vaccination and allowed
a follow-up where the response was poor. The results of monitoring showed that there was an incremental

response following each round of vaccination but overall the proportion of tested animals found to be

immune in each region after 2 rounds of vaccination varied between 43% and 94%. This was partly due to
variation in the vaccination coverage between regions. In 1987 this varied between 54% and 96% with the

national average being 68%. The histograms (Fig. 6) showing immunity over 3 years demonstrate rising levels
of immunity from 1985-1987.

It must be noted that some districts were not fully supplied with cold chain equipment and transport
during the first round of vaccination and there were difficulties with fuel in 1985, hence the relatively poor

levels of immunity. This was followed by a marked improvement following the second round of vaccination

when cold chain equipment, transport and fuel were available. Multiple vaccinations are not required for

high levels of immunity as demonstrated in Iringa Rural District, where there was a 70% immunity following

a single vaccination. This emphasizes the futility of embarking upon a vaccination campaign before all the

equipment is in place.

In the present campaign, calves have not been vaccinated and therefore in assessing the efficiency
of vaccination (as opposed to herd immunity), only immunity levels in animals older than 1 year were
considered.

Rinderpest vaccination campaigns should have, as their ultimate aim, the eradication of the disease
and the virus. Leaving aside the problem of vaccinating animals in remote areas, due to the necessity for

maintenance of the cold chain and good quality vaccine diluent, the required levels of immunity are difficult

to achieve. These results show that the three year vaccination programme has significantly reduced the

overall number of susceptible animals, though in some Districts, not to a sufficiently high level to prevent

transmission. It is hoped that the next round of vaccination should improve immunity levels in these districts.

Due to the overall high levels of immunity, it is hoped that to introduce calf-hood and yearling vaccination

in northern Tanzania in 1988-1989, however, following the rinderpest outbreaks in kenya in 1988, all cattle

will be vaccinated in northern Tanzania for a further two years.

Although other workers have expressed doubts about the suitability of the ELISA [7, 8], this
extensive field trial and validation of the indirect ELISA for the detection of antibodies against rinderpest
virus has demonstrated its suitability for sero-monitoring and management of rinderpest vaccination
campaigns. As a result of these and other studies, the test has been adopted for sero-monitoring throughout
the Pan African Rinderpest Campaign.

4. CONCLUSIONS

Studies carried out have clearly indicated the suitability and advantages of the ELISA for carrying
rinderpest sero-monitoring as part of a national control/eradication programme. A comparison with the VNT

has shown similar levels of sensitivity and specificity whilst offering the opportunity to test large numbers of

samples under the conditions found in Tanzania.
The carrying out of routine sero-monitoring over a number of years in Tanzania has highlighted the

many difficulties in this type of exercise. It is clear that whilst a realistic sampling approach is required care
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must be taken in analyzing and presenting the results from such a survey. Given these limitations, sero-

monitoring has proved to be an invaluable tool in Tanzania for assessing the effectiveness of annual
vaccination rounds and for predicting vaccination requirements for the coming year. In the long term results

from sero-monitoring will enable the decision to be made on when to cease vaccination nationally and move
towards an OIE declaration of freedom from the disease and the virus.
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RAPPORT PRELIMINAIRE D'ACTIVITES
DE SEROSURVEILLANCE AU CAMEROUN

A. NGANGNOU
Laboratoire national vétérinaire (LANAVET),
Garoua, Cameroun

Abstract-Resume

PRELIMINARY REPORT ON SEROSURVEILLANCE OF RINDERPEST IN THE CAMEROON

Cameroon has only recently joined the Pan African Rinderpest Campaign (PARC) and as part of
this activity will undertake annual national sero-surveillance of cattle to determine their immunity to
rinderpest virus. The system used will centre around the use of the FAO/IAEA rinderpest ELISA kit for
detection of antibodies to the virus in cattle sera. This assay system has been successfully introduced into the
national testing laboratory (LANAVET) and a negative serum value has been determined for use in the test

using local cattle. A detailed sampling frame has been drawn up along Unes recommended by PARC and
the country is now poised to undertake a full national survey in 1991. 3,000 sera from the Adamaoua region

have so far been tested and the results indicate an overall prevalence of rinderpest antibodies of 61%; this
is well below the target figure of 80%.

RAPPORT PRELIMINAIRE D'ACTIVITES DE SEROSURVEILLANCE AU CAMEROUN

Le Cameroun participe à la Campagne panafricaine de lutte contre la peste bovine (PARC) depuis

peu de temps. A ce titre, un programme de sérosurveillance annuelle sur toute l'étendue du territoire sera
entrepris afin de déterminer le taux d'immunité du cheptel contre la peste bovine. La technique ELISA
développée par la Division mixte FAO/AIEA sera utilisée pour la détection des anticorps du virus

bovipestique. Cette technique a été introduite avec succès au Laboratoire national vétérinaire (LANAVET)
et un sérum négatif local de référence a été déterminé. Un échantillonnage détaillé a été établi selon les
recommandations du PARC et le Cameroun est maintenant prêt à entreprendre une enquête nationale en
1991. 3000 sérums prélevés dans la région d'Adamaoua ont été analysés et les résultats obtenus indiquent
un taux standardisé de séropositivité de 61%, chiffre qui se situe bien en dessous du taux cible de 80%.

1. INTRODUCTION

Le Cameroun est un grand pays d'élevage (bovin, porcin, caprin et avicole). L'élevage bovin est

pratiqué dans toutes les provinces du pays, mais plus particulièrement dans les provinces suivantes: Extrême-
Nord, Nord, Nord-Ouest et Ouest.

L'agriculture, associée à l'élevage, intervient pour 21% dans le PIB (statistiques de 1985). Le cheptel
bovin national comporte 4.360.000 têtes réparties de la manière présentée au Tableau I. Il est constitué à
99% de zébus arabes et peuls de petite taille (Extrême-Nord et Ouest), de zébus foulbé et mbororo de
grande taille, plus aptes au déplacement (Nord, Extrême-Nord, Adamaoua). Les bovins proviennent de races
rustiques, adaptées à l'écologie du milieu, mais ayant des faibles productions en deçà de leur potentiel
génétique, faute d'une alimentation suffisante et de sélection appropriée.
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TABLEAU I. LE CHEPTEL BOVIN NATIONAL

Province

Extrême-Nord
Nord

Adamaoua
Est
Nord-Ouest
Sud-Ouest

Ouest
Sud

Littoral
Centre

TOTAL

Nombre de têtes

1.006.200

651.000
1.587.700

276.500
567.900

11.600

209.400

600
4.900

45.700

4.361.500

Source: rapports annuels des délégations provinciales

du MINEPIA 1986/1987.

Le Gouvernement a, depuis l'indépendence, pris conscience de l'importance de l'élevage dans

l'économie nationale et d'importantes mesures ont été prises et déployées afin d'assurer la santé et
d'accroître les productions animales: création des organismes d'intervention, implantation des services

d'élevage dans toutes les provinces du pays assurant:
- La protection du cheptel national, toutes espèces confondues, contre les grandes épizooties

connues.
- La vulgarisation des méthodes modernes d'élevage.

- L'amélioration des pâturages et de l'hydraulique pastorale.

De toutes les épizooties menaçant le cheptel bovin national, la peste bovine a été de tout temps l'une
des plus redoutables et des plus redoutées des éleveurs et des autorités publiques. La découverte et la mise
au point d'un vaccin n'a pas pu faire disparaître ce fléau dont les foyers sont signalés dans divers pays

africains (le dernier foyer signalé au Cameroun date de 1983). Le virus a été isolé, les mesures d'éradication

immédiatement appliquées.
Le PC15 (Projet Conjoint 15) de lutte contre la peste bovine a été entreprise en Afrique de 1962

à 1976, mais des risques permanents de résurgence des foyers persistent en raison des mouvements des
troupeaux de commerce. Ces raisons ont amené les autorités africaines à mettre sur pied le PARC (Pan
African Rinderpest Campaign). Il prévoit des campagnes de vaccination de masse et des mesures d'évaluation

sérologique de protection immunitaire des troupeaux vis-à-vis du virus bovipestique (sérosurveillance) par
la détection chez les troupeaux vaccinés d'une réponse immunitaire exprimée par la présence d'anticorps

antipestiques.
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Dans le cadre de l'exécution de la séiosurveillance, une convention de financement et d'appui a été
signée entre le Fonds Européen de Développement (FED) et le Gouvernement camerounais prévoyant
l'acquisition du material de laboratoire et de logistique. Des scientifiques des pays africains retenus dans
le cadre du PARC ont reçu une formation appropriée.

Le Ministre de l'Elevage, des Pêches et des Industries Animales a procédé au lancement de la séro-
surveillance le 24 septembre 1990 au Laboratoire National Vétérinaire à Garoua en présence des autorités

politiques et administratives de la Province du Nord.
Aussitôt, le Département de Virologie a établi un programme de travail articulé sur sept points:

A - Installation des appareils

B - Détermination du "zéro national"

C - Choix par randomisation des sites (centres zootechniques et vétérinaires)

D - Choix des troupeaux
E - Prélèvements

F - Analyse et traitement informatique des données

G - Confection d'un rapport final

2. MATERIEL ET METHODES

2.1. Installation des appareils

II s'agit ici des lecteurs ELISA, des micro-ordinateurs, du bidistillateur, du désioniseur, des

imprimantes. Ce travail a été fait en collaboration avec les services informatique et de la maintenance.

22. Méthode ELISA

Le matériel utilisé est le kit FAO/AIEA peste bovine. Ce kit est fabriqué en Autriche (AIEA,

Vienne) et au Royaume-Uni (Institut Pirbright). Il est destiné à la détection des anticorps du virus de la

peste bovine dans les sérums. Il est composé des antigènes négatifs et positifs (Pirbright) lyophilisés, de
l'IgG antibovin couplé à la péroxydase (conjugué), du tween-20, de l'eau oxygénée, de l'OPD
(orthophénylène-diamine) du rouge de phénol, du lait écrémé, des tiges d'indicateur coloré, du PBS en

poudre (du laboratoire de IAEA, Seibersdorf, Autriche).

Les équipements comprennent le Titerteck Multiskan (Mk.II ou MCC ou autre marque), bain-marié,
unité de distillation ou de désionisation, plaques ELISA NUNC, microdiluteurs mono et multicanaux, cônes,

incubateur, balance électronique, agitateurs magnétiques pour tubes et pour plaques, micro-ordinateur,

machine à calculer.

Les protocoles d'analyse joints au kit FAO/IAEA ont été utilisés.

23. Détermination du zéro national

Compte tenu du fait que le Cameroun vaccine systématiquement contre la peste bovine depuis de

longue date, nous avons sélectionné deux types de troupeaux: les jeunes (veaux de 8-10 mois): Lougguéré,
Wakwa, LANAVET (96 prélèvements) et les animaux de boucherie: Likok, Ngaoundéré (83 prélèvements),

soit un total de 179 sérums récoltés.
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TABLEAU II. CHOIX PAR RANDOMISATION DES SITES

Province Nombre de sites (%)

Extrême-Nord 51/94 (54)

Nord 17/31 (54)

Adamaoua 39/74 (52)

TOTAL 107/209 (52)

Ces sérums ont été testés en séroneutralisation de la manière suivante:
a) Dilution croissante et de deux en deux des sérums après décomplémentation

b) Adjonction de 100 DCP50 du virus bovipestique dans un volume de 50 microlitres

c) Incubation à Pétuve à CO2 pendant une heure

d) Adjonction de 100 microlitres de cellules VERO fraîchement trypsinées à 5% de sérum de veau

e) Lecture après quatre jours d'incubation à l'étuve à CO2.

A la suite de ce test, 85 sérums se sont avérés négatifs. Ils ont été dans un deuxième temps retestés
en ELISA selon le protocole de l'AIEA et 74 échantillons ont été négatifs.

2.4. Choix des sites et des troupeaux

Les services extérieurs du Ministère de l'Elevage, des Pêches et des Industries Animales sont répartis

dans les 10 provinces du pays de la manière suivante: Ministère; Délégations provinciales (Province); Secteurs

(Département) et Centres Zootechniques et Vétérinaires (Arrondissement).

Les sites correspondent donc aux centres zootechniques et vétérinaires (CZV). Par randomisation,
des sites ont été choisis dans les trois provinces septentrionales; Extrême-Nord, Nord, Adamaoua.

Le tableau II montre la répartition de ces sites. Le choix des troupeaux a toujours été réalisé par
randomisation. Nous avons commencé par l'Adamaoua où nous prévoyons de prélever 8,640 échantillons
de sang desquels nous avons examiné 3,080.

3. RESULTATS ET DISCUSSION

3.1. Détermination du zéro national

L'histogramme de répartition de ces 74 échantillons de sérums négatifs par densité optique est
donné dans la Fig. l. Ainsi, le zéro national est de 0.057 X 2 = 0.144. Tous les sérums ayant une densité

optique comprise entre 0.050 et 0.060 constituent donc notre banque de négatifs locale.

3.2. Enquête sérologique dans la province d'Adamaoua

Trois mille cinquante sérums (3050) issus de quinze Centres Zootechniques et Vétérinaires (CZV)

de la province d'Adamaoua ont été testés. Les résultats sont consignés dans la Fig. 2, suivis d'une analyse
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FIG. 1. Détermination du zéro national.
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FIG. 2. Répartition des anticorps de la peste bovine dans la province d'Adamaoua.
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FIG. 3. Répartition des anticorps de la peste bovine dans la province d'Adamaoua par tranches d'âge.

par tranches d'âges en Fig. 3. La majorité de ces CZV présentent une prévalence en anticorps de la peste
bovine dans l'ordre de 60% à 75% avec un centre atteignant 90%; deux centres présentent néanmoins des

résultats se situant en dessous de 50%.

On note aussi une faible variation en termes de distribution par tranches d'âges mis à part les

animaux de moins d'un an où le taux de protection est de 41%. Une prévalence d'anticorps anti-virus de
la peste bovine égale à 80% est considérée comme suffisante pour protéger la population bovine contre cette
maladie. Un seul centre sur les quinze visités a pu atteindre cet objectif.

Pourrait-on penser qu'il existe des imperfections dans l'exécution des programmes de vaccination

(rupture de la chaîne de froid, non respect du protocole d'administration du vaccin, non-vaccination de

certaines tranches d'âges), l'analyse de tous les sérums nous permettra d'être mieux fixé.

4. CONCLUSIONS

Le Cameroun dispose des moyens adéquats tant en personnel qu'en équipement pour mener à bien

la sérosurveillance de la peste bovine. Le zéro national a été déterminé à partir des sérums issus des veaux

âgés de 8 à 10 mois et des animaux de boucherie. Il est de 0.057. Les sites et les troupeaux ont été choisis

par randomisation. Nous sommes actuellement au stade de prélèvement.

Ces tests partiels (3080) montrent que l'immunité générale est de 60% à 70%. Des mesures

devraient être d'ores et déjà prises pour atteindre le pourcentage requis, soit 80%.
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SEROSURVEELLANCE DE LA PESTE BOVINE AU TCHAD:
UTILISATION DU TEST ELISA INDIRECT

C. DIGUIMBAYE
Laboratoire de recherches vétérinaires et

zootechniques de Farcha,
N'Djamena, République du Tchad

Abstract-Resume

SEROSURVEILLANCE OF RINDERPEST IN CHAD USING THE INDIRECT ELISA

This study was concerned with establishing the FAO/IAEA rinderpest ELISA system at the Central
Veterinary Laboratories, and using this system to carry out a national survey for the detection of rinderpest
antibodies in cattle. Initially it was necessary to determine the local value for a negative population of cattle

for use in the FAO/IAEA rinderpest ELISA kit. Subsequently, sera from cattle sampled randomly

throughout Chad were examined for antibodies to rinderpest. It was found that the overall level of immunity

was around 55%, with levels increasing with the age of the animal. These results are surprisingly low
considering the many years that vaccination has been carried out in Chad.

SEROSURVEILLANCE DE LA PESTE BOVINE AU CHAD: UTILISATION DU TEST ELISA

INDIRECT

Cette étude porte sur l'introduction de la technique ELISA au Laboratoire de recherches

vétérinaires et zootechniques de Farcha en vue de mener une enquête nationale sur la détection des

anticorps du virus de la peste bovine. En premier lieu, il a fallu établir un sérum négatif local de référence

pour la population bovine. Par la suite, des sérums prélevés au hasard à travers le Tchad ont été analysés
afin de détecter les anticorps contre la peste bovine. On a constaté que le taux d'immunité se situait autour

de 55% avec un taux plus élevé chez les animaux plus âgés. Ces résultats sont peu satisfaisants étant donné
qu'une campagne de vaccination se déroule au Tchad depuis des années.

1. INTRODUCTION

La recrudescence de la peste bovine en Afrique subsaharienne dans les années 80 a entraîné la
relance d'une campagne massive de vaccination en vue d'éliminer ce fléau.

La campagne est supervisée par le PARC (Campagne panafricaine de vaccination contre la peste
bovine). Cette institution regroupe plusieurs pays sahéliens.

Le PARC se démarque de la précédente campagne PC 15 par l'adjonction, au programme de

vaccination, d'un volet sérosurveillance. La sérosurveillance a pour objectif de dépister les anticorps

bovipestiques et ainsi de contrôler le succès de la vaccination.

Le dépistage des anticorps du virus de la peste bovine se fait par le test ELISA indirect, technique

instaurée par le PARC dans tous les pays participants, ce qui facilitera par la suite les échanges d'information

entre ses différents membres.
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F/G. 1. Localisation des postes d'enquête au Tchad.

2. MATERIEL ET METHODES

2.1. Echantillonnage

La méthode d'échantillonnage par grappe a été utilisée en se basant sur le découpage administratif

d'élevage du pays.
En effet, le Tchad compte 9 circonscriptions d'élevage (Fig. l), mais seulement 8 sont concernées

par l'enquête. Les circonscriptions sont subdivisées en secteurs, qui coiffent des postes.
Le poste vétérinaire est l'unité d'échantillonnage. Dans chaque secteur, un à quatre postes ont été

choisis au hasard, selon l'estimation du cheptel dans la circonscription. Un sondage par choix raisonné a

été établi. Ceci était nécessaire pour plusieurs raisons:

a) Essayer d'atteindre les postes les plus éloignés possible des chefs lieux de circonscriptions et des
secteurs en profitant des moyens dégagés.

b) Toucher les zones frontalières pour avoir plus de chance de rencontrer les animaux transhumants

qui contituent en général les berceaux de maladies.
c) Pour compléter l'échantillonnage, il a été procédé à un choix au hasard concernant les postes

situés plus à l'intérieur du pays qui, en général, sont plus facuement accessibles par les agents de terrain.

Au total, 34 postes vétérinaires ont été sondés.
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2.2. Les serums

Cinq missions sur le terrain ont permis de collecter 3508 sérums de bovins pour l'enquête sur la

sérosurveillance de la peste bovine. 112 sérums ont été répartis comme suit: 83 sérums prélevés à l'Abattoir

Frigorique de Farcha en 1986; 29 sérums prélevés sur des bovins achetés sur le marché pour des expériences

en 1990.

Les 112 sérums préalablement testés en séro-neutralisation sur cultures cellulaires ont été identifiés

comme étant dépourvus d'anticorps du virus de la peste bovine.

2.3. Technique

La méthode utilisée est le ELISA indirect pour la détection des anticorps de la peste bovine. Le

manuel a été mis au point par le Laboratoire de l'AIEA de Seibersdorf (Autriche) ainsi que celui de

Pirbright (Royaume-Uni).

Pour la recherche des anticorps bovipestiques, les sérums ont subi une seule dilution au 1/4. La

lecture des plaques se fait à l'aide du lecteur Multiskan MCC/340 à la longueur d'onde 492 mm.

Les résultats obtenus suite à la lecture des plaques sont analysables seulement si l'on obtient une

valeur _>.4 pour le coefficient de liaison (DO sérum de réf. positif / DO sérum de réf. négatif) pour chaque
plaque. Un sérum négatif de référence local a été utilisé (Fig. 2).

2.4. Matériels

La trousse est composée des éléments fournis par le Laboratoire de Pirbright et ceux fournis par
le Laboratoire de l'AIEA. La liste des matériels se trouve en annexe du manuel de l'AIEA.
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FIG. 2. Distribution de la densité optique chez la population négative.
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3. RESULTATS ET DISCUSSION

Compte tenu des différences de conditions de travail existant entre les laboratoires (température
ambiante, eau et autres), il a été nécessaire d'établir dans les conditions du Laboratoire de Farcha quelques

données préalablement fixées par les laboratoires producteurs du kit ELISA peste bovine.

Les courbes de variations de la densité optique en fonction des dilutions des sérums de référence

et de l'antigène sont représentées aux Figs. 3 et 4. Dans la Fig. 3 l'antigène est dilué au 1/50, et dans la Fig.

4 les sérums sont dilués au 1/4.

sérum positif sérum négatif
" —A-—

0 i i i i
1/32 1/64 1/128 1/256 1/5121/2 1/4 1/8 1/16

Inverse des dilutions des serums reference

FIG. 3. Courbes des densités optiques en fonction des dilutions des sérums de référence.

0
1/4

I I I
1/8 1/16 1/32 1/64 1/128 1/256 1/512

Inverse des dilutions de l'antigène

FIG. 4. Courbes des densités optiques en fonction des dilutions de l'antigène.
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TABLEAU I. RÉSULTATS GLOBAUX PAR CIRCONSCRIPTIONS

D'ÉLEVAGE

Régions

Nord-Ouest
Centre
Nord-Est

Centre-Est
Sud-Est

Sud

Sud-Ouest
Centre-Ouest

Totals

Nombre de sérums

589

653
189
347

305

308

318

795

3904 1685

Sérums

284

376
112
144

139

130

135

365

positifs % positifs

48.2 ( + /- 20.3)

57.6 ( + /- 9.8)
59.2 (+/- 14.7)
41.5 (+/-32.9)

45.6 (+/- 14.8)

42.2 (+ /-7.3)

42.4 ( + /- 21.6)
45.9 ( + /- 9.7)

48.0 (+/- 5.8)

3.1. Résultats par circonscription d'élevage
Les résultats par circonscription sont regroupés dans le TABLEAU I; ces données varient de 40 à

60%. Dans la circonscription du Centre-Ouest, le taux est le plus bas; ce résultat s'explique par le fait que

dans l'extrême sud-est du pays (Haraz et Haraz-Mangeigne), zone de transhumance par excellence, les
troupeaux sondés arrivaient du Soudan, pays voisin, et, d'après les éleveurs, les animaux n'avaient pas été

vaccinés depuis 3 ans au moins. Dans ces zones le taux de séropositifs tournait autour de 30%, alors que

dans la région plus interne (Mangalmé), donc plus facilement accessible, nous avons enregistré un taux de

78% de séropositifs.
Les taux les plus forts ont été enregistrés dans les circonscriptions du Centre et du Nord-Est,

respectivement 57.6% et 59.2%. Dans la partie méridionale du pays, les résultats se sont avérés très bas,

autour de 45%, malgré la plus grande stabilité des animaux dans cette zone.
Cependant, certaines contraintes n'ont pu être évitées; il s'agit des contraintes du milieu:
a) La transhumance des animaux (certains troupeaux, qui ont été vaccinés à Am-Sack dans la

circonscription du Centre, ont été retrouvés dans la circonscription du Sud-Est, où ont été réalisés

les prélèvements).
b) Les zones d'insécurité (les circonscriptions du Nord-Est, région frontalière avec le Soudan, et du

Centre-Est-Secteur de Bitkine n'ont pas pu être visitées).

32. Résultats par groupe d'âge

La répartition des séropositifs par groupe d'âge montre un accroissement du taux d'immunité avec
l'âge (Fig. 5), et ce autant chez les groupes vaccinés et non vaccinés que chez les sédentaires - transhumants

(Figs. 6 et 7). Le taux des séropositifs est très bas chez les animaux de moins de 1 an (21.4%) et
relativement bas chez les + 3 ans (60%) malgré 3 vaccinations successives (TABLEAU II).
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TABLEAU II. RESULTATS DES ANALYSES PAR CLASSE D'ÂGE

Classe

3 mois-< 1 an

1-2 ans
2-3 ans

> 3 ans

Total

Nombre de sérums

443
1290
538

1233

3504

Sérums positifs

95

574
274

742

1685

% positifs

21.4 (+/-6.S)
44.5 (+/- 7.5)
51.0 ( + /-6.2)

60.2 (+/- 6.4)

44.4%

33. Résultats par mode d'élevage
L'étude œmparative des 2 modes d'élevage (TABLEAU III) montre que les bovins élevés en mode

sédentaire sont mieux immunisés que les transhumants.

Le test de chi2 effectué sur les chiffres montre que la différence est significative entre les différents

mode d'élevage (chi2 = 43.5, a = 0.05, ddl = 1).
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TABLEAU III. RESULTATS DES ANALYSES PAR TYPE D'ÉLEVAGE

Type d'élevage

Sédentaire

Transhumant

Nombre de sérums

2405

1099

Sérums positifs

1247

438

% positifs

51.8 ( + /-6.6)

39.8 ( + /- 6.6)

TABLEAU IV. RÉSULTATS DES ANALYSES PAR SEXE

Sexe Nombre de sérums Sérums positifs % positifs

Femelle

Mâle

1875

1629

922

763

49.2 (+/-S.4)

46.8 (+/- 6.6)

Total 3504 1685 48.0%

3.4. Résultats par sexe

Les résultats sont donnés dans le TABLEAU IV. Il n'y a pas de différence significative entre les
deux sexes (chi2 = 1.69; a = 0,05, ddl = 1).

3.5. Analyse du facteur sérologie en fonction de la campagne de vaccination 1989

Les TABLEAUX V et VI regroupent les taux globaux et par groupe d'âge des séropositifs. Le

calcul du chi2 pour le TABLEAU V donne une différence hautement significative (chi2 = 90.6; a = 0,05,
ddl = 1). Ces résultats ne peuvent être interprétés par rapport à la vaccination de 1989. Le groupe des

animaux non vaccinés en 1989 regroupent la plupart des transhumants.

3.6. Discussion

La méthode d'échantillonnage en groupe et le nombre de sérums prélevés ont permis de limiter les

biais en étalant les prélèvements dans l'espace et dans le temps. Néanmoins, quelques contraintes liées

surtout à l'insécurité dans certaines circonscriptions (Centre-Est et Nord-Est) ne nous ont pas permis de
mener à bien les prélèvements dans ces zones.

La mise en place du test ELISA s'est faite sans difficulté majeure. L'établissement des courbes de
variations (Figs. 3 et 4) ont des allures comparables à celles obtenues par ANDERSON et.al. [1], par
conséquent les dilutions et les quantités des réactifs donnés dans le manuel ont été maintenues.

Les résultats obtenus avec les sérums négatifs par la technique de Seroneutralisation sur culture
cellulaire ont confirmé la fiabilité du test.
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TABLEAU V. RESULTATS DE LA SÉROLOGIE POSITIVE EN
FONCTION DE LA CAMPAGNE DE VACCINATION 1989

Nombre de serums Serums positifs % positifs

Animaux non- 827

vaccinés en 1989
Animaux vaccinés 2677

en 1989

278

1407

33.6 (+/- 8.8)

52.5 (+/- 5.8)

TABLEAU VI. RÉPARTITION DE LA SÉROLOGIE EN FONCTION

DE L'AGE DE LA CAMPAGNE DE VACCINATION 1989

% des séropositifs 3 mois-< 1 an 1-2 ans 2-3 ans > 3 ans

Sur tous les animaux 21.4

Chez les non- 13.7

vaccinés en 1989

Chez les 24.7

vaccinés en 1989

44.5 51.0 60.2
26.7 22.8 53.6

50.1 57.7 62.1

4. CONCLUSION

La couverture vaccinale du cheptel bovin est estimé à 48,0% _+. 5.8%, et, si l'on considère

exclusivement la population vaccinée, ce taux s'élève à 52.5% jL 5.8%. Une précédente enquête réalisée en
1986 rapporte un taux de 64.2% de séropositifs.

Les raisons de cette disparité suite aux deux enquêtes sont multiples:

1. Trois circonscriptions d'élevage seulement ont été soumises au sondage au lieu de huit;
2. Les animaux de moins de 1 an n'étaient pas représentés alors qu'ils constituent le groupe

le plus vulnérable;

3. La technique de détection des anticorps diffère d'une enquête à l'autre.

Cependant ces taux restent en deçà du taux nécessaire souhaité pour faire face à une éventuelle
épidémie.

REFERENCE
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Abstract-Resume

EVALUATION OF POST-VACCINATION IMMUNITY FOLLOWING THE 1989 RINDERPEST

VACCINATION CAMPAIGN IN COTE D'IVOIRE

The Central Veterinary Laboratory, Bingerville, in 1990 carried out a serological survey to estimate

the level of vaccination achieved during the 1989/90 national rinderpest vaccination campaign. Using a

random sampling frame 6,020 sera were collected from 255 sampling sites and the sera examined for

antibodies to rinderpest virus using the FAO/IAEA ELISA based procedure. The results showed that 82%
of the animals sampled were immune to rinderpest.

EVALUATION DE L'IMMUNITIE POST-VACCINALE ANTIBOVIPESTIQUE APRES LA

CAMPAGNE DE VACCINATION 1989 EN COTE D'IVOIRE

Le Laboratoire central de pathologie animale de Bingerville (Côte d'Ivoire) a effectué en 1990
l'évaluation de l'immunité post-vaccinale antibovipestique après la campagne de vaccination qui a eu lieu en
1989 sur tout le territoire national. Le modèle d'échantillon en grappes a été choisi pour récolter 6020

serums sur 255 sites de prélèvement. L'analyse de ces sérums par le test ELISA a donné un taux standardisé

de séropositifs de 82%.

1. INTRODUCTION

La peste bovine est une maladie contagieuse due à un virus du genre Morbillivirus, de la famille des

Paramvxoviridae. Les hôtes naturels sont les ongulés de l'ordre des artiodactyles. Sévissant en Asie du Sud,

au Proche-Orient et en Afrique sud saharienne, elle se caractérise cliniquement par un état typhique, une
stomatite nécrosante, une diarrhée profuse et une respiration pénible et douleureuse [1] avec une mortalité

importante. La vaccination est un moyen sûr pour protéger les espèces réceptives contre cette epizootic. Le

Projet Conjoint 15 (PC 15) a permis d'atteindre sur la période de 1962 - 1976 un taux vaccinal de 86,4 %
du cheptel national.

Ainsi la peste bovine a-t-elle quasiment disparu du continent durant près de dix ans à l'exception

d'une zone centrée sur le delta du Niger et vraisemblablement en Ethiopie et dans le nord de la Somalie.
Une nouvelle vague épizootique a malheureusement atteint l'Afrique de l'Ouest à partir de 1980 -1981. Elle

121



a touché la Côte d'Ivoire en 1983 - 1984 - 1985 : l'origine de la contamination était représentée par les
animaux de commerce en provenance du Burkina-Faso et du Mali. Une campagne d'urgence a alors été
exécutée dans cette partie du continent et l'on a obtenu en Côte d'Ivoire un taux de couverture vaccinale de

l'ordre de 75% [2].

Notons cependant que ces deux campagnes n'ont pas prévu un contrôle de l'immunité post-vaccinale

antibovipestique. Le Projet PARC (Pan African Rinderpest Campaign) actuel a pour ambition d'aller plus

loin en visant l'éradication de la peste bovine. Une des phases essentielles du programme est de contrôler

l'efficacité de chaque campagne de vaccination sur un échantillon représentatif et aléatoire de serums par
l'évaluation de l'immunité post-vaccinale. Ceci constitue la seule preuve indiscutable d'une bonne protection

de la population bovine.

La technique sérologique pour ce contrôle de l'immunité est PELISA indirect [3], réaction à la fois

fiable et d'exécution simple, pour autant que le sérum négatif local de référence ait été déterminé au
préalable. La campagne de vaccination menée en Côte d'Ivoire a été précédée d'une surveillance continue

de la chaîne de froid et d'un contrôle de la qualité des vaccins utilisés tout le long du circuit de distribution,

qui va de la réception à la Pharmacie Centrale Vétérinaire d'Abidjan jusque sur le lieu de vaccination par

le vaccinateur (agent d'encadrement de la Société de Développement de la Production Animale, SODEPRA,

et du Ministère de la Production Animale).

2. MATERIEL ET METHODES

2.1. Récolte de sérums de jeunes bovins

Afin de déterminer le sérum négatif local de référence, 205 sérums ont été prélevés sur des veaux non

vaccinés ayant entre six mois et un an d'âge.

22. Plan d'échantillonnage du cheptel national bovin

Afin d'évaluer l'immunité post-vaccinale, 6020 sérums sur un effectif de 1,2 million ont été prélevés

trois mois après la fin officielle de la campagne de vaccination contre la peste bovine. Le vaccin utilisé étant
un vaccin mixte peste bovine - PPCB, un délai de 3 mois a été fixé afin que les sérums puissent faire l'objet

d'une recherche des anticorps de la PPCB. En effet, la vaccination avec la souche Tl SR de Mvcoplasma

mvcoides peut entraîner des réactions sérologiques positives pendant une période de 2 à 3 mois. Cette

collecte s'est étendue sur quatre mois. Un modèle d'échantillonnage en grappes a été élaboré avec une
division du pays en trois grandes régions (Fig. l) : Nord, Centre et Sud forestière (Ouest, Sud-Ouest,

Sud-Est). Chaque région est successivement divisée en zones d'encadrement, puis en secteurs, puis en centres

d'encadrement (Tableau I). Ceux-ci regroupent les villages et / ou les campements dans lesquels se trouvent

les parcs d'animaux (Fig 2). Les centres d'encadrement représentent les différentes grappes d'un secteur.

2.2.1. Région Nord
La région Nord est divisée en six zones et chacune d'elles est partagée en quatre secteurs

géographiques, ce qui donne 24 secteurs (6 X 4 = 24 secteurs).

122



Mali

/ Burkina Faso

Guinée

Libéria

N

REPUBLIC DE
COTE D'IVOIRE

Yamoussoukro

(Capitale d'etat)

Sedppra Sud-est

Ghana

Laboratoire de Pathologie

Animale (Bingerville)

Abidjan (Administrative Capitale)

FIG. 1. Zones encadrées par la SODEPRA.

TABLEAU I. PLAN D'ECHANTILLONNAGE

Région

Nord

Centre
Sud

Zones

6
4

4

Secteurs

24

12
12

Centres

d'encadrement

72

36
36

Villages ou

campements

216

108
108

Un premier échantillon aléatoire simple a permis de choisir trois centres par secteur (24 X 3 = 72

centres), constituant le premier degré du sondage.

Un deuxième échantillon aléatoire simple a permis ensuite de choisir trois villages et/ou campements

par centre (72 X 3 = 216 villages) constituant alors le deuxième degré du sondage.
Un troisième échantillon systématique a cette fois-ci permis de choisir les parcs où ont été effectués

les prélèvements sanguins. Dans un village ou campement, 40 bovins répartis à raison de 10 par classe d'âge

(3 mois-1 an, 1-2 ans, 2-3 ans, plus de 3 ans) ont été choisis de façon systématique dans les parcs (maximum

quatre parcs par village ou campement). Si le nombre de 40 bovins n'est pas atteint dans le premier village
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Région
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F/G. 2. Subdivisions régionales d'encadrement.

ou campement tiré, on le complète dans le deuxième village ou campement qui suit puis dans le troisième

(si le nombre 40 n'est toujours pas atteint).

Le parc tiré fait donc partie d'une grappe et a subi trois tirages, dont deux à l'aide d'une table de
nombres aléatoires.

2.2.2. Régions Centre et Sud forestière

Les régions Centre et Sud forestière ont été divisées chacune en quatre zones, puis en 12 secteurs

d'encadrement. Le même schéma de tirage a été suivi (Tableau I, Fig. 2).

23. Répartition globale des sérums

Au total, les 6020 sérums ont été collectés sur 255 sites de prélèvement répartis comme suit: région
Nord : 196 parcs visités pour 4.884 sérums récoltés; région Centre: 21 parcs visités pour 503 sérums récoltés;

région Sud forestière: 38 parcs visités pour 633 sérums récoltés.

Il faut noter que le plan d'échantillonnage du cheptel national a suivi les recommandations de l'unité
d'épidémiologie de la campagne PARC à Nairobi.

2.4. Techniques d'analyse

2.4.1. Seroneutralisation (SN) virale selon la méthode en plaque de 96 trous [4,5]. On a utilisé des cellules

Véro qui sont des cellules de reins de singe en lignée continue. Le virus est la souche vaccinale KABETE"O"
du virus de la peste bovine [6]. La séroneutralisation a été réalisée pour la détermination du sérum négatif

local de référence, sur un certain nombre de sérums négatifs en ELISA, pour confirmer l'absence effective
d'anticorps maternels antibovipestiques.
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2.4.2. Technique ELISA indirect adaptée à la sérologie de la peste bovine [3] et préconisée par l'AIEA qui
a fourni les réactifs (kit complet). La lecture des plaques a été faite à 492 nm grâce à un lecteur

MULTISKAN MCC.

2.5. Calculs statistiques
A partir des taux bruts obtenus sur l'échantillon, on a procédé à une extrapolation à l'ensemble du

cheptel national par la méthode de standardisation, en se basant sur la structure des troupeaux. La

comparaison des différents paramètres a été rendue possible par le test de X2 [7].

3. RESULTATS ET DISCUSSION

3.1. Détermination du sérum négatif local de référence

Un premier lot de 205 sérums a été analysé en ELISA : 35 sérums ont été positifs. Les 170 sérums

négatifs ont été repris en séroneutralisation : 3 sérums ont été positifs (apparition d'un effet cytopathogène

à la dilution 1/10). Les sérums positifs ont alors été écartés pour ne conserver que les 167 sérums négatifs.

Les 167 sérums ont alors été de nouveau testés en ELISA. Les résultats obtenus figurent dans le tableau II.

La figure 3 présente la distribution du nombre de sérums par classe de D.O. Le pic se situe au niveau de

l'intervalle 0,05-0,1. La moyenne des D.O. X 0,00-0,2 = 0,087. Le sérum négatif local de référence a donc

pour D.O. : 0,087. Dans la technique ELISA peste bovine, on prend un seuil de positivité égal au double de

la D.O. du sérum négatif. Ce seuil sera donc, pour la Côte d'Ivoire, de 0,174 (= 0,087 X 2).

32. Sérologie post-vaccinale

Taux global : L'évaluation de l'immunité post-vaccinale anti peste bovine de la campagne de

vaccination 1989 a donné, pour l'ensemble du pays, 4.795 séropositifs pour 6020 sérums analysés, soit un taux

brut de 79,6%. En donnée corrigée en tenant compte de la structure des troupeaux, on obtient un taux

standardisé de 82,3%.

Les résultats par classe d'âge, type d'élevage, région et sexe sont présentés dans les tableaux III, IV,
V, et VI. A partir d'une population de référence obtenue d'après la structure des troupeaux [8] et en tenant

compte d'une mortalité des veaux de 7% entre 0-3 mois d'âge [9] on obtient un taux standardisé global de

82,3% (tableau VII).

TABLEAU II. RESULTATS ELISA OBTENUS SUR 167 SERUMS

NEGATIFS EN VNT

D.O.(nm) 0,00-0,051 0,05-0,1 0,1-0,15 0,15-0,2

Nombre de Sérums 35 92 28 12
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FIG. 3. Détermination du sérum négatif local de référence.

TABLEAU III. RESULTATS DES ANALYSES PAR CLASSE

D'AGE

Classe d'âge

3 mois-1 an
1-2 ans

2-3 ans
plus 3 ans

no. de sérums

1517
1502

1467

1534

sérums positifs

872

1209

1363

1451

% positifs

57,5 + /-2,5
80,5 +/-2.0

92,9 +/- 1,3

88,1 +/- 1,6

Total 6020 4795 79,7 +/- 1,0

33. Discussion
La campagne de vaccination a permis d'obtenir un taux de couverture de 84,29 % pour l'ensemble

du pays. Au cours de cette campagne, des équipes des Laboratoires de Pathologie Animale ont sillonné le

pays pour vérifier la qualité de la chaîne du froid. De plus, des flacons de vaccin ont été prélevés en vue d'un

contrôle de leur qualité. Trois mois après la fin de la campagne de vaccination, nous avons procédé, dans

un délai de quatre mois, à la collecte de 6020 sérums, selon un plan d'échantillonnage en grappes, respectant

ainsi les directives de l'unité d'épidémiologie du PARC. L'immunité post-vaccinale du cheptel bovin a ensuite
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TABLEAU IV. RESULTATS DES ANALYSES PAR TYPE D'ELEVAGE

Type d'élevage nombre de serums serums positifs % positifs

Sédentaire 4033 3322 82,4 +/- 1,2

Transhumant 1987 1473 74,1 +/- 1,9

Total 6020 4795 79,7 +/- 1,0

TABLEAU V. RESULTATS DES ANALYSES PAR REGION

Région

Nord
Centre

Sud

Total

nombre de sérums

4886
501

633

6020

sérums positifs

3872
422

501

4795

% positifs

79,3 +/- 1,1
84,2 + /-3,2

79,2 + /-3,2

79,7 +/- 1,0

été évaluée par l'analyse en ELISA de ces sérums : 4795/6020 sérums sont positifs, soit un taux brut de

positivité de 79,6 %. Après standardisation, ce taux devient égal à 82,35%. Citons, comme éléments de
comparaison, les taux bruts obtenus dans deux pays de la région en 1989 : 50 % au Mali et 58,4 % au Niger

[10,11].

3.3.7. Facteur âge
La comparaison des séropositifs par classe d'âge montre une différence significative entre la classe

d'âge 3 mois - 1 an et les autres classes d'âge; entre 1 an - 2 ans et 2 - 3 ans au risque d'erreur 0,01. Il
n'existe en revanche pas de différence significative entre les classes d'âge 1-2 ans et > 3 ans.

Ce faible pourcentage de séropositifs dans la tranche d'âge 3 mois - 1 an par rapport aux autres
classes d'âge peut avoir pour explication essentielle la disparition progressive des anticorps d'origine
maternelle. Les animaux de cette catégorie sont nés pour la plupart après la campagne de vaccination. Nous

avons constaté aussi que plus de 50% des veaux se sont révélés négatifs à l'analyse avant l'âge de six mois

[11, 12]. On peut préciser par ailleurs que ces 57,5% de positifs ne peuvent provenir que de la vaccination

( animaux de cette tranche d'âge qui ont subi la vaccination annuelle).
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TABLEAU VI. RESULTATS DES ANALYSES PAR SEXE

Sexe nombre de serums serums positifs % positifs

Femelle 4074 3369 82,7 +/- 1,2

Mâle 1946 1426 73,3+/-2,0

Total 6020 4795 79,7 +/- 1,0

TABLEAU VII. CALCUL DU TAUX STANDARDISE GLOBAL DE SEROLOGIE

POSITIVE

Classe d'âge

3 mois-1 an

1-2 mois

2-3 mois

plus 3 ans

Total

Animaux (%)

22.2

17.8

15.1
44.9

93

Population de

référence

182,640
213,360
180,600
538,800

1.116,000

sérums

% positifs

57,5
80,5

92,9
88,1

919,030

Nombre posii

théorique*

104,981

171,733

167,795
474,521

" nombre positifs théorique + nombre d'animaux dans la population de référence

X pourcentage de sérums positifs observés dans la classe d'âge.

3.3.2. Facteur type d'élevage
Une comparaison des deux types d'élevage sédentaire/transhumant révèle une différence significative

au risque d'erreur. L'élevage sédentaire s'avère mieux protégé que l'élevage transhumant. Deux raisons
peuvent être avancées:

a) L'absence ou le mauvais état des parcs et couloirs de contention rend le travail plus difficile, voire
impossible, en élevage transhumant.

b) Le déplacement des troupeaux transhumants empêche parfois la vaccination.

3.3.3. Facteur région
Aucune différence significative n'est apparue entre les 3 régions étudiées.
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3.3.4. Facteur sexe
La séropositivité en fonction du sexe montre une différence significative entre les femelles et les

mâles. Le taux inférieur constaté chez les mâles pourrait provenir d'une plus grande difficulté de contention

chez ces derniers.

4. CONCLUSION

La campagne annuelle de vaccination qui a pris fin en octobre 1989 a permis d'obtenir un taux de

couverture national de 84,2 %. L'analyse d'un échantillon de 6020 sérums a révélé un taux corrigé de

séropositifs de 82,3 % pour l'ensemble du pays. Cet excellent résultat laisse cependant apparaître quelques

faiblesses notamment au niveau de l'élevage transhumant. Quant à la classe d'âge 3 mois -1 an, pour obtenir

un meilleur taux de protection, il faudrait procéder à plusieurs campagnes annuelles. Compte tenu du fort

taux global déjà observé, cette organisation de plusieurs campagnes ne paraît pas économiquement justifiée.
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Abstract

DETECTION OF RINDERPEST ANTIBODIES IN EGYPT BY INDIRECT ELISA

Rinderpest is endemic in Egypt but the disease is kept under control by annual vaccination of cattle

and buffaloes using a locally prepared tissue culture vaccine. An indirect enzyme-linked immunosorbent assay

(ELISA) was utilized to study herd immunity against rinderpest virus. A total of 2459 field sera was

collected for testing from five Governorates (Minia, Beni-Suef, Fayoum, Giza and Alexandria). Sixty-five,

45, 55, 78 and 69% respectively of these sera were found to contain levels of antibodies sufficient to confer
immunity to rinderpest with an average percentage of 62.5% in this category. Further testing will be carried

out in the remaining Governorates to enable calculations of herd immunity to be made on a national basis

as required by the Pan African Rinderpest Campaign.

1. INTRODUCTION

Rinderpest (RP) is an acute highly contagious viral disease that affects cattle, buffaloes and pigs.

Since 1961 the adaptation of rinderpest virus to bovine kidney cell culture and its subsequent serial passage
through these cells to obtain an avirulent virus strain (Kabete "O") has offered a significant advantage in the

control of the disease [1].
In Egypt, although the disease is endemic, a major epizootic started in March 1982 in Fayoum and

Quina Governorates in Upper Egypt. By the end of that year, approximately 4120 animals had died

representing some 0.08% of the total cattle population (calculated in 1982 to be roughly 5 million animals).
This epizootic extended to Upper and Lower Egypt and continued until June 1986. Since then no further

deaths attributable to rinderpest have been recorded (Records of the General Organization for Veterinary

Services, Egypt).
Cattle in Egypt are vaccinated once a year against rinderpest but because of the epizootic which

occurred between 1982 and 1986 and the potential risk of further epizootics it is considered essential to

investigate the immunity of the cattle and buffalo populations to rinderpest virus annually on a national basis.

The enzyme-linked immunosorbent assay (ELISA) is widely used for field surveys and assessment

of vaccination campaigns [2] and can be used with relative ease compared with the more traditional virus
neutralization test (VNT) [3].

The work detailed below initially describes studies comparing the ELISA to the VNT system for the

determination of rinderpest antibodies in cattle and subsequently details the use of the ELISA system to

carry out serological testing in Egypt.
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2. MATERIALS AND METHODS

2.1. Sampling Protocol

In Egypt, cattle and buffaloes are found in either governmental or private farms in the 26

Governorates; nomadic herds do not exist. Vaccination of cattle and buffaloes with the locally prepared
tissue culture vaccine (using the Kabete "O" strain of rinderpest virus) is carried out by veterinary teams

belonging to the General Organization for Veterinary Services (GOVS). After vaccination of animals blood

samples were collected by the same teams into evacuated tubes along with all relevant details. Information
sheets and the samples themselves were then sent to provincial laboratories in each Governorate. Serum

separation was carried out at these laboratories after which the samples were sent to the central laboratory,
The Animal Health Research Institute, Dokki, Cairo. Here samples were numbered and stored at -20°C until
tested for antibodies to rinderpest virus.

22. Enzyme-linked Immunosorbent assay (ELISA)

The FAO/IAEA rinderpest ELISA kit as supplied from the FAO/IAEA Animal Production and
Health Sections' Laboratory Unit at Seibersdorf, Austria and the Pirbright Laboratory of the Institute for

Animal Health was prepared and used exactly as described in the accompanying protocol for the detection

of antibodies to rinderpest virus in the sera.

23. Virus Neutralization Test (VNT)

Vaccinal strain lot no. 29572 containing 105TCID50/ml of rinderpest virus (Plowright strain Kabete

"o") was obtained from the rinderpest vaccine production unit of the Serum and Vaccine Research Institute,
Abbassia, Cairo. This virus was adapted to Vero cells for 6 passages, then titrated and used at 100

TCID50/ml in the test itself.

Virologie microtitration was carried out according to the method described by the National

Veterinary Services Laboratories, Ames, Iowa, USA in sterile microplates (Nunc Ltd., Denmark) using

Minimal Essential Media (Flow Ltd.) with 3% horse serum as a maintenance media. Screening of sera was

done at a dilution of 1/16 and sera were considered positive for the presence of antibodies to rinderpest virus

if no virus-induced cytopathic effect (CPE) was detected after five days at this serum dilution.

2.4. Determination of a local negative value for use in the FAO/IAEA rinderpest ELISA kit

Previous use of the FAO/IAEA rinderpest ELISA kit showed that it is necessary to determine a

control negative serum value for use in the test based on a local population of cattle known to be free of

antibodies to rinderpest virus. This value is often lower than the negative control sera supplied with the kit.

Three hundred and forty seven sera samples from cattle and buffaloes from Minia Governorate were

obtained from the serum unit store at the Animal Health Research Institute. All these samples were

accompanied by information sheets indicating that they came from non-vaccinated animals. They were

examined by the FAO/IAEA indirect ELISA with the results from each plate being determined from the

reference positive and negative control sera provided with the kit. The results of this can be seen in

TABLE I.

132



TABLE I. NUMBER OF NEGATIVE SERUM SAMPLES OF NON-VACCINATED CATTLE AND

BUFFALOES IN MINIA GOVERNORATE BY ELISA

Number of Samples Positive (%) Negative (%)

347 220(62) 127 (37%)

60 -,

0

Egyptian mean (x) negative control

= 0.064

i i i l l l
.04 .08 .12 .16 .20 .24 .28 .32 .36 .40

Optical Density
FIG. 1. Distribution of optical density values by ELISA from Egyptian negative population.

From the 127 sera that tested negative a frequency distribution plot (Fig. 1.) was prepared from the
optical density values of these sera and used to determine the local mean negative value of 0.064 and a test
cut-off point between negative and positive sera of 0.128.

These negative samples were pooled, filtered and distributed into small aliquots (0.2ml.) and kept
at -20°C to be used in all subsequent ELISA tests as the local reference negative serum. It should be noted
that these 127 sera were also found to be negative using the virus neutralization test.

3.

3.1.

RESULTS AND DISCUSSION

Comparison of ELISA with VNT

Sera from Minia, Fayoum and Beni Suef Governorates were examined for the presence of antibodies

to rinderpest virus using both the VNT and the ELISA and the overall results are shown in TABLE II. Only

sera that could be tested by the VNT (ie non cytotoxic sera) were tested by the ELISA although it is clear

that the ELISA could also have tested these VNT toxic sera.
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TABLE II. OVERALL RINDERPEST SERO-MONTTORING RESULTS FROM

GOVERNORATES THROUGHOUT EGYPT

Governorate

Minia*

Fayoum*

Beni Suef

Minia*
Fayoum*

Beni Suef*

ElGiza

Alexandria

No of Sera
Cattle Buffaloes

285

217

266

561
385
419

26

n/a

323
114

92

613
176
142

25

n/a

Total

608

331

358
1174

561
561
51

112

VNT

+ ve - ve

236
162

144

n/a
n/a
n/a
n/a

n/a

372

169
214

n/a

n/a

n/a

n/a

n/a

ELISA

+ ve - ve

223

217

182

769
308
252

40

77

385
114

176

405
253

309

11

35

Samples collected in 1987 and 1988

* Samples collected in 1989

n/a Data not available

From the results obtained from the Minia Governorate there was a 95% correlation between the

VNT and the ELISA results with the VNT giving a higher number of positive sera. In the case of the other
two Governorates there was an 82% correlation but here the ELISA giving higher numbers of positives. The

definitive test for the detection of rinderpest antibodies in cattle is the tube neutralization test [1] and thus
whilst it is not possible to determine which assay is correct, when there are differences between the VNT

and ELISA, a correlation of 95% between the two assays is fully acceptable. However both the tube

neutralization test and the VNT are cumbersome, expensive and laborious to carry out, whilst the ELISA

is relatively simple, quick and inexpensive and therefore the obvious choice to use for rinderpest sero-
monitoring in Egypt.

3.2. ELISA sero-monitoring results

A total of 2459 sera from cattle and buffaloes was examined using the FAO/IAEA rinderpest

ELISA kit in conjunction with the locally derived negative control serum. The results are shown in

TABLE II.

In Minia, 1174 serum samples were collected and on testing it was found that 65.5% were positive.

Examination of 561 sera from Beni-Suef revealed only 44.9% as positive which is the lowest value for the
Governorates examined. In Fayoum from 561 examined sera 54.9% were found to be positive. In Giza only

51 samples were examined but of these 78.4% were found to be positive. Finally in Alexandria Governorate

where 112 samples were collected, 68.7% were found to be positive.
Overall, the examination of almost 2,500 serum samples from five different localities in Egypt

revealed a national herd immunity value of 62.5% based on the use of the ELISA and using a local mean
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negative control value to determine the "cut-ofr point. The inclusion of a locally derived negative control

serum on each plate not only provided a more realistic cut-off point but also gave greater reproduceability

to the test solving previously encountered problems of inter-plate and intra-plate variations [2].
Osman et al. [4] in Egypt used the VNT to determine herd immunity against rinderpest in farm

animals and found 63.5% of cattle and 51.9% of buffaloes to be immune. In the case of the cattle these are

very similar to the overall levels found in this survey. However, the low percentage of positive reactors in the

Beni-Suef Governorate is probably attributable to the incorrect transportation of the vaccine or rapid

inactivation of reconstituted vaccine in this very hot area.

4. CONCLUSIONS

The FAO/IAEA ELISA based system for the determination of antibodies to rinderpest in cattle and

buffaloes has been successfully introduced into the central testing laboratories at the Animal Health Research

Institute, Dokki.

The ELISA has been compared to the previously used VNT with an overall correlation of 94%;

however the ease of use and low cost of the ELISA make it the preferred test. Contrary to other reports

[5], the ELISA for the detection of IgG antibodies to rinderpest virus has proved to be ideally suited for use

in large-scale surveys in Egypt.

Results to-date in Egypt have already indicated the value of this system for identifying areas where
poor vaccination cover has been obtained. However serum collection must now be extended throughout the

whole of Egypt if the full benefit from sero-monitoring is to be obtained and accurate national herd

immunity levels derived. Plans are now underway to achieve this.
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Abstract

THE ELISA TECHNIQUE FOR THE DETECTION AND EVALUATION OF RINDERPEST

As part of the Pan African Rinderpest Campaign, sero-surveillance is required to monitor the

success of the national vaccination programmes and to assist in identifying foci of infection in the latter

stages of the campaign.
The FAO/IAEA ELISA based system for rinderpest sero-monitoring was successfully introduced

into the National Veterinary Institute, Debre Zeit. The ELISA was compared with the virus neutralization

test and found to give comparable results (94% agreement). For routine use of the assay a local negative

value for cattle was established and subsequently this local negative control was used in the testing of all field

sera.
A sampling frame was prepared in such a manner that results derived from the sera collected would

be representative of the country as a whole. At the time of sampling, detailed information on the animals

being tested was obtained and submitted to the National Veterinary Institute along with the sera for testing.

In the initial survey, 15,000 sera were collected from throughout the country and to-date, 9,000 tested

by the ELISA for the presence of antibodies to rinderpest virus. Overall, 76% of the animals were found to

be immune although considerable local variation occurred. The surveillance system proved to be an
invaluable tool in monitoring the vaccination programme and providing the rinderpest national coordinator

with detailed information on the success of the programme on a district to district basis and thus pinpointing

areas where revaccination was required.

1. INTRODUCTION

Ethiopia has the largest livestock population of any country in Africa and this represents a major

national resource. Apart from being an obvious source of food, livestock and in particular cattle, contribute
indirectly as a source of transportation, farm power for ploughing and fertilizer and fuel through manure.

A number of constraints operate to reduce livestock productivity and of these, disease represents

one of the most important. Of the many diseases that can afflict livestock in the tropics, rinderpest is at

present the most menacing and in Ethiopia alone has caused the death of over a million animals in the past
few years.

A mass rinderpest vaccination campaign named J.P. 15 was undertaken in the 1970's and led to the
disappearance of rinderpest from most of the regions of Ethiopia, although a few foci of infection remained.

The presence of these few infected areas however, meant that the potential remained for a resurgence of

the disease throughout the country.
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The Pan African Rinderpest Campaign (PARC) is being undertaken to eradicate the disease from

Africa. In countries where it still remains endemic, special efforts are being applied to initially control and

subsequently eradicate the disease. Ethiopia is one of these countries and is thus identified as requiring

special attention. The strategy in such areas is to gain the highest possible vaccination coverage of cattle for

two to three years followed by a period of intensive clinical and serological surveillance to identify any

remaining pockets of infection. Clearly this can only be achieved through the establishment of a proper

system of disease monitoring and routine sero-surveillance of cattle for the presence of antibodies to the

rinderpest virus.

Previously, the only established system in Ethiopia for the detection of antibodies to rinderpest virus

in cattle had been the virus neutralization test (VNT). However, it was clear that for the number of sera

which would require testing, this assay system was inappropriate being too expensive and time-consuming

whilst an alternative, the ELISA test offers many advantages in terms of speed, cost and ease of testing.

Initially therefore, the ELISA was introduced into the National Veterinary Institute and compared

to the VNT to ensure its suitability. It was also necessary, prior to the use of the ELISA in a full scale

survey, to establish a local population negative value for use in the test.

Subsequently, a large scale survey was carried out to determine the prevalence of antibodies to

rinderpest in the national herd as part of the ongoing vaccination campaign.

2. MATERIALS AND METHODS

2.1. Serum Sampling Procedure

When designing the sampling frame and protocol two important factors had to be taken into

consideration;

1. Ecological systems:- a) Highlands

b) Lowlands

2) Systems of husbandry:- a) Sedentary - state owned, peasant association farms, private farms,

b) Nomadic

2.1.1. Highlands
In the Ethiopian highlands most of the regions are organized into peasant associations and these acted

as the basic sampling unit. Regions are divided into districts and lists of peasant associations in a district were

available from the Ministry of Agriculture. From these lists in each district, peasant associations were

randomly selected for sampling.

2.7.2. Lowlands
In the lowlands where most of the cattle owners are nomadic, two sampling systems were adopted.

In the first system where the inhabitants are organized in grazer's associations (southern region of Ethiopia),

lists of the associations were obtained from the administrative regions and random sampling carried out from

these lists.

138



In the second situation where no such associations exist, it was necessary to consider watering points.
A list of watering points (in the Eastern and Western regions) was obtained from the Ministry of Agriculture

and watering points for sampling selected randomly from these lists.

At each site (peasant association, grazing association or watering point) 40 samples were collected,

10 from each of the four age categories: less than 1 year old; 1-2 years old; 2-3 years old and greater than

3 years of age.

2.1.3. Negative Population
For the establishment of the local negative OD value for use in the ELISA it was necessary to collect

sera from animals known not to have been exposed to rinderpest virus, either through infection or vaccination.

These negative populations of animals were selected from state owned ranches where calves aged up to 2 years

were kept unvaccinated for research purposes and from the eastern regions of Ethiopia where vaccination had

not been carried out for at least 10 years.

Such sera were screened in the virus neutralization test (VNT) and counter-checked in the ELISA.

Those sera found negative in both were kept as an ELISA negative control pool representing Ethiopian cattle.
When these Ethiopian negative sera were compared with the negative control sera provided with the

FAO/IAEA rinderpest ELISA kit it was found that the local negative value was much lower. This local

negative pool of sera was thus used throughout the survey and included on each plate of sera tested to obtain

the negative "cut-off point in the test.

22. Sample storage
Sera were collected by sero-surveillance teams. After separation of the clot from the serum, they

were kept at -20°C until dispatch to the National Veterinary Institute (NVI). On arrival at NVI all the sera

were given a laboratory number before being stored at -20°C.

23. Sample information

Sero-surveillance teams were instructed to collect specific data at each sampling site as follows:-
a) general information -

the subpopulation (highland or lowland)

the region including district

the sampling site.

b) details of the sampled herds
number of herds at a sampling site
type of husbandry (nomadic, settled, trader)

type of grazing (common grazing, enclosed grazing, zero grazing)

type of breed

c) rinderpest vaccination history

d) rinderpest disease history at sampling site
e) herd structure

Additionally information on each animal was recorded and included:- cluster number, date of
collection, age category, ear marks and sex.

139



2.4. ELISA

2.4.1. Reagents and protocol
All the reagents necessary to test 20,000 sera were supplied with each FAO/IAEA ELISA kit.

Rinderpest antigen and the control sera were supplied directly from the Pirbright Laboratories, Institute for

Animal Health, UK, whilst the rest of the reagents were supplied from the FAO/IAEA Laboratory,
Seibersdorf, Austria.

The ELISA protocol used was exactly as detailed in the FAO/IAEA ELISA kit manual [1,2].

2.4.2. Calculation of results
The binding ratio was calculated for each plate tested (the ratio of the mean positive control sera OD

to the mean of the negative control sera). Only results from plates with a binding ration of 6 or greater were

included. The cut-off point for the test was then derived for each plate by doubling the mean of the negative

control sera. Each serum was tested in duplicate and any serum giving the two OD values either side of this
cut-off value was retested.

2.5. Serum Neutralization test

The test was carried out as described previously [3]. The virus used for the serum neutralization test
was the RBOK attenuated vaccine strain of rinderpest virus grown in primary calf kidney cell culture. The titre
of the virus was adjusted to log 103TCID50/ml. Sera were tested at a dilution of 1/5 in Hanks solution.

Equal quantities (1:1) of the diluted serum (1/5) and the virus suspension were mixed together and incubated

at 37°C for 60 min. Confluent primary calf kidney cell cultures in test tubes were inoculated with 0.2 ml of
the above mixture using 5 tubes for each serum tested. Inoculated tubes were then incubated at 37°C for 30

min. followed by the addition of maintenance media. Tubes were incubated at 37°C in a roller drum and

checked daily for any cytopathogenic (CPE) effect. Sera were considered positive for the presence of

neutralizing antibodies to rinderpest if after 6 days no CPE had developed.

3. RESULTS AND DISCUSSION

3.1. ELISA versus VNT

The comparison study of ELISA with the virus neutralization test in tissue culture showed a 94%

agreement using the 263 sera tested. Eleven of the 66 sera which were negative in the VNT gave a positive

result in the ELISA. The percentage of agreement (94%) clearly indicates that the ELISA could be used for

routine screening of sera in place of the VNT as envisaged under PARC.

32. Sero-survey

Sera were collected from throughout Ethiopia. A total of 15,000 sera were collected from 9

administrative regions by random sampling and 9,153 were tested using the FAO/IAEA ELISA kit. They were

taken almost equally from the four age categories and in regions covered by PARC almost 95% of the cattle

were earmarked.
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SUDAN

KENYA

1. North Gonder 2. South Gonder 3. North Welo
4. South Welo 5. East Gojam 6. West Gojam

Metekel 8. Asosa 9. Welega
North Shewa 11. Addis Abebe 12. West Shewa
South Shewa 14. West Hararge
East Hararge 16. Arsi 17. Bale 18. Gambela
llubabor 20. Kefa 21. North Omo
Sidamo 23. South Omo

24. Borena 25. East Shewa

Semi—autonomous regions
A1a North Eritrea
A1b West Eritrea
A1c South Eritrea
A2 Tigray
A3 Aseb
A4 Dire Dawa
A5 Ogaden

SOMALIA

FIG. 1. The administrative regions of Ethiopia.

The rinderpest antibody prevalence on a district by district basis (see FIG. 1. for map) is shown in

TABLE I. Except for the Ogaden administrative region boundering the Republic of Somalia, all the sera were

collected from regions where the Pan African Rinderpest Campaign was being carried out.

From the results it can be seen that the vaccination campaign has been reasonably successful with an

overall national immunity level of 76% with no great differences being apparent amongst the four age groups

sampled (TABLE II). Nevertheless, on examining results from individual regions and within regions, quite

large differences were apparent in the levels of immunity achieved. In Bale administrative region where

PARC was launched, the overall rinderpest antibody response for the region was 87.5%, but in some clusters

it is found to be as low as 46%. The same applied to the Sidame and Southern Wale region (12%). In these

areas there are clearly many susceptible animals and this could result in serious outbreaks of rinderpest if the

virus were to be introduced. Such areas warrant intense revaccination to prevent this happening.

Although no vaccination was carried out in the Ogaden, the 26% of séropositive sera is primarily due

to the introduction of vaccinated cattle from the neighbouring regions of Bale and Arsi.

4. CONCLUSIONS

Initial work in this study concerned an evaluation of the ELISA versus the VNT for the detection of

antibodies to rinderpest virus in the sera of cattle. This clearly showed that the ELISA compared favorably

with the virus neutralization test and was thus suitable for use in the sero-monitoring of rinderpest in Ethiopia.
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TABLE I.RINDERPEST ELISA ANTIBODY OVERALL RESULTS

Region

Sidame

Ogaden

Borena

Arsi

Bale
Ogaden

Sidamo
Southern Walo

Total

No. of Sera

1,500

1,000
212

794

1949
494

1,000
444

7,393

No. Positive

991
430

139

761

1733

128
684

414

5,280

% Positive

66.7

43.0
55.2

96

87.5

26
68.4

90

76

TABLE II. RINDERPEST ELISA ANTIBODY RESULTS

- BALE ADMINISTRATIVE REGION

Age

> 1 yr
1-2 yr

2-3 yr

> 3yr

Total

No. of Sera

122
451
311

1065

1949

No. Positive

104

388
278

963

1733

% Positive

85
86
89

91

87.5

The ELISA was subsequently successfully introduced into the National Veterinary Institute for the routine

screening of cattle sera as envisaged under PARC. A local control negative value for use in the ELISA was

obtained from a population of cattle in Ethiopia known not to have been exposed to the rinderpest virus.

A full-scale serological survey was carried out and results from this indicated that a reasonable level

of immunity was being achieved during the first year of the PARC supported vaccination programme (ie 1990).

The design of the survey was such that the results could be extrapolated to indicate levels achieved at the

regional and even district levels. This procedure enabled areas of poor vaccination cover to be pinpointed so

that action could be taken to improve herd immunity in these areas.
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Sero-monitoring was clearly demonstrated to be a useful tool in assisting the rinderpest national co-

ordinator to monitor the success or otherwise of his national vaccination programme and the ELISA proved

to be an ideal test with which to examine the sera themselves.
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Abstract

A PLAN FOR PARC RINDERPEST SEROLOGICAL SURVEILLANCE IN THE GAMBIA

Gambia has not had an outbreak of rinderpest since 1965 and has not vaccinated cattle against
rinderpest since 1987. It is therefore the first country in PARC to be able to proceed along the OIE

recommended route for a declaration of freedom from rinderpest. This will involve intense disease and

serological surveillance.
The sero-surveillance exercise will initially be carried out in the Gambia for three consecutive years

(1991 -1993 inclusive), adopting a sample-frame of 2000 units (settlements or villages). Three hundred units
will be selected randomly and it is envisaged that all the eligible cattle in these units (1-2 and 2-3 years old
in 1991; 3-4 years old in 1992 and 4-5 years old in 1993) will be blood sampled. Samples will be examined

by the FAO/IAEA ELISA based system for the detection of antibodies to rinderpest virus. The disease

survey will be conducted at the same time and along similar lines.

If no evidence of virus activity is found, and subject to review of the disease and sero-surveillance
programmes, it is hoped that at the completion of this work the OIE will be in a position to declare the

Gambia free of rinderpest.

1. INTRODUCTION

The Gambia has not had a single outbreak of rinderpest since 1965 and annual mass vaccination

against the disease ceased in 1987. It is therefore assumed that the animals born after 1987 should be
sero-negative since they should not have been exposed to rinderpest virus - either through infection or
vaccination. Gambia is therefore now in a position to be able to determine if virus is circulating by the

serological examination of animals born since vaccination ceased and by having an ever-increasing number

of susceptible animals which are likely to show obvious clinical evidence of disease if exposed to the virus.

In 1989, OIE convened an experts meeting at which the possible steps required for countries to

declare themselves free of rinderpest were discussed. Although still not finalized, the approach taken has

been to adopt a three phase process leading to an eventual declaration of eradication. The process would
start in a country or zone with a cessation of vaccination to be followed by a declaration of freedom from

disease with a final phase involving a declaration of freedom from the virus itself. Throughout the process

extensive and intensive disease and serological surveillance will be required. In the initial stages this
surveillance would be mainly aimed at determining if any disease was present but in the later stages would
involve the detection of any circulating virus (in the absence of disease). Thus, initially disease detection will

be of paramount importance, whilst in the later stages serological testing for evidence of circulating virus will
be of most value.
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Gambia, in its progression towards eradication of rinderpest will proceed with steps 2 (declaration

of freedom from disease) and 3 (declaration of freedom from virus), starting in 1991. This will commence

with the carrying out of an intense disease and serological survey of the animal population. The sampling

protocols and testing procedures will be in line with the OIE recommendations in order that OIE recognition

of the eradication of rinderpest from Gambia can be most rapidly achieved.

2. SAMPLING PROCEDURES

In the sero-monitoring exercise which will be conducted for three consecutive years starting in 1991,

a sample frame of 2000 units (settlements or villages - each settlement comprising a number of herds in a

large village) has been prepared and each unit numbered. From this 300 villages or settlements will be
selected using random numbers and all the eligible animals in these units (1-2 and 2-3 years old in 1991; 3-4
years old in 1992 and 4-5 years old in 1993) will be blood sampled. The sampled animals will be individually

ear tagged and this same number allocated to the blood sample. In this way, after the sample has been

tested it will be relatively easy to relocate the animal if required. Samples will be taken back to the Central

Veterinary Laboratory in Banjul where they will be tested for antibodies to rinderpest virus using the

FAO/IAEA rinderpest ELISA kit.

No animal born since the cessation of vaccination in 1987 should have rinderpest antibody (unless

it has maternal antibody which should only be present in animals under one year of age and these will not

be sampled). Any animal therefore in the relevant age group which has rinderpest antibody will be

considered to have serologically converted following exposure to a field virus and this in turn will therefore
indicate the presence of circulating rinderpest virus.

The sampling and testing procedures chosen are designed to give a 95% probability each year of

detecting sero-positive animals in the relevant age groups (1-2, 2-3, 3-4 and 4-5 yr. olds) in any stratum of
the susceptible cattle population. Other domestic species and game (wild) animals will be sampled where

ever possible and in the case of cattle in contact with game animals these will be subjected to an intense

sampling protocol.

If no evidence of virus activity is found, and subject to review of the disease and sero-surveillance
programmes it is hoped that the OIE will be able to declare the Gambia free of rinderpest infection and

virus.

3. ESTABLISHMENT OF THE RINDERPEST ELISA TEST: CURRENT SITUATION

On arrival of the EEC Technical Advisor (Dr. Roland Minor) a work plan for the PARC Rinderpest

clinical and serological surveillance programme was elaborated in collaboration with Dr. E.M. Touray

(FAO/IAEA Research Contract Holder concerned with PARC sero-monitoring). Dr. E.M. Touray attended
a refresher course in the use of the rinderpest ELISA technique, ELISA quality control and introduction to

the use of computer software for PARC sero-monitoring data analysis, storage and dissemination, in Nairobi,

June 1989.
A cattle census was carried out jointly by the Departments of Planning and Livestock Services in

order to be able to prepare an acceptable sample-frame and sampling procedures. Up-to-date herd lists
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were compiled for use in the forthcoming PARC rinderpest serological surveillance and clinical surveillance

programmes.

The necessary equipment for conducting the FAO/IAEA rinderpest ELISA system has been

ordered. The laboratory itself has a major problem with water supply but a contract for the rehabilitation

of the Abuko water supply system (Government of the Gambia funding) has been awarded to the General
Utilities Corporation (GUC). They have completed the necessary preliminary and final surveys and

implementation of the actual construction work is expected to start immediately. The completion of this

work is a necessary pre-requisite to the establishment and functioning of the rinderpest ELISA test.

An agreement was reached with LNERV (Central Livestock Research Laboratory, Dakar-Hann,

Republic of Senegal) to adopt the Senegalese negative OD "cut-off value for the ELISA test derived from

a rinderpest-free and unvaccinated (and therefore serologically negative) population of Ndama cattle found
on islands off the Cassamance Coast (Southern Senegal). As an alternative, and in any case to be used in

comparison, a negative OD "cut-off value will be elaborated from 1-3 year old Gambian Ndama cattle which

have never been vaccinated against rinderpest and presumably never exposed to circulating rinderpest virus.

The selection of the sampling frame and the determination of the sample size for rinderpest

sero-surveillance was carried out in collaboration with Dr. A. James of the University of Reading

Epidemiology/Livestock Economics Unit in June 1990.

It is anticipated that FAO/IAEA will supply the necessary rinderpest ELISA kit on completion of

the rehabilitation of Abuko water supply system and the arrival of the necessary laboratory equipment and

supplies (funded by the EEC).

Training in the use of the ELISA technique has been secured for two senior laboratory technician
under the USAID GARD project third country training programme, tenable at LNERV, Dakar-Hann,

Senegal, for one month with a two-week follow up at the Central Veterinary Laboratory, Abuko upon

successful establishment of the rinderpest ELISA test.

4. CONCLUSIONS

Gambia having had no rinderpest for a number of years, and having three years ago ceased

rinderpest vaccination, is now in a position to undertake the process leading to an official OIE declaration

of freedom from rinderpest and the causative virus. Plans for epidemiologically sound clinical and serological

surveys have been prepared which will give a 95% possibility of detecting any disease or circulating virus over

a three year period. The training of personnel and establishment of suitable testing facilities for conducting

the FAO/IAEA rinderpest ELISA have been carried out in anticipation that full-scale surveillance will
commence in 1991.
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Abstract

USE OF ENZYME IMMUNOASSAY (ELISA) FOR MONITORING EFFECTIVENESS OF

RINDERPEST VACCINATION AND COMPARATIVE EVALUATION WITH AGAR-GEL

IMMUNODIFFUSION TEST

In line with other countries participating in the Pan African Rinderpest Campaign, Ghana wishes

to monitor the success of a national rinderpest vaccination campaign. This involves the collection of sera

from throughout the country in an epidemiologically acceptable manner and the use of a serological

procedure that can test the sera for the presence of antibodies to the rinderpest virus.
A comparison was carried out between an FAO/IAEA ELISA based system and an Agar-Gel

Immunodiffusion test for the detection of antibodies to rinderpest virus in cattle. The ELISA was found to

be faster than the Agar-Gel test, could handle larger number of samples in a short time and could detect

lower levels of immunoglobulins.
Utilising the ELISA system to examine sera collected in two surveys of 3,500 and 1,818 samples from

three regions (Greater Accra, Central and Volta regions) a very marked variable rate of seroconversion was
demonstrated with levels lower than the desired 85%. It would appear that the primary cause of these lower

than expected levels was related to an inadequate cold-chain.

1. INTRODUCTION

1.1. Livestock in the Economy

The economy of Ghana is predominantly agricultural. The agricultural sector accounts for 53% of

GDP, with about 70% of the merchandise being exported. This sector employs about 55% of the labour

force.

The livestock sub-sector contributes about 5% to the total agricultural GNP and is composed of

small-scale enterprises and is labour intensive. The major types of livestock are cattle - 1.2 million; sheep -
2.0 million; goats - 2.2 million; pigs and poultry - 8.1 million and between 30-53% of agricultural households

in Ghana engage in h'vestock production.

This sub-sector is under-developed and relies mainly on traditional systems of husbandry, production,

disease control and marketing. These systems remain closely tied to cultural determinants with many
traditional holders keeping animals as a store of wealth, a convertible source of capital and for income
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diversification. Although livestock contribute to meeting food needs, they make h'ttle contribution to draft

power, milk and manure.

Due to low off-take rates, meat production from livestock is low. However, total production of meat

and eggs has recently increased, rising from 37,700 metric tonnes (mt) in 1983 to 46,300 mt in 1987. Milk

production is limited to the collection of small amounts for use in peri-urban areas in Southern Ghana and

for processing into local food in Northern Ghana. Meat imports supplement the inadequate domestic

production, although precise import levels are difficult to determine due to paucity of data. In 1987, about

27,200 mt of beef were imported.

The level of demand for livestock products is highly dependent on income levels. It is estimated that

animal proteins contribute only about 30% to the total daily per capita protein consumption in Ghana. The

level of demand for meat and offal was projected at 187,000 mt in 1990 and 287,000 mt in 2000, representing

an annual average increase of 5.3 percent. In response to the inadequate domestic supply of livestock

products, market prices are high as compared to the cost of plant protein. Currently, beef retails at Cl,050

($1 = C300) per kilo in Accra.

12. Diseases
Of the major diseases affecting livestock in Ghana, 24 have been identified as scheduled diseases,

constituting the most important diseases by virtue of their economic or public health importance.

Anthrax and Blackleg occur in known endemic areas. In the past, outbreaks of Anthrax involved

mainly cattle but in more recent outbreaks, sheep, goats and pigs have been involved. Between 1983 and

1988, there were 139 recorded outbreaks of Anthrax with the loss of 828 animals. Contagious Bovine
Pleuropneumonia continues to occur while streptothricosis occurs mainly in the rainy season with exotic and

zebu cattle being highly susceptible.

Surveys conducted both in the Accra Plains and in the Northern Region indicate that the incidence
of Bovine Brucellosis is as high as 40%.

Animal Trypanosomiasis has been recorded in the Northern, Western, Ashanti, Upper West and

Greater Accra Regions. The most important species of the tsetse fly, the vector of the disease, are Glossina

morsitans submorsitans G. tachinoides: G. longipolpis and (3. fusca.
Peste de Petite Ruminant (PPR) epidemics occur among sheep and goats with usually high morbidity

and mortality rates, and are estimated to account for up to 50% of goat mortalities and up to 60% of lamb

mortalities.

Parasitic gastro-enteritis is a major cause of poor production and mortality among cattle, sheep,

goats and pigs but it is difficult to assess the economic importance of this disease entity.

Ectoparasitism caused by ticks, mange mites, fleas and lice is common. Tick infestation among
cattle, sheep and goats reaches its peak in the wet season and is becoming important among rural poultry.

Mange affects cattle, sheep, goats and pigs and exotic breeds are severely affected.
Ghana was free of Rinderpest disease for more than 10 years but the disease reappeared [1], with

serious outbreaks occurring in 1985 as a result of an influx of transhumant cattle from Burkina Faso, Mali

and Nigeria [2, 3]. Sixty-seven outbreaks were recorded between 1985 and 1988 with the loss of 2,953 cattle.
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13. Control of Rinderpest

The current outbreaks of rinderpest were brought under control by a combination of quarantine

measures, vaccination and disease surveillance. At the beginning of the outbreaks stand still orders were

imposed only in the districts where outbreaks occurred.

Subsequently, as the disease began to spread, a complete ban was imposed on movement of cattle
throughout Ghana and importation of cattle into Ghana was prohibited.

The Animal Health and Production Department carries out annual vaccination campaigns with

budgetary support provided by the Ghana Government. Vaccination coverage is usually recorded at around

70% of the national herd. With the recent threat of outbreaks, a concerted attempt was made to assess the
level of herd immunity in the cattle population based not only on vaccine returns but on sero-conversion

data.
Sero-monitoring was therefore undertaken on the Accra plains to assess the effectiveness of

rinderpest vaccination in cattle using the FAO/IAEA ELISA based system. This involved initially, the
establishment of a negative background value for the indigenous cattle population, which in itself was

subsequently used to determine the cut-off point in the test. Sera for testing for the presence of rinderpest

IgG antibodies were collected some three to four weeks after vaccination teams had visited an area.

1.4. Status of Laboratories
There are 6 regional laboratories and one central laboratory. Pong Tamale Central Laboratory and

the Accra Regional Laboratory have the capability for diagnosing rinderpest by Agar Gel test and have the
necessary transport for sera collection. They are also equipped to conduct ELISA testing and were both

supplied with FAO/IAEA ELISA kits.

1.5. Introduction of ELISA

The author attended the FAO/IAEA training courses in ELISA in Nairobi and Ethiopia in 1986

and 1988 respectively, and the RCM in Nairobi. One technician from the regional laboratory in Accra also
received extensive training in ELISA technology through a six-month fellowship to the FAO/IAEA

Laboratories, Austria.

Four FAO/IAEA consultants visited the regional laboratory, Accra at different times from 1987 to

1990. Some of the problems encountered initially involved low binding ratios (the ratio of the negative

control sera OD to the positive control sera OD). These were traced to the distilled water then in use.

Triple distilled water was then obtained from the teaching hospital and the problem was rectified.

Poor results were also obtained when PBS was prepared and stored. Fresh PBS is now prepared
each day and the pH always checked prior to its use.

2. MATERIALS AND METHODS.

2.1. Rinderpest ELISA Kit and Equipment

The rinderpest ELISA kit was developed by the Animal Production and Health Section of the Joint

FAO/IAEA Division and the Institute for Animal Health, Pirbright Laboratory, Woking, England. It is

designed for the detection of antibodies to rinderpest virus in bovine sera [4].
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The ELISA kit is made up of freeze-dried rinderpest negative sera, rinderpest positive sera, ELISA

antigen from Pirbright and Rinderpest ELISA anti-bovine IgG HRP labelled conjugate, Tween-20, hydrogen
peroxide and OPD from the FAO/IAEA Seibersdorf Laboratory.

A Titertek Multiskan ELISA reader, water bath, distillation plant, ELISA plates, multichannel

pipettes and tips, incubator, electronic balance, orbital shaker and pH meter were supplied by FAO/IAEA

through a research contract (4950/SD) and a technical co-operation project (GHA/5/006) operating at the

regional laboratory, Accra.

22. Negative Population

One problem in obtaining an OD value for a negative cattle population was that Ghana routinely

vaccinated cattle against rinderpest for a number of years and almost all herds have now been vaccinated

to some extent.
To obtain sera for establishing a national negative population, 455 sera were obtained from animals

whose owners insisted they had not vaccinated their cattle for a period of at least three years prior to the

time of sampling. The age group of cattle sampled ranged from 6 months to 3 years.

23. Sero-survey I (October 1987 - April 1988)
This serological survey involved the collection of 3,500 sera from four districts in the Greater Accra

Region and one district in the Central Region of Ghana.

2.4. Sampling Method

Sampling unit: For Ghana the most appropriate unit is the kraal, which also serves as a

management unit for most of the farming systems found in Ghana. Normally all animals in a kraal are

owned by one person (Coastal and Forest Zones) or managed in one unit (Northern Zone). From here on

the word kraal will be used to refer to the sampling unit.
To select the exact kraals to be sampled in a district, a list was made of all kraal names and each

kraal was assigned a number according to the order it appeared on the list. A random number generator
was used to pick numbers of kraals for sampling.

The cattle in each kraal to be sampled were categorized into 4 age groups:- 0 to 1 year old; 1 to 2

years old; 2 to 3 years old and older than 3 years.

2.5. Sera
Blood samples were collected using evacuated tubes from cattle chosen at random in the five

districts:- Accra, Dodowa, Ada, Tema and Winneba. Soon after collection, samples were placed in an ice

chest and transported to the Regional Veterinary Laboratory in Accra or a veterinary clinic close-by. The

samples were kept refrigerated at +4°C overnight to allow a clot to develop. Serum from the sample was

removed by centrifuging at 1500 g. Sera were stored at -20°C until used.
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2.6. Test for rinderpest IgG antibody activity
Each serum sample was tested for rinderpest IgG antibodies using the Joint FAO/IAEA Rinderpest

ELISA kit. The procedures used were exactly those given in the ELISA kit manual for use in the sero-

monitoring of cattle as part of the Pan African Rinderpest Campaign.

2.7. Sero-survey II (August 1988 - December 1989)
A total of 1,818 sera were tested for Rinderpest IgG antibodies from three regions, comprising

thirteen districts. The sampling unit was again a kraal and the handling, treatment and storage of the blood

samples and ELISA testing adopted, were as described previously.

2.8. Agar-gel immunodiffusion test

2.8.1. Equipment and Reagents
The gel cutter consisted of a ring of six peripheral well cutters around a central well cutter. Each

cutter was 4mm in diameter and separated by 3mm. The cutter itself was supplied by the FAO Rinderpest

project based at the PARC Headquarters, Nairobi.

The reagents used in the Agar Gel test were; agarose; anti-rinderpest serum; hyperimmune anti-

rinderpest serum prepare in rabbits; standard rinderpest antigen, prepared from lymph nodes of cattle

infected with a virulent bovine strain of virus [5]; ELISA rinderpest positive sera.

2.8.2. Method
A pattern of the seven wells was stamped into 5ml. of firm agar-gel placed in a petri-dish and the

plugs of agar removed. The position of the top well was marked on the bottom of the petri dish. The

standard control antigen was placed, using a micro-pipette, into the central well. The ELISA positive serum

for rinderpest was dispensed into the upper right and left lateral wells and the bottom well of the central
row. Undiluted hyperimmune rinderpest rabbit serum was dispensed into the top well of the central row

and into the lower right lateral well. A negative cattle serum was dispensed into the lower left lateral well.
Volumes used were 50/ul. The plates were transferred into a humidity chamber. The plates were read after
24 hours in an oblique lighting case.

2.9. Use of computers in the programme

A computer was supplied by FAO/IAEA to the Regional Laboratory in Accra and the equipment

included:-
(1) IBM personal system/2 model 30
(2) Disc drive B IBM 4869.
(3) Fruiter - Epson FX -850

(4) America Power Conversion.

An FAO/IAEA expert visited the laboratory in 1990 and provided local training of the staff of both
this laboratory and the Central Veterinary Laboratory in Pong Tamale. Two software programs developed

by FAO/IAEA, SID and EDI were installed for future use in PARC related sero-monitoring activities.
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FIG. 1. Optical density values for the local negative population.

3.

3.1.

RESULTS AND DISCUSSION

Negative Population
Four hundred and fifty five sera from animals deemed as non-vaccinated were tested by the ELISA

and the antibody profiles were plotted as a histogram (Fig. 1). The mean negative value was arrived at by

inspection of the histogram, and the O.D. values for the herds clustered between 0.09 and 0.15 giving an

overall mean of 0.08 and therefore a "cut-off" point of 0.16 (2 times the negative mean).

3.2. Binding Ratios

The binding ratios ranged from 3.8 to 5.5 with an average of 4.2. Results from plates with a binding

ratio below 3.5 were discarded and the sera retested.

It was observed that tests carried out on three consecutive days produced low binding ratios. This

was traced to glassware contamination. This was improved by thorough washing and identifying specific

glassware for specific reagents.

33. Sero-survey I
The results of testing sera collected from the Greater Accra region indicated that overall, 54% of

the cattle were positive for the presence of antibodies to rinderpest virus ie. were therefore immune (Table

I.). The results from the individual four districts and amongst the various age groups were very similar.
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TABLE I. GREATER ACCRA REGION:IMMUNITY ACCORDING TO AGE GROUP

AGE GROUP

0 to 1 year

1 to 2years

2 to 3years

Plus 3 years

Overall

ADA

54/135
(40%)

71/165
(43%)

89/180
(49%)
111/230
(48%)

319/710
(45%)

DISTRICTS
ACCRA

84/140
(60%)

116/170
(68%)

108/150
(72%)

179/280
(64%)

488/740
(66%)

DODOWA

39/80
(46%)

123/240
(51%)

221/380
(58%)
194/395
(49%)

561/1100
(51%)

TEMA

34/70
(48%)

43/80
(54%)

163/290
(56%)
180/310
(58%)

513/850
(54%)

TOTAL

211/430

(49%)

353/655
(53%)

581/1000
(58%)
664/1215
(54.7%)

1881/3500
(53%)

3.4. Sero-survey II

Following testing of sera collected during the second serological survey in the Greater Accra region

it was found that 70.5% of the cattle had sero-converted (Table II). Ada district had the lowest level of sero-
conversion (55%) whilst Accra district had the highest (76%). Immunity by age was again fairly similar in
all four groups.

In the Volta region it was found that 56.8% of the cattle had sero-converted (Table III) with again
similar levels in the various districts. However, in this region the immunity levels in the various age groups

varied from 31% to 85%.
In the Central region, testing of sera from the Winneba indicated that 80% of the animals had sero-

converted (Table IV). Within the age groups, those above three years had 77% and those below one year
had 73%.

3.5. Agar-gel immunodiffusion test

One thousand ELISA positive sera were tested against standard rinderpest antigen in the Agar Gel

test. The results were read after 24 hours. No precipitin lines were observed with any of the sera tested
although the positive control hyperimmune sera did produce precipitin lines against the antigen.

3.6. Discussion

Traditionally, vaccination of 85% of a cattle population is considered as sufficient to result in the
disappearance of disease in a previously endemic area. Levels less than this are liable to result in the

continual circulation of the virus and outbreaks of disease in susceptible animals. The aim therefore of a
national vaccination programme is to achieve levels of sero-conversion above this 85% figure.
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TABLE II. GREATER ACCRA REGION: SURVEY II: IMMUNITY ACCORDING

TO AGE GROUPS

AGE GROUP ADA ACCRA
DISTRICTS

DODOWA TEMA TOTAL

0 to 1 year

1 to 2years

2 to Syears

Plus 3 years

Overall

12/23
(52%)
12/18
(67%)
7/11
(64%)
10/22
(45%)
41/74

48/66
(73%)
20/24
(83%)
17/23
(74%)
63/82
(77%)
148/195

110/115
(71%)
90/137
(66%)
57/80
(71%)
101/141
(72%)
358/513

112/166
(67%)
66/86
(77%)
32/49
(65%)
90/119
(76%)
300/420

282/410
(68.8%)
188/265
(70%)
113/1630
(69%)
264/364
(72.5%)
847/1202

TABLE III. VOLTA REGION: IMMUNITY ACCORDING TO AGE GROUP

DISTRICTS

Ho

Krachi

Adidome

Juapong

Akatsi-Wute

Denu-Akatsi

Dabala

Sogakope
TOTAL BY REGION

(%)

0- lyr

5/16

17/29
12/17
12/23
3/9

5/8

13/20

-

67/113

(59%)

l - 2 y r s

10/18

5/16
12/18
6/13
4/7

3/5

7/13

2/4

49/92

(53%)

2-3yrs

8/13

6/8
12/24
14/25
4/9
6/11
8/14

4/4

62/108
(57%)

+ 3yrs

6/11

7/13

19/35
9/20
5/8
6/8

27/42

0/2

79/139
(57%)

Overall

29/56 (52%)
35/57 (61%)

16/33 (48%)
55/94 (59%)
41/81 (63%)

60/89 (63%)

55/89 (62%)

6/10 (60%)

257/425

(57%)

No district attained this level of seroconversion in the two surveys. The overall level of

seroconversion was 53.7% and 70.5% respectively for Greater Accra region during the two sero-surveys.
Although the situation is clearly improving it still indicates that too many cattle in the region have not yet

sero-converted and are therefore susceptible to the disease. However if the present trend of increasing levels

of immunity continues then levels of 85% should be reached during the 1991 vaccination programme.

156



TABLE IV. CENTRAL REGION OVERALL RESULTS

DISTRICT 0 - l y r 1-2 yrs 2-3 yrs +3yrs Overall

Winneba 29/40 34/40 32/37 36/47 131/164

(%) 73% 85% 86% 77% 80%

In Central region where the regional percentage of seroconversion was 80, the categories of animals

which were aged between one to two years and two to three years showed levels of seroconversion of 85%
and 86% respectively. The groups with levels of sero-conversion still below the target level of 85% were

in the age categories of below one year and those above three years, with 73% and 77% seroconversion

respectively. This is a little surprising as one would have expected the oldest animals to be the ones

vaccinated most often and therefore the group showing the highest levels of sero-conversion. This result may

well indicate that certain groups of animals are more likely to be presented for vaccination and that cattle

owners presume that their older animals had been previously vaccinated and thus did not need vaccinating

again. Although this is correct, and the vaccine does confer life-long immunity, it is a prerequisite that the

vaccine is given properly and generates an immune response. The more often an animal is vaccinated the

more is this likely to occur and farmers should always be persuaded to have all their animals vaccinated on
an annual basis.

In the Volta region, results showed that the rate of seroconversion was very low (56.8%). This is

clearly an area in which many susceptible animals can be found and an introduction of the virus would result

in serious outbreaks of disease.

The poor rate of coverage of immunisation in parts of Greater Accra region and throughout the
Volta region could be accounted for by the following: -

a) Poor or inadequate maintenance of cold chain.

b) Inadequate coverage of the cattle population during vaccination campaigns.

c) Loss of potency of the vaccine after reconstitution. Vaccinations in the field are carried out at

the kraal level. The team usually spends some time catching individual animals. In this situation

a 30ml automatic syringe containing reconstituted vaccine may take about 1 to 2 hours to be

emptied. The vaccine at the sort of temperatures normally encountered in Ghana, will lose its

potency after 30 minutes [6] and as a result animals vaccinated with such material may have very

low seroconversion or may not seroconvert [7].

It would seem unlikely that the quality of the vaccine from the Accra coldroom was poor since some
areas did obtain very high levels of immunity.

When one thousand ELISA positive sera for rinderpest were tested against standard rinderpest

antigen in Agar Gel test no precipitin lines were observed although hyperimmune control sera did produce

the required precipitin lines. This demonstrated the poor sensitivity of this test for the detection of

antibodies to rinderpest virus. Thus, whilst perhaps useful if animals have been repeatedly exposed to the
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virus or had suffered clinical disease the test is inadequate for use in measuring the normal antibody
response to vaccination. It still remains however an excellent technique for antigen detection [5].

4. CONCLUSIONS

The FAO/IAEA ELISA based system for the sero-monitoring of rinderpest has been successfully

introduced into the Regional Laboratory in Accra and the Central Veterinary Laboratory in Pong Tamale.

From the studies carried out comparing the ELISA with the agar-gel immunodiffusion test for the

detection of antibodies to rinderpest virus it was shown that the ELISA was able to detect much lower levels

of anti-rinderpest immunoglobulins. Furthermore the test itself is much quicker to perform and is more
suited to the handling of large numbers of sera. Although the Agar Gel test is therefore unsuitable for

detecting antibodies to rinderpest virus it is still nevertheless an excellent test for rinderpest antigen

detection.

Sere-surveillance sampling protocols were developed for a number of areas within Ghana. From the

survey results from the three regions tested, it appeared that vaccine coverage was relatively good but still
not high enough to ensure that the virus does not circulate within the cattle population. The results would

also indicate that the vaccine used was of good quality but that when problems were encountered, these were

associated with some aspect of the vaccine cold chain.

Efforts must be made to improve the cold chain in the field to maintain vaccine quality. The use of
small syringes is advocated to reduce the time the vaccine is held after reconstitution. Finally, in the Volta

region, more vigorous sanitary and stringent vaccination procedures should be applied in order to raise the

level of vaccination cover being presently achieved.
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Abstract

THE USE OF AN ENZYME-LINKED IMMUNOSORBENT ASSAY FOR RINDERPEST SERO-

MONTTORING IN KENYA

A recently introduced indirect enzyme-linked immunosorbent assay (ELISA) kit to detect antibodies

to rinderpest virus in cattle sera was validated for use in Kenya. A negative test optical density (OD) value

of 0.12 for Kenyan sera was established using 176 sera previously found to be free of neutralising antibodies

to rinderpest virus. The ELISA kit was subsequently used to assess the prevalence of antibodies in cattle
populations before and after vaccination campaigns. Initially only border districts were monitored but

following outbreaks of rinderpest in three central districts more serum samples were collected in the affected

areas.

A total of 2,573 sera was tested between October 1987 and September 1989. Pre-vaccination sera
obtained from the border districts of Busia, Bungoma and Marsabit in October and November 1987 had

antibody prevalences of 41.9% 42.9% and 35.1% respectively. Post vaccination sera obtained four months

later showed an increase in antibody prevalences in Busia (52.6%) and Bungoma (79.3%) districts while
those for Marsabit (32.7%) district remained low . In central Kenya, sera were collected in Kiambu and

Kajiado districts to assess the efficiency of emergency vaccinations following outbreaks of rinderpest in cattle.

Similar levels of antibody prevalences were recorded in the two districts following the vaccination

programme, However, clinical disease was controlled within one month in Kiambu while it persisted for 9
months in Kajiado.

1. INTRODUCTION

Over the past three decades the virus neutralisation test (VNT) has been used to measure the

immunity of Kenyan cattle to infection with rinderpest virus. Initially the tube VNT [1] was used and more

recently a microtitre test (MVNT) [2] was established. These tests are time consuming and require sterile

equipment and environments. The MVNT also has the added disadvantage of false positive reactions and

cytotoxicity in some sera [3].

Following the successful though limited use of the indirect ELISA in epidemiological surveys [4],
it was decided to adopt the test for use in Kenya with the objective of determining its suitability under
Kenyan conditions as a rapid test to replace the MVNT.
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2. MATERIALS AND METHODS

2.1. Sampling frame and collection of field sera

Field sera were collected in Busia, Bungoma, Marsabit, Kiambu and Kajiado districts. For the

majority of the sera the sampling frame adopted was based on that used during the JP 15 vaccination
campaigns, where ten or more animals from each of three age groups: (calves ( < one year old), yearlings(l-2
years) and adults(> 2 years) were sampled at each site. The sampling sites were selected at random and

were often vaccination or dipping sites. Visits were also made to individual homesteads particularly in Busia

and Kiambu districts. The number of samples was later increased to 40 with 10 sera collected from each
of four age groups (less than 1 year old; 1 to 2 years old; 2 to 3 years old and greater than 3 years old) at

each site.
Blood was collected by jugular venipuncture using sterile 10 ml. serum tubes and disposable needles.

The details of each sample were recorded on the tube and on data sheets for individual samples. Herd data
sheets were also maintained. The blood was allowed to clot in the tubes, transported to the laboratory within

72 hours where the serum was decanted and centrifuged. All sera were routinely heat inactivated and stored

frozen until tested.

22. ELISA reagents
All the reagents for the ELISA were provided in a kit supplied by the Joint IAEA/FAO Division

for Nuclear Techniques in Food and Agriculture.

23. Equipment and personnel
All the equipment for carrying out the ELISA in the laboratory including an MCC Multiskan

Titertek ELISA reader, single and multichannel pipettes and a personal computer were provided by the
FAO/IAEA under research contract number 4593/SD. Training on the use of the ELISA and computers

for rinderpest sero-monitoring was also provided to the principal investigator. In addition, expert consultancy

services were provided on two occasions during the course of the contract. Two junior laboratory technicians

who carried out the day to day running of the test were trained by the principal investigator.

All the equipment and funds for the collection of sera in the field were provided under a joint Kenya

Government and British ODA project for the improved control of rinderpest in Kenya.

2.4. Enzyme-linked immunosorbent assay

The ELISA was carried out as previously described [5] but 50 /il volumes were used throughout and

the adsorption of antigen was carried out by incubating the plates at 37°C in a stationary position. All
procedures adopted for the assay were as outlined in a manual provided with the ELISA reagent kit by
FAO/IAEA.

2.5. Validation of the FAO/IAEA ELISA kit in Kenya

The ELISA kit was received and tested under Kenyan laboratory conditions. Using 93 field sera

collected in Busia and Bungoma districts, the results of the ELISA were compared to those of the MVNT.
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2.6. Establishment of a negative OD value for Kenyan sera

Sera collected from different age groups of cattle in Busia, Bungoma, Marsabit and Kiambu districts

were tested by MVNT and 176 neutralising antibody negative sera were identified and tested using the

ELISA. The frequency distribution of the OD results was plotted and the peak and mean values determined.

Fourteen sera with OD values similar to the mean negative readings were selected and stored frozen in

aliquots of 0.5 ml. Two or more of these sera were included on each plate as negative controls when testing

field sera. The negative OD 'cut off point for field sera was determined by calculating the mean value of

the negative control sera on each plate and multiplying this by 2. All sera on the respective plate with mean

OD readings greater than the calculated value were considered positive. Positive : negative OD ratios were

calculated for each plate using the mean ELISA kit positive serum OD and the Kenyan negative control

mean OD readings.

3. RESULTS AND DISCUSSION

3.1. Validation of the ELISA in Kenya

The ELISA kit reagents reconstituted and tested in our laboratory were found to function under

Kenyan conditions. However, the kit negative control serum had a higher OD value (0.17) when tested in

Muguga than the value expected (0.12) from tests in the Pirbright Laboratory.

The results of tests carried out using field sera collected in Busia and Bungoma districts were

difficult to interpret because high background OD values were recorded particularly for the negative sera.

In these tests, the kit negative control sera had OD values ranging between 0.17 and 0.32. The negative 'cut

off OD values ranged between 0.28 and 0.34 on different plates. Under these conditions a comparison of

the ELISA and the MVNT using 93 field sera showed that 81 sera (87%) gave similar results in both tests

while 5 (5.4%) were ELISA positive and MVNT negative and 7 (7.6%) were MVNT positive and ELISA

negative.

In further tests with the ELISA very low OD values were recorded. Positive control sera had readings

ranging between 0.12 to 0.34 while readings for the negative control sera were between 0.02 and 0.12. In

the latter tests the positive correlation between the ELISA and the MVNT ranged between 71% and 90%

but the ELISA results were erratic and could not be relied upon.

The ELISA was re-evaluated using reagents from a new kit and it was evident that the antigen and

conjugate reconstituted earlier had lost some of their binding ability. This was attributed to the quality of

water and the glassware used to store the reagents. Once these problems were resolved, more consistent

results were obtained with the ELISA.

3.2. Negative test value for Kenyan sera

Figure 1 shows the distribution of OD values obtained when 176 MVNT negative sera were tested

by ELISA. The mean negative OD was 0.12 (SD = 0.014). The negative 'cut - off value was therefore 0.24.

There were inter-test and intra-test variations in the OD values of positive and negative control sera

in subsequent tests using field sera. These were reflected in fluctuations in the positive : negative ratio of

the control sera. TABLE I shows the variations in OD values obtained in 90 tests carried out over a period
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FIG. 1. Frequency distribution of negative optical density values for Kenyan cattle.

of 9 months between April 1989 and March 1990. It is probable that the quality of the water used and the
long term storage of reconstituted reagents lowered the binding abilities of the antigen and conjugate.

33. Sere-monitoring in Kenya using the FAO/IAEA rinderpest ELISA kit

A total of 2,753 pre and post vaccination sera collected between October 1987 and September 1989

were tested by ELISA. TABLE II shows the results of tests carried out on pre-vaccination sera collected

in Busia, Bungoma and Marsabit districts in 1987. TABLE III shows the results of testing post-vaccination

sera obtained from the same districts, but not the same animals, four months later following the annual

vaccination campaigns.

The numbers of animals involved in this study were too small to allow any firm conclusions to be

made, however they do give some insight into the success or otherwise of this emergency campaign. The

prevalences of antibodies detected by ELISA before the vaccinations were low in Busia (42%) and Marsabit

(35.1%) districts. The samples collected in Bungoma district were too few to be representative. After the

vaccinations, there was a 10% increase in the antibody prevalence in Busia district. More samples were

obtained from Bungoma district and these showed a satisfactory response to vaccination. In Marsabit district

the overall prevalence of antibody detected by ELISA following vaccination (32.6%) was unexpectedly lower

than that detected in pre-vaccination sera. This result also contrasted with the MVNT which detected 71%

antibody positive sera.

The results of testing cattle sera collected in Kiambu and Kajiado districts to assess the efficiency
of emergency vaccinations following outbreaks of clinical rinderpest in the two districts in July 1988 are

shown in TABLE IV. The levels of herd immunity found post-vaccination in the two districts did not differ
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TABLE I. VARIATIONS IN O.D. VALUES IN TESTS CARRIED OUT OVER 9 MONTHS

Month

Number of tests

Mean

Mean

Kenya

Mean
Mean

kit positive OD

kit negative OD
negative OD

"cut-off OD
binding ratio*

1

14

0.76

0.21

0.13

0.25
6.24

2

25

0.62

0.18
0.13

0.26
4.98

3
11

0.56

0.13

0.13

0.26
4.39

4

6

0.51

0.10

0.10

0.20
5.31

5
3

0.46

0.14

0.12

0.24

3.8

6
6

0.38

0.09

0.08

0.18
4.48

7
11

0.44

0.13
0.12

0.25
3.6

8
6

0.46

0.19

0.15
0.30

3.3

9

8

0.50

0.16

0.13
0.26
3.84

ratio of reference kit positive to local Kenya negative OD

TABLE II. PREVALENCE OF ANTIBODIES IN PRE-VACCINATION SERA COLLECTED IN 1987

Date

11.10.87

12.10.87

14.11.87

District Site

Busia Angurai

Akichelesit

Rwatama
Totals

Bungoma Namwela

Marsabit Central

Churr

Totals

Adults

7/24*

11/24

14/26

32/7

3/5

7/7

23/61
30/68

Yearlings

0/4

5/11
2/4

47/19

6/16

0/1

0/8
0/9

Calves Totals

7/28

16/35

16/30
39/93
41.9%
9/21

42.9%

2/4 9/12

1/13 24/82
3/17 33/94

35.1%

Number of antibody positive/number of animals tested

significantly but the disease was controlled within one month in Kiambu while it persisted for at least 9
months in Kajiado. The persistence of the disease in Kajiado was due to the semi-nomadic system of rearing

which allowed for greater and faster contact between infected and susceptible herds. Computer modelling
has shown that under such circumstances herd immunity levels of at least 90% should be achieved in order

to eliminate foci of the disease [6]. In Kiambu district most cattle are reared under sedentary 'zero-grazing'
systems.
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TABLE III. PREVALENCE OF ANTIBODIES IN POST-VACCINATION CATTLE SERA
COLLECTED IN 1988

Date

19.2.88

23.2.88

153.88

District Site

Busia Amagoro

Malaba
Macbakusi

Totals

Bungoma Mabusi
Kanduyi

Nalondo
Totals

Marsabit Central
North Horr

Moyale
Totals

Adults

24/49*
16/27
10/13

50/89

16/19
15/17

8/12

39/48

5/13
17/44

10/37
32/94

Yearlings

8/21

6/9
5/6
19/36

8/10

10/11
9/12

27/33

8/15

7/23
8/28
23/66

Calves

2/8
1/2
0/2

3/12

3/6
-

-

3/6

0/5
1/6

-
1/11

Totals

34/78
23/38
15/21

72/137
52.6%

27/35
25/28
17/24

69/87
793%

13/33

25/73
18/65
56/171
32.8%

Number of antibody positive/number of animals tested

TABLE IV. PREVALENCE OF ANTIBODIES TO RINDERPEST VIRUS IN KIAMBU AND KAJIADO

DISTRICTS FOLLOWING EMERGENCY VACCINATIONS

Date District Site

30.12.88 Kiambu Thika
Kiambaa

Gatundu
Lari

Limuru
Githunguri

Kikuyu

Totals

9.2.89 Kajiado Ewaso
Najile
Oltepesi
Olodungoro

Totals

Adults

26/41*

60/80

26/31
11/22

36/43
7/11
28/29

179/228

11/20
60/81
30/50
45/51

162/225

Yearlings

14/29

32/58

8/13
12/17
37/50
3/3
28/33
101/186

36/59
66/92

30/57
35/62

172/278

Calves Totals

5/14 45/84

25/56 117/194

10/16 44/60
14/17 37/56
16/49 89/142
2/8 12/22

10/26 66/88
81/179 410/646

63.5%

28/70 75/149
14/57 140/230

4/52 64/159
10/78 90/191

70/287 404/790
51%

Number of antibody positive/number of animals tested
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TABLE V. PREVALENCE OF ANTIBODIES TO RINDERPEST VIRUS IN PRE-VACCINATION

SERA COLLECTED IN BUSIA AND KIAMBU DISTRICTS IN 1989

Date

27.2.89

14.8.89

District Site

Busia Koruruma

Kodjei

Machakusi
Totals

Kiambu Kikuyu
Limuru

Kiambaa

Gatundu
Thika

Totals

Adults

6/10
9/22

2/9
17/41

28/32

25/40
17/24

31/35
28/40
129/171

Yearlings

0/9
1/4
5/24

6/37

22/30
14/40
17/34

9/11
12/20

74/135

Calves Totals

1/7 7/26

10/26
0/7 7/40

1/14 24/92

26.1%
8/30 58/92

2/40 41/120

4/31 38/89
5/15 45/61

2/20 42/80
21/136 224/442

50.7%

Number of antibody positive/number of animals tested

TABLE V shows the results of tests on pre-vaccination sera collected in Busia and Kiambu districts
before the start of the annual vaccinations in 1989. The immunity levels in Kiambu did not show any

appreciable decline (13%) while those in Busia were halved when compared to the levels following the 1988
vaccinations. The situation in Busia probably reflected the high turnover rate of cattle herds due to cross-
border trade with neighbouring Uganda.

The results from all the districts showed that immunity levels of older cattle were invariably greater

than those of the younger age groups. This suggests that vaccination campaigns in recent years have been
less efficient. The sampling also appears to have been biased towards older animals but this reflects the herd

structures as presented at dipping or vaccination sites where many stock owners were reluctant to present

younger annuals for vaccination, dipping and particularly bleeding.

4. CONCLUSIONS

In conclusion, our results show that the FAO/IAEA rinderpest ELISA kit can be used under
Kenyan laboratory conditions as a rapid test to measure herd immunity levels. However, optimal results can
only be achieved if the reagents are reconstituted in good quality water and stored in clean glassware.

Results using the FAO/IAEA ELISA kit on cattle sera collected before and after vaccination

indicates that in most cases a reasonable response is being achieved.
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Abstract

REPORT ON THE SERO-MONITORING PROGRAMME IN MALI

In Mali a control programme for rinderpest has been ongoing for a considerable period of time.

Centred on the routine vaccination of susceptible groups of animals, the programme has controlled but failed
to eradicate the disease from the country. As part of the Pan African Rinderpest Campaign, Mali is to

increase the level of rinderpest vaccination and control in an attempt to eradicate the disease. Part of this

process will involve the routine sero-surveillance of the national herd to determine the level of immunity

achieved during each annual vaccination round.

The FAO/IAEA ELISA based system was introduced into the Central Veterinary Laboratory for

this sero-monitoring programme. Initially a local negative value for use in the ELISA was derived from a

population of cattle in Mali known to be free of the disease and unvaccinated. Sampling frames were then
designed that would give a reliable indication of the situation in the national herd through the sampling of

a selected population. Results from a preliminary survey in 1989 enabled several key improvements to be

made to this sampling strategy.

Results from surveys in 1989 and 1990 showed that a clear improvement had occurred in the number

of animals vaccinated from one year to the next. They also however, pinpointed areas where levels of
immunity were poor and where more effort should be directed. By assuming that levels of herd immunity

of 80% or greater would result in the eradication of the disease, it was possible to conclude that in the near

future Mali would be in a position to declare freedom from disease as an initial step towards the final goal

of an OIE recognised declaration of rinderpest eradication.

1. INTRODUCTION

Mali is a Sahelian country, whose economy is based essentially on agriculture and livestock, with
livestock representing 17% of the gross national product. Earnings from livestock represent the principal

source of income to a significant proportion of the population as well as providing a second source of income

to the majority of the population.

The country is divided into seven livestock regions: Kayes, Kulikoro, Sikasso, Segou, Mopti,
Timbouctou and Gao. Within each region there are livestock sectors (46 in the country) and each sector

contains a number of veterinary posts (249 in the country). The animal population is as follows: bovine 4.5

million, ovine and caprine 10.5 million.

The most important infectious diseases affecting livestock are; Contagious Bovine Pleuro-Pneumonia,

Pasteurellosis (bovine and ovine), Black-Leg, Brucellosis, Tuberculosis and Rinderpest. Of these diseases,
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rinderpest has caused perhaps the greatest losses to livestock production. Rinderpest has been recognised

in Mali for many years and well before independence. Following independence, the national veterinary
services were given the mandate to eradicate the disease and to this end Mali participated in the Joint
Project(JP-lS) against rinderpest from 1962 to 1976. This resulted in the incidence of the disease being

greatly reduced but not in the elimination of the causative virus.

Measures to control the disease remained in effect operating through the national veterinary service.

However, due to financial constraints, these measures were never fully implemented and the disease

continued to occur. In 1986, Mali with many other affected African countries sought assistance from

OAU/IBAR to control the Pan-African epizootic of rinderpest which was occurring at that time. The EEC

along with other donors agreed to support a new campaign called the Pan African Rinderpest Campaign

(PARC) which had as its eventual objective the eradication of the disease from Africa.

The strategy of PARC in Mali is based upon the vaccination of "target bovine populations" (calves,

adult animals, foreign herds and trade cattle entering Mali) linked with a new initiative involving the sero-

monitoring of herds for rinderpest.

For the vaccination campaign, the veterinary services are using vaccine manufactured by the Central
Veterinary Laboratory but quality-controlled by the Pan African Vaccine Laboratory at Dakar (Senegal).

Vaccine is stored at -20°C and dispatched to regional veterinary services in ice containers. Vaccination teams

maintain the vaccine in ice boxes to keep the vaccine cool right up to the time of inoculation into the animal.
As with all campaigns of this sort many problems are encountered including in particular;

- reticence of livestock owners to pay for vaccines
- insufficient means of transport

- insufficient means to preserve the vaccines

- difficulty in the accessibility of some areas.

The procedure followed in the case of an outbreak of rinderpest involves the establishment of a

vaccination belt around the area; the identification and slaughter of all sick animals; the confirmation of
clinical diagnosis by the Central Veterinary Laboratory (using agar gel immunodiffusion and complement

fixation tests) and the application of the usual sanitary rules.
The objective of the sero-monitoring programme is to determine the percentage of animals in the

country that has antibodies against rinderpest. This information enables a quantitative evaluation to be made

of the number of animals at risk from rinderpest, an assessment of the effectiveness of vaccination

programmes, and an identification of the needs of future control strategies. The approach has been to utilize

an FAO/IAEA ELISA based system for detecting the presence of antibodies to rinderpest in the sera of

cattle. Clearly the testing of all cattle in the country is impossible and it is necessary therefore to test
selected herds from around the country. Paramount to the success of this approach is the design of the

sampling frame in such a way that it will allow the collection and testing of a few sera to be indicative of the

prevalence of antibodies in the population as a whole.
In order to coordinate rinderpest sero-monitoring activities in Africa, IAEA through its Joint

FAO/IAEA Division of Nuclear and Biotechnology Applications in Food and Agriculture, and FAO have
established a joint programme entitled "FAO/IAEA/SIDA/PARC Network for Rinderpest Sero-surveillance
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in Africa". In Mali sero-monitoring is the responsibility of the Central Veterinary Laboratory with Dr.

Tounkara as head of the Microbiology Department coordinating these activities.
Two sampling teams have been established to collect sera from the field and each is equipped with

a vehicle, vacutainer tubes and needles, centrifuge, generator, glass vials, and pipettes. All collected sera

were tested in the laboratory using the FAO/IAEA indirect ELISA [1].

2. MATERIALS AND METHODS

2.1. Introduction of ELISA

For introducing the ELISA system into Africa for use in the Pan African Rinderpest campaign, FAO

and IAEA initially organized a number of training courses in the region. Dr. Tounkara attended an
FAO/IAEA/SIDA/OUA/PARC organized regional course on "The Use of Immunoassay Techniques in the

Sero-monitoring of Rinderpest in Connection with the Pan African Rinderpest Campaign (PARC) " at Debre

Zeit (Ethiopia) from 26 September to 14 October 1988. Following this course he introduced the ELISA

system into the Central Veterinary Laboratories (Bamako). This was begun with the holding of a local

training course entitled "The use of indirect ELISA in the sero-monitoring of PARC". Technicians from the

departments of microbiology and vaccine control, and from the vaccine production unit received theoretical
and practical courses on the following topics:

- Basic principles of the indirect method of ELISA
- FAO/IAEA/SIDA Guidelines for sero-monitoring of cattle conducted by PARC [2]

- Introduction of the FAO/IAEA Rinderpest ELISA kit

- Identification of reagents

- Pipetting and dilution exercises

- Titration of kit antigen. Plate format; basis of assay, materials and practical

- Kit serum titration. Plate format; basis of assay, materials and practical
- Titration of kit conjugate. Plate format; basis of assay, materials and practical

- Indirect ELISA test. Plate format; basis of assay; materials and practical.
- Problems in ELISA.

In support of the sero-monitoring programme the following equipment and materials were received

from FAO/IAEA:

- Elisa reader Multiskan Plus II

- Computer Amstrad PC 1640 HD20

- Softwares: Titersoft, SID, EDI, PANACEA

- Printer Epson LQ 1050

- Voltage stabilizer

- Orbital shaker Titertek

- Micronic system
- Glass vials

- Single and multichannel pipettes and tips
- FAO/IAEA Rinderpest ELISA kits.
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TABLE I. PRELIMINARY SURVEY USED IN THE

ESTABLISHMENT OF THE ELISA TECHNIQUE AT

THE CENTRAL VETERINARY LABORATORY, BAMAKO

Region

Kayes
Kenieba

Bafoulabe
Kita

Diema

Nioro

Dioila
Kolokani

Kangaba

TOTAL

No. of Sera

54

120
74

10
104

86

200

160
200

1008

No. Positive

17

53

37
4
41

31

163
57

86

489

% Positive

31.5
44.2

50

40
39.4

36.1
81.5

35.6
43.6

48.5

The actual ELISA technique utilised throughout the sero-survey was exactly as described in the

FAO/IAEA ELISA kit manual. During the training course 1008 sera were tested to establish the technique

and the results are shown below (TABLE I).

22. Establishment of local negative value and cut-off point
One hundred and twenty samples from the tested sera which were found not to have antibodies

against rinderpest virus were stored separately and used for establishing the local negative value and thus

the local "cut-off point. Selected "negative sera" were mixed and the pool was tested using each well of one

plate starting with column 3 (column 2 was used as control of the reference sera and column 1 as blank).

The mean OD value of the pool was 0.15. However, it was subsequently found that the pooling of negative

sera gave rise to a higher OD value than using individual serum samples; hence the work was repeated using

single serum samples to determine the local negative value.
Using two plates, and starting with column 2, 66 sera were tested in duplicate from the negative

population using the standard FAO/IAEA ELISA test conditions. In addition, in rows G and H, starting at

column 2, the kit negative serum was titrated (in duplicate) over a 2-fold dilution range starting at a dilution

of 1/2, with the kit positive serum placed in wells Cl and Dl and the kit negative serum in wells Gl and HI.

A frequency distribution plot of the values obtained from the negative sera (Fig. 1) indicated that the

population mean negative value was 0.12 (SD 0.02; SE 0.002). This then gave a cut-off point for the test of
0.24. The dilution of kit negative serum which gave the population mean negative value was 1:32. The average

binding ratio for these assays was 7.
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23. Sampling approaches

Two methods of sampling were used in the surveys:

- purposive sampling using the "FAO/IAEA/SIDA Guidelines for sero-monitoring of cattle
conducted by PARC" in 1989,

- random sampling with stratification of the country in 1990.

In purposive sampling, the objective is to try to find herds with a particular characteristic, in this case
a low prevalence of rinderpest antibody, using pre-existing knowledge of the field situation. It offers the
advantage that it should be more efficient in identifying problems in the vaccination campaign. However, a
purposive sample would not necessarily give a good estimate of the general immunity rate in the population,
and therefore it could give a misleading impression of the disease risk.

In random sampling the herds are selected according to some variable, usually a random number,

which should be totally unrelated to the rinderpest situation. Results from random samples can be considered
to be representative of the population as a whole. Furthermore, it is possible to compare such results from
different regions, times or age groups.

2.4. Surveys conducted
Two sero surveys have been conducted.

2.4.1. 1989 Survey
A purposive sampling method was utilised in this survey. Blood samples were taken between three

weeks and two months following vaccination. For sedentary herds, in each sector 40 samples, divided among

four age groups (less than one year, one-two years, two-three years and greater than three years) were taken
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from each of four veterinary posts selected on the basis of cooperation of the livestock owners. The number

of nomadic and transhumance herds sampled depended on the total number of herds estimated to be located

in the sector and was determined using the table given in the FAO/IAEA manual "Guidelines for sero-

monitoring of cattle conducted by PARC". At each sampling site details of the herd structure, previous

vaccines given and any disease outbreaks occurring, were recorded. With each serum details of the animal's
sex, age group or whether they had been previously vaccinated (as shown by the vaccination mark on the

animal) were also collected.

8,355 sera were collected from 227 sampling sites in seven livestock regions of Mali as follows:-

Kayes: 1117 sera, Kulikoro: 2678, Sikasso: 1043, Segou: 1143, Mopti: 1295, Timbouctou: 459, Gao: 620 sera.

The sera collected were transported using ice containers from the field to the laboratory, where they

were stored at -20°C before being tested. The FAO/IAEA indirect ELISA test was used to determine the

presence of rinderpest antibodies in these sera. The cut-off point was taken as 0.24 (see 2.1) and the binding

ratio varied between four and seven.

2.4.2. 1990 Survey

A random sampling methodology was utilised in this study.

The cattle population of Mali was divided into three sub-populations for the purposes of this monitoring: -

- cattle of the Sahara zone;

- cattle of the Sahel zone; and
- cattle of the Sudan zone.

This division was on geographical grounds, but the predominant production systems are also mainly

determined by geographical factors and this fulfills the purpose of this division of the population which was

to define populations which were reasonably homogeneous with respect to the risk of rinderpest.

The random sample of herds was stratified by sector and the number of herds sampled in each

sector was weighted according to the estimated cattle population of the sector. Randomization of sampling

was conducted by random selection of sites from a list of all sites in the sector. Each selected site was visited

in order of selection and all herds located in that site were sampled until the required number of herds for

the sector had been reached.

The number of herds to be sampled in a sub-population is determined by the required accuracy of

any results. It is considered that a 95% confidence limit of + /- 10% is sufficiently accurate for an estimate

of the percentage of herds reaching a particular level of herd immunity. The confidence limit is greatest

around a percentage of 50% (ie. the worst case scenario), and so this figure was assumed for the calculation

of the required sample size. A 95% confidence limit with a + /- 10% variant implies a standard error of

10/1.96 = 5%. Thus, assuming the sample size to be a negligible proportion of the population size, the

required sample size N, is:

N = 7 ( P (l-P)/SExSE )

= 7 (0.5x0.5/0.05x0.05)
= 100

Forty animals, 10 from each age group (less than one year, 1-2 years, 2-3 years, more than 3 years)

were taken from each herd to determine protection in each age group.
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In total 10,397 bovine sera were collected from 271 sampling sites in seven livestock regions and the

district of Bamako as follows:- Kayes: 1,240 sera; Kulikoro: 1,182; Sikasso: 2,455; Segou: 1,197; Mopti: 2,510;

Timbouctou: 1,040; Gao: 533; District of Bamako: 240.

2.5. Introduction and use of computers for rinderpest sero-monitoring

A computer (Amstrad PC1640 with a 20 megabyte hard disc) was provided by FAO/IAEA for use

within the sero-monitoring programme. Dr. Tounkara with the support of a Sectorial Project located at the

Central Veterinary Laboratory, Bamako, undertook an introductory course on computerization. The software

programs Lotus 123, Word Perfect, dBase III and Harvard Graphics were included and subsequently
introduced into the laboratory for use with this and other laboratory activities.

In 1989 Dr. Tounkara attended the 3rd. Research Coordination Meeting of the

FAO/IAEA/SIDA/PARC Coordinated Research Programme and received further computer training

involving the use of SID (Serum Information Data) and EDI (Elisa Data Information), two software

programs specifically written for rinderpest sero-monitoring. Finally, Dr. Tounkara, whilst attending an

FAO/IAEA sponsored course on epidemiology at Reading University was introduced to the software
program PANACEA.

In the sero-monitoring work "SID" has been used for the management and routine analysis of the
monitoring data. PANACEA has been used to summarise data at herd level and produce histograms showing

the frequency of different antibody prevalence rates within herds. As EDI was not fully operational, the
software program TITERSOF 2 (Flow Laboratory, UK)) provided by FAO/IAEA was used for ELISA plate

readings and Lotus 123 for management of the actual ELISA data. Harvard Graphics was subsequently

utilised to produce histograms from PANACEA data.

3. RESULTS AND DISCUSSION

3.1. 1989 Survey

The results for the various age groups are summarized in TABLE II. These indicated that:
- among calves less than one year of age, the highest percentages of seropositives were in the regions

of Kulikoro (54%) and Sikasso (51%), and overall the percentage for the country was 45 %;

- the yearling group (ie from 1-2 years of age), had the highest percentage of seropositives (55 to
67%); except for Timbouctou (33%) and Gao (46%), the overall percentage was 59%;

- the 2-3 year old age groups had around 60% of seropositives, and except at Kayes (47%),
Timbouctou (48%) and Gao (47%), the overall percentage for the country was 58%;

- Animals in the "greater than 3 years of age" group in Mopti, Timbouctou and Gao, were the best
protected (respectively 62, 62,58%), although the overall percentage for this group in the country was 54%.

The rinderpest virus antibody prevalence of sampled herds for the country is shown in Fig. 2. An

80% rinderpest virus antibody prevalence (RVAP) is generally considered sufficient to protect a bovine

population against the disease. This was achieved in 46 out of 227 herds sampled (Fig. 2). In the region of

Kayes, eight herds out of 28 had at least 80% of RVAP. In the regions Kulikoro had 18 out of 67, Sikasso

5 out of 28, Segou 4 out of 29, Mopti 4 out of 31, Timbouctou 3 out of 15 and Gao 4 out of 29.
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TABLE II. DISTRIBUTION OF SERO-POSITIVE ANIMALS TO RINDERPEST IN THE

VARIOUS AGE CATEGORIES (1989)

Regions

Kayes
Koulikoro
Sikasso

Segou

Mopti

Timbouctou

Gao

No. of Sera

1115
2628

1033

1143

1295

459

620

< 1 yr.

35%*
54%
51%

43%

39%

36%

39%

1-2 yrs.

55%
64%

67%

58%

60%

33%

46%

2-3 yrs.

47%
61%
67%

57%

63%

48%

47%

> 3 yrs.

52%

54%
49%

43%

62%

62%

58%

* % sera with antibodies to rinderpest virus
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FIG. 2. Rinderpest virus antibody prevalence In the various age categories.

Generally, these results indicated the existence of some inadequacies in the vaccination programme.

The poor level of immunity in some cattle herds could be due:
- problems in the cold chain

- poor application of vaccine principles
- poor techniques of vaccination.

The quality of the vaccine as manufactured was satisfactory for two essential reasons. Firstly, all

batches of vaccines used in the campaign were tested in the FAO/IBAR Quality Control Laboratory at
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TABLE HI. RESULTS BY REGION FOR 1990

Region

Kayes
Kuliboro
Sikasso

Segou

Mopti

Timbouctou
Gao

District

Overall

No. of Sera

1240
1182

2455
1197

2510

1040

533
240

10,397

No. Positive

878

790
2143
1070

1834

840

293
168

8016

% Positive

70.8

66.8
87.2

89.3

73.0

80.7

54.9
70.0

77.0

Dakar, Senegal, and had the required FAO/WHO/OIE standards. Secondly, satisfactory results were

obtained by some of the vaccination teams from each of the seven regions of Mali.

Our results were similar to those obtained by Martinez in 1984 [3] in which a RVAP of 57.5% was

found within the cattle population in the visited regions. The immunity cover in the cattle population as

shown from the results of this study was not sufficient to control rinderpest in the country. Therefore for the

next vaccination campaign it was considered essential to overcome problems in the cold chain and provide
the field teams with training on vaccination principles and techniques. A seminar was therefore organized

at national level by the National Coordination Unit of PARC-MALI involving all field staff concerned with

rinderpest vaccination and they received training on PARC vaccination principles and techniques.

32. 1990 Survey

3.2.1. Overall results for the whole country
Results by regions are shown in TABLE III. These indicate that in 1990, 77% (SD 0.17, SE 1.04)

of bovines were sero-positive. The best result was obtained in Segou (89%).
Results from the different age groups sampled indicated, not surprisingly that the least protected

group (53%) was animals below one year whilst the best protected group were those 3 years and older (85%)

(Fig. 2)
In comparing the results at the herd level between 1989 (Fig. 2) and 1990 (Fig. 3) in can be seen

that in 1989 only 46 out of 227 herds (20%) had over 80% of the animals protected whilst from the 1990

survey 172 out of 271 herds sampled (63%) were protected.
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FIG. 3 Comparison of rinderpest antibody prevalence between 1989 and 1990.

3.2.2. Results by region

The results for the various age categories within different regions are shown in TABLE IV. In all

cases the least protected group was the one containing animals under 1 year of age whilst the best overall

results were found in the 2-3 year group from Sikosso.

In comparing the results from 1989 to 1990 on a regional basis and in terms of number of herds with

more that 80% of the animals protected it can be seen that in all regions a marked improvement was

obtained in 1990 (TABLE V).

In 1990, RVAP was achieved in 172 out of 271 herds (63.5%). These results clearly indicate a radical
improvement in the immunity cover of the bovine population in Mali from only 20% of the national herd

being protected in 1989 to over 60% in 1990.
This improvement was achieved in every region excepted Gao, where only 2 (12.5%) out of 16 herds

were protected in 1990 against 4(13.7%) out of 29 in 1989.

Animals less than 1 year old were least protected in all regions and in the district of Bamako. The

cause of this is not entirely clear but probably relates to the presence in a significant number of calves, of
maternal antibodies at the time of vaccination These would neutralize the viral vaccine and prevent the

animal mounting a long-term immune response. Subsequently, at the time of sampling this passive immunity

conferred to the calf through maternal antibodies will have waned and the animal will test sero-negative and

thus be susceptible to rinderpest. These observations highlight the need to consider vaccinating calves twice

in the first year with at least 3 months between the two vaccinations.

4. CONCLUSIONS

At the end of the second year of sero-monitoring, it is clear that the Pan African Rinderpest
Campaign in Mali is progressing well. Bovine populations in all regions (excepted Gao) are showing
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TABLE IV. DISTRIBUTION OF SERO-POSITIVE ANIMALS TO RINDERPEST IN THE VARIOUS

AGE CATEGORIES (1990)

Regions

Kayes
Koulikoro

Sikasso
Segou

Mopti

Timbouctou

Gao
District

Overall

No. of Sera

1240

1182

2455

1197
2410

1160

523

240

1198

< 1 yr.

64%*

42%

57%
67%

55%

53%

28%

34%

53%

1-2 yrs.

65%

60%

77%

83%
69%

76%

48%

56%

68%

2-3 yrs.

78%

70%
92%

94%

81%

87%

72%

77%

83%

> 3 yrs.

73%

77%
92%
94%

82%

89%

76%

93%

86%

* % sera with antibodies to rinderpest virus

TABLE V. NUMBER OF HERDS IN EACH REGION WITH MORE THAN 80% OF ANIMALS
HAVING ANTIBODIES TO RINDERPEST IN 1989 AND 1990

Region 1989

(no.>80%/total)

1990

(no.>80%/total)

Kayes
Kuliboro
Sikasso
Segeo

Mopti
Timbouctou

Gao

Bamako

21

27

18
14

13
20
14

not

(8/28)

(18/67)

(5/28)
(4/29)

(4/31)
(3/15)
(4/29)

done

43

40
90
93
54
74

13

50

(13/31)

(12/30)
(12/30)
(28/30)

(37/68)
(20/27)
(2/16)

(3/6)

increasing levels of protection with an increasing number of herds in each region having over 80% of the

animals protected.
For the future, efforts should concentrate in those areas where herds with immunity levels of less

than 80% are located whilst at the same time ensuring that animals under one year of age are receiving at

least two inoculations of vaccine during their first year.
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Rinderpest has not occurred in the country since 1986. Thus Mali, in association with its neighboring

countries, should in the near future be looking towards an OIE declaration of freedom from disease leading
towards the final goal of a declaration of freedom from the virus.
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Abstract-Resume

SERO-SURVEILLANCE OF RINDERPEST IN NIGER. PROBLEMS OF SAMPLE COLLECTION AND

RESULTS OF A SEROLOGICAL SURVEY

In 1989, 2,815 cattle sera were collected in a national survey based on a sampling protocol derived

from the Central Veterinary Laboratories (LABOCEL). These sera were subsequently examined for

antibodies to rinderpest virus using an ELISA technique. From the results it was found that overall 58% of

animals were sero-positive. The results were also examined on a region to region basis and by various age

groupings to give an indication of the success or otherwise of the vaccination programme and identify areas
where more effort is required.

ENQUETE SEROLOGIQUE DANS UN PAYS SAHELIEN, LE NIGER. PROBLEMES

D'ECHANTILLONNAGE ET RESULTATS DE LA SEROSURVEILLANCE DE LA PESTE BOVINE

En 1989, 2.815 sérums de bovins ont été prélevés sur toute l'étendue du territoire nigérien, suivant

un protocole élaboré par l'équipe du LABOCEL (Laboratoire central de l'élevage). Ces sérums ont été

analysés par la technique ELISA afin de détecter les anticorps post-vaccinaux contre la peste bovine. Il

ressort de cette analyse que 58% des animaux vaccinés sont séro-positifs. Les résultats par régions et par

groupes d'âge ont ensuite été interprétés. Ceci nous donne une idée sur la qualité de la campagne de

vaccination et indique dans quels départements les efforts doivent être renforcés.

1. INTRODUCTION

Pays sahélien, le Niger est situé en Afrique occidentale avec une superficie de 1.187.000 km2 et

7 millions d'habitants. L'élevage et l'agriculture sont les principales activités de la population. L'élevage

constitue 17% du PIB. Le cheptel est estimé (en millions) à: bovins 2.2, ovins 4.5, caprins 6.4, camelins 0.47,
asins 0.37, équins 0.075 et volailles 11.0.

La situation sanitaire reste assez satisfaisante du fait des efforts considérables réalisés dans le
domaine par les services d'élevage. En effet, des campagnes de vaccination sont annuellement menées contre

les 2 epizootics les plus meurtrières (peste bovine et péripneumonie contagieuse bovine). D'autre part, des

vaccinations ponctuelles sont effectuées contre les charbons bactéridien et symptomatique et contre la
pasteurellose bovine. Dès 1986 la vaccination contre la PPR (peste des petits ruminants) avec le vaccin

bovipestique a été introduit. Ces dernières années on a enregistré la clavelée (sur toute l'étendue du
territoire en 1988/1989), la fièvre aphteuse (1989/1990), la dermatose nodulaire (1988/1989), la PPR.
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La peste bovine a été maîtrisée depuis le PC 15 et cela grâce aux campagnes systématiques.
Toutefois le dernier foyer date de 1985 dans le département de Dosso.

La politique du Gouvernement, en matière d'élevage, est d'améliorer le niveau de vie des éleveurs

en augmentant la productivité animale. Cela passe nécessairement par la protection sanitaire du cheptel.
C'est dans ce but que le Laboratoire Central de l'Elevage (LABOCEL) fut créé en 1965 et renforcé par 2
antennes régionales (Tahoua et Zinder) chargées de diagnostic en 1985.

Le Laboratoire Central de l'Elevage a pour mission:

- la production de vaccins: 5 types de vaccins sont produits: contre la peste bovine, la péripneumonie

contagieuse bovine, les charbons bactéridien et symptomatique et la pasteurellose;

- le diagnostic des maladies animales (virologique, bactériologique, parasitologique et sérologique);

- les enquêtes épidémiologiques.

2. MATERIEL ET METHODES

2.1. Méthode ELISA au LABOCEL

Dans le cadre de la campagne panafricaine contre la peste bovine, le LABOCEL a bénéficié en 1987
d'un contrat de recherche FAO/AIEA(5004/SD) pour la sérosurveillance de la peste bovine. D'autre part,

en 1989 un projet de coopération technique (NER/5/007) entre le LABOCEL et la Division mixte

FAO/AIEA a commencé pour une durée de 3 ans et visant la création d'un laboratoire de

séro-épidémiologie, afin d'améliorer le diagnostic des maladies animales. Le laboratoire a ainsi reçu dans
un premier temps, en 1987, une trousse ELISA, qui donna des résultats peu fiables du fait de la mauvaise

qualité de l'OPD. En 1989 une nouvelle trousse fut fournie et elle servit à déterminer le zéro national, puis

à tester les sérums qui furent récoltés sur le terrain.

En tant que responsable de la sérosurveillance et principal chercheur du projet NER/5/007, Dr.

Diallo participa au cours régional sur l'utilisation des techniques immunoenzymatiques en octobre 1988 à

Debré-Zeit, Ethiopie; à la réunion de coordination du réseau "sérosurveillance de la peste bovine" en juin

1989 à Nairobi, Kenya, et à la réunion de coordination du réseau "sérosurveillance de la peste bovine et

autres maladies en Afrique par l'utilisation des techniques immunoen2ymatiques" en novembre 1990 à

Abidjan, Côte D'Ivoire.

Des missions d'experts pour la formation du personnel du LABOCEL furent également organisées

par l'AIEA.

22. Etablissement de la population négative et du seuil de positivité local
Cent sérums issus d'animaux séronégatifs en seuro-neutralisation, ayant servi pour les tests du vaccin

thermostable, ont été dilués au 1/4 et analysés en ELISA. La valeur moyenne de ces sérums négatifs était
de 0,07. Le seuil de positivité a donc été établi à 0,140. Parmi ceux-là 10 sérums ayant une valeur de DO

égale à 0,07 ont été choisis et stockés à -20°C. Ils ont servi de "sérum local négatif de référence".
Durant les tests effectués le coefficient de liaison variait entre 4 et 7.
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FIG. 1. Régions du Niger retenues aux fins de l'enquête.

23. Sérosurveillance de la peste bovine

2.3.1. Protocole d'échantillonnage
Dans un premier temps, on a recensé le cheptel national en se basant sur les chiffres de vaccination.

On a arrêté arbitrairement le nombre de prélèvements nécessaires à l'enquête (environ 4000 sérums). La

fraction de sondage étant alors de 1/339, elle fut appliquée aux différentes régions retenues (Fig. l); ainsi

on obtient:

Zinder-Maradi-Diffa (ZR-MI-DA) 2,000 sérums
Tahoua 600 sérums

Agadez 200 sérums

Tillabéri-Dosso 1,570 sérums

Soit un total de 4,370 sérums.

It faut noter que la zone d'Agadez a été surévaluée du fait de ses troupeaux exclusivement

transhumants. En effet, à Agadez on a appliqué une fraction de sondage au 1/40.
Ensuite, le choix des arrondissements au sein des zones (10/zone) a été effectué par la méthode des

totaux cumulés. Et le choix des sites (villages et puits) a été effectué par tirage au sort.
A ce niveau 3 équipes ont été mises en place: la première équipe couvrant la zone de ZR-MI-DA

est basée à l'antenne du Laboratoire de Zinder; la deuxième équipe couvrant la zone d'Agadez et Tahoua

est basée à l'antenne de Tahoua, et la troisième équipe couvrant la zone de Tillabéri-Dosso est basée au

Laboratoire de Niamey.
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Lors de la collecte des sérums les problèmes que les équipes ont rencontrés étaient la réticence des
éleveurs à l'opération et le matériel de stockage des sérums inadapté.

2.3.2. Analyse des sérums
La technique sérologique utilisée est PELISA préconisée par l'AIEA avec la dilution des sérums au

1/4.

Un sérum est dit positif quand la valeur moyenne de sa densité optique (DO) est supérieure au seuil

de positivité local établi à l'avance (0.140). Tout sérum présentant des valeurs de DO différentes de plus
de 25 % est retesté.

Tous les sérums ont été analysés avec le kit FAO/AIEA/PIRBRIGHT, chaque sérum étant fait en

double. 440 sérums sont analysés par jour. Le lecteur utilisé est un UNISKAN puis MULTISKAN MK II

PLUS.
Les résultats obtenus furent traités sur ordinateur (SAMSUNG 640 K), aven un programme

EPIDEMIC du Professeur DUCLOS (Hôpital Pitié Salpètrière, Paris).

2.4. Introduction et usage de l'ordinateur dans le programme

L'ordinateur AMSTRAD PC 1640 fourni par la Division mixte FAO/AIEA a été réceptionné en

mai 1989, en même temps que les programmes TITERSOFT et GEM. Les autres programmes, PANACEA
1 et 2, ont été reçus en février 1990, alors que SID et EDI datent seulement de juillet 1990.

Lors de sa mission à Niamey en avril-mai 1990, un expert de l'AIEA a installé le programme
PANACEA sur l'ordinateur du laboratoire (SAMSUNG 640 K), l'AMSTRAD n'étant plus fonctionnel du

fait de la panne du stabilisateur de courant. D'autre part, l'imprimante HP reçue initialement avec

l'ordinateur a été remplacée, en juillet 1990, par une EPSON LQ 1050.

3. RESULTATS ET DISCUSSION

Pour l'interprétation des résultats on a tenu compte de plusieurs facteurs et de leurs interactions.

3.1. Sérologie en fonction de la vaccination
Ces résultats sont donnés en Fig. 2. 64% de séropositifs chez les vaccinés contre 35% de séropositifs

chez les non-vaccines (l'information sur vaccination avait été donnée par les propriétaires ou obtenue par

examination de l'oreille pour un marquage).
On notera la faible couverture immunitaire des animaux vaccinés. Cela est certainement dû aux

problèmes de chaîne de froid rencontrés sur le terrain, ou encore de mode d'administration, de vaccination

fictive.
D'autre part, on remarquera que 35% des animaux non vaccinés en 1989 sont séropositifs. Dans

cette enquête, seuls les animaux vaccinés en 1989 sont considérés comme tels. En plus on n'a pas tenu

compte du marquage (trèfle à l'oreille), mais plutôt des affirmations de l'éleveur.
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FIG. 2. Sérologie en fonction de la vaccination.

32. Sérologie en fonction de l'âge (Fig. 3)

35% de séropositifs chez les animaux vaccinés de moins 1 an; 53% de séropositifs chez les animaux

vaccinés de 1 à 2 ans et 65-67% de séropositifs chex les animaux vaccinés de plus de 2 ans.

Il ressort de cette analyse que les animaux les moins protégés sont les moins de 1 an, et les mieux
protégés sont ceux de plus de 2 ans.

33. Sérologie en fonction de la vaccination chez les jeunes de moins de l an (Fig. 4)

45% de séropositifs chez les vaccinés et 16% de séropositifs chez les non-vaccinés. La couverture

immunitaire chez les jeunes, quoiqu'insuffisante, justifie quand même la vaccination des jeunes. On notera
toutefois que la persistance des anticorps colostraux peut dépasser les délais communément acceptés de 6
mois.

3.4. Sérologie en fonction du sexe (Fig. 5)

60% de séropositifs chez les mâles et 66% de séropositifs chez les femelles.Le test du X 2 montre

que les mâles sont moins bien protégés que les femelles, bien que 79,1% des mâles de l'échantillon sont
vaccinés contre 77% de femelles. Cela serait dû au fait que, la contention des mâles étant plus difficile, la

vaccination se fait très mal.

3.5. La couverture immunitaire globale
Elle est de 58,4% et seulement 70.2% des animaux de plus de 3 ans vaccinés sont séropositifs. Deux

explications sont alors possibles. Le non-respect de la chaîne de froid durant le transport du vaccin entre
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F/G. 3. Analyse de la sérologie en fonction de l'âge et de la région.
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F/G. 4. Analyse de la sérologie en fonction de l'âge et de la région.
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FIG. 5. Analyse de la sérologie en fonction du sexe.

Niamey et le centre de vaccination, ou lors de la reconstitution de la pastille vaccinale; ou la mauvaise

contention des animaux: les animaux ne recevant pas la totalité de la dose vaccinale, la dose ne suffît pas
à assurer une séroconversion.

3.6. Sérologie en fonction de la région (Fig. 3)

L'analyse des résultats par région montre que la couverture immunitaire globale, tous âges

confondus, sur l'ensemble des animaux vaccinés ou non, est plus faible dans les départements de Tahoua et
Agadez. L'explication probable réside dans les deux constatations suivantes: la couverture vaccinale est plus

faible dans ces deux départements, du fait de la grande mobilité des troupeaux, et du fait qu'il s'agit de zébus
bororo difficiles à contentionner; et beaucoup d'animaux considérés comme non vaccinés dans cette zone

n'ont en fait jamais été vaccinés.

4. CONCLUSIONS

Le bon déroulement de la sérosurveillance de 1989 démontre que cette opération peut être menée

à bien au Niger malgré les quelques difficultés rencontrées sur le terrain (réticence des éleveurs, zébus

bororo difficiles d'approche, etc.). Toutefois la plus grande difficulté réside dans le fait que la campagne

panafricaine n'a pas encore démarré au Niger. De ce fait aucune sérosurveillance n'avait été effectuée avant

1989. En effet la campagne panafricaine de lutte contre la peste bovine devrait prendre entièrement en

charge le volet "collecte de sérums" sur le terrain, en assurant le financement de la logistique (véhicules 4

X 4), le carburant, les per diem, le matériel de collecte, de conditionnement et de stockage des sérums.

Pour juguler ce phénomène de blocage, des contacts ont été pris afin de réaliser à bien la

sérosurveillance 1990-1991. Le planning prévoit la préparation d'un protocole d'échantillonnage; la récolte

de 8,000 à 10,000 sérums sur toute l'étendue du territoire nigérien; l'analyse des sérums récoltés par la
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technique ELISA; l'enregistrement des données sur les troupeaux dans le programme EDI; l'analyse

statistique et l'interprétation des résultats obtenus en ELISA avec le programme SID et finalement
l'élaboration d'un rapport final avec des commentaires, conclusions et recommendations.

Ce rapport sera communiqué au Coordonnateur national.
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Abstract

SERO-MONITORING THE NIGERIAN NATIONAL HERD FOR RINDERPEST

Rinderpest has been a serious problem for livestock in Nigeria over a considerable period of

time and despite widespread use of rinderpest vaccine, serious outbreaks have continued to occur. To

avoid this in the future and ensure success in the current national vaccination campaign a programme of

sero-monitoring has been introduced.

Based around the use of the FAO/IAEA ELISA kit, three laboratories were equipped and staff

trained in the use of the ELISA. Sera collected from animals known to be free of rinderpest antibodies

were tested to provide a negative control value for use in the ELISA test. A pre-vaccination campaign

survey was undertaken involving the collection of sera throughout the country along PARC recommended

guidelines. The results of this study indicated that regionally the levels of immunity varied enormously,

with no area achieving the 80% level of immunity needed for eradication of the disease. However, the

FAO/IAEA ELISA based system was found to be excellent for conducting this type of serological survey
and these results will now provide an ideal base from which to measure the effectiveness of future annual

rinderpest vaccination campaigns.

Sera from calves were examined to determine how long the immunity provided through maternal

antibodies lasted. By three months all animals in this study had lost these maternally derived antibodies
as detected by the ELISA. However, animals vaccinated around this time did not respond well indicating

that the current practice of vaccinating animals of all ages is necessary to ensure that young animals

receive at least one inoculation at a time when they will respond.

Advantage was taken of the sera collected to determine the prevalence of antibodies to

brucellosis. This study indicated that 7% of the animals in Nigeria have antibodies to Brucella and that
sero-positive animals are located in distinct foci. The identification of these pockets of infection will be

crucial for any future brucellosis control programme.
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1. INTRODUCTION

Nigeria lies between latitudes 4° - 14° north and longitudes 3° - 15° west, on the Gulf of

Guinea, on the west coast of Africa. The climatic (vegetation) zones vary from sahel in the far north,

with annual rainfall less than 300 mm, through guinea savannah and rain-forest zones, to mangrove

swamps with annual rainfall of 3500 mm in the Niger delta region. About 75% of the country is

infested with tsetse flies, making vast areas of the country unsuitable for cattle rearing because of tsetse-

transmitted trypanosomiasis and only small portions of the far north and the highlands of the Mambilla
plateau in the north west are free.

Nigeria has a human population estimated at 96 million in 1985 (FAO, 1985). The majority of

Nigerians are still involved in agriculture, although in recent years there has been increased migration

from rural areas to urban centres. Livestock production is generally controlled by the transhumant

Fulani cattle rearers, who continue the age-old movement of cattle from the north to the south of the

country, in search of feed and water. There is increased effort on the part of the government to "settle"

the Fulanis, but that programme is still in its infancy. A few government and private ranches are now
appearing in various parts of the country, but these have not yet made any real impact on livestock
production.

The estimated livestock populations in Nigeria (in millions) are as follows: cattle 10.9; sheep
9.5; goats 22.3; local poultry 132.0; swine 0.86 and camels 0.017 [1]. Total meat production in 1983 was

estimated at 374,284 metric tonnes, whereas meat consumption was estimated at 707,75 tonnes [2]. In

effect, nearly half of the meat consumed had to be imported. This strongly underscores the need for
improvements in livestock production.

Trypanosomiasis is perhaps the major disease limiting livestock production in Nigeria primarily

because large land areas infested by the tsetse fly are rendered relatively unproductive [3]. Rinderpest,
on the other hand results in high mortality of cattle. The other major livestock diseases include foot and

mouth disease (FMD), dermatophilosis and contagious bovine pleuropneumonia (CBPP). Control of

rinderpest and CBPP is being attempted through national vaccination programmes. There is some

attempt to reduce the tsetse fly population by direct spraying with insecticides, and by use of irradiated
males and other biological control methods [4].

1.1. Rinderpest in Nigeria
Rinderpest was reported to have first infected animals in Nigeria from Chad in 1886 [5]. This

itself was an extension of the first recorded outbreak in Africa (in Egypt) thought to have come from

Romania in 1841. The initial epidemic in Nigeria spread extremely rapidly in the north-eastern sector of

the country, destroying 80-90% of the cattle in the area. Subsequently the disease became enzootic with

only occasional outbreaks, until a widespread drought and famine in 1912-1913 triggered off another

pan-epizootic in 1913-1914. Epizootics alternated with periods of relative calm in this period of
uncontrolled rinderpest until 1924 when the first tentative efforts at control were initiated.

The period between 1924 and 1960 saw the development of rinderpest vaccination in Nigeria.

Initially vaccines were crude and vaccination was voluntary, even then, by 1930, vaccination centres and
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camps had been established in the north operating annual voluntary vaccination programmes. Mortality

from rinderpest in affected herds fell from 60 - 90% pre-1930 o between 5 - 20%, and occurred mostly
in young animals. In 1950 vaccination was made compulsory, and together with quarantine and slaughter

of infected animals, the disease was brought under some measure of control.

The Joint Project 15 (JP 15), a regional rinderpest eradication programme, grew out of a
meeting held in Kano in May 1961, and provided for a phased programme of vaccination to cover the

countries in west, central and east Africa. The west and central Africa programme operated from 1962
to 1967, and cost approximately 16.4 million US dollars. About 7.2 million were provided by the affected

countries; 6.6 million by the European Development Fund; 2.3 million by the USA, and 0.3 million by

the British, Canadian and German governments.

JP 15 was a spectacular success. The incidence of rinderpest dropped from 490 outbreaks in
1958 to 2 outbreaks in 1963 and 1964. Cattle vaccination figures rose from 682,000 in 1951 to 8,058,000
in 1964.

Rinderpest again became a household word in Nigeria in 1983 following a devastating outbreak

which destroyed thousands of cattle. By the end of 1983, 1081 outbreaks had been reported, and the
federal Government spent over 8.7 million Naira on the vaccination programme. This latest epizootic

brought into sharp focus the poor state of the veterinary services in many African countries, particularly

with respect to disease surveillance. A good disease monitoring system would have detected the decline

in the antibody prevalence in the national herds, and alerted governments to the accumulation of highly

susceptible populations. Such a system might also have provided early warning of increased virus activity
in the border states.

The sero-monitoring system used prior to and even during the 1983 outbreak relied heavily on

"grab" samples from slaughter-houses and abattoirs. While data obtained in this way may give an idea of
overall prevalence, it provides little or no information on the age specific prevalence or geographical

distribution, and is highly biased in favour of older animals.

The sero-monitoring programme in Nigeria also suffered from the lack of a uniformly

acceptable, sensitive laboratory test. Testing of sera was done centrally at the National Veterinary

Research Institute (NVRI), Vom, and the countercurrent immuno-electrophoresis (CIE) was used.

NVRI however, did not have the capacity to cover the entire nation, and the Faculties of Veterinary

Medicine which had trained personnel, lacked the equipment to run the CIE. Other limitations of the

CIE included the lack of good antigen and control sera.
In one way the resurgence of rinderpest in Africa in the 1980's following the highly successful JP

15 campaign can be traced to inadequate sero-monitoring of the cattle populations following the
campaign. Veterinary authorities in many countries were unaware of the steady increase in the number

of susceptible cattle until the devastating epidemics signalled that the gains of the JP 15 had been totally

lost. In Nigeria, for example the official data showed that millions of doses of rinderpest vaccine had

been issued, and presumably used. The reasons for the low immunity levels were not clear, ie whether
the vaccines themselves were not potent, or whether their delivery to the animals was faulty. Whichever

was the case, vaccination returns appeared to indicate that the national herd was protected, which in
reality was certainly not the case!

189



The PARC programme, which aims at the eventual eradication of rinderpest, has incorporated a
strong sere-monitoring aspect to avoid in future the type of situation that occurred in Nigeria. Sero-
monitoring will enable PARC planners to ascertain when countries have achieved the herd immunity

levels necessary to discontinue vaccination, as well as to detect sub-populations of cattle that require

re-vaccination.

The enzyme linked immunosorbent assay (ELISA) was chosen as the serological test for the

sero-monitoring programme because it is sensitive, specific, and adaptable to the mass screening of sera.

The objectives of this study were:

1) To validate the rinderpest ELISA kits supplied by the FAO/IAEA for use in Nigeria, and to
determine the national negative population OD values
2) To collect serum samples from cattle herds in Nigeria following the annual rinderpest vaccination

campaign and determine the prevalence of rinderpest antibodies in the national herd as well as in various

sub-populations of cattle

3) To determine the age at which maternally derived antibodies disappear from the circulation of calves ,
and when calves can be successfully immunized with rinderpest vaccine.

2. MATERIALS AND METHODS

2.1. Materials
The following equipment was provided by the FAO/IAEA for the rinderpest ELISA:

1) 3 Multiskan ELISA readers with two microcomputers
2) Multichannel pipettes ( 8 & 12 channel)

3) Single channel pipettes
4) Pipette tips, reagent troughs, microtitre plates and other consumables

5) 2 Plate Shakers
6) FAO/IAEA ELISA kits

22. Methods

2.2.7. Validation of the rinderpest ELISA and determination of the national negative value
Known positive and negative serum samples were obtained from the NVRI, Vom. These

samples were from cattle used in previous rinderpest vaccination - challenge tests. The antibody profiles
of the samples had been determined by countercurrent immunoelectrophoresis (CIE).

For the determination of the national negative values, serum samples were obtained from various
sources:
(a) Cattle which according to their owners had never received rinderpest vaccination. Animals from the

Allied Ranch in Kaduna State fell in this category. The veterinarian in charge was certain the cattle in

the ranch had never received rinderpest (or any other) vaccine.

(b) Calves under 6 months of age, selected from large farms including the Zango farm in Zaria, the

Echata ranch in Ogoja, and the Obudu cattle ranch in Obudu, Cross-River State, and Fulani herds under
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the ILCA study programme. These farms were fairly well managed and had resident veterinarians. The

exact dates of vaccination were available and serum samples were obtained from calves (usually 1-9
months old) that were born after the last vaccination.

(c) Calves bled at monthly intervals until maternally derived antibodies had disappeared from the sera

using the FAO/IAEA ELISA kit and the supplied kit reference negative serum. Calves from the
Ahmadu Bello University Farm were used for this aspect of the study.

(d) Serum collected prior to the rinderpest epidemic in 1983 and stored in freezers. Serum samples
collected in 1982 and early 1983 for reproduction studies, and stored in the freezers since then, were

kindly donated by the National Animal Production Research Institute (NAPRI), Shika, Zaria.

All samples were analyzed by the ELISA technique described in the FAO/IAEA rinderpest

ELISA kit manual.

2.2.2. Collection of field samples
Serum samples were collected from cattle in all the 21 states of Nigeria. In the border states

(Sokoto, Kano, Borno, Gongola, and Kaduna) 40 herds were sampled in each state. In the other
northern states, 30 herds were sampled, and in the southern states, fewer herds were sampled based on

the estimate of the cattle population in each state.
The herds sampled were selected as follows: The field team arrived at the state capital and held

discussions with the Chief Veterinary Officer to determine the relative concentration of herds in various

parts of the state. A grid would then be overlaid on the map of the state, and the various squares

numbered. A table of random numbers would then be used to choose the squares to be sampled, with

the total number of sample areas chosen in each part of the state being proportional to the estimated

cattle population in that area. The local government area in which the sample square was situated
was then visited, and the resident veterinary or livestock officer would identify the villages closest to the

chosen square. He was also asked to make a list of herds in the area. The field team would then

choose the herd or herds to be sampled from the resident veterinary officer's list - again using a table of

random numbers.
In any chosen herd, 40 animals were bled - 10 calves (under 1 year of age), 20 young cattle (1-3

years old) and 10 adults (over 3 years old). If several herds were located at the chosen place, 10 - 12

cattle were bled from each herd until the required 40 animals was reached. If the herd had less than 40
cattle, all the animals were bled. The number 40 was chosen because it was convenient for 2 - 3

bleeders to collect about this number within 2 hours, and before the Fulani cattle owners became restive
or even hostile. The field bleeding was done entirely by the sero-monitoring team of the Federal

Livestock Department with the sampling technique and rationale being explained to them during a

workshop organized by the testing laboratories.

2.2.3. Maternal immunity
Twenty-four cows known to have been vaccinated against rinderpest, with calves were selected

for the first study. The cows and calves were bled at the start of the study (November 1988) and at
monthly intervals until March 1989. Serum antibody was determined using the FAO/IAEA ELISA.
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FIG. 1. ELISA: Nigerian negative population.

In the second study, 30 calves ranging in age from 1-16 months were selected from the Ahmadu Bello

University farm. They were all bled and immediately given one dose of rinderpest vaccine

subcutaneously. Calves were given either the Vom rinderpest vaccine or the Botswana rinderpest

vaccine. After vaccination, the calves were bled at monthly intervals for 3 months to determine serum
antibodies.

2.2.4. Prevalence of Brucella antibodies in Nigerian cattle
Forty Fulani herds in Kaduna state were sampled as described above. The samples were assayed

for brucella antibody using the FAO/IAEA Brucella ELISA kit, and the procedure described in the kit
manual. For comparison, the same samples were tested by the routine rose bengal plate test (RBPT)

and the serum agglutination test (SAT) [6] using antigen procured from the NVRI, Vom.

3.

3.1.

RESULTS AND DISCUSSION

Negative value for Nigerian cattle
The antibody profiles of the various herds and sub-populations used to determine the negative

value are shown in a histogram (Fig. 1) The ELISA agreed closely with the CIE in differentiation of

negative and positive sera. Negative sera from various sources clustered around the 0.09 and 0.14 OD

values. By combining the values from all the various sources, the Nigerian negative value was determined
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FIG. 2. Summary of binding ratios.

in this study as 0.15 , with a standard deviation of 0.01. Once this negative value was established it was

used as the negative sera control in all assays. The ELISA kit was found to work well with an average

binding ratio of 6 (Fig. 2).

32. Field survey for rinderpest

An example of the results, from the southern states in Nigeria is shown in Table I. with a full

summary of the country detailed in Table II. The overall prevalence rates of cattle showing antibodies to

rinderpest virus were lower than the target of 80% (deemed necessary to achieve eradication of the

disease). There was also a great deal of variation in herd prevalence even within a state - herd rates
varied from 0% to 95% in the same state. Kano and Sokoto had the best overall prevalence rates, but
whereas Kano state had more uniform prevalence in herds across the state, Sokoto had more herds with

prevalence rates of 70% or higher - which indicates good herd immunity. Katsina State had the lowest

prevalence rate with only 26% of the animals showing rinderpest antibodies.
Analysis of the age-specific prevalence rates show that the older animals (> = 3 yrs) had the

highest rates, followed the adolescent animals (1-3 yr. olds) (Fig 3).

33. Maternal immunity and response to vaccination

Table III shows the results of the study to determine the age at which maternally derived
antibodies disappear from the circulation in calves. Only 17 (70.8%) of the 24 dams were positive for

rinderpest antibodies, and only 7 of the calves from these 17 dams had detectable antibodies. The
positive calves were all within 1 week to 3 months of age at the first bleeding. Antibodies were not

detectable in calves 3 months or older, which suggests that maternally derived rinderpest antibodies may

not last beyond 3 months in calves.
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TABLE I. ELISA RESULTS FROM THE SCREENING OF CATTLE SERA COLLECTED FROM
THE SOUTHERN STATES OF NIGERIA

Stales No. of
villages

Bendel 22

Imo 17

Rivers 9

Lagos 4
Oyo 27
Anambra 19

Ondo 14
Ogun 26

Cross River 13
Akwa Ibom 9

No. of
Herds

23

19

9
10

28
25

25

26
14

9

< lyr.
% +ve

55%
20%
49%

20%
17%

-
32%

43%
21%
34%

1-2 yrs.
% +ve

54%
23%
44%

28%
28%

-
27%

56%

40%
34%

> 2yrs.
% +ve

48%

19%

37%

38%
41%

45%
40%

59%

43%
39%

Total
% +ve (Total No)

51% (906)

20% (761)

43% (369)
33% (393)
34% (1112)

44% (1030)
38% (907)

57% (1039)
38% (417)

35% (319)

TABLE n. RINDERPEST SERO-MONTTORING: COMPARISON
OF RESULTS FROM VARIOUS REGIONS IN NIGERIA (1990)

Location of State

Border Areas

Middle-North

South-West

South-Eastern

State

Sokoto
Katsina
Borno

Kano
Gongola
Bauchi

Plateau
Niger

Kaduna
Lagos
Ogun

Ondo
Oyo
Bendel
Anambra

Rivers

Cross-Rivers

Akwa-Ibon

Imo

% postitive

44.4
25.9
41.0

54.8

453
40.4

34.8
42.2

41.9

33.0

57.6
42.4
33.6
51.2
44.5
43.4
38.4

41.2

20.0

NATIONAL AVERAGE 40.8%
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FIG. 3. Distribution of rinderpest sero-positive animals in the various age categories.

Table IV shows the results of the vaccination study of calves. Data from 6 calves were not useful
because they were not available for bleeding throughout the study. Eight of the 24 calves with complete
information were 3 months old or less, and only one of these (or 12.5%) seroconverted. Of the

remaining 16 calves aged 4-16 months, 14 (or 87.5%) seroconverted following vaccination. Within this

group of 16 calves, 6 calves aged 4-6 months had not received any previous vaccination, and 4 of these
(66.7%) responded to vaccination. The other 10 calves which had been vaccinated previously all

seroconverted regardless of the vaccine used.
There was no clear (statistically significant) difference between the Botswana and the Nigerian vaccines,

although overall, 10 of 13 (or 76.9%) of calves given the Botswana vaccine seroconverted, whereas only 5

of 11 (or 45.5%) of those that received the Nigerian vaccine seroconverted. The Botswana vaccine
appears to be more effective in overcoming the effect of maternal immunity. In the very young calves (3

months or younger) 1 of 4 calves that received the BOT vaccine responded, whereas 0 of 4 calves that

got the NIG vaccine responded. Similarly, among the 4-6 month group which had not received a
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TABLE HI. DETECTION OF (MATERNAL) RINDERPEST ANTIBODIES IN CALVES AT

VARIOUS AGES USING THE ELISA

Calf No. Age Dam Ab Sample No.
(Mths) Status 1 (Nov. '88) 2 (Dec. '88) 3 (Jan. '90) 4

1497
4119
4120
4121
4123
4124
4125
4126
4127
4128
4129
4130
4132
4136
4140
4141
4143
4146
4148
4149
4150
4153
4154
4155

3
3 + -
3 - -
3 - -
3 + +
3 - -
3 - -
3 +
3 + -
2 +
2 +
2 +
2 - +
2 -
2 + +
2 + + +
1 + -
1
1 + + +
1 +
1 + +
1 + + +
1 + + +
1 +

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

+ = antibodies detected - = No antibodies detected

previous vaccination, 2 of 2 calves which got BOT vaccine seroconverted, whereas only 2 of 4 which got

the NIG vaccine seroconverted. The numbers of cattle in each group are however too few to allow
definitive conclusions.

3.4. Prevalence of Brucella antibodies

Fifty of the 762 (6.6%) of the cattle tested were positive for Brucella antibodies, and there was

no difference between the male and females in the population (Table V). Cattle 3 years old or above had

the highest prevalence rate (8.1%), followed by those less than 1 year (6.8%). The 1-2 year age group
had the lowest prevalence (Table VI). The prevalence rate varied enormously in the various local
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TABLE IV. RESPONSE OF CALVES OF VARIOUS AGES TO VACCINATION

WITH NIGERIAN OR BOTSWANAN RINDERPEST VACCINE

Calf

4358

4359

4360
4372

4373
4354

4357
4351
4274

4279
4287

4289
4294

4254
4214

4179
4181
4182

4283

4173

4146

4129
4141

1497

No. Age

mths.

1
1

1

1

1
2

2

3
4
4
4

4

4

6
8
10
10
10

10
11

14

15
15

16

Previous

Vaccinât.

none

none

none
none

none
none

none
none

none
none
none

none
none

none
14/9/89
14/9/89

14/9/89

14/9/89
14/9/89

14/9/89

14/9/89

14/9/89

14/9/89
14/9/89

Vaccine Prevac. 1 mth. 2 mth. 3 mth.

Used Ab's postvaccination

NIG +
BOT + - + +
N I G . . . .

NIG +
B O T . . . .
B O T . . . .

N I G . . . .

B O T . . . .

NIG + + + +
NIG +
BOT + + +
N I G . . . .
N I G . . . .

BOT + + + +
BOT + + - +
BOT + - +

NIG + - - +
BOT +

NIG + - +
BOT - + + +

BOT + - - +

BOT + +
BOT + + +
NIG + + + +

+ = antibody detected; - ve = no antibody detected
Pré-vaccination bleeding on 16/12/89; 1st. bleeding on 16/1/90;
2nd. bleeding on 17/2/90; 3rd. bleeding on 15/3/90

government areas (ie. 1% in Zonkwa to 27% in Kaura) indicating distinct foci of infections. Results of

the comparison between ELISA, RBPT and SAT are shown in Table VII.

3.5.

3.5.1.

Discussion

Rinderpest sero-survey
The low prevalence rate of rinderpest antibodies in Nigerian cattle following more than 4 years

of annual vaccination is not difficult to explain. Many of the standard reasons for poor response to
vaccination, especially in mass vaccination campaigns, apply in Nigeria. These include poor cold chain,
improper reconstituting and inoculation, and unreliable potency of different vaccine batches especially
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TABLE V. BRUCELLOSIS ELISA RESULTS IN MALE AND FEMALE CATTLE

IN SETTLED HERDS IN KADUNA STATE

SEX

Males
Females

Total

NO. POS.

21
29

50

NO. NEG.

288
424

712

TOTAL

309
453

762

%POS.

6.8
6.4

6.6

TABLE VI. BRUCELLOSIS ELISA RESULTS FROM DIFFERENT AGE

CATEGORIES OF CATTLE FROM SETTLED HERDS IN KADUNA STATE

AGE

Less than 1 year
1- 2 years
2-3 years
More than 3 years

TOTAL

NO. POS.

13
3
4
30

50

NO. NEG.

177

109
86
341

712

TOTAL

190
112
90
371

762

%POS.

6.8
2.7
4.4
8.1

6.6

TABLE VII. COMPARISON OF SERA TESTED FOR ANTIBODIES
TO BRUCELLOSIS USING THE ELISA, SAT AND RBPT

Serological test

SAT + ve
SAT - ve

RBPT + ve

RBPT - ve

ELISA + ve

15
35
14

36

ELISA - ve

8
704

2

710

when vaccines have to be produced in large numbers in a hurry. During visits to field officers the

authors encountered stories of improper vaccine handling and administration by inoculators, sometimes

as a result of carelessness, and at other times because of excessive zeal to earn money. For future
vaccination campaigns to be effective, it will be necessary for trained veterinarians to participate far more
actively in actual field work.
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3.5.2. Studies in calves
The calf studies could have been more informative if larger numbers of animals were used.

However, the results indicate that maternally-derived antibodies as detected by the ELISA disappear at
around 3 months of age but surprisingly they also show that animals of this age and even several months

older do not respond well to vaccination. It may be that some maternally-derived immunity not detected

by the ELISA persists and is preventing a good response to vaccination. If this is so then it is clearly

advantages to vaccinate all young animals to ensure that they will at some time during the first 15 months

of age receive a vaccine inoculation at a tune when they can mount an effective immune response. It

would be clearly dangerous, from these results at least, to assume that young animals up to one year are
protected by maternal immunity or that animals vaccinated around 4 to 6 months of age will be protected

for life.

3.5.3. Brucella survey
The prevalence rate of Brucella antibodies, as determined in this study, agrees with those

determined earlier by Banerjee and Bhatty, 1970 (8.1%) [personal communication] and by Nuru and
Dennis 1975 (7.1%) [personal communication] using the SAT. This study differs from the others in the

use of structured sampling technique. By careful selection of semi-settled herds from randomly chosen

locations ( rather than obtaining samples from abattoirs or vaccination camps) it was possible to show

locational differences in prevalence of Brucella antibodies. Previous studies have always given the

impression that the disease is uniformly spread in Nigeria. It is intended to utilize the serum samples

collected under PARC in an extension of the present study. At the end it should be possible to generate

a 'brucellosis' map of Nigeria indicating prevalence in various parts of Nigeria. Such data will be

essential for future planning and execution of control measures.

This study also validates the FAO/IAEA brucellosis kit in Nigeria, and shows that it agrees well

with the standard procedures for brucellosis.

4. CONCLUSIONS

In general the FAO/IAEA ELISA system was found to be an excellent tool for mass screening

of sera for detecting of antibodies to rinderpest virus in cattle. The primary problems encountered

include poor water supply, inconsistency in the availability of distilled water, rapid damage of reagents
because of poor electricity supply, and communication problems with IAEA, Vienna.

A national rinderpest sero-survey involving over 7,000 sera has now been completed and the sera

tested for antibodies to rinderpest. The results show considerable variation throughout the country with

no one state achieving the 80% immunity level required. The reasons for the poor response involve all

stages of the vaccination process and indicate that more control and care of the vaccine production and

delivery system is required. This survey however, will provide an excellent base on which to compare

future annual vaccination campaigns.

A study of calfhood responses both to maternally derived and vaccine derived immunity revealed
that maternal antibodies wane at around three month of age, and that in many cases animals around this
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age did not respond well to vaccination in the face of a waning maternal antibody presence. This
supports the concept of vaccinating all ages of animals in the present rinderpest vaccination campaign.

A survey for the presence of antibodies to brucellosis in Kaduna State showed around 6% of the
animals had sero-converted but that the disease occurs in discrete pockets and more work should be

carried out to identify these foci to assist future brucellosis control programmes.
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SEROSURVEILLANCE DE LA PESTE BOVINE AU RWANDA

J. MUBERUKA
Ministère de l'agriculture, de l'élevage et des forêts,
Kigali, Rwanda

Abstract-Resume

SERO-SURVEILLANCE OF RINDERPEST IN RWANDA

The sero-surveillance of rinderpest in Rwanda has not yet started due to lack of the necessary

equipment. However all cattle in the country (730,000 head) have been vaccinated previously and a new
vaccination programme will start shortly along the border with Uganda to ensure an immune barrier against

the entry of the virus. A serological evaluation of this exercise will be undertaken. A general description is

given of the methods to be used for this and how in more broad terms the problems of sero-surveillance will

be tackled. In the immediate future it is planned to introduce the FAO/IAEA ELISA system for rinderpest

sero-monitoring, to validate the assay locally, and to train laboratory personnel in its use.

SEROSURVEILLANCE DE LA PESTE BOVINE AU RWANDA

La sérosurveillance de la peste bovine n'est pas encore réalisée au Rwanda, faute de moyens

adéquats. Pourtant, on a vacciné tout le cheptel bovin national (730,000 têtes) et on se prépare à revacciner

le bétail à la frontière commune avec l'Ouganda pour établir un cordon sanitaire solide. L'évaluation

sérologique de cette opération s'impose. Le mémoire décrit comment, en termes généraux, on entend

réaliser cette action. L'objectif global du projet de sérosurveillance est de déterminer le niveau de protection
de notre élevage contre la peste bovine, les objectifs intermédiaires étant l'introduction du système ELISA,

sa validation et sa maîtrise ainsi que la formation du personnel en place.

1. INTRODUCTION

Le projet a comme objectif la détermination du degré de protection du bétail contre la peste bovine.

En effet, indemne de peste bovine depuis plus de cinquante ans, le Rwanda participe activement à la

campagne panafricaine de lutte contre la peste bovine (PARC) et a déjà vacciné son cheptel en deux

campagnes nationales, respectivement en 1982-1983 (225.000 têtes) et 1985 (730.000 têtes), atteignant ainsi

un taux de couverture de 88-90%.
Actuellement, on envisage de vacciner la totalité du cheptel des préfectures Kibungo, Kigali, Byumba

et Ruhengeri et des trois communes de Gisenyi (Mutura, Rwerere, Rubavu), totalisant 232.000 têtes, et de
vacciner les veaux à l'âge d'un an [1].

La vaccination sera accompagnée d'un renforcement des mesures de contrôle des mouvements du

bétail aux frontières. L'état immunitaire du troupeau sera surveillé à l'aide du kit ELISA mis au point par
la Division mixte FAO/AIEA pour le suivi sérologique du bétail dans le cadre du PARC, technique fiable,
financièrement abordable et pratique. La dernières campagne de vaccination datant de 1986, un effectif

réceptif très important s'est constitué à l'occasion des naissances et de l'importation des animaux pendant

les quatre dernières années. En plus de cela, jusqu'à présent, aucune analyse n'a été effectuée pour
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déterminer le niveau de protection des troupeaux vaccinés. On ignore donc si on a vacciné correctement

avec de bons vaccins et si on a réellement protégé le bétail. C'est donc dire toute importance que revêt la

sérosurveillance qui sera réalisée dès que les réactifs et l'équipement, le personnel et d'autres moyens

nécessaires seront disponibles. N'ayant encore rien fait, il ne nous est pas possible de présenter les résultats.

Dans les lignes qui suivent, il sera question de l'organisation et de la mise en oeuvre de cette

sérosurveillance.

2. ORGANISATION DE LA SEROSURVEILLANCE DE LA PESTE BOVINE AU RWANDA

Dans l'organisation des activités de sérosurveillance de la peste bovine, on tiendra compte des

principes de base énoncés par la FAO/AIEA en vue d'harmoniser les travaux dans les pays participant au

projet PARC [2].

Des équipes chargées de l'échantillonnage seront mises sur pied indépendamment des équipes de

vaccination. Les prélèvements auront lieu une à deux semaines avant le passage des vaccinateurs et trois

semaines et plus après la vaccination. Le calendrier définitif sera établi dès que les dates de livraison du

matériel nécessaire et des réactifs (et des vaccins) seront connues. A partir de ce moment, des réunions

seront tenues aux fins d'informer les techniciens et les éleveurs des modalités pratiques de la campagne de

vaccination et de l'échantillonnage, mais aussi pour mettre en lumière leurs responsabilités respectives et
pour acquérir la coopération de la population dans cette entreprise.

Le troupeau du Rwanda étant pratiquement sédentaire, les prélèvements se feront aisément en

visitant les troupeaux sur place, la première fois 2 semaines avant le lancement de la campagne de

vaccination pour évaluer le "zéro national", la deuxième fois à partir de trois semaines après la vaccination

pour mesurer l'impact de la vaccination (taux de séroconversion) et au plus tard deux mois après le passage

de l'équipe de vaccination.

La zone d'intervention comprend 64 communes réparties dans 5 préfectures [3]. Il y est prévu

quatorze équipes de vaccination. On mettra en place une seule équipe de sérosurveillance distincte des

équipes de vaccination et comprenant à majorité les techniciens [5] du Laboratoire Vétérinaire National de

Rubilizi (de l'Institut des Sciences Agronomiques du Rwanda). On choisira six sites de prélèvement par

commune, ce qui fera un total de 384 sites en fonction de la distribution du cheptel et des facteurs

géographiques. La détermination de ces sites se fera au hasard et un numéro sera attribué à chaque site

avant le tirage au sort. Un site corrrespondra à un secteur administratif dans une commune dans chaque site.

Les sérums seront collectés à un rythme accéléré (ne pas dépasser deux semaines dans une préfecture et

deux mois dans l'ensemble).

A chaque site de prélèvement, on saignera 40 animaux répartis en quatre catégories d'âge, soit 10
de moins d'un an, 10 d'un à deux ans, 10 de deux à trois ans et 10 de plus de trois ans, soit environ 15.360

têtes la première année et 5000 la deuxième année (veaux). L'âge sera déterminé principalement par

l'interrogation de l'éleveur et l'examen de la dentition (et des cornes) par le personnel vétérinaire.

Les échantillons pris sur le terrain (10 ml de sang/animal) seront rapidement (24 h.) acheminés vers

le laboratoire qui est situé à Kigali à une distance maximale de 300 km du lieu le plus éloigné. C'est là que

le reste des manipulations doit avoir lieu (retrait du caillot, centrifugation de sérum, transfert dans une

bouteille bijoux stérile, étiquetage, conservation sous froid -20°C).
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Des fiches de renseignement accompagneront les échantillons. Elles porteront des informations

détaillées sur les animaux saignés (individuellement) et sur les troupeaux d'origine. Les modèles préconisés

par la Division mixte FAO/AIEA conviennent parfaitement à notre situation mais nous les simplifierons

pour notre usage local [4].
Ainsi pour les régions utiliserons-nous le Code lettre correspondant aux préfectures: Kigali (A)

Gisenyi (G) Ruhengeri (H), Byumba (I), Kibungo (J). Chaque commune sera affectée d'un numéro. Dans
chaque commune, le site recevra un numéro également (secteur dans la subdivision administrative). Le

numéro de l'échantillon sera un numéro de la série (1 à 40) dans chaque site identifié. Le sexe sera

également marqué (M: mâle entier, C: castrat et F: femelle). On mentionnera si l'animal a été marqué à

l'oreille ou non; Panamnèse renseignera sur les vaccinations antérieures. Une estimation de la proportion

d'animaux vaccinés et marqués sera faite. Les dates de prélèvement et de réception seront notées. Le reste

du travail documentaire sera fait au laboratoire et en étroite collaboration avec le Coordonnateur national.

Dès que les données brutes sont à sa disposition, il sera chargé de les soumettre à l'unité d'épidémiologie

pour une analyse statistique.
Au cours de la réunion d'harmonisation de la campagne panafricaine de lutte contre la peste bovine

entre l'Ouganda et le Rwanda tenue à Kagali sous l'égide le l'OUA/IBAR du 21 au 22/03/1990, il a été

décidé de programmer les vaccinations le long des frontières communes chaque année du mois d'août à

octobre et de programmer en conséquence la sérosurveillance [5].

En ce qui concerne le projet PARC RWANDA, les formalités de lancement d'un appel d'offre pour

l'acquisition du vaccin nécessaire pour PELISA Peste Bovine, des véhicules etc., sont en voie d'être entamées.

La réalisation du test ELISA se fera en suivant le protocole établi par la Division mixte FAO/AIEA

[4]. Le plan de travail défini lors de la réunion de Nairobi (juin, 1989) souffre du retard de l'octroi de

financement et ne sera exécuté qu'après l'aboutissement des négociations en cours.

Dès que toutes les conditions seront réunies, on se propose de mettre en route le système ELISA,

de former le personnel chargé d'exécuter les tests, de tester les échantillons de sérum reçus du terrain,
d'interpréter les résultats et d'assurer la diffusion de l'information. La constitution d'une banque de sérum

sera également à considérer , de même que l'introduction de l'informatique dans le processsus.
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Abstract

NATURAL AND ACQUIRED IMMUNITY AGAINST RINDERPEST IN SENEGALESE CATTLE AND

A COMPARATIVE STUDY OF VIRUS NEUTRALISATION WITH ELISA
Although rinderpest has not been reported in Senegal since 1980, the threat from neighbouring

countries demands that annual vaccination is maintained at a reasonable level to avoid any disease outbreaks.

In the near future this will be carried out under the auspices of the Pan African Rinderpest Campaign. As

a pre-campaign exercise a serological survey for rinderpest utilising a virus neutralisation test was undertaken

involving 2,000 cattle selected randomly from throughout the country. This revealed considerable local

variation in the numbers of animals sero-converted although the overall level of immunity was around 80%.
The survey indicated differences in the success of vaccination teams and highlighted the need to ensure that

reasonable standards in conducting rinderpest vaccination are monitored using sero-surveillance.
Serum samples taken randomly for the rinderpest serum bank established at the Laboratoire

National de L'Elevage et de Recherches Vétérinaires were tested utilising a virus neutralisation test and an

ELISA for the presence of antibodies against rinderpest virus. Although the virus neutralisation test was

found to be marginally more sensitive, the advantages of the ELISA in terms of speed, cost and ease of

operation make it the ideal choice for use in the sero-monitoring of cattle for rinderpest as envisaged under
the Pan African Rinderpest Campaign.

1. INTRODUCTION

An increasing number of outbreaks of rinderpest in the late 1950's and early 1960's resulted in the

formation of the West and Central African rinderpest control programme named JP 15. Starting in 1962 the

programme was later enlarged in 1970 to include East Africa and was continued until 1976. By this time

the disease had been completely brought under control with no disease outbreaks being recorded and it was

assumed that rinderpest was a disease of the past.
Unfortunately however, the disease reappeared in the early 1980's and by the mid-1980's severe

epizootics were once again occurring in many African countries. Many factors were responsible for the re-

emergence of this disease including: a number of civil wars; the gradual loss of financial support for annual

rinderpest vaccination programmes; the widespread use of poor vaccine; the lack of animal movement control

exacerbated by regional drought and a deterioration in national veterinary services.
Fortunately hi Senegal, with a cattle population of 2.2 million, the veterinary service was able to

maintain an adequate vaccination programme and no outbreaks occurred until 1980. Even then, this was
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confined to a single outbreak and was traced to the transhumance of cattle from the Republic of Mauritania
[1]. This outbreak served to highlight that the risk from rinderpest to Senegal is from the movement of
infected cattle across the borders with neighbouring countries.

The last serological survey for rinderpest was conducted some 17 years ago but with the

commencement of the Pan African Campaign, it was necessary to determine the actual level of immunity

that was achieved in Senegal during its continual rinderpest vaccination programme of the past years and

thus evaluate the support needed through PARC. This survey was therefore undertaken to determine, at the
national level, the number of animals that were immune to rinderpest, either through natural or aquired

means using the virus neutralisation test.

Sera however, can be tested in two ways - using a virus neutralisation test [2] or an ELISA [3]. A

study was therefore undertaken to compare the virus neutralisation test to the ELISA for the examination

of large numbers of sera as envisaged under PARC. Five hundred and nineteen sera collected from different
regions of Senegal between 1985 and 1988 were tested using both assays.

2. MATERIALS AND METHODS

2.1. Serum sampling

Senegal has 10 administrative regions covering the country's 200,000 sq. km and cattle production
is based on an extensive ranching system with a low level of transhumance.

Four of the ten regions were selected as representative of the country as a whole and within these
regions clusters for sampling were chosen at random. Animals in each cluster were divided into four age

groups: under one year, 1-2 years, 2-3 years and greater than 3 years old. At each cluster site and within each

age group 30% of the animals were sampled.

22. Serum preparation

Blood was collected in evacuated tubes, left to clot overnight and the serum subsequently decanted.

After centrifugation for 10 min. at 1500 rpm, the sera were decomplemented for 30 min. in a waterbath at

56°C. Finally the sera were stored at -20°C.

23. Test sera for comparative study

Five hundred and nineteen sera from different areas and different age groups of animals were tested.
These sera had been selected randomly from a large collection of sera held in the serum bank at LNERV.

2.4. Virus neutralisation test

A virus neutralisation test involving a constant amount of virus and a 1/10 serum dilution was used
to test the sera for antibodies to rinderpest virus [2]. The virus used in the assay itself, was the KABETE

"O" strain at the minimum dilution that gave 100% CPE after 6 days of incubation. Vero cells were used in
the assay at a concentration of 104 cells per well.

A serum was considered negative for the presence of antibodies to rinderpest virus if after 6 days

incubation CPE appeared. Confidence intervals were calculated at the 95% level.
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TABLE I. RINDERPEST IMMUNITY LEVELS: TAMBACOUNDA REGION

DISTRICT No. of Sera > lyr. l-2yrs. 2-3yrs. > 3yrs. OVERALL

Tambacounda 224
Koumpentoun 80

77%* 83% 91% 91%
74% 92% 100% 90%

86%
85%

Overall 304 76% 86% 94% 90%

" % of sera with antibodies to rinderpest virus

TABLE II. RINDERPEST IMMUNITY LEVELS: KAOLACK REGION

85%

DISTRICT

Thysse

Nioro

Koungheul

Kaffrine

Overall

No. of Sera

122
121
114

120

475

> lyr.

70%*
83%
97%

85%

85%

l-2yrs.

77%

60%

100%

89%

74%

2-3yrs.

82%

70%
100%

78%

80%

> 3yrs.

78%
92%

93%
94%

92%

OVERALL

78%
80%

95%

90%

86%

* % of sera with antibodies to rinderpest virus

2.5. ELISA

The FAO/IAEA ELISA kit system was used in this study exactly as described in the FAO/IAEA
kit protocol manual [3].

3. RESULTS AND DISCUSSION

3.1. Serological survey

3.1.1. Tambacounda region
Overall 85% of the animals sampled were positive for the presence of antibodies to rinderpest virus

although this varied between 81% and 86% depending on the locality (TABLE I). Animals aged between

one year and under showed between 74 to 77% sero-conversion.

3.1.2. Kaolack region

Once again 85% of the annuals were positive (TABLE II) although a wider variation was seen (ie.

77% to 80% in Thysse and Nioro versus 90% to 95% in Kaffrine and Koungheul). Animals under one year

of age were found to have an even wider variation from 70% to 97%.
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TABLE III. RINDERPEST IMMUNITY LEVELS: THIES REGION

DISTRICT

Thies
Khombole

Noto
Pout

Tivaouane

Overall

No. of Sera

270
102

306

99
292

1069

> lyr.

60%*
68%

57%
28%

43%

52%

l-2yrs.

77%

100%
71%

80%

71%

82%

2-3yrs.

82%

100%
86%

83%

70%

75%

> 3yrs.

87%

84%
88%

87%
71%

84%

OVERALL

72%

83%
76%

71%

54%

69%

% of sera with antibodies to rinderpest virus

TABLE IV. RINDERPEST IMMUNITY LEVELS: OVERALL RESULTS

FATICK REGION

DISTRICT

Fatick
Diakkar
Niakkar

Diouroup

Overall

No. of Sera

38
35

120

97

290

No. POSITIVE

22

30

116

96

264

OVERALL % POSITIVE

58%
86%

97%

99%

91%

3.1.3. Thies region
Overall, only 69% of animals were found to be immune with the situation worst in Tivaouane where

only 54% of the animals had sero-converted. In the animals under one year of age the situation was no better

with only 28% immune in Pout and 43% in Tivaoane (TABLE HI).

3.1.4. Patrick region
This region had the highest number of animals protected (91%) although in the Fatick town only

58% were immune (TABLE IV).

32. Comparative study of the virus neutralisation test with the ELIS A
Of the sera tested, 67% showed antibodies to rinderpest in the virus neutralisation test whilst only

60% were detected using the ELISA , a discrepancy of 7% (TABLES V and VI). 29% of the sera were
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TABLE V. VIRUS NEUTRALISATION RESULTS

No. of sera
Percentage

VNTpos.

348
67%

VNT neg. Total no.

171 519

33%

TABLE VI. ELISA RESULTS

ELISA pos. ELISA neg. Total no.

No. of sera 310 209 519

Percentage 60% 40%

negative and 56% positive in both tests. This gives an agreement of 85% (using a 95% confidence interval).
When comparing the difference in sensitivity (X) of the two tests using 1 degree of freedom, X2 = 5.99

indicating that a statistically significant difference was obtained using the two tests.

3.2.1. Discussion
It is generally accepted that an immunity level of 80% or greater against rinderpest in cattle is

sufficient to protect the whole population from the disease. This situation was reached in Tambacounda

(86%) although even there, animals under one year of age were still potentially susceptible (75% immune).

In Thies where only 52% of the animals were immune a situation has developed which would result
in a major epidemic if the disease was introduced. In the Fatick region an excellent overall level of immunity

was achieved (91%) although the town of Fatick had only 58% of animals immune and clearly animals in
this area should be revaccinated.

The reasons for different levels of immunity in different regions are many although it is unlikely that
poor vaccine was responsible as some areas achieved such high levels of immunity. Causes are more likely

to be bad vaccination procedure and poor storage and preparation of the vaccines in the field.

From the results that the virus neutralisation test detected more sera as positive than the ELISA

indicating that the former is the more sensitive. Although no definitive history was available to confirm that

these sera came from infected or vaccinated animals and thus should have had antibodies to the virus, it is

generally accepted that a tube virus neutralisation test is the most sensitive of available assays [4]. Thus it
is likely that the ELISA failed to detect antibodies in a few sera. However there was 85% agreement and

for the type of survey being envisaged under PARC, this would indicate that either assay would be

acceptable.
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However, several other factors must be taken into consideration. The virus-neutralisation test is an

expensive and time-consuming procedure which takes up to 6 days. The sera have to be sterile and

decomplemented. To reach an acceptable degree of test sensitivity the cells must be kept sterile and

contamination avoided. This involves a lot of time and the repetition of assays. The ELISA in contrast can

be carried out in 6 hours, the sera need not be sterile and the system can be easily automated and thus the

numbers of sera that can be tested in one day is vey high (200-400).

4. CONCLUSIONS

The overall results from this survey indicate that nationally a reasonable level of vaccination coverage

was achieved. This indicates that not only had the vaccination teams been successful but that the vaccine

itself was of reasonable quality. The survey also served to identify areas where vaccination was not so
successful. Every effort should be made to improve vaccination in those areas ah-eady identified and to

continue sero-surveillance to identify other areas with similar low levels of immunity.
Although the virus neutralisation test was apparently marginally more sensitive than the ELISA an

acceptable degree of correlation existed between the two assay systems for the detection of rinderpest

antibodies in bovine sera. However due to the overall ease of operation of the ELISA, this test is considered

to be the better choice for the screening of sera as envisaged under the sero-monitoring component of the
Pan African Rinderpest Campaign.
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Abstract

SERO-MONITORING OF RINDERPEST IN THE SUDAN

The indirect ELISA for the detection of antibodies to rinderpest virus has been established at the
Soba Veterinary Research Laboratory along with all the necessary equipment for rinderpest sero-surveillance

as envisaged under the Pan African Rinderpest Campaign (PARC). The ELISA technique was compared

with the virus neutralization test and found to give comparable results. A local negative OD value was

established from Sudanese cattle known not to have been in contact with rinderpest virus either through
vaccination or infection. A system for the collection and transportation of sera to the central testing

laboratory at Soba was established, along with a procedure for the labelling and storage of the sera at Soba

to form a serum bank.

A pilot sero-survey for rinderpest in some nomadic herds located in the centre of Sudan revealed

that animals above three years of age had levels of immunity around 90%, those of two to three years 75%

and those below two years 65%. A second survey carried out at selected dairy herds in the Khartoum area
showed even higher levels of immunity (95%). These preliminary results indicate that where vaccination

teams have been able to operate excellent levels of immunity have been achieved.

1. INTRODUCTION

Over the past 100 years rinderpest has caused enormous losses to livestock production in Sudan.

Although the disease was bought under control in the 1970's through the JP 15 regional vaccination
programme, the disease has continued to occur in southern Sudan due in part to the civil unrest in that
region.

In an attempt to bring the disease finally under control the Government of Sudan in conjunction
with the Pan African Rinderpest Campaign of the OAU, is embarking on an extensive country-wide

vaccination programme. To measure the effectiveness of this programme and to verify that adequate levels

of immunity are reached to ensure eradication of the disease, routine sero-monitoring will be conducted as
part of this control programme.

The sere-monitoring will be carried out under the control of the rinderpest national co-ordinator.

It is anticipated that funds will be made available through PARC and the Government of Sudan to provide

the necessary vehicles and equipment for the collection of the sera. The actual testing will be carried out

at the Central Veterinary Research Laboratories, Soba with support for the training, equipment and
rinderpest ELISA kits being provided through the Joint FAO/IAEA Division.

The testing system will involve the use of an FAO/IAEA rinderpest ELISA kit for the detection of

antibodies against rinderpest in the sera of cattle. This approach will enable an assessment to be made of

the level of immunity in the national herd and in particular of animals located near the borders of Sudan.
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2. MATERIALS and METHODS

2.1. Training

Training was initially provided by FAO/IAEA on the use of the FAO/IAEA rinderpest ELISA kit
and on designing sampling frames and serum collection procedures at FAO/IAEA/SIDA/PARC Research

Co-ordination meetings in Ethiopia (1988) and Kenya (1990). Subsequently four technicians at the
Veterinary Research Laboratories were given local training in the ELISA.

22. Equipment
The basic laboratory equipment was all available at the Veterinary Research Laboratories, Soba and

the specialized equipment required for the ELISA work (ELISA plate reader, multichannel pipettes, plate

shaker, plates and the ELISA kit) were provided through the Joint FAO/IAEA Division.

23. ELISA

The ELISA was carried out exactly as described in the FAO/IAEA rinderpest ELISA kit manual
[1, 2]. During one period the ELISA reader was not working and the test was adapted for by-eye reading.
This proved satisfactory for an initial survey although the results from this work should not be compared with

those using an ELISA reader. Results reported in this paper were all obtained using the ELISA reader to

determine optical densities.

2.4. Local negative control
The FAO/IAEA rinderpest ELISA incorporates a negative serum control in the kit [1]. This is used

to determine the cut-off point for test sera by doubling the OD value obtained from this negative sera. All

test sera then giving OD's above this cut-off value are considered positive for the presence of antibodies to
rinderpest virus. Likewise, all sera giving OD values below this cut-off are considered negative. It is advised

that whenever possible a local negative sera is produced from indigenous cattle that are known to be free
from exposure to the rinderpest virus, and that this local negative serum is used when testing sera from

within the country.

Sixty-six sera from Sudanese cattle free from exposure to rinderpest virus, and whose sera were
negative when tested by the virus neutralization test, were examined by the ELISA. They gave a mean OD

value of 0.20 (Fig.l) and were pooled to be included in all further assays as the local negative control and

used to determine the cut-off point for each plate of sera tested.

2.5. Virus neutralization test

This was carried out in primary bovine kidney cells exactly as described by Plowright and Ferris [3]

2.6. Sera collection and storage
Blood samples were collected using either vacuated tubes or syringes. Immediately after collection

the sample collection bottles were set at an oblique angle for an hour to allow the clot to develop. Tubes

were then lightly tapped to detach the clot and allowed to stand for a further 18 hours before the sera were
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cut-off x = 0.20
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FIG. 1. Frequency distribution of OD values for the local negative population.

decanted off. Samples were then centrifugea at 2,000 rpm for 10 mins., decanted and finally stored in a

sterile screw cap bijou bottle. These sera were transported to the central testing laboratory, Soba, in a cool

box. At the laboratory the data sheets accompanying the samples were carefully checked and the sera

labelled and stored at -20°C. The setting up of this serum bank means that these sera can be tested

subsequently not only for antibodies to rinderpest, but also for antibodies to other major epizootics occurring

in the Sudan.

2.7. Sampling frame

The sampling frame adopted was along the lines recommended in the FAO/IAEA publication

"Guidelines for Sero-monitoring of Cattle Conducted by PARC" [4]. Problems associated with the civil
disturbances limited the areas that could be included in the sampling frame (Fig.2). In the pilot survey the

total number of herds considered was 40 and of these 16 were actually sampled. Within each herd the

animals were divided into four age groups; under one year, 1-2 two years old, 2-3 years old and over three

years old. In each age group 10 animals were sampled. In total 640 animals were sampled in the pilot

survey.

A number of dairy herds in the area around Khartoum were sampled (Atbara, Elobeid, Kuku, Soba

and Khartoum town). In all 877 samples were collected from animals in three age groups (calves, yearlings

and adults). These animals were all from farms where routine vaccination was carried out and this study was

carried out to ascertain the efficacy of the vaccine and vaccination procedure being used.

Subsequent to the pilot survey, a full-scale survey was initiated and at the time of the submission

of this report some 4,500 sera had been collected following the recommended guidelines. The testing of

these has now started and the results of 2,000 tested in January and February 1991, are contained in this
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FIG. 2. Map of the Sudan showing no-go areas and areas of high cattle density.

report. An analysis of the results from the testing of all these sera will be available at the next research
coordination meeting of the rinderpest sero-surveillance network.

3. RESULTS AND DISCUSSION

3.1. Virus neutralization test versus ELISA

A comparison of the results obtained for the detection of rinderpest virus antibodies between the
ELISA and virus neutralization test are shown in TABLE I. There was a 91% agreement between the two

assays, with the neutralization test detecting 7 more sera as positive. These sera were not from animals with
a confirmed history of either rinderpest or of having been vaccinated; thus it is not possible to ascertain

which test was the more sensitive or specific although in relative terms the 91% agreement clearly indicates
either test could be used for the detection of rinderpest antibodies as envisaged under PARC. However, the

clear advantages of the ELISA in terms of cost, speed and ease of operation would make it the obvious

choice for use in this campaign.

32. Pilot survey
The results of the pilot survey examining nomadic herds of cattle in Sudan (TABLE II) showed that

animals above three years of age had levels of immunity ranging from 86% to 100%. In the other age groups

an increasing level of immunity occurred with age indicating that as animals grew older they were

increasingly likely to receive vaccination. Thus, although individual animals may have been missed in one

annual vaccination cycle, by the third year over 90% of the animals were immune.
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TABLE I. COMPARISON OF THE DETECTION OF ANTIBODIES TO RINDERPEST
USING THE ELISA AND THE VIRUS NEUTRALIZATION TEST

REGION

Atbara
Elobeid

Kuku
Khartoum

ELISA

+ve/total no.

16/20

13/15
12/20

21/25

VIRUS NEUTRALIZATION TEST

%+ve

80

86
60

84

+ve/total no.

18/20

14/15

15/20

22/25

%+ve

90

93

75

88

TABLE II. PILOT SURVEY OF RINDERPEST IMMUNITY IN NOMADIC HERDS

DISTRICT

Medani

Kosti
Rabbac
Sinnar

Damazine

Dinder

No. of Sera

220

200
136
73
85

122

< 1 yr.

43*
63
57

83
76
70

1-2 yrs.

50
50

80
40
88
94

2-3 yrs.

54

83
89
93
65
84

> 3 yrs.

94%

96%
100%
87%
89%

93%

% of animals with rinderpest antibodies

Although it was not possible to conduct this survey on a national basis (see Fig. 2), these results

indicate that where vaccination teams were able to operate, they were highly successful in immunizing the

population and reaching levels of immunity that would ensure an eradication of the disease ie. greater than

80% herd immunity [5].

33. Dairy herd survey

Animals located in dairy herds in and around Khartoum were found to have very high levels of

immunity (TABLE III), with those over three years of age showing well above 90% immunity. Although

these herds were easily accessible and many of the animals were valuable imports and thus likely to receive
special attention with respect to vaccination, these results do indicate that the vaccine and procedure being

used were good enough to ensure high levels of immunity. Once again this would indicate that given the

ability and resources to visit animals throughout Sudan a high level of immunity could be reached using

current vaccines and procedures.

215



TABLE III. SURVEY OF RINDERPEST IMMUNITY IN DAIRY HERDS

AROUND KHARTOUM

DISTRICT

Atbara

Elobied

Kuku

Soba
Khartoum

No. of Sera

215
200

215

169

78

< 1 yr.

90*
75

67

75

33

1-2 yrs.

72

60
92

71

70

> 2 yrs.

94
94

100

97

n/t

* % of animals with rinderpest antibodies

n/t not tested

TABLE IV. 1990/91 SURVEY: PROVISIONAL RESULTS

DISTRICT No. of Sera % of ANIMALS WITH

RINDERPEST ANTIBODIES

Sinnar

Kosti

Sinja

Damazine

Dinder

Ombenin

Rabak

Koko
Omdorman

Obogebeha
El Obeid

263

138
277

72

144

257

308

275

198
387

220

68
61

58
90
58

56

57
74

66

76
74

3.4. 1990/91 Survey: Provisional Results

Provisional results from the testing of 2,000 of the 4,500 sera collected are shown in TABLE IV. It

is clear from these results that the overall level of immunity achieved following the 1990 vaccination
campaign is considerably less than the 80% required. A number of factors are Ukely to be responsible for

this and will need to be examined carefully if an improvement in these levels is to be obtained in 1991.
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4. CONCLUSIONS

The ELISA technique for the sero-monitoring of rinderpest as part of the national vaccination

programme has been successfully introduced into the National Veterinary Laboratories at Soba. A local
negative population of cattle has been screened and sera obtained to be used in the test routinely as the local

negative control.
A comparison between the virus neutralization test and ELISA was carried out and showed a 91%

agreement between the two assays. The ELISA offers many advantages over the virus neutralization test

for the mass screening of sera and thus will be adopted for use in the sero-monitoring of rinderpest.

Pilot serological surveys for rinderpest in nomadic herds south of Khartoum and dairy herds in and

around Khartoum showed that very high levels of immunity were reached in animals that had been
vaccinated (>90%). These levels, if they could be achieved throughout the country, would be sufficient to
result in eradication of the disease from Sudan. However, provisional results from the most recent survey

indicate that these high levels are not being achieved in the survey areas and attention should be given to

identifying the causes behind this.
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RINDERPEST SERO-SURVEY IN UGANDA
Part I — The pilot survey

E.K. TWINAMASIKO
Animal Health Research Centre,
Entebbe, Uganda

Abstract

RINDERPEST SERO-SURVEY IN UGANDA: PART I - THE PILOT SURVEY

To meet the need for the serological surveillance of the current rinderpest vaccination campaign in

Uganda, the FAO/IAEA ELISA based system was introduced into the national testing laboratory at the

Animal Health Research Centre.

Sero-surveillance for rinderpest antibodies in Uganda started in January 1988. To date 4579

pre-vaccination samples from fourteen districts and 1347 post-vaccination samples from 7 districts have been

collected. All the samples have been tested for the presence of antibodies to rinderpest virus using the

FAO/IAEA ELISA kit.

A pre-vaccination antibody prevalence of the sampled sub-populations ranged from 0-24%, with an

national prevalence of 9%. Post-vaccination antibody prevalence ranged from 20-63%, with an national

prevalence of 55%. Although the post-vaccination survey is not yet complete, a significant rise was recorded

in the number of animals sero-converted although it is still well below the target figure of 85%. There is

therefore a clear need to continue extensive vaccination coupled with sero-surveillance for some time to

come.

1. INTRODUCTION

1.1. General Aspects

Uganda lies in the heart of Africa (2.00N 33.00E), landlocked by Kenya (East), Sudan (North), Zaire

(West), and Tanzania and Rwanda (South). It is an agricultural country with a large variety of food crops.
Traditional cash crops are tea, coffee and cotton. Uganda has a significant population of livestock (5.5

million) and since it is not an industrialized country, all livestock products are consumed domestically.

12. Cattle Diseases

The most important diseases at present are the tick borne diseases (especially theileriosis),

Foot-and-Mouth disease, trypanosomiasis, mastitis and contagious bovine pleuropneumonia (CBPP). Other

conditions such as brucellosis, infectious bovine rhinotracheitis, bovine viral diarrhoea and lumpy skin disease

have been reported but not confirmed.

13. History of Rinderpest in Uganda
Rinderpest, at one time a major problem for the livestock industry in Uganda, was bought under

control during the large regional vaccination campaign JP 15, in the early 1960's. From then until 1979 the
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disease was confined to the North-Eastern district of Karamoja where the nomadic tribes migrate seasonally

between Southern Sudan, North-Western Kenya and North-Eastern Uganda.

Since 1979 however, due to civil war and the subsequent déstabilisation of veterinary services,

rinderpest has spread into other parts of the country. Outbreaks have been reported in the districts of

Iganga, Luwero, and Arua as recently as 1987, 1988 and early 1989. These outbreaks seem to have been

contained by the emergency rinderpest vaccination campaigns of 1988 and early 1989.

1.4. Veterinary Services

All veterinary services are controlled through the government. These include animal health and

production programmes, vaccination campaigns as well as marketing of livestock products. All vaccines are

imported and distributed by the Veterinary Department of the Ministry of Agriculture to field veterinarians
normally located at the district level. All such districts have at least a freezer, refrigerators and ice boxes.

Districts without electricity have paraffin refrigerators. The necessary "cold chain" for vaccine distribution is

therefore well established.

1.5. Laboratory Facilities and Rinderpest Sero-monitoring

The Animal Health Research Centre located in Entebbe is the main diagnostic laboratory in the

country. It is also a research station with a wide variety of research projects. The laboratories themselves

are reasonably well equipped and the German Government aid organization GTZ, has provided additional

equipment for the serology laboratory. However, these laboratories still lack water purification equipment,

voltage stabilizers, a standby generator and many of the biological reagents needed to carry out diagnosis and

research.

The Rinderpest sero-monitoring team consisting of six people is stationed at the Animal Health

Research Centre. Rinderpest sero-monitoring started in January 1988. Sample collection from the field was

facilitated by a vehicle provided through the EEC. The actual laboratory testing is supported by the Joint
FAO/IAEA Division which has provided the necessary reagents and consumables along with training and

technical backstopping.

To date a pilot survey involving fourteen districts has been completed and the sera tested for

antibodies to rinderpest.

1.6. Other Related Activities

In addition to sample collection and testing the sero-monitoring team is involved with other aspects

of rinderpest diagnosis and control. These include responsibility for the investigation, diagnosis and reporting

of field outbreaks of rinderpest and CBPP and supervision of training activities. In the last two years one
veterinarian and one laboratory technician have been trained in ELISA technology and both are now able to

work independently. An FAO-supported course was also held for the training of field veterinarians in the

diagnosis of rinderpest. The course covered the use of the Agar Gel immunodiffusion test kits for rinderpest

antigen detection, the collection and handling of samples from animals suspected of rinderpest, the collection
of sera and the compiling of epidemiological data. This course was held with assistance of the FAO/PARC

Coordination Office in Nairobi, Kenya.
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2. MATERIALS AND METHODS

2.1. Area of Sampling

At the start of the survey, some districts were not accessible due to the poor security situation in the

country and therefore these areas were not included in the pilot survey. Also, since the survey was carried
out at the same time as the emergency rinderpest vaccination campaign, only the areas covered by this

campaign were sampled. The districts involved in this emergency campaign covered a central zone, the aim
being to prevent rinderpest spreading from the north of the country to the south. The area involved stretched

from Mbale district in the East to Masindi, Hoima and Mbarara in the West. This zone also has the highest

cattle population in the country.

One major constraint at the outset was that local funds were not readily available due to long
government procedures. However, funds were made available through the GTZ project located at the Animal

Health Research Centre to enable the survey to start on time. (This advance was later reimbursed by the

government).
In the design of the survey the national herd was regarded as the total population, with districts

representing subpopulations and clusters based on parishes. In some instances animal groups initially

identified as a cluster for sampling were not available and in such cases whatever animals were available were
sampled. Prevaccination samples were collected from 14 districts (TABLE I); post-vaccination sampling from

7 districts (TABLE II).

22. Method of Sampling

Sampling was based as much as practically possible on the stipulated cluster [1], but in some cases

cluster size was less than 50 animals and in others considerably more. Four age groups were sampled from
each herd; under one year, 1-2 years, 2-3 years and over 3 years. In most herds, adult animals (greater than

3 years) were more numerous than those up to 3 years of age and this lead to an imbalance of numbers within
the various age groups making up a cluster sample.

23. Serum Collection

Blood was collected by jugular puncture using sterile venojet needles and tubes. Occasionally sterile

syringes (10ml.) and 2 inch, (16 guage) needles were used. The blood was left to clot by standing overnight
in cold-boxes. Serum was then separated from the clot into sterile bijoux bottles and kept on ice for

transportation to the laboratory. At the laboratory the serum was centrifuged to remove any remaining red

blood cells before storage at -20°C.

In total, 4121 prevaccination sera and 1347 post-vaccination sera were collected for testing.

2.4. Epidemiological Data

Comprehensive epidemiological data forms were provided to sampling teams to facilitate the recording
of all the necessary data for each sample collected. The forms consisted of two sections; a herd data section

describing herd location, methods of husbandry, herd structure, as well as disease and vaccination history;

and a second section consisting of individual animal details such as breed, sex and age. These forms were
provided by the PARC Coordination Office, Nairobi, Kenya.
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TABLE I. PRE-VACCINATION SERA SAMPLE DETAILS

District

Mukono

Iganga

Luwero
Mpigi

Muhende
Masindi

Hoima
Kamuli

Mbarara
Rakai

Masaka
Kampala
Tororo
Mbale

TOTAL

Cattle
Popn.*

108,572
128,843
88,750
117,936
267,504

39,896
32,000
112,865
Not known

163,654

256,888
13,630

248,666
88,985

3,904,725

Vaccination
History

Oct.'87
Jan.'87*
'85 & Dec '87
None

None
April '87
None

Not known

'84 & '85

None

'85

Dec. '87

None
None

Disease
History

None
July '87
Dec.'87
None
reported

Dec.'87
None
Not known

None

None

None
None

None
None

No. of

Samples

314

539
731

578
344

275
94

341
421

164

198

40

230
310

4,579

Date of
Sampling

Jan.'88
Feb.'SS
Feb.'SS
Feb.'SS
Mar.'SS

Man'88
Mar.'SS
April '88
May'88
May'88
June '88
June '88

May'90
May'90

* Livestock Census of 1986
* vaccine supplied from India

2.5. Serological Testing for Rinderpest Antibodies

2.5.1. Introducing the FAO/IAEA ELISA system

The enzyme linked immunosorbent assay (ELISA) was introduced at the Animal Health Research
Centre following a short introductory training course at Makerere University given by Dr. John Anderson

(Pirbright Laboratories, UK), an FAO/IAEA expert. Under the conditions prevailing at that time the testing
was difficult as bare essentials such as ELISA plates, pipette tips and reagent troughs were in short supply.
There was no ELISA reader and plates had to be carried for reading to another institute 3 km away. This
may have given rise to higher than normal OD values due to the exposure of the plates to bright sunlight
during transit. This situation improved following the provision of an ELISA plate reader to the Animal Health
Research Centre through funds provided by GTZ.

Most of the technical problems initially encountered in the use of the ELISA at this laboratory were
dealt with at an FAO/IAEA rinderpest training course in Ethiopia which was held concurrently with the 2nd
Research Coordination Meeting of the Rinderpest Network in September 1988.
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TABLE IL POST-VACCINATION SERA SAMPLE DETAILS

District

Mukono

Iganga
Luwero
Kamuli

Mbarara
Masaka
Kampala

TOTAL

Date of

Vaccination

May '88
April '88

April/Aug.'88
Mar. '88

Mar. '89

April '88

Jan. '88

Date of
Sampling

July'88
June '89

May '89
July '89
April '89

June '89

Mar. '90

Disease*

None
None
April '88

None

None

None

None

Branded after

Sampling

Yes
Yes

Some
No

Yes

Some

No

Sample

Size

51
641

397
45

64

89

60

1347

* Outbreaks after pre-vaccination sampling

Other problems (low binding ratios, too much background colour) were later traced to the poor

quality of the water used for reconstitution of reagents and a faulty ELISA reader.

2.5.2. Antibody Detection
Testing for the presence of antibodies to rinderpest virus in cattle sera was carried out using the

FAO/IAEA ELISA system, a micro-modification of the original ELISA method [2]. Test conditions (i.e.
incubation time, temperature and reagent concentrations) were exactly as described in the manual
accompanying the FAO/IAEA rinderpest ELISA kit [3].

2.5.3. Negative population
One of the first steps taken when introducing the ELISA is to establish an OD value for a local

population of animals that has not been exposed to either the rinderpest virus or vaccine. This can then be
used in all subsequent assays to provide a negative control value and the actual test "cut-off1 point (two times

this negative OD value) for determining whether sera are positive or negative. A negative population value
was established by testing 44 sera from animals that had never been vaccinated and had no history of
rinderpest outbreak.

The mean OD value of these negative samples was compared with those of the kit negative. This
value was lower than that of the kit negative control and hence these sera were set aside for use as reference

control negative sera.

2.6. Introduction of Computers

The process of sero-monitoring as described above creates a need for computers at three levels.

Firstly for the storage of data related to each serum sample; secondly for processing and storage of ELISA
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results as each sample is tested; and thirdly for the manipulation of these two sets of data to provide the
necessary reports to the rinderpest national coordinators and the PARC headquarters. FAO/IAEA has written

specific software programs (SID and EDI) to assist in this process for use with IBM or IBM compatible

computers.
A brief introduction to the use of computers and these software packages was given during the 3rd.

Rinderpest Sero-monitoring Research Coordination Meeting in Nairobi, Kenya (June 1989). Subsequently

some use was made of computers at the Animal Health Research Centre with the assistance of Dr. Ekart

Bode of the GTZ Epidemiology Unit, but this was limited only to the recording of survey data. No computer

has been dedicated to rinderpest sero-monitoring and time available on the GTZ Epidemiological Units'
machine is severely limited, and so far neither SID nor EDI has been used.
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3. RESULTS AND DISCUSSIONS

3.1. Samples

Details of the prevaccination and postvaccination samples collected are shown in TABLES I and II
respectively.

32. Negative Population

A histogram depicting the frequency of OD values obtained is shown in Fig.l. As expected these

results are skewed to the left and indicate a mean value for the negative population of 0.122 and thus a "cut-
off'point of 0.224.

33. Binding Ratios

Binding ratios usually varied between 4-12 but very occasionally were as low as 2.5. Any plate giving

a value below 3.5 was discarded and the sera retested.

3.4. Serological survey

Following the successful introduction of the ELISA system into the laboratory and the establishment

of a local negative serum value for use in the test it was possible to test a relatively large number of sera

collected before and shortly after the emergency vaccination campaign. The ELISA results for these sera are

given in TABLES III and IV respectively.

TABLE III. PRE-VACCINATION ELISA RESULTS

District

Mukono

Iganga
Luwero
Mpigi
Mubende
Masindi

Hoima

Kamuli

Mbarara
Rakai

Masaka
Kampala

Tororo

Mbale

TOTAL

No. of Sera

314

539

731
578
344
275
94

341
421
164

198

40

230

310

4,579

No. Positive

72
132

97
0
5
11

0
24

9

5
24

0

21

9

409

Others*

0

5
22

0
2
0

0

11
9

0
0
0

0

0

49

% positive

22

24

13

0
1
4

0

3

6
3
12

0

9

3

9

* Samples not tested due to contamination or spillage
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TABLE IV. POST-VACCINATION ELISA RESULTS

District

Mukono

Iganga

Luwero

Kamuli

Mbarara
Masaka

Kampala

TOTAL

No. of Sera

51
641

397

45
64

89
60

1,347

No. Positive

15

405
217

18

31

49
12

747

Others*

3
2

0

0

0

0

0

5

% Positive

29

63

55

40

48

55
20

55

* Samples not tested due to contamination or spillage

There was no uniformity in antibody levels in the prevaccination sera. This was to be
expected since all districts sampled had different vaccination and disease histories. However, in general
prevaccination samples were expected to have very low antibody levels or none at all. However, from the

ELISA results in some sub-populations up to 10% of the animals had sero-converted.

There are 4 possible reasons whereby antibodies against rinderpest could have been generated by
animals from which these pre-vaccination sera were collected:

i. The vaccination campaign in 1984/85 which covered the districts of Mbarara, Masaka and Rakai.

These districts had a low percentage of animals with antibodies to rinderpest. In Rakai 3 of the 5

positive animal were calves. In Masaka 12% of the animals were positive for rinderpest antibodies

and this may reflect privately organized vaccination programmes in this district. Significantly, all the

animals vaccinated during this 1984/85 campaign were apparently branded but it was only in Mbarara

that such branding was noted.

ii. The vaccination campaign of 1987 covering Luwero, Masindi, Iganga and parts of Mukono.

iii. Areas in which rinderpest outbreaks occurred in the last 2-5 years. Iganga and Luwero both

experienced outbreaks of disease and some vaccine was used in these areas. These two areas showed

the highest number of prevaccination positives.

iv. Uncontrolled movement of cattle from vaccinated or infected areas to non-vaccinated, and/or disease

free areas. Thus an area such as Mubende had no reported disease but a few sera tested from here
were found positive. Although Mubende is an area of very low livestock numbers it is an occasional

livestock route from east to west and it is likely that this activity was responsible for the few animal

that sero-converted.

It is somewhat difficult from the results of this survey to compare pre- and post-vaccination antibody

levels accurately because the post-vaccination sample size was so much smaller and indeed analysis of all
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TABLE V. COMPARISON BETWEEN PRE-
AND POST-VACCINATION RESULTS

District Increase in % of animals

which are sero-positive

Mukono

Iganga

Luwero
Kamuli

Mbarara

Masaka
Kampala

TOTAL

7

39
42

37

42

43

20

42

samples is not yet complete. While there was a significant increase in the number of seropositives in
post-vaccination samples (TABLE V ), it should be noted that post-vaccination sampling started in problem

areas where disease outbreaks had been reported and where repeated vaccination programmes have been

made; this clearly biased post-vaccination antibody levels.

Masaka is probably the best indicator of the success of the vaccination programme and results from

this district show a significant post-vaccination rise in the percentage of animals that had antibodies(from 12%

to 55%).
No district showed more than a 50% increase in the percentage of animals having rinderpest

antibodies following the vaccination campaign and the highest level achieved was only 63%. In the control and
eradication of rinderpest it is anticipated that vaccination programmes will need to achieve levels of over 80%

of animals positive for rinderpest antibodies although it is not expected that this can be successful in one

vaccination round. Clearly levels of this magnitude were not reached during this preliminary emergency

campaign.

4. CONCLUSIONS

The FAO/IAEA ELISA system was successfully introduced into the Central Veterinary Laboratory

in Uganda, thereby providing a system for the routine testing of sera for antibodies to rinderpest virus. Thus

a system is now available for monitoring current rinderpest vaccination programmes.
Serological surveys were carried out before and after the recent emergency rinderpest vaccination

programme. There was a clear increase in the number of animals showing rinderpest antibodies following the

vaccination campaign although the results were somewhat variable and in some cases surprisingly poor.
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Vaccination will clearly have to be repeated regularly to achieve the level of immunity required to control and

eventually eradicate rinderpest from Uganda. Further full-scale sero-surveillance will therefore be needed to

monitor the success of future vaccination campaigns.
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CONCLUSIONS AND RECOMMENDATIONS

1. The FAO/IAEA/SIDA/PARC Coordinated Research Programme was concerned with the sero-
monitoring of rinderpest utilizing an FAO/IAEA ELISA based system. Through this programme, these

activities were successfully introduced into 21 laboratories in Africa. This network now forms the basis for

monitoring the current pan-African vaccination campaign and thus assisted greatly efforts to ensure a final

eradication of the disease from the continent.

Recommendation:- Mechanisms of support should be sought to ensure continuation of network

activities through to the final phase of eradication, although funds have already been secured from SIDA for
the next three years (1991-1993) through the establishment of follow-on Coordinated Research Programme.

It should be noted that most costs involved the actual establishment of the network and that the

funding required to maintain the network is considerably less, being limited to the costs of supplying kits,
the provision of sufficient technical backstopping and the holding of annual coordination meetings.

2. Most countries in the sero-monitoring network have now carried out at least one national survey
and have established systems for the collection and testing of sera. They are now moving into a phase of

routine annual testing. However, in many countries the lines of communication between the research contract

holders (in most instances the persons responsible for national sero-monitoring), their national coordinators

and PARC headquarters in Kenya were poor. This resulted in inadequate, inappropriate or delayed support
for sera collection.

Recommendation:- In those countries that do not yet have an established system for the routine

sero-monitoring of rinderpest, every effort should be made to achieve this as soon as possible. Dialogue

between those involved in rinderpest sero-monitoring, rinderpest national coordinators and PARC

headquarters should be greatly improved particularly with regard to resource allocation for sera collection.

3. Results from the programme indicate that whilst some countries are reaching acceptable levels of
immunity in their national herds, many have far lower than expected levels of immunity. In the present

situation in Africa with the considerable east to west movement of cattle to seek higher prices, it is crucial

that animals in the central block of countries (Chad, CAR, Niger, Nigeria and Cameroon) have adequate

levels of immunity to prevent the movement of virus. In the case of Chad with levels of immunity around

60% and the CAR without a monitoring system in place, this is not being ensured.

Recommendation:- Immediate steps should be taken to improve where necessary, the level of

immunity of cattle in the central block of countries in the region through improved vaccination and the

establishment of serological monitoring.

4. The distribution of a fully validated and standardised FAO/IAEA indirect ELISA kit to all
participating countries in the network has been highly successful for monitoring national vaccination
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campaigns and ensuring a uniformity of approach throughout PARC countries. As PARC moves towards

the phase of cessation of vaccination and individual country declarations of freedom from virus, an increased

sensitivity and specificity of the ELISA test will be required. The competitive ELISA based on a monoclonal
antibody offers the required test specifications.

Recommendation:- A competitive ELISA system should be introduced into all testing laboratories
in 1991 and suitable training and technical backstopping provided to ensure its correct usage. Plans are well
advanced to carry out this recommendation during the first Research Coordination Meeting of the new

FAO/IAEA/SIDA/PARC Coordinated Research Programme scheduled to take place in the Cameroon in
September, 1991.

5. Central to the successful operation of a network of diagnostic laboratories is the establishment of
a quality assurance programme. This provides both the testing laboratory and outside interested bodies with

firm evidence that the results being produced are reliable. The process of introducing this into the rinderpest

sero-monitoring programme has started but to be really effective must be established as routine in all the
participating laboratories.

Recommendation:- The quality assurance programme must be given a high priority in the future
development of the rinderpest sero-monitoring network and participation in this programme by national

laboratories should be a prerequisite of the PARC programme and for continuing support from FAO/IAEA.

6. Epidemiological support for the sero-monitoring network proved crucial in ensuring that acceptable
sampling protocols were undertaken in participating countries. The advice given took account of the overall

problems facing those involved in blood sampling in Africa, and although sampling protocols differed

between individual countries, a uniform approach emerged. The process was a learning one and new

guidelines need to be developed to take into account the movement towards eradication and away from

control of the disease.

Recommendation:- Further epidemiological guidelines to assist PARC in its final goal of rinderpest

eradication should be developed. These should include the provision of adequate epidemiological support
at the national level through the availability of a number of suitable epidemiologists to assist in drawing up

annual sampling protocols. Although closely linked with the laboratory support programme being provided
through the FAO/IAEA/SIDA/PARC Coordinated Research Programme, this epidemiological support

should be provided from PARC headquarters in Kenya.

7. A large amount of data is now being generated by individual laboratories in the network and the

introduction of computerization to assist in this data storage and management proved highly successful.
However, not all participating laboratories were suitably equipped, their staff trained or adequate software

in-placc and functioning.

Recommendation:- The process of computerization should be continued and where possible, a

standardised approach should be adopted in terms of the hardware and software used. In particular, SID and

EDI should be up-dated to take into account new epidemiological approaches and the introduction of the
competitive ELISA.
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