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FOREWORD

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 through Co-
ordinated Research Programmes, Technical Co-operation Projects and other activities.

In 1987, a Co-ordinated Research Programme entitled "Improving the Diagnosis and Control of
Trypanosomiasis and Other Vector-borne Diseases of African Livestock Using Immunoassay Methods" was
initiated by the Joint FAO/IAEA Division. Funding for this Programme was provided by the Netherlands
Directorate General of Development Co-operation (DGIS). The aim of this Programme was to support national
animal disease research institutes belonging to the national agricultural research systems (the NARS) in Africa
in their efforts to improve their capability to diagnose animal trypanosomiasis and other haemoprotozoan diseases
through the use of immunoassay methods. Such improved diagnostic methods are essential to effectively control
these diseases, which represent major constraints to improving livestock productivity in the African region.

The research work carried out within the network established through this Programme was extended for
a further three years in 1990 when DGIS agreed to fund its continuation.

Prior to the initiation of the Programme, the International Laboratory for Research on Animal Diseases
(ILRAD), Kenya, and the Centre for Tropical Veterinary Medicine (CTVM), United Kingdom, had developed
antigen-detection enzyme-linked immunosorbent assays (Ag-ELISAs) for diagnosis of bovine and camel
trypanosomiases. Through the FAO/IAEA Co-ordinated Research Programme which was established with the
assistance of the Netherlands Government, the Joint FAO/IAEA Division and the FAO/IAEA Agriculture
Laboratory collaborated with ILRAD and the CTVM to produce these assays in a standardized kit form and then
to introduce them into selected NARS institutes for diagnostic, epidemiological and disease control monitoring
purposes. In addition, support was provided towards the development of an antibody-detection enzyme-linked
immunoassay (Ab-ELISA) for the diagnosis of tropical theileriosis.

This publication contains the results presented by the participants of this Co-ordinated Research
Programme who participated in a final Research Co-ordination Meeting which was held at the International
Laboratory for Research on Animal Diseases (ILRAD) in Nairobi, Kenya, from 21 to 25 September 1992.
Details are also given of the technical and other inputs provided to assist in manpower and infrastructure
development at the NARS institutes which participated in the Programme.

The research for this publication was co-financed by the Research and Technology Programme of the
Netherlands Minister for Development Co-operation, who also shares copyright.

Citation is encouraged. Short excerpts may be translated and/or reproduced without prior permission,
on the condition that the source is indicated. For translation and/or reproduction in whole the Section for
Research and Technology Programme of the aforementioned Minister (P.O. Box 20061, 2500 EB The Hague)
should be notified in advance.

Responsibility for the contents and for the opinions expressed rests solely with the authors; publication
does not constitute an endorsement by the Netherlands Minister for Development Co-operation.

The FAO and IAEA wish to acknowledge the generous support to this Programme provided by the
Government of the Netherlands. They would also like to record the enthusiastic collaboration of all who assisted
in the Programme and in particular the great personal commitment of Drs V.M. Nantulya of ILRAD and
A.G. Luckins of CTVM.
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In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts as submitted by the authors and given some attention
to the presentation.
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INTRODUCTION

C.J.P.G. Ooijen
Animal Production and Health Section,

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

Vienna

1. BACKGROUND

Trypanosomiasis is a haemoprotozoan disease of humans and animals caused by several species of
trypanosomes. In Africa, the most important trypanosome species from both medical and veterinary points
of view are those transmitted by tsetse flies of the African genus Glossina. The distribution of these
trypanosome species on the African continent coincides largely with that of the tsetse flies and include the
species that cause human sleeping sickness i.e. Trypanosoma brucei rhodesiense and T. brucei gambiense and
of trypanosomiases affecting domestic livestock i.e. T. brucei brucei, T. congolense, T. vivax and T. simiae. In
addition to these tsetse transmitted trypanosome species there are two species of pathogenic trypanosomes
of livestock which are not tsetse transmitted, i.e. T. evansi and T. equiperdum. T. evansi, which causes
trypanosomiasis in camels (surra), is transmitted mechanically by several different species of haematophagus
biting flies, such as Tabanidae. T. equiperdum, which causes dourine in horses, is not transmitted by insect
vectors, but sexually.

2. IMPORTANCE OF TRYPANOSOMIASIS

Tsetse-borne trypanosomiasis is probably the most important disease of ruminant livestock in the
majority of the 37 sub-Saharan countries affected by this disease in Africa. These 37 countries encompass
a total surface area extending well over 10 million km" of land. An estimated 160 million cattle and 260
million sheep and goats are kept in this affected region of Africa and are therefore at risk from contracting
trypanosomiasis. In addition, about 12 million camels on the African continent are at risk from infection with
T. evansi. Furthermore, approximately 25,000 cases of human sleeping sickness occur each year and
trypanosome infected domestic livestock play an important role as carriers in the transmission of this disease
to humans [1],

As a result of the disease large numbers of livestock have always been concentrated in the arid
savannah regions of low agricultural potential, outside the main tsetse infested areas. The resultant pressure
on this land has led to the widespread use of livestock rangelands for crop production and the subsequent
movement of livestock into rangelands only marginally suitable for grazing, often also into closer contact with
tsetse. This has resulted in a considerable degradation of the environment.

In the past, the presence of tsetse in the more humid zones which have a far better potential for
crop and livestock production, prevented the utilization of these high-potential resource areas. However, the
steadily increasing human populations in Africa and the ever-increasing demand for agricultural land has

forced both humans and animals into utilizing these high potential tsetse infested areas.



The functions of livestock in Africa are multiple with their economic and social importance
depending on the production system. In all systems, their major output is of course food (i.e. milk and meat)
and non-food items such as hides and manure. However, livestock also provide essential inputs such as
draught power for transportation and land cultivation. They also utilize non-arable lands and convert crop
residues and various agricultural by-products into high quality foods. In many parts of Africa, integrated crop
and livestock production systems play a vital role in subsistence. Livestock in Africa also have important asset
and social security functions.

The precise socio-economic effects of trypanosomiasis on agricultural production systems and on
livestock production in Africa in particular are difficult to quantify. PAO and others [1, 2, 3] have tried to assess
the impact of trypanosomiasis control and of eradicating tsetse in several agro-ecological zones of Africa. The
general consensus is that within the 7 million km2 of tsetse-infested savannah, livestock numbers could be

increased by approximately 120 million head and as a result an additional 500,000 tons of meat and 1.3 million
liters of milk could be produced. This represents an increase of around 15% over the present levels of production
and is far above the projected 2% increase in productivity within tropical Africa. Such an increase would
contribute greatly to satisfying the ever-increasing demand for meat and milk, would reverse the current
downward trend in self-sufficiency for these products and would reduce substantially national foreign exchange
expenditure on imports which are estimated to increase to around $15 billion by the year 2000 [4]. While the
benefits of tsetse and trypanosomiasis control are potentially enormous when viewed within the narrow context
of animal production, it must be emphasized that much of the tsetse infested land in the humid and sub-humid
zones also has relatively high agricultural potential, particularly in respect to growing staple foods such as
cassava, sorghum and maize. Trypanosomiasis and tsetse control or eradication in these areas through an
integrated technical approach involving cost-effective fly-attractive devices (traps, insecticide impregnated targets
and screens) and livestock owner participation is but one element in the attainment of optimal agricultural
production and it is essential that the implementation of appropriate farming systems and land husbandry
practices are also taken into account to achieve natural resource conservation and long-term sustainability.
Despite large investments, the short-term approach of trypanosomiasis and tsetse control adopted in the past has
barely influenced the level of constraint over the long term. In some areas the disease incidence has even
increased through attempts to utilize tsetse-infested areas. FAO is now seeking to adjust its policy through the
strengthened co-ordination of activities and an in-depth evaluation of the justification for trypanosomiasis and
tsetse control. The end result should eventually ensure that the available "tools" are applied effectively and in
a concerted manner for disease control, land use and increased agricultural production.

3. CONTROL OF TRYPANOSOMIASIS

In the preceding section, the impact of trypanosomiasis was described in terms of lost animal and
crop production potential. The costs of the disease itself in terms of livestock productivity losses (reduced
growth, milk production, poor reproductive efficiency and mortality) were not taken into account. Since for
many parts of Africa accurate data on the distribution and prevalence of the disease are unavailable these
losses can only be very roughly estimated and currently stand at approximately $5 billion [3, 5].

Likewise, the region-wide costs of trypanosomiasis control using one or a combination of the array

of "took" currently available (e.g. vector control or use of drugs), as well as the costs of implementing
appropriate farming systems and other rural development components in control areas is impossible to
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estimate. The annual use of trypanocidal drugs alone, estimated to be around 25-30 million doses, costs
approximately $70 million [3]. However, if coverage were to be provided to the total livestock population at
risk, this figure would probably be well over $700 million.

The use of trypanocidal drugs to treat trypanosomiasis in livestock is currently the main approach
to controlling this disease in most African countries. The method is first of all expensive but also complicated
by the fact that the efficacy of the currently available drugs is diminishing fast in some areas due to the
development of drug resistance. A reason for this is very likely the fact that in many countries, the
administration of drugs to livestock is mainly carried out by the livestock owners rather than the veterinary
authorities. There is not much hope that new, more effective drugs, will be made available in the near future.

In a number of African countries (e.g. Zimbabwe, Botswana, Zambia), the control of

trypanosomiasis has been mainly approached through the control of the tsetse vector. Both the use and
methods of applying insecticides for tsetse control have been criticized on environmental grounds and this
has led recently to the introduction of simple insecticide impregnated fly-attractive devices (targets, screens,
traps) and insecticide (Pour-On formula) treated target animals.

Central to the need to maximize the efficiency of any national or regional effort aimed at controlling
or eradicating trypanosomiasis is the availability of diagnostic technique(s) to accurately determine the
distribution and prevalence of the disease in livestock and to assess the efficacy of such control programmes,
whether these are based on vector or disease control.

4. DIAGNOSIS OF TRYPANOSOMIASIS

There are a number of techniques available for the diagnosis of animal trypanosomiasis [6].
Diagnosis may be based on the presence of clinical signs, but none of these (anaemia, weight loss, abortion,
possibly death) are pathognomonic for the disease. The clinical disease in cattle varies considerably in
severity and duration and the signs are often considered to be either acute or chronic. The line of
demarcation between these is rather poorly defined. Demonstration of trypanosomes in the animal is of
course conclusive. Parasitological tests such as wet blood smears, Giemsa stained thin and thick blood

smears, the Micro Haematocrit Centrifuge Technique and the Buffy Coat Phase Contrast/Dark Ground
Technique can be used to confirm a clinical diagnosis by demonstrating the presence of trypanosomes.
However, depending on the purpose of the test, the sensitivity of such parasitological tests could be a limiting
factor. The most sensitive all-round field test is probably the Buffy Coat Phase Contrast Technique (BCT).
Its sensitivity, i.e. the lowest numbers of parasites that can be detected in infected animals, has been
described to be 2.5 x ICr Trypanosoma congolense, 5 x 102 T. vivax and 5 x 103 T. brucei per ml of blood [7].

The choice of which test to use for the diagnosis of trypanosomiasis depends first of all on the level
at which the test is to be used (farmer, veterinary diagnostic laboratory, research institute) and the purpose
for which the results obtained will be used. At the farmer level confirmation of the diagnosis will in most
cases be obtained after successful treatment. Most of the above parasitological diagnostic techniques can be
carried out by veterinary personnel in the field, depending mainly on the availability of simple laboratory
equipment and materials such as microscopes, slides, centrifuges, generators and experimental mice in the
case of the Mouse Inoculation test. Whilst the limited sensitivity of these methods is not a serious factor in
situations where a high disease prevalence prevails and/or if treatment is to be carried out on a herd basis,



in areas with a low disease prevalence and in situations where expensive, individual treatment (e.g. in camels)
has to be carried out, diagnostic tests with a high diagnostic sensitivity and specificity are required.

Most serological tests offer an increased diagnostic sensitivity and specificity. Such tests are either
capable of detecting anti-trypanosome antibodies, such as the Indirect Fluorescent Antibody Test (IFAT)
and the Antibody-Detection Enzyme-Linked Immunosorbent Assay (Ab-ELISA), or capable of detecting
antigen fractions of the parasites (Ag-ELISA).

The use of serological tests such as the micro-ELISA plate antibody detection and antigen detection
ELISA systems is restricted to reasonably well-equipped veterinary laboratories and research institutes. These
tests can only be performed by specifically trained personnel. However, once established in an institute, the
technique is relatively easy to use, suitable for testing a large number of samples at a relatively low cost per
sample, and perhaps most importantly, the equipment and technology is applicable to a number of other
diseases. Hence, once a laboratory is equipped and personnel trained in performing the ELISA for one
disease it is a simple matter to use the equipment and technology to diagnose the majority of other epizootics
affecting livestock in developing countries. Other recently developed serological tests, e.g. the ELISA Tube
Test [8] and a latex agglutination card test [9] can also be carried out in the field with very basic equipment,
but they are not ideal for screening large numbers of animals as required for epidemiological surveys and
monitoring control programmes.

Compared with the Ab-ELISA which detects anti-trypanosome antibodies in affected animals, the
Ag-ELISA is more meaningful with respect to the diagnosis of animal trypanosomiasis since it detects

specific antigen fractions of the trypanosomes present in affected animals. A positive Ab-ELISA result can
only provide a presumptive diagnosis as it does not differentiate current from cured infections, and therefore
should not necessarily form a basis for treatment of an animal as antibodies can remain in the circulation
for a long time after complete cure. Also, the currently available Ab-ELISA's lack the species specificity
offered by the Ag-ELISA's. Species specificity can be extremely useful in providing additional information
e.g. on the optimal choice and dose rate of trypanocidal drugs to be used in certain areas and to assist tsetse
control and eradication personnel in determining whether the infections detected are tsetse (T. brucei, T.
congolense, T. vivax) or possibly mechanically transmitted (T, vivax). Nevertheless, antibody detection tests
are useful for epidemiological investigations.

Ag-ELISA systems for the diagnosis of trypanosomiasis in cattle and camels were developed by the
International Laboratory for Research on Animal Diseases (ILRAD), Kenya, and the Centre for Tropical
Veterinary Medicine (CTVM), U.K., respectively, and a summary of this published work is given in Annex
I. The usefulness of these systems for the routine diagnosis of animal trypanosomiasis and determination of
trypanocidal drug resistance had, however, yet to be evaluated on a larger scale in Africa under conditions
which were less favourable than those prevailing at ILRAD and the CTVM.

This evaluation was carried out by number of African institutes involved in tsetse and
trypanosomiasis control during the period 1987-1992 under the Joint FAO/IAEA Division's Coordinated
Research Programme (CRP) on "Improving the Diagnosis and Control of Trypanosomiasis and Other
Vector-borne Diseases of African Livestock Using Immunoassay Methods".

To meet the needs of this Programme, the Joint FAO/IAEA Division worked together with ILRAD
and the CTVM to develop standardized ELISA kits for the detection of trypanosome antigens in cattle and
camels respectively. These ELISA kits contained all the necessary reagents to test approximately 850
cattle/camel sera in duplicate, as well as information on reagent preparation and storage. Detailed protocols

10



containing a list of the required equipment and materials, descriptions of how to perform the tests, and the
types of problems likely to be encountered in using the kits and how to solve these were also provided.
Details of the ELISA kit protocols are given in Annex II (the FAO/IAEA/ILRAD bovine Ag-ELISA) and
Annex III (the FAO/IAEA/CTVM camel Ag-ELISA).
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SUMMARY OF THE CO-ORDINATED RESEARCH PROGRAMME

C.J.P.G. Ooijen
Animal Production and Health Section,

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

Vienna

1. INTRODUCTION

In 1986, following recommendations made by a consultative group, the Animal Production and
Health Section of the Joint FAO/IAEA Division introduced an animal health component to its programme
to support scientists in developing countries. Central to this support was the use of nuclear and related
techniques (ELISA) for the diagnosis and control of livestock diseases. The International Atomic Energy
Agency (IAEA) then requested financial support from the Government of the Netherlands for a Co-
ordinated Research Programme (CRP) on improving the productivity of indigenous African livestock through
studies on animal production and disease diagnosis. Through such a Programme, it would be possible to
encourage a "critical mass" of African institutes working on animal production and health to collaborate in
the identification and solution of specific problems within these topics through research, and with the
guidance of staff from institutions with relevant experience in the topics identified. The response to this
request was positive and in 1987 an FAO/IAEA CRP entitled "Improving the Diagnosis and Control of
Trypanosomiasis and Other Vector-borne Diseases of African Livestock Using Immunoassay Methods" was
initiated. The main objectives of the CRP were to develop and validate enzyme immunoassay methods for
the diagnosis of trypanosomiasis and other vector-borne diseases and to use these methods to monitor and
improve the effectiveness of trypanosomiasis and/or tsetse control programmes in the African Region. For
this Programme the Netherlands Government provided around $ 650,000 over 6 years (1987-1993).

2. RESEARCH CONTRACTS

Following the initiation of the CRP, Research Contracts were awarded to institutes belonging to the
national agricultural research systems (the NARS) of 13 African countries which were already involved in
the diagnosis of animal diseases; eight Research Contracts involved the validation and use of the Ag-ELISA
for the diagnosis of T. brucei, T. congolense and T. vivax infections in cattle; three Research Contracts
involved the validation and use of an Ag-ELISA for the diagnosis of Trypanosoma evansi infections in camels;
and one Contract involved the validation and use of the Ag-ELISA in cattle and camels. A further Research
Contract was to develop, validate and use an Ab-ELISA for the diagnosis of Theileria annulata infections
in cattle. Two of the Research Contracts (in Egypt and Somalia) were discontinued early in the Programme
due to lack of commitment and political instability respectively. In a number of cases, individuals initially
identified as principal scientific investigators were felt to be inappropriate and it was necessary to identify
others, sometimes at other NARS institutes, who would be responsible for continuing the work carried out
under the Research Contract. The names and locations of the NARS and scientists involved at the final stage
of the CRP are given in Figure 1 and Table I.
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Fig. L Distribution of the Research Contracts in the FAO/IAEA Co-ordinated Research Programme
on "Improving the Diagnosis and Control of Trypanosomiasis and Other Vector-borne Diseases of
African Livestock Using Immunoassay Methods".

Research Contracts were awarded on a annual basis with the sums provided ranging from $5,000
to $15,000 per year. These funds were used primarily to provide the NARS with basic ELISA equipment
(plate reader, - shaker, single- and multichannel pipettes) and materials (pipette tips, micro-ELISA plates,
plate seals, etc.), FAO/IAEA ELISA kits, blood sampling and serum storage materials, and in most cases
a phase contrast field/laboratory microscope, micro-haematocrit centrifuge and portable generator.

In most cases a portion of the research grant ($1,000 - $2,000) was made available locally to provide
funds for sample collection. Especially during the validation phase of the Ag-ELISA systems, specific
sampling locations had to be visited regularly for which transport had to be allocated by the NARS to the
Research Contract holders. The limited local financial support which could be provided for that purpose
through the FAO/IAEA Research Contracts did not always meet the actual requirements and some of the
activities envisaged had to be adjusted accordingly.

3. RESEARCH AGREEMENTS

In addition to the award of Research Contracts hi the CRP, Research Agreements were awarded
to the International Laboratory for Research on Animal Diseases (ILRAD), Nairobi, Kenya, and the Centre
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TABLE I. FAO/IAEA CO-ORDINATED RESEARCH PROGRAMME ON IMPROVING THE
DIAGNOSIS AND CONTROL OF TRYPANOSOMIASIS AND OTHER VECTOR-BORNE DISEASES
OF AFRICAN LIVESTOCK USING IMMUNOASSAY METHODS

NARS institute and country
Principal

investigator
Disease

investigated
Related IAEA

TC project
Central Veterinary Laboratory C.K. Doku Bovine tryps.

Pong-Tamale, Ghana
Kenya Trypanosomiasis Research

Institute, Muguga, Kenya
Laboratoire Central Vétérinaire O. Diall

Bamako, Mali
Institut Agronomique et Vétérinaire M. Kachani

Hassan II, Rabat, Morocco
Laboratoire National d'Elevage et A. Diaite

Recherches Vétérinaire
Dakar, Senegal

Faculty of Veterinary Science
Khartoum-North, Sudan

Animal Diseases Research Institute
Dar-es-Salaam, Tanzania

International Trypanotolerant Centre J. Faye Bovine tryps.
Banjul, The Gambia

Uganda Trypanosomiasis Research N.M. Okuna Bovine tryps.
Organization, Tororo, Uganda

School of Veterinary Medicine/ L.N. Sinyangwe Bovine tryps.
Central Veterinary Research Institute
Lusaka, Zambia

Veterinary Research Laboratory R. Ries Bovine tryps.
Harare, Zimbabwe

W. Olaho-Mukani Camel tryps.

Bovine tryps.
Camel tryps.
Tropical
theileriosis
Bovine tryps.

E.GA. Elamin Camel tryps.

HA. Mbwambo Bovine tryps.

GHA/5/013

MLI/5/011

SEN/5/019

SUD/5/016

URT/5/009

UGA/5/013

ZAM/5/018

for Tropical Veterinary Medicine (CTVM), Edinburgh, U.K. Under these Agreements, three scientists were
identified, Drs. V.M. Nantulya and R.A. Masake of ILRAD and Dr. A.G.M. Luckins of the CTVM, to
provide technical assistance to the Research Contract holders. Drs. Nantulya and Luckins were responsible
for the development of the ELISA systems which were used in the Programme, and under the Research
Agreements the Joint FAO/IAEA Division was provided with the biological diagnostic reagents (poly- and
monoclonal antibodies and conjugates) which were an essential component of the ELISA kits provided to
participants.

4. RESEARCH CO-ORDINATION MEETINGS

During the period of the Programme (1987-1992), 4 Research Co-ordination Meetings (RCM's)

were held. At these meetings, each Research Contract holder had to provide a detailed report on the work
carried out since the previous meeting and the workplan for the following year was discussed. Apart from
proving invaluable in establishing and maintaining regional contacts between veterinary research scientists
involved in the diagnosis and control of trypanosomiasis, these meetings served to identify general or more
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specific problems with the ELISA kits and offered the opportunity to discuss these in the presence of the
scientists who developed the tests.

The first RCM was held from 18 - 24 July 1988 at ILRAD. At this meeting the initial workplans for
all the NARS were discussed and a short training workshop was held to demonstrate the Ag-ELISA systems
to be used during the CRP. All the workplans drawn up during this meeting (except that for the NARS in
Morocco on the development and use of an Ab-ELISA for the diagnosis of tropical theileriosis) involved the
establishment and validation of the Ag-ELISA systems for the diagnosis of trypanosomiasis. The validation
of the Ag-ELISA involved the collection and screening of true trypanosomiasis negative sera to determine
the specificity of the assay, and the collection and screening of true trypanosomiasis positive sera to
determine its sensitivity. A problem regarding the latter was that even with a sensitive parasitological
technique, such as the phase contrast buffy coat technique, not all true trypanosomiasis positive animals
would be identified. The relative sensitivity of the Ag-ELISA could therefore only be determined. A similar
problem would be encountered in the determination of the specificity of the Ag-ELISA screening true
trypanosomiasis "negative" sera.

The second RCM was held from 4-8 September 1989 at the Faculty of Veterinary Medicine of the
University of Zimbabwe in Harare. By this time the Ag-ELISA systems had been successfully established
at the NARS but a number of problems had been encountered with the Ag-ELISA for the diagnosis of
bovine trypanosomiasis, resulting in the re-issue of improved diagnostic reagents.

The third RCM of the Programme was held from 20 - 25 May 1991, hi Abidjan, Côte d'Ivoire. By
then, all the NARS institutes had carried out a substantial amount of work to validate the assays and most
of them were using the assays on a limited scale to determine the efficacy of national tsetse or
trypanosomiasis control programmes.

The fourth and final RCM was held from 21 - 25 September 1992 at ILRAD, Kenya. At this meeting
the participants produced an account of the activities conducted under the Programme and descriptions of
these activities and the results obtained are published in this document.

5. SUPPORT PROVIDED UNDER IAEA TECHNICAL CO-OPERATION

The majority of the NARS in this CRP also received assistance through IAEA Technical Co-
operation projects at their institutes (Table I.) A total of approximately $200,000 was provided between 1987
and 1992 from this source to support the Programme and the contributions from the Netherlands
Government. Most of this assistance was used to provide basic laboratory equipment such as ELISA readers,
deep freezers, refrigerators, incubators, centrifuges and glassware, which was essential in a number of the
NARS institutes for the initial establishment of the immunoassay diagnostic capability. Following provision
of the equipment, it was generally serviced locally, but in some cases this was not possible and therefore
servicing was provided by the FAO/IAEA. In addition, Technical Co-operation assistance provided a
number of expert visits to several of the participating NARS as well as the funds for training fellowships to

a number of laboratory technicians at reference diagnostic laboratories (ILRAD, CTVM and the FAO/IAEA
Agriculture Laboratory, Seibersdorf; see Table II).
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TABLE II. TRAINING PROVIDED BY RESEARCH AGREEMENT INSTITUTES (CTVM, ILRAD)

Country/Research Contract No.______Training Institute_____________Period________

Egypt, 5024/NL1 CTVM 23 - 27 January 1989

Zambia, 5031/NL2 ILRAD 2 - 20 May 1989
Uganda, 5029/NL ILRAD 15 - 26 January 1990
Tanzania, 5030/NL__________FAO/IAEA Lab. Seibersdorf 30 March - 26 June 1992

Research Contract withdrawn in September 1989.
Research Contract holder passed away October 1989.

6. TRAINING AND TECHNICAL BACKSTOPPING

During the first RCM, a short training workshop was organized at ILRAD so that the NARS
participants obtained some hands-on experience with the ELISA systems to be used. Additional training was
provided to some Research Contract holders who were either not able to attend this workshop or who had
replaced the initial Research Contract holder.
During the programme, FAO/IAEA technical officers and/or the Research Agreement holders visited each
of the NARS at least once a year to provide further training as required (Table HI). These visits were also
valuable for identifying many of the locally experienced difficulties and provided considerable impetus to
solve these. The need for and required specifications of additional equipment or materials could be assessed
on site and when justified, procured.

TABLE III. VISITS OF RESEARCH AGREEMENT HOLDERS TO RESEARCH CONTRACT
HOLDERS

Country Research Contract No. Research Agreement holders

Ghana 4971/NL ILRAD, August '91
The Gambia 4970/NL ILRAD, September '90

Kenya <wm/wr CTVM, December'90
3U/5/WL CTVM, August '92

Mali CTVM, June'89
' ILRAD, September '90

Sudan CTVM, May '89
5028/NL CTVM, November '90

CTVM, August '92

Senegal
Tanzania

Uganda

Zambia

Zimbabwe

4975/NL
5030/NL

5029/NL

5031/NL
5032/NL

ILRAD, September '90
ILRAD, February '91

ILRAD, January '91
CTVM, August '92

ILRAD, December '90
ILRAD, November '90
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7. CONCLUSIONS AND RECOMMENDATIONS

As stated earlier, 3 Research Co-ordination Meetings were held during the course of this
Programme and these provided opportunities for discussion of work plans and results achieved by individual
Research Contract holders. Equally important, however, were the discussions which took place between
Programme participants on the"broader picture" of the Programme ie. the purposes for which the ELISA
tests provided were used; the difficulties encountered with the tests and how these might be resolved; what
the Programme had done to assist the participating scientists, institutes and countries; and the interactions
between Contract and Agreement holders and the Joint FAO/IAEA Division.

The outcome of these discussions on the Programme is given below under 3 headings ie.
achievements, constraints and future activities.

7.1. Achievements of the Programme

a) The Programme promoted strong collaboration and relevant technology transfer between the
NARS, the CGIAR's International Laboratory for Research on Animal Diseases (ILRAD) and the
Centre for Tropical Veterinary Medicine (CTVM) with respect to the diagnosis, epidemiology and
control of animal trypanosomiasis in Africa.
The network approach adopted through the Programme provided a unique opportunity for NARS

institutes in Africa dealing with trypanosomiasis diagnosis and control to collaborate within the framework
of a programme with well-defined objectives with ILRAD and the CTVM, two internationally acknowledged
trypanosomiasis research institutes. There is no doubt that the initial development and subsequent updating
of workplans for each project location and the analysis of results, training and interchange of ideas which
took place at the Co-ordination Meetings, coupled with backstopping visits at strategic times to the NARS
by ILRAD, CTVM and FAO/IAEA staff, gave the Programme direction and focus. These activities also
improved the knowledge and experience of all involved and served to motivate and encourage the NARS staff
who now feel much more motivated and less isolated.

The provision of standardized equipment and of reagents developed by ILRAD and the CTVM
which were put into a kit form with easy-to-follow protocols through collaboration with the Joint FAO/IAEA
Division, also contributed greatly to enhanced Programme co-ordination and technology transfer, and brought
to the NARS confidence that through this technology they can contribute much more effectively to national
efforts to control trypanosomiasis and thereby to sustainable agricultural development. Arising from the
success of this Programme it is recommended that a similar approach is used to improve diagnosis and
knowledge of the epidemiology of tick-borne diseases.

b) This collaboration resulted in the successful transfer to the NARS of highly sensitive and specific
Ag-ELISA diagnostic tests for bovine and camel trypanosomiases; this has enhanced substantially
national capabilities to diagnose these diseases.
By late 1989 it was already apparent that the Ag-ELISA systems for the diagnosis of bovine and

camel trypanosomiases had been successfully transferred and established at the NARS. Subsequently the
assays were validated against other sensitive parasitological diagnostic techniques such as the Buffy Coat
Technique and Mouse Inoculation and the much greater sensitivity (on average 5-fold) and obvious
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advantages with respect to specificity of the ELISA's compared with parasitological techniques were clearly
demonstrated. By the termination of the Programme most of the NARS were using the assays to monitor
national/regional tsetse and trypanosomiasis control programmes and the results presented at the final RCM
of the Programme at ILRAD in September 1992, left little doubt about the success of the technology transfer
and the value of the assays as highly sensitive and specific diagnostic tools.

c) Through the Programme, Ag-ELISA's were used to obtain new information on the epidemiology
of trypanosomiasis and on the effectiveness of national and regional control programmes based
on chemotherapy and vector control.
A significant achievement of the Programme was indisputably that the assays and the training

provided to NARS staff increased considerably local knowledge on the epidemiology of animal
trypanosomiasis in the participating countries. The Ag-ELISA systems, which detect minute quantities of
species specific invariant trypanosomal antigens were shown to be especially useful in situations where the
presence of trypanosomes could not be detected by conventional parasitological techniques, e.g. in cases of
chronic trypanosomiasis. Consequently, at most project locations the prevalence of trypanosome infections
was shown to be significantly higher than previously considered, while at others a significant prevalence of
trypanosomiasis was detected in areas previously considered free of tsetse and trypanosomiasis. One clear
case in point was the work conducted on Zanzibar island. Here, a 33 km2 area had been reported as having
been cleared of tsetse and trypanosomiasis for 3 years as a result of intensive use of insecticide impregnated
targets, insecticide (Spot-On) treated cattle and trypanocidal drugs. Testing of sera by the Ag-ELISA showed,
however, a 12% point prevalence of trypanosome infected animals, although this could not at the time be
confirmed by parasitological tests. Four months later, the prevalence was 21% by the Ag-ELISA, and by this
time, 12% of the animals were also positive parasitologically. Data of this kind and other results obtained
through the Programme not only demonstrated the power of the Ag-ELISA as a diagnostic tool and its value
in providing a more accurate picture of the distribution and prevalence of the disease, the trypanosome
species involved and on the presence of drug resistance, but also confirmed the value of the test to monitor
the effectiveness of control programmes.

The wider use of these tests in trypanosomiasis epidemiology and control programmes offers

significantly greater opportunities for the NARS to contribute effectively to national considerations of the
economic, social and environmental costs and benefits of tsetse and trypanosomiasis control, and thereby to
planned and sustainable agricultural production and rural development within the tsetse belt of Africa.

d) The Programme contributed substantially to "institution building", through improvement of
infrastructure and relevant training of professional and technical staff.
Through the Programme, substantial amounts of basic as well as specific laboratory equipment and

materials were provided to the participating NARS institutes to establish immunoassay (ELISA) technology,
and in a number of cases also, to strengthen their capability to carry out conventional parasitological methods
(e.g. Buffy Coat Technique) for the diagnosis of trypanosomiasis. The NARS also benefitted from substantial
training available through workshops, backstopping visits by ILRAD, CTVM and FAO/IAEA staff, not only
in relation to diagnostics and epidemiology, but in such topics as experimental design, sample
collection/processing, data analysis and interpretation, and use of relevant computer programs.
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The equipment, training and other inputs provided played an invaluable role in improving the
physical infrastructure and level of technical expertise within the NARS for the diagnosis of trypanosomiasis
and for conducting studies on the epidemiology of the disease and monitoring the effectiveness of control
programmes. Moreover, the high relevance to other diseases of the technology and knowledge transferred
through this Programme has given encouragement to the participating NARS to initiate similar activities with
respect to viral and bacterial infections of livestock.

e) The Programme promoted self-reliance and accountability among the staff of participating NARS.
Agricultural research is a long-term investment requiring continuity of support and inputs over a

protracted period. This is true in all countries whether they be developed or developing, but it is particularly
important in developing countries and even more so in Africa because of the complexity of the problems
requiring resolution. Winrock International stated in its comprehensive report on sub-Saharan agriculture
[1] that the key to the problem is rehabilitating and organizing the NARS. It is the belief of this organization
that agricultural development in Africa will only be successful and sustainable if the proper machinery is put
in place to encourage African scientists, policy makers etc. to identify and solve their own problems from
"within". Nevertheless, several aid organizations which fund agricultural research in Africa through the NARS

provide the services of foreign experts on a long-term basis, whose salaries and allowances often consume
a substantial, if not the major part of the total aid package. In fact, during the period 1981-1985,
approximately 30% of research workers in sub-Saharan Africa were expatriates [2]. This approach is not
sustainable and for the most part, experience has shown that it actually discourages self-reliance and
accountability of local staff. While it is recognized that the inputs through this Programme were limited, one
of the key outputs through the approach adopted was that NARS staff had developed the confidence to work
with a far greater degree of independence from foreign inputs than at the outset of the Programme.

7.2. Constraints Encountered in Programme Implementation

A number of constraints were encountered which had a negative effect on the progress of the
Programme in general and/or the work being implemented under the individual Research Contracts. The
most extreme case of research work not being implemented was in Somalia. Even before the current
situation of serious civil unrest, communication with the Research Contract holder proved to be extremely
poor. A special training workshop arranged for the counterpart at ILRAD could not be implemented because
clearance was not given for him to leave the country. The contract in Somalia was withdrawn in 1989.

At the majority of the other NARS institutes a variety of constraints were encountered which were
not as extreme as was the case in Somalia but nonetheless did influence the implementation of the research

activities envisaged.

a) Implementation of Research Contract work at NARS institutes

When a Research Contract is awarded to a national research institute a principal scientific
investigator (generally referred to as the Research Contract holder) is identified to carry out the workplan.

On several occasions, the original investigator had to be replaced by other scientists due to staff transfers,
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unsatisfactory commitment, etc. One example was the Research Contract awarded to a NARS institute in
Egypt involving the establishment and application of an Ag-ELISA for the diagnosis of T. evansi infections
in camels. This had to be withdrawn in September 1989 due to a sudden decision of the NARS to give other
work (screw-worm surveillance) higher priority, the low level of commitment of the principal investigator,
and the lack of other technically competent staff to conduct the envisaged project work.

Principal investigators were replaced by others in the projects in Ghana, Uganda, Zambia and to
some extent in Senegal. In the last case, the Research Contract holder was absent from the institute for
further studies abroad during the last two years but the project work was nevertheless continued very
satisfactorily by his technician. Anticipation of such changes is practically impossible. In most cases one single

scientist is responsible at the institute for the research/diagnostic work carried out on animal trypanosomiasis
and therefore implementation of work depends entirely on that person. The identification of a laboratory
technician as a Research Contract holder (who is less likely to be transferred), is often not allowed by the
regulations of the NARS institutes. In some instances the replacement of Research Contract holders was the
cause of loss of already collected research data, temporary displacement of project equipment, redefinition
of project workplans, etc. For example, in Zambia the work had to be transferred from one NARS institute
to another after the second replacement of the principal investigator so that the work could be successfully
concluded.

During the validation phase of the assays very regular field visits had to be made to different
locations to collect the required blood and serum samples. The transport and travel allowances required for
these visits were in principle part of the NARS contribution to the Programme. In reality, assistance towards
the purchase of fuel to implement the field component of project activities had to be given through funds
available under the Research Contract. In some instances, this was still not sufficient to cover the planned
field visits and it was necessary to adjust these activities accordingly. Such constraints were anticipated to
some extent when the project workplans were drawn up (e.g. at the RCM's), but could not be avoided
entirely because of sudden changes in the transport situation at the institute. At a number of project locations
workplans had to be adapted to synchronize field visits with those required for other research activities. The
very limited financial resources of the majority of the NARS in Africa therefore necessitate a more careful
and realistic evaluation of research projects which have field components requiring substantial transport.

b) Supply, shipment and clearance of project materials

The Ag-ELISA kits for the diagnosis of bovine and camel trypanosomiases were provided in two
components. The biological diagnostic components produced by ILRAD and the CTVM were supplied to
the Research Contract holders during visits by FAO/IAEA technical staff or the Research Agreement
holders. These reagents had to be transported in thermos flasks containing ice which necessitated hand-
carried transportation. Sufficient quantities of reagents were brought on each visit to screen a few thousand
sera. However, in the event of a breakdown of the deep freezer in which the reagents are stored at -20°C,

their biological activity is adversely affected to such an extent that they must be replaced. This happened on
several occasions and the resultant delay in providing a fresh supply of reagents affected the implementation
of project work e.g. when this involved immediate treatment of animals on the basis of serological results.
The envisaged future supply of these biological reagents in a lyophilized form which can be kept at +4°C
will be a major contribution towards reducing this constraint, but a well maintained cold-chain will always
remain essential for any serological activities at diagnostic institutes.
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In a few countries difficulties were experienced with the shipment and subsequent clearance of
project materials. Delays in the clearance of kit materials (which are supplied from the FAO/IAEA
Agriculture Laboratory, Seibersdorf) do not adversely affect their performance since they do not contain the
biological components which require strict storage conditions. However, in Ghana, Senegal and Tanzania
serious difficulties were encountered in the clearance of project equipment and materials. In these countries
clearance was carried out by the local UNDP office in collaboration with a commercial clearing agent. The
subsequent costs of clearance and storage were a major constraint for the NARS institutes and therefore
allocation of part of the total funding available under the Research Contracts as local funds was arranged
to resolve this problem.

c) Qualify assurance of assay results

A more serious constraint was in the supply of sufficient quantities of well-defined reference positive
and negative control sera to the participating NARS. Small quantities of reference positive and negative sera
were initially provided with the kits on the supposition these could be used to identify local reference sera
for subsequent use. This proved to be wrong and priority is now being given to producing these sera at the
Research Agreement institutes. These sera will be well-defined and documented and will be supplied in an
easier-to-store lyophilized form to act as internal quality control samples which are essential in determining
the validity of the assay results.

7.3. Future Activities

a) Continuation of the Co-ordinated Research Programme

In view of the Programme's substantial achievements, continued support should be provided
especially to institutes which are using or are planning to use the Ag-ELISA systems as tools in national or
regional tsetse and trypanosomiasis control programmes. Most of the NARS institutes which participated in
this Programme as well as a number of institutes in other countries with on-going trypanosomiasis control
programmes have already requested support to implement such work by submitting new Research Contract
or Technical Co-operation project proposals. Efforts are now being made to secure the necessary funding
for this work.

b) Further development of FAO/IAEA trypanosomiasis ELISA kits

The Ag-ELISA kits which are currently provided by the Joint FAO/IAEA Division for the diagnosis
of animal trypanosomiasis are supplied in two components. The chemical components, e.g. buffers,

chromogen and substrate, are supplied by the Animal Production Unit at the FAO/IAEA Agriculture
Laboratory, Austria. The biological components, i.e. monoclonal and polyclonal antibodies and their
conjugates, are supplied by ILRAD and the CTVM respectively.

It is recognized by ILRAD and the Joint FAO/IAEA Division that this situation is not ideal. ILRAD
recently agreed to assist the Joint Division hi transferring the production, and therefore the future supply
of the monoclonal antibodies and the conjugates for bovine trypanosomiasis to the FAO/IAEA Laboratory
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in Austria and this is now well underway. It is envisaged that these diagnostic reagents will be supplied to
the NARS institutes from the FAO/IAEA Laboratory in June 1993, but the excellent collaboration already
established with ILRAD (and CTVM) will be maintained.

One previously mentioned constraint towards the standardization of bovine Ag-ELISA systems is
the provision of adequate quantities of reference positive and negative sera with the kits. Work is currently
underway at ILRAD to produce these species-specific reference sera in bulk. The production of such sera
for the NARS using the Ag-ELISA kits might have to be done in Austria by the Joint FAO/IAEA Division,
if permission to import sera from Kenya is not obtained from the Austrian veterinary authorities.

Preliminary results from research carried out at the FAO/IAEA Animal Production Unit on the
bovine Ag-ELISA systems have indicated that improved sensitivity can be achieved using micro-ELISA plates
with different binding characteristics and a more optimal indicator system. Improved sensitivity could further
be achieved by specific pre-treatment of the test sera to dissociate immune complexes [3]. These changes may
considerably improve the sensitivity of the assays compared with the BCT, and therefore reduce the number
of false negatives. It may also increase the sensitivity of the assays to detect trypanosome infections in non-
parasitaemic (chronically infected) cattle.

Increased sensitivity also increases the size of the "diagnostic window" (i.e. the area in a serological
test separating true positive from true negative samples) making the data obtained more easily interpreted.
The use of such assays including a set of well-defined reference control sera as internal quality controls in
combination with an optimally conducted BCT will substantially enhance the diagnostic capability of NARS
involved in the diagnosis and control of animal trypanosomiasis.

A further problem with interpretation arises when Ag-ELISA tests (which detect animals with
trypanosomal antigens in their circulation) are positive on samples taken from animals in areas with a tsetse
challenge below detectable levels and a previously unknown incidence of trypanosomiasis. This causes
concern regarding the validity of the assay results. In very few countries can these serological findings be
confirmed using an Indirect Immunofluorescent Antibody Test (IFAT) for the detection of anti-trypanosome
antibodies. Therefore, the introduction of an antibody ELISA system should be considered in the near future.
The on-going activities at ILRAD on the production of trypanosome species specific antigen fractions using
re-combinant technology should soon result in the availability of species specific antibody detection assays
which could then be rather easily introduced into the NARS institutes where the ELISA technology is already
routinely used for antigen detection.

The currently used Ag-ELISA's for the diagnosis of bovine trypanosomiasis could for some purposes,
be complemented with a test which makes use of a polyvalent capture monoclonal antibody and conjugate.
At present, sera are tested on three micro-ELISA plates, each plate being specifically coated with one of the
three trypanosome species-specific monoclonal antibodies. Considerable savings could be made in terms of
manpower, disposable ELISA materials (tips, plates, seals, etc.) and in the use of chemical and biological
reagents if test sera could first be screened using a polyvalent monoclonal based Ag-ELISA system capable

of detecting simultaneously the antigens of T. brucei, T. congolense and T. vivax. Positive sera could then be
tested on the "species-specific plates" if additional information is required. Especially in situations where sera
are tested from areas with a low or very low disease prevalence, the savings in time and materials could be
considerable. A suitable polyvalent monoclonal antibody is available at ILRAD but additional work needs
to be carried out prior to its use in an Ag-ELISA system.
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c) Further development and use of serological field tests

The micro-plate Ag-ELISA's are very suitable for efficient and accurate screening of large numbers
of test sera such as is necessary for epidemiological surveys or in tsetse and trypanosomiasis control
programmes. There are, however, also situations where an accurate and instant diagnosis of trypanosomiasis
is required, e.g. diagnosis and prompt individual treatment (costly) of trypanosomiasis in nomadic camels.
A simple pen-side serological test such as the recently developed antigen-detection latex agglutination card
test [4] which takes a few minutes to perform could meet these demands, and its introduction and use should
be considered once the test has been fully validated.
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Abstract

DIAGNOSTIC METHODS IN TRYPANOSOMIASIS OF LIVESTOCK.
In domesticated livestock infected with pathogenic tiypanosomes the clinical signs of disease are not pathognomonic and

parasitological methods of diagnosis fail to detect all infected animals, especially those with chronic disease. Consequently, there has been
a great deal of interest in immunological approaches to diagnosis, especially in the past few years since the development of monoclonal
antibodies has led to considerable improvement in serological techniques. Trypanosomes elicit strong humoral immune responses and
antibodies can be detected readily in infected animals. Although many different serological tests have been used for diagnosis of
trypanosomiasis, currently most attention is directed towards primary binding assays, particularly enzyme linked immunosorbent assays
(ELISA). Although these assays show a high level of diagnostic sensitivity, the persistence of antibodies for several months in the serum
of recovered animals precludes identification of those with active infections. Modifications of the ELISA to detect circulating trypanosomal
antigen in infected animals by the use of species-specific monoclonal antibodies against Trypanosoma brucei/evansi, T. congolense and
T. vivax will not only overcome this problem but also provide information on the infecting trypanosome species. The use of a particular
diagnostic strategy, however, will depend on the epidemiological circumstances of the disease. It is likely that these requirements will differ
depending on which particular trypanosome species is involved, which method of control is being employed and what measure of post control
surveillance is envisaged. None of the tests presently used is 100% sensitive and so for the foreseeable future a combination of clinical,
parasitological and immunological tests will continue to be needed for the diagnosis of trypanosomiasis.

1. INTRODUCTION

1.1. Trypanosomiasis - the clinical picture
Pathogenic trypanosomes cause disease in all species of domesticated livestock throughout many of

the tropical and sub-tropical regions of the world. In Africa, Trypanosoma brucei, T. vivax and T. congolense
occur wherever the tsetse fly vector is found. T. evansi, which is transmitted mechanically by several different
species of haemotophagous biting flies, is found in North Africa, The Middle East, Far East and Central and
South America. T. vivax also occurs outside Africa, in South America where it too is transmitted
mechanically by biting flies. The clinical signs of disease caused by these organisms vary, depending on the
trypanosome species, the virulence of the particular isolate and the species of host infected. Acute disease
is characterized by anaemia, weight loss, abortion and, if not treated, death. Animals that survive are often
infertile and of low productivity. In some instances, infected animals show no overt signs of disease but can
succumb if stressed for example by work, pregnancy, milking or adverse environmental conditions [1].

A disease may be diagnosed on the basis of the clinical signs and symptoms, by demonstration of
the causative organism or by reactions to diagnostic tests. In trypanosomiasis, in some situations, the clinical
manifestations, particularly anaemia, when taken into consideration with the ecological conditions might be
sufficient grounds to make a putative diagnosis. However, the clinical signs are so varied, the ecological
conditions under which trypanosomiasis occurs so diverse that, in terms of identifying animals with active
infections, clinical diagnosis is too imprecise a procedure to use as a basis for the control of trypanosomiasis
and other means of diagnosis must be employed. In the following account diagnosis refers to methods for
detecting infection, either by identifying the parasites themselves or by interpretation based on the results
of immunological tests.
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12. Requirements for diagnosis of trypanosomiasis

The type of diagnostic test used in the detection of infections caused by the animal trypanosomiases
will vary, depending on the epidemiological characteristics of the disease and the strategy for control. Where
tsetse transmitted trypanosomiases occur and where disease prevalence is high even tests of low diagnostic
sensitivity will suffice if chemotherapy or chemoprophylaxis is administered on a herd basis. However in
many situations where mechanically transmitted trypanosomiasis is found drugs are often administered
therapeutically to individual infected animals and it is essential that more sensitive diagnostic tests are used
in order to detect active infections. Similar considerations also apply following control campaigns. As the
disease prevalence declines the need for individual treatment versus block treatment becomes an important
issue. Where chemotherapy has been applied in areas where drug resistance is known to exist it is necessary
also to detect rapidly any failure in treatment. In many countries where T. evansi causes disease little is
known of its distribution and the prevalence of infection thus, before embarking on any control campaign
epidemiological surveys need to be undertaken using appropriate diagnostic methods in order to determine
the extent of the problem [1].

Control of trypanosomiasis caused by T. evansi depends on the diagnosis of infection using con-
ventional parasitological detection methods and treatment with trypanocidal drugs. Unfortunately, these
techniques, which usually involve examination of peripheral blood, have a low diagnostic sensitivity (defined
as the proportion of affected animals that are test-positive), and it therefore is not possible to identify all
infected animals by these methods. Furthermore, treatment is often likely to be given on the basis of clinical
signs and therefore animals harbouring trypanosomes but showing no outward signs of disease continue to
act as reservoirs of infection. Refined diagnostic techniques are therefore needed for adequate disease
control and to supply more accurate information on morbidity resulting from infection.

Effective control of T. evansi can be expected through trypanocidal therapy of domesticated livestock
because often there are no wild animal reservoir hosts implicated in the transmission and maintenance of
the infection. The parasites are transmitted mechanically by biting flies, trypanosomes on their mouthparts
losing their infectivity rapidly. Although the critical factors influencing mechanical transmission have not yet
been determined, biting fly density and the availability of infected hosts for bloodmeals are assumed to be
of major importance. Sustained control could therefore be anticipated by eliminating the source of infection.
Effective parasite and disease control will be dependent upon the availability of tests which can effectively
detect animals with both patent and unapparent infections.

Whatever the requirements of the particular situation, the tests themselves need to fulfil a number
of criteria in order to be of practical use. These include high diagnostic specificity and sensitivity, easy
reproducibility, simplicity, cheapness and ease of interpretation. Ideally, they should be capable of being used
in the field. In order to improve diagnostic efficiency many parasitological and serological techniques have
been developed. These techniques have been reviewed extensively [2, 3] and comprehensive accounts of the
various diagnostic procedures can be found therein. The present paper seeks to highlight the problems in
interpretation of diagnostic tests currently in use but which are still likely to be of practical value when
developing an overall strategy for trypanosomiasis control that requires accurate assessment of the livestock
population currently infected.
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2. DIAGNOSTIC TECHNIQUES

2.1. Parasitological diagnosis
Examination of the blood by light microscopy is the most readily applied technique for diagnosis

of trypanosomiasis and, more importantly, a technique which can be easily applied in the field. The basic
technique, examination of fresh or stained blood films has been modified to improve diagnostic sensitivity,
by concentrating the blood by centrifugation in a haematocrit tube, namely the haematocrit centrifuge
technique (HCT) or the darkground buffy coat technique (DG) [4]. Other modifications suggested, but not
widely applied include separaration or removal of blood cells prior to centrifugation by anion exchange
chromâtography or hypotonie lysis [3]. Freshly collected blood can also be inoculated into laboratory rodents
which can then be examined for periods of up to 30 to 60 days to determine if trypanosome infections
develop in them. Evaluation of some of these techniques under experimental conditions has given an
indication of their detection limits in relation to the numbers in blood of trypanosomes of different species.
In order of decreasing sensitivity this was as follows: DG > HCT > thick film > thin film > wet film [4].
Even using the most sensitive technique there were differences amongst the tsetse transmitted trypanosomes
in the lowest number of organisms detected. Using the DG technique the lowest numbers of trypanosomes
that could be detected were 2.5 x 102 T. congolense, 5 x 102 T. vivax and 5 x 103 T. brucei per ml of blood
[4]. Similar differences were shown using other procedures. In the field, practical considerations determine
which technique can be used; remoteness of location could prevent maintenance of rodents and lack of
generators, centrifuges etc. may preclude use of HCT and DG techniques. However, where a number of
different diagnostic procedures have been applied in field surveys, their various limitations can be seen.

TABLE I. SENSITIVITY OF DIFFERENT PARASITOLOGICAL DETECTION METHODS IN THE

DIAGNOSIS OF TRYPANOSOMIASIS IN DOMESTICATED LIVESTOCK

Proportion of
animals positive

T.

T.

T.

T.

T.

T.

Trypanosome
species

brucei

congolense

vivax

evansi

evansi
evansi

No. of animals
infected

191

409

256

46

38

20

Animals
affected

Cattle, sheep and
goats1

Camels2

Camels3

Camels4

Blood
examination

(%)

5.2

87.5

20.2

45.0

26.0

50.0

Mouse
inoculation

(%)

94.8

43.3

0.0

100.0

100.0

100.0

1 Based on data from Robson and Ashkar (1972)
2Based on data from Godfrey and Killick-Kendrick (1962)
3Based on data from Pegram and Scott (1976)
4Based on data from Nantulya et al. (1989)
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TABLE IL SENSITIVITY OF BLOOD AND LYMPH GLAND EXAMINATION IN THE DIAGNOSIS
OF INFECTIONS WITH TRYPANOSOMA CONGOLENSE AND T. VIVAX IN CATTLE1

Proportion of cattle

Trypanosome
species

T. congolaise
T. vivax
All infections

No. of cattle
infected

83
54

137

Blood
examination

42.2 %

33.3 %
38.7%

Lymph gland
examination

7.2%

31.5%
16.8 %

positive

Blood and lymph
gland examination

50.6%
35.3 %
44.5%

Based on data from Robson and Ashkar (1972)

TABLE III. SENSITIVITY OF DIFFERENT PARASITOLOGICAL DETECTION METHODS IN THE
DIAGNOSIS OF TRYPANOSOMA EVANSI IN HORSES1

No. of infected
horses

52

BCT

71

Percentage positive by each test

MHCT WF TF

63 53 46

MI

88

Based on data from Monzon et al. (1990)
BCT = Buffy Coat Technique
MHCT= Micro Haematocrit Centrifuge Technique
WF = Wet Film
TF = Thin, Giemsa Stained Blood Smear
MI = Mouse Inoculation

Microscopic examination of blood detects only a low proportion of T. brucei, as few as 5% in the
case of a study in the Lambwe Valley in Kenya [5], whereas mouse inoculation picked up 95% of infections.
Over 80% of all T. congolense infections were diagnosed by examination of blood and whilst mouse
inoculation was less efficient, nevertheless, 12 % of infections would have been missed without its use (Table
I). In contrast, mouse inoculation was of no use for detection of infections with T.vivax. and blood film
examination identified only 20% of all infected cattle. Examination of lymph from prescapular lymph nodes
detected nearly 80% of infections. Robson and Ashkar [5] considered that it was essential to examine gland
juice (Table II) but other authors disagree [6] and, in practice, it is little used in the field. The relative
insensitivity of blood film examination is also shown by other members of the Trypanozoon sub-genus (Table
I). In camels infected with T. evansi blood examination failed to detect 50-60% of infected animals [7, 8,
9]. In horses infected with T. evansi several parasitological tests were employed but none was capable of
detecting all infected animals (Table III) [10]. Mouse inoculation gave a sensitivity of 88% compared with
53% for wet blood film examination [10] and was significantly more sensitive than the HCT. Even though

mouse inoculation was the most sensitive test overall, trypanosomes from infections in six horses diagnosed
by HCT failed to infect rodents, so were negative by this method. Studies carried out over two years in
goats and cattle infected with T. congolense and T. brucei showed that HCT was positive on only 10% and
19% respectively of the occasions that the animals were tested [11]. Varying sensitivity of the tests and the
failure to detect trypanosomes if the number of parasites is too low, as occurs in chronic infections [11],
illustrate the limitations of parasitological diagnosis and confirm the need for more reliable methods.
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22. Immunodiagnostic techniques

Although direct demonstration of trypanosomes in the infected animal gives conclusive proof of
infection, the limitations of parasitological diagnosis have been the driving force for a great deal of research
into alternative techniques which provide indirect evidence of infection, namely immunodiagnostic techniques.
There are many reports of the use of immunodiagnostic techniques for diagnosis but invariably most of them
have been retrospective surveys, intended to add further information rather than as an integral part of a
control programme. The one exception to this generalization is in the application of the complement
fixation test (CFT) for the diagnosis of T. equiperdum, the cause of dourine in horses. Serology has always
played a major role in diagnosis of this disease since trypanosomes are rarely found in blood or other body
fluids. CFT was used successfully in the control and eradication of dourine in North America [12] and was
also used in the diagnosis of surra in buffalo in the Philippines [13]. This assay, little changed, is still in use
today in testing sera for import and export of horses between different countries. The test has not been used
extensively for the other animal trypanosomiases due to problems in antigen preparation, standardization of
the assay and interference by anticomplementary activity in sera from several animal species. Problems in
control and standardization of another sensitive test, the indirect haemagglutination test (IHA) have
precluded its general use although it was used in the diagnosis of T. evansi in camels [14] and in a control
programme in buffalo and cattle [15]. In tests with T. vivax it was considered too unreliable [16].

The breakthrough in immunological diagnosis came with the introduction of primary binding assays
for the detection of trypanosomal antibodies. These tests measure directly the interaction between antigen
and antibody rather than relying on a secondary reaction consequent upon the initial binding. The indirect
fluorescent antibody test (IFAT) has been used extensively in the detection of trypanosomal antibodies in
animals and man. Antigens are usually prepared from blood smears which are fixed in acetone and are then
stored at a low temperature. The IFAT has been shown both specific and sensitive in detecting typanosomal
antibodies in infected cattle [17, 18] and camels [19]. However, cross-reactions between different
trypanosome species do occur. Ashkar and Ochilo [20] found that over 85% of cattle infected with T. vivax
or T. congolense reacted with T. brucei antigen in the IFAT (Table IV). When sera were tested against all
three pathogenic trypanosome species between 45% and 66% of sera reacted in the assay and only by adding
together all the results did the test detect 94% of infected animals (Table IV). Hence, although there is
considerable cross-reactivity, these results indicate there is a degree of species specificity that requires the
use of all three antigens in order to obtain maximum efficiency. Modifications in the preparation of antigens
involving fixation of the parasites in acetone and formalin [21] have provided antigens which are stable even
at 4° C, can be kept in suspension until required and are capable of discriminating between different
trypanosome species.

The major drawback of IFAT, apart from its requirement for sophisticated microscopy, is its
subjectivity which can make comparison of results quite difficult. Undoubtedly the introduction of enzyme-
linked immunosorbent assays (ELISA) for use as diagnostic tests for the animal trypanosomiases [18,19, 22,
23. 24] has increased interest in the possibility of a universally applied immunodiagnostic assay and their
modification and refinement brings field tests a little closer [25]. The tests are carried out in 96-well
polystyrene micro-ELISA plates to which trypanosomal antigen is adsorbed. An indirect asssay is routinely
used in which serum from test cases is reacted with the antigen, followed by incubation of the resulting
antigen/antibody complex with an enzyme-conjugated antiglobulin to the IgG fraction of the particular host
species. The test is visualized by the addition of enzyme substrate and chromogen, the resulting colour
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TABLE IV. SENSITIVITY OF FLUORESCENT ANTIBODY TESTS AND ENZYME-LINKED
IMMUNOSORBENT ASSAYS IN THE DIAGNOSIS OF TRYPANOSOMIASIS IN INFECTED
LIVESTOCK

No. of active

Animals

Cattle1

Total

Cattle2

Total

Camels3

infections

T. brucei

T. congolense

T. vivax

T. brucei

T. congolense

T. vivax

T, evansi

5

25

U

47

2

19

27

39

30

Proportion of animals serological positive

IFAT

100%

88.0%

85.7%

89.4%

46.3%

66.7%

79.5%

94.9%

96.7%

ELISA

82.1%

82.1%

79.5%

92.3 %

92.3%

1 Based on data from Ashkar and Ochilo (1972)
2Based on data from Luckins and Mehlitz (1979)
3Based on data from Luckins et al. (1979)

change allowing interpretation photometrically. Tests utilising crude sonicated trypanosomal extracts showed
that the ELISA had a sensitivity and specificity similar to the IFAT (Table IV). However, where tsetse
transmitted trypanosomiases occcured, cross reactions were a problem (Table IV). As with the IFAT, in
order to ensure that a high proportion of infected animals were diagnosed, it was necessary to screen sera
against all trypanosome antigens to obtain the highest diagnostic sensitivity. Fractionation of the crude
trypanosomal antigen extracts has identified antigens which are species-specific and should enable
discrimination between T. brucei. T. vivax and T. congolense infections [26]. In addition, species specific
monoclonal antibodies developed against T. brucei, T. vivax and T. congolense [25] and T. evansi [27] will
allow isolation and purification of defined specific antigens for use in indirect ELISA.

The tests described above rely on antigen/antibody reactions between common or species specific
antigens but one immunodignostic test relies on the presence of a widely distributed variable surface antigen.
The card agglutination test (CATT) uses formalin fixed variable antigen types of T. evansi which are used
in an agglutination test. The test, which is simple to perform, has been used for diagnosis of T. evansi [28]
but is unlikely to be of use for T. vivax or T. congolense because of the diffculty in identifying suitable
variable antigens of these species.

A modification of the ELISA which is currently of great interest, is based on an antigen capture
assay which enables detection of circulating trypanosomal antigen in the blood of infected animals. Antibody
against trypanosomal antigen is used to coat ELISA plates and any antigen present in test sera binds. The
complex so formed is then incubated with the same antibody conjugated with enzyme and visualized with a
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Fig. 1. Circulating antigens and antibodies in animals infected with Trypanosoma evansi.

suitable substrate. Early assays using polyclonal antibodies raised against crude trypanosomal antigen
preparations were found to detect antigen in animals infected with T. evansi and T. congolense within 10 to
14 days of infection, and following trypanocidal drug treatment they disappeared within 21 days [29]. Later,
the species specificity of the assay was improved following the development of monoclonal antibodies as
capture antibodies which recognized antigens present in T. brucei, T. vivax and T. congolense. Specific
circulating antigens could be detected in cattle 8 to 14 days after infection and within 14 days of treatment
were no longer detectable [25]. Figure 1. shows the development of antigenaemia and antibodies in rabbits
infected with T. evansi. Although antigen levels fall rapidly after treatment, antibody levels continue to rise
and are still high some time after treatment. The successful treatment of the animals is confirmed by the
rapid disappearance of antigen from the circulation. Antigen ELISA was shown to have a high diagnostic
sensitivity, over 90% and 95% respectively in cattle and camels [3,25]. A simplified modification of the assay
in polystyrene tubes was found to give similar results to the plate assay [9]. In goats and cattle
experimentally infected with T. congolense over a 2 year period, antigens could be detected 94% of the time
in goats and 82% of the time in cattle [11]. The false negative results occurred during the early stages of
infection, possibly when antigen levels were below the detection limits of the assay.

3. CONCLUSIONS

For control of animal trypanosomiasis in Africa, Asia and South America it is essential that accurate
epidemiological information is obtained on the prevalence of disease in different livestock species. Such
information depends on the use of sensitive diagnostic tests. The limitations of parasitological diagnosis
necessitates the application of immunodiagnostic assays to ensure that this is achieved. However, it is
necessary to decide on a particular assay, since by limiting the choice, the problems of standardization are
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more readily overcome. Clearly the leading candidates are ELISA tests, for a number of reasons: it is
possible to produce defined antigens and monoclonal antibodies; the ELISA is easy to automate to screen
large numbers of samples; finally by appropriate modification it should be possible to adapt the assay for
use under field conditions. Antibody assays will enable an overall assessment of the population exposed to
infection; antigen assays will enable identification of individuals with active infections, species differentiation
and the detection of drug resistance. These tests too have their limitations and in order to identify animals
with acute infections in which antigens are not always detected, sensitive parasitological tests such as HCT
or DG techniques should also be employed.
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DIAGNOSTIC TECHNIQUES FOR ANIMAL TRYPANOSOMIASIS:
WHAT FUTURE FOR SEROLOGY?

R. J. CONNOR
Regional Tsetse and Trypanosomiasis Control Programme,
Avondale, Harare, Zimbabwe

Abstract

DIAGNOSTIC TECHNIQUES FOR ANIMAL TRYPANOSOMIASIS: WHAT FUTURE FOR SEROLOGY?
The urgent requirement for improved food production in sub-Saharan Africa means that the diagnosis of animal

trypanosomiasis must be improved at the producer level. Veterinary field staff have to be properly equipped to do their routine work
which includes general diagnostic duties. No single diagnostic method is suitable in all circumstances, and so several methods may
have to be used in a complementary manner. Ag-ELISAs have an obvious role in epidemiological studies, disease surveillance and
research, but in the latter area they may soon be supplemented or even replaced by DNA techniques.

1. INTRODUCTION

Several techniques are available for the diagnosis of the animal trypanosomiases. These have been
reviewed and compared by a number of authors [1, 2, 3, 4] and detailed descriptions of parasitological
methods of diagnosis are available [5]. This brief overview aims to establish the main requirements for
diagnosis and the most appropriate methods for different circumstances.

2. DIAGNOSTIC TECHNIQUES: THE USER AND THE USE

2.1. The need for diagnostic techniques
Different people at different functional levels rely on disease diagnosis for various reasons. At the

level of the livestock owner the need for diagnosis is related to production whilst technical personnel have
to quantify the disease for control or research purposes. The scale of the disease problem determines the
decisions of policy makers who prioritize disease control activities; this affects administrators who budget for
resources. The users of diagnostic methods are, however, limited to farmers, veterinary personnel and
research workers.

2.2. The use of diagnostic techniques
The concern of the farmer who keeps milking animals, for example, is to maintain profitable milk

production. In a tsetse-infested area the signs of trypanosomiasis are probably recognized. The diagnosis
of trypanosomiasis will often be subjective; a sudden reduction in milk yield will lead the farmer to treat the
animals to restore production. The diagnosis will be confirmed by a response to therapy, which is a
cornerstone of crisis management. Veterinary staff use diagnostic methods to confirm clinical cases, to
monitor regularly disease incidence and also to determine the prevalence of trypanosomiasis. In the case of
surveys large numbers of specimens may need to be tested over a short time. Sometimes farmers and
veterinary staff will obtain retrospective confirmation of diagnosis by taking specimens at the time of
treatment. Less frequently at the production level, but more frequently at the veterinary level, diagnostic
methods are used for differential diagnosis before treatment. For planned management of trypanosomiasis
a sample is taken of the herd or population thought to be at risk; specimens are examined to determine the
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extent of infection before deciding on the intervention required for its control. For research purposes
diagnostic methods are used to confirm the presence of infection, to monitor the progress of infection and
to evaluate the impact of an intervention on the course of infection. Under these circumstances diagnostic
methods are used at precisely predetermined times. Research scientists usually take specimens serially for
experimental purposes; this repeated use of diagnostic methods constitutes a research tool. In veterinary
practice, specimens may be collected repeatedly from an individual sick animal to confirm a diagnosis of
trypanosomiasis, but using diagnostic methods like this is relatively infrequent in the veterinary context.
Various diagnostic categories are used to differing degrees by farmers, veterinary staff and research workers
(Table I) when diagnostic methods are used at different stages to manage the disease.

3. DIAGNOSTIC TECHNIQUES : METHODS AND SUITABILITY

3.1. The main criteria for diagnosis
A good diagnostic test should be reliable, rapid, simple to use and economical. However, for

different users these criteria have different meanings. For the farmer, response to therapy may be reliable
enough; this is also a rapid method if treatment is given early. The method is simple and, if production is
restored, the farmer judges the method to be economical. For field veterinary personnel an accurate method
is favoured which enables large numbers of specimens to be handled and withstands field conditions. The
economic aspect of the method depends on its unit cost. Researchers, on the other hand, require a sensitive,
specific test which provide a quick result. They are less concerned about the simplicity of the method, and
sophisticated methods can be used because their cost, as a proportion of the cost of the whole equipment,
is acceptable. For every user, the method chosen has to be cost effective.

3.2. Availability of diagnostic techniques
The diagnosis of trypanosomiasis in a clinically affected animal can only be confirmed by the

detection and identification of trypanosomes in the body fluids or tissues. Routinely used direct
parasitological methods include microscopic examination of wet blood smears, stained thick and thin blood
smears and fresh preparations of the buffy coat of centrifuged blood. The indirect parasitological methods
of subinoculation of blood from a suspect animal into a susceptible experimental animal may also be used.
Serological tests to detect anti-trypanosomal antibody hi an affected animal cannot confirm diagnosis. Even
when a rising titre is detected in serial samples from the same animal, the sensitivity of this test is doubtful.
The recent development of trypanosome species specific enzyme-linked immunosorbent assays which detect
circulating antigen (Ag-ELISA) offers the prospect of confirming diagnosis in clinically affected animals.
This ELISA system can also be used to monitor the presence of infection, which is not synonymous with the
presence of disease. Various DNA detection methods now being developed are only available to research
workers.

33. Suitability of diagnostic techniques
The degree to which these methods meet the general requirements of diagnosis vary (Table II). At

the village level and for general use hi the field, examination of the wet blood smear may be most suitable;
it is rapid, simple and costs little. The relatively low sensitivity of the method in detecting parasitaemias may
be quite acceptable to field workers for disease control purposes, but is unacceptable to research workers.
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TABLE I. DEGREES TO WHICH DIFFERENT DIAGNOSTIC CATEGORIES ARE USED BY FARMERS, VETERINARY STAFF AND
RESEARCH WORKERS TO MANAGE ANIMAL TRYPANOSOMIASIS

Stages* of Disease Management

Diagnostic
Category

1. Subjective
diagnosis

2. Retrospective
diagnosis

3. Differential/
definitive
diagnosis

4. Planned
management

5. Individual
animal/research
tool

1

Clinical
signs

Clinical
signs

Clinical
signs

Herd or
population
sample

Clinical
signs

2

Treatment

Specimens
taken

Specimens
taken

Specimens
taken

Specimens
taken

3

Response
to therapy

Treatment

Diagnosis

Diagnosis

Diagnosis

4 5

Diagnosis

Treatment

Control
measure
applied

Specimens Diagnosis
taken

Degree of Usage** by:

Farmers Veterinary Research
Workers Workers

+ + + + +

+ + + + +

+ + + + + + +

+ + + + +

+ + + + +

* stages vary with the diagnostic category
** + + + + = most used, + = least used, - = rarely/never used
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TABLE II. SUITABILITY OF DIAGNOSTIC TESTS AT DIFFERENT FUNCTIONAL LEVELS

____________________________Diagnostic Test______________

Direct Indirect
Level

Wet blood Dry blood Microhaematocrit Mouse Antibody Antibody Antigen
and lymph buffy coat Inoculation IFAT ELISA ELISA*

1. Village + + +

2. Veterinary centre + +

3. Commercial farm + + +
4. District +

5. Provincial

6. Surveillance
7. Research (+)

+ Suitable method but not likely to be used on grounds of cost or efficiency
+ + Suitable method but not the most appropriate
+ + + the most suitable test/resources available at this level to perform the test
(+) Examination of wet films of mouse tail blood
* Suitability in its present form

Note: 1. The test most suitable for use at the producer level have the greatest potential for positive impact on production.
2. Surveillance should combine a range of tests to ensure maximum sensitivity.



Conversely, the high reliability of Ag-ELISA under experimental conditions makes these systems very suitable
for research; this is not the case in the field where crush-side diagnosis with an ELISA is impractical today.
For routine field work the most practical, reasonably reliable and sustainable diagnostic method is likely to
remain the examination of stained blood smears. These also enable other haemoprotozoan diseases to be
diagnosed. Nevertheless, specialist teams will have different requirements and will use specialized tools.

4. PRAGMATIC APPROACH TO APPLICATIONS

For the research worker serology will continue to be a valuable means of diagnosing trypanosomiasis
and quantifying responses to infection and treatment. Refinement and standardization of antigen detection
systems will undoubtedly have important implications for disease surveillance and epidemiological studies.
However, at the field level the use of a robust, simplified serological "dip-stick" test to diagnose
trypanosomiasis could be problematical. In a tsetse-infested area, detection of a trypanosomal parasitaemia
by a sensitive "dip-stick" test may not, on its own, warrant treatment of the animals. Often, the farmer will
judge when treatment is necessary and cost effective.

REFERENCES

[1] CUNNINGHAM, M.P., VAN HOEVE, K., "Diagnosis of trypanosomiasis in cattle", International Scientific Committee for
Trypanosomiasis Research (Proc. of the 10th Meeting, Kampala, 1964) Stephen Austin and Sons Ltd., Hertford (1965) 51-53.

[2] KILLICK-KENDRICK, R., The diagnosis of trypanosomiasis in livestock: a review of current techniques, Vet. Bull., 38
(1968) 191-197.

[3] NANTULYA, V.M.,Trypanosomiasis in domestic animals: the problems of diagnosis, Rev. Sei. Tech. Off. Int. Epiz., 9 (1990)
357-367.

[4] CONNOR, R.J., Report on diagnosis, treatment and prevention of animal trypanosomiasis under field conditions (Meeting
of the Panel of Experts on Ecological/Technical aspects of the Programme for the Control of African Animal
Trypanosomiasis and Related Development, Harare, 24-26 June 1991) FAO, Rome (1991).

[5] BOYT, W.P., A field guide for diagnosis, treatment and prevention of African animal trypanosomiasis, FAO, Rome (1984).

Next page(s) left blank 41



APPLICATION OF THE ELISA ANTIGEN-DETECTION TECHNIQUE
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Abstract

APPLICATION OF THE ELISA ANTIGEN-DETECTION TECHNIQUE FOR THE DETECTION OF APPARENT DRUG RESISTANT
TRYPANOSOME STRAINS IN SENEGAL.

The antigen ELISA technique for the detection of trypanosomal antigens of Trypanosoma brucei, T. congolense and T. vivax in serum
was used in a two part study in the South-Central region of Senegal (Sokone region), which is infested by tsetse flies. The first part of the study
consisted of validating the technique at the Senegalese Institute for Agricultural Research (ISRA). The second part of the study involved use of
the technique to study the incidence of trypanosomiasis in a Diakoré (Zebu-N'dama cross) breeding area and to detect drug resistant trypanosome
strains.

In the drug resistance study, preliminary investigations involved the examination of 196 samples using the ELISA and Buffy Coat
Technique, while in a second investigation 883 samples were examined. The animals were treated with Berenil, then with Samorin and finally
with Ethidium according to defined protocols. The results obtained indicated the existence of drug resistant strains but further investigations
including subinoculation of animals and laboratory trials are needed to confirm these findings.

1. INTRODUCTION

Senegal has an area of 196.000 km , of which 70.000 km , or about 36% of the country's territory, is
inhabited by tsetse flies. Glossina palpalis gambiensis and G. morsitans submorsitans, the two species in question,
infect animals with Trypanosoma brucei, T. congolense and T.vivax.

The Sokone region, in the south central part of the country, is completely infested by G. morsitans
submorsitans and, to a lesser degree, by G. palpalis gambiensis. The cattle living there are mainly of the Diakoré
breed (a cross between Zebu and N'dama) and their trypanosome tolerance is midway between that of the
N'dama and the more susceptible Zebu [1]. The Diakoré are widely used in harness for cultivation, and also
for milk and meat production.

Local cattle breeders are very well informed about animal trypanosomiasis and constantly call in
veterinarians for trypanocide treatments, as there is no national programme to combat this disease in Senegal.
Intensive use of the two main veterinary trypanocides, Berenil (diminazene aceturate) and Samorin
(isometamidium chloride) over a number of decades has now made these two drugs apparently less effective in
the region, and local veterinarians complain more and more about unsuccessful treatments.

It therefore seemed necessary to carry out some research in order to find out whether the problem was
one of chemoresistant trypanosome strains and, if that were the case, to study those strains in more depth in
order to determine the nature and degree of resistance, its extent in the region, and appropriate means of
combating it.

A study of such a kind requires highly effective diagnostic methods which optimize the chances of
detecting the trypanosomes actually present in an animal being examined. Classical diagnostic techniques,
although they have certain advantages, are not always sensitive enough and can lead to underestimation of the
true infection levels. The best way of overcoming that difficulty is to combine, as far as possible, two or more
recognized diagnostic techniques which complement each other. In this case, simultaneous use of the
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microscopic reading method BCT (haematocrit buffy coat technique) [2] and the ELISA antigen detection
technique (Ag-ELISA) seemed appropriate [3, 4].

The study consisted of two phases:
- An initial phase which focused on verifying the usefulness of the Ag-ELISA method at the ISRA;
- A second phase in which Ag-ELISA was used to study trypanosome strains in the cattle of this area.

2. MATERIALS AND METHODS

2.1. Verification phase

2.1.1. Target animals
Forty Diakoré cattle between one and nine years old were selected from two villages of the area located

next to forests classified as infested with G. morsitans submorsitans. These animals were given numbered ear
markings.

2.1.2. Sampling, analysis and treatment
For each of the 40 cattle the following samplings and analyses were carried out between December 1988

and June 1989 at the rate of one examination per month, except in May when no examination was possible.
- Peripheral blood sampling from the ear (two capillary tubes per animal), centrifuging on the spot, then
reading the PCV and determining parasite status using the BCT.
- Preparation of blood smears, staining and reading in the laboratory;
- Collection of jugular blood in a dry vacutainer, centrifuging, serum sampling and addition of 0.01%
sodium azide, storage at - 20°C until use;
- ELISA test to detect serum antigens of T. brucei, T. congolense, and T. vivax using the
FAO/IAEA/ILRAD protocol and reagents (see Annex for details of this protocol);
- Sampling of fresh faeces every three months followed by coprological analysis in the laboratory;
- Treatment of trypanosome-positive cattle with Berenil, (7.0 mg/kg intramuscularly) and examination
of blood;
- Anthelmintic treatment of cattle found positive by faecal analysis;
- Anti-tick dip for target and non-target animals in the herds being studied, following diagnosis of
Ehrlichia bovis in certain cattle, vector cattle treated with long-acting terramycine.

22. Practical application to the chemoresistance study
During the first part of this phase, 26 of the 40 cattle from the verification phase were used again. Also

included, as controls, were 95 Zebu cattle living at Dahra and Podor in the tsetse-free north of Senegal. During
the second part, a further 211 Diakoré animals were selected from five villages of this region and given
numbered ear markings. These animals covered all age groups and comprised intact males, females and
castrated males. The trypanocide treatments carried out are shown in Tables I and II.

ILRAD: International Laboratory for Research on Animal Diseases, Nairobi, Kenya.
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TABLE I. INITIAL TRYPANOCIDE TREATMENTS CARRIED OUT DURING THE FIRST PART OF
PHASE 2

Batch

Ne SI-

NS 101

Ns 111

NS91-

90

- 110

- 120

100 *

Berenil, I.M.

10.5 mg/kg

10.5 mg/kg

7.0 mg/kg

3.5 mg/kg

Treatment

Samorin 0.5 mg/kg I.M.

2 weeks after Berenil

6 weeks after Berenil

2 weeks after Berenil

2 weeks after Berenil

Breeder withdrew these 10 animals; data not taken into account here.

TABLE II. INITIAL TREATMENTS CARRIED OUT DURING THE SECOND PART OF PHASE 2

N°of
Batch cattle

1 107

2 60

3 44

Berenil
10.5 mg/kg I.M.

Examination I, (A.P.)

Examination I, (A.P.)

Examination I, (A.P.)

Treatment

Samorin
0.5 mg/kg I.M.

2 weeks after
Berenil

2 weeks after
Berenil

Ethidium
1.0 mg/kg I.M.

4 weeks after
Samorin

A.P. = Prior to sampling

2.2.1. Sampling and analyses
In each of the two parts of this phase, the first three samples were taken at two-week intervals, with

follow-up examinations one month apart.

Blood sampling and analytical techniques were the same as in the first phase, except that sodium
benzoate replaced sodium azide as serum preservative. It should be noted that in this phase faecal samples and
blood smears were not collected.

3. RESULTS AND DISCUSSION

3.1. Verification
The results obtained with BCT and Ag-ELISA did not correlate completely. In all, 75 cases of

trypanosomiasis were found - 2 of them by both techniques, 5 by BCT alone and 68 by ELISA alone.
Furthermore, no case of T. brucei or T. vivax, was detected by BCT, whereas ELISA found 1.5% T. brucei and
9.7% T. vivax (Tables III and IV).

However, of the 95 cattle sampled in the tsetse-free area, just one was antigenaemic for T. vivax, a
species of trypanosome which can be transmitted mechanically by insects other than tsetse flies. This seems to
indicate good specificity in the Ag-ELISA technique.
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It is therefore suggested that the two techniques are complementary and that they can be usefully
combined to obtain more exact data on trypanosome infections in a given area [3].

TABLE III. RESULTS OF TRYPANOSOMIASIS DIAGNOSIS BY BCT AND AG-ELISA DURING THE
VERIFICATION PHASE

Technique

BCT

Ag-ELISA

Combined

N° of

analyses

1%

196

196

T.b.

-

3

3

T.c.

7
22

27

T.v.

-

19

19

Number

T.b./T.c.

-

12

12

of infections detected
T.b./T.v. T.C./T.V.

-

10

10

T.b./T.c./
T.v.

-

2

2

Total

7

68
73

TABLE IV. VARIATIONS IN NUMBER OF TRYPANOSOME INFECTIONS ACCORDING TO MONTH OF
EXAMINATION AND SPECIES OF PARASITE

Number of infections detected by BCT and Ag-ELISA

Month

Jan.

Feb.

Mar.

Apr.

Jun.

Total

N°of

analyses

40

40

39

40

37

196

T.b.

BC ELISA BC
T t

1

-

-

3 1

5

3 7

T.c.

ELISA

4

10

3

1

4

22

T.v.

BC ELISA
T

2

2

3

7

5

19

T.b./T.c.

BC ELISA
T

3

1

1

6

1

12

T.b/T.v. T.C./T.V.

BC ELISA BC ELISA
T T

2

4

2

1

1

10

T.b/r.c/r.v.
BC ELISA
T

1

-

1

-

-

2

T.b.= Trypanosoma brucei
T.c.= Trypanosoma congolense
T.v.= Trypanosoma vivax
BCT = Buffy Coat Technique
Ag-ELISA = Enzyme-Linked Inununosorbent Assay for antigen detection

32. Chemoresistance study - part one
The tendency noted in the verification phase was also encountered here: the Ag-ELISA technique was

at least five times more sensitive than BCT. In all, 79 cases of trypanosomiasis were diagnosed, only 14 of them
by BCT compared with 72 by Ag-ELISA.

With regard to the apparent specificity of the serological tests, it is important to know why T. brucei and
T. vivax, although diagnosed by ELISA, were never shown up by BCT. To that end, sera from cattle positive for
T. vivax by Ag-ELISA but negative by BCT were sent to the International Trypanotolerance Centre in Gambia
for possible detection of anti-Ti vivax antibodies by indirect immunofluorescence (IFAT - indirect fluorescent
antibody test). The samples were all shown to be positive by IFAT. Furthermore, a batch of 39 serum samples
taken from cattle in Podor (in the tsetse-free northern region of Senegal) was tested and found negative by
Ag-ELISA. It was therefore possible to confirm the specificity of the test, and to conclude that the Diakoré cattle
from the Sokone region had a fair degree of trypanosome tolerance enabling them to keep local strains of T.
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vivax at parasitaemia levels below the detection threshold. This seems all the more plausible in view of the fact
that cases of T. vivax have been found by BCT on trypanosensitive animals in this region (horses and donkeys).
As for T. brucei, its frequent localization in the brain could explain the difficulty of detecting it in blood.

As regards chemoresistance, the results showed that for T. brucei and T. congolense, treatment with
Berenil or Samorin is generally effective. It was noted that after treatment with Berenil all the animals treated
were BCT negative by the next examination. After treatment with Samorin they also remained negative by BCT
and Ag-ELISA over five months for T. congolense and T. brucei, while seropositive cases persisted for T. vivax
(Table V).

In this connection, it is worth noting the particular case of one animal which was regularly seropositive
for T. vivax despite all the trypanocide treatments. The animal finally died in November with cerebral symptoms,
according to the breeder. Perhaps this was a case of a chemoresistant strain. However, it seems clear that more
research would be necessary in order to come to any conclusion about chemoresistance and to determine - if
at all possible - its strength and the appropriate means of combating it. This was the objective of the second
part of the second phase.

33. Chemoresistance study • part two
The overall results of the parasitological examinations and serological tests are shown in Table VI. On

the whole, the number of cases of trypanosomiasis fell regularly after treatment with trypanocidal drugs.

TABLE V. CHEMORESISTANCE, PART ONE: DIAGNOSIS BY BCT AND AG-ELISA OF
TRYPANOSOMIASES IN CATTLE TREATED WITH BERENIL, THEN WITH SAMORIN, AND OBSERVED
OVER A PERIOD OF ONE YEAR

% infections with circulating antigens of

Examination

15 Dec.*
30 Dec.**

Jan.

Feb.

Mar.

Apr.

May.

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

N° of
analyses

26
26

25

25

15

23

21

21

21

22

20

19

17

17

% BCT
positive

4

-

-

-

-

-

-

5

5
9
25

11

-

12

Tb T.C

19
4 8

-

-

-

-

-

5

-

9

20

16

29

12

T.v. T b./T.c

12 8

12

12

12

-

4

19
5

5
9
10
26

18
6

T.b./T C./T v
T b /T.v. T.cVT.v.

8

4

16

-

-

-

-

-

5

-

-

11 5

16

6

* Treatment with Berenil
** Treatment with Samonn
T b = Trypanosoma brucei T c = Trypanosoma congolense T v = Trypanosoma vivax
BCT = Buffy Coat Technique

47



Trypanosoma vivax was more frequent than T. congolense and T. brucei, which is still rare. The effect of the
trypanocide treatments on infection rates is clear here, but it should be mentioned that, for T. congolense and
T. vivax, some seropositive cases were found on every examination, despite the treatments.

TABLE VI. OVERALL RESULTS OF PARASITOLOGICAL EXAMINATIONS AND AG-ELISA TESTS FOR
DIAGNOSIS OF TRYPANOSOMIASIS

Examination

1

2

3

4

5

Total
%

N°of

analyses

211

177

164

175

156

883

100

Number of cases revealed by BCT and/or Ag-ELISA

T.b.

3

-

1

-

1

5

0.6

T.c.

11

2

6

5

3

27

3.0

T.v.

13

8
3

6
6

36
4.1

T.b/T.c. T.b./T.v.

4

3

1

2

1

11

1.2

T.C/T.V.

1
2

-
-
-
3

0.3

T.b/T.c./
T.v.

2

2

1

-

-

5

0.6

Total

34

17

12

13

11

87

9.8

T.b.= Trypanosoma brucei T.c.= Trypanosoma congolense T.v.= Trypanosoma vivax
BCT = Buffy Coat Technique
Ag-ELISA = Enzyme-Linked Immunosorbent Assay for antigen detection

The results obtained from the three batches showed significant differences depending on the particular
drug used (Table VII).

TABLE VII. COMBINED COMPARATIVE RESULTS FOR BCT AND AG-ELISA IN THE DIFFERENT
BATCHES TREATED

Number of trypanosomiasis cases
Berenil batch

Exami
nation

1

2

3

4

5

N' of
analyses

107

73

87

90

65

B
C
T

2

-

5

6

3

ELISA

6

2

1

4

2

combined

7

2

5

9

5

N' of
analyses

60

60

33

50

56

in each batch for BCT and Ag-ELISA
Samorin batch

B
C
T

5

-

1

-

1

ELISA

11

6

2

2

2

Combined

14

6

3

2

3

N' of
analyses

44

44

44

35

35

Ethidium batch

B
C
T

5

-

2

1

-

ELISA

9

9

2

1

3

Combined

13

9

4

2

3

BCT = Buffy Coat Technique
Ag-ELISA = Enzyme-Linked Immunosorbent Assay for antigen detection

In the animals which received only Berenil on one occasion, the number of infections fell two weeks
after treatment and then began to rise again one month after treatment. Subsequently, they always remained
higher than the original level, despite a slight decrease noted at the fifth examination. These results do, however,
indicate the curative properties of the drug. The picture was different for the animals treated with Samorin. The
number of infections fell regularly after treatment and never regained its initial level. The same happened for
the batch treated with Ethidium. The prophylactic effect of these two drugs is evident here. It will be noted,
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if we consider the three batches as a whole, that trypanosome infections were detected by both Ag-ELISA and
BCT, with ELISA demonstrating greater sensitivity.

Apart from these general tendencies, some cases of particular interest were found from the point of view
of drug resistance. Table VIII shows these cases. Animal Ne 554 from the Berenil group was constantly
seropositive with T. brucei and T. congolense, as was animal NQ 514 - almost all the time - with T. vivax; and
animal NQ 544 was ultimately seropositive with T. congolense, after having been seropositive with T. brucei and
T. vivax earlier. In connection with these three animals, it should be pointed out that NQ 514 came from the
same herd as the animal described earlier, which had also shown persistent antigenaemia for T. vivax, and that
Ns 544 and 554 also belonged to the same herd in another village.

TABLE VIEL EXAMPLES OF POST-THERAPEUTIC EVOLUTION OF ANTIGENAEMIA

Cattle N°

Examination

1

2

3

4

5

554*

T.b/T.c.

T.bTT.c.

T.b./T.c.

T.b./T.c.

T.bTT.c.

514**

Seropositive with antigen of

T.v.

-

<t>
T.v.

T.v.

544***

T.b./T.c.

T.b/T.c./T.v.

T.b/T.v.

T.c.

*

554* Animal from Berenil-treatcd group> 514** Animal from Samorin-Ueated group 544*** Animal from Ethidium-treated group
T.b.= Trypanosoma brucei T.c.= Trypanosoma congolense T.v.= Trypanosoma vivax
<)> Not examined

More thorough research will be needed to confirm whether or not this suspected chemoresistance
actually exists.

As regards the PCV values, there was a general upward trend after treatment with trypanocidal drugs.
Animals from the Samorin and Ethidium -treated groups, which had the lowest averages at the time of the first
examination, eventually reached the level of the Berenil - treated animals by the last examination (Table IX).

TABLE IX. EVOLUTION OF PCV IN THE THREE GROUPS FOLLOWING TREATMENT

Average % haematocrit ± confidence interval at 5%

Examination

1

2

3

4

5

Berenil

N°of
cattle

107

73

87

90

65

group

PCV

30.3 ± 0.8

28.7 ± 0.9

31.9 ± 1.0

30.8 ± 0.8

31.0 ± 0.9

Samorin

N°of
cattle

60

60

33

50

56

group

PCV

24.2 ± 0.6

25.9 ± 0.9

28.3 ± 1.2

30.9 ± 0.9

30.6 ± 1.8

Ethidium

N°of
cattle

44

44

44

35

35

group

PCV

24.7 ±

25.8 ±

28.5 ±

27.6 ±

30.4 ±

1.1

1.3

1.2

1.2

1.0

PCV = Packed Cell Volume
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It can be concluded that the observations made on the Ag-ELISA test during the verification phase were
confirmed during the subsequent phase: it is a highly sensitive test with satisfactory specificity [5]. However,
at times it can produce false negatives, especially during acute trypanosome infections. Similarly, BCT produces
false negatives during chronic infection. A combination of the two techniques, together with statistical analysis
of PCV variations in seropositive and/or BCT-positive groups of animals, seems a good option for obtaining
more reliable results [6]. Their use in combination seems particularly appropriate in areas where the existence
of chemoresistant trypanosome strains is suspected.
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THE USE OF AN ANTIGEN-DETECTION ELISA
FOR THE DIAGNOSIS OF TRYPANOSOME INFECTIONS
IN N'DAMA CATTLE IN GAMBIA
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Abstract

THE USE OF AN ANTIGEN-DETECTION ELISA FOR THE DIAGNOSIS OF TRYPANOSOME INFECTIONS IN N'DAMA CATTLE
IN GAMBIA.

An antigen-detection enzyme-linked imraunosorbent assay (Ag-ELISA) for the detection of circulating trypanosomal antigens was
evaluated for use in the diagnosis of trypanosomiasis in N'dama cattle in Gambia. Initial evaluation was carried out in cattle kept in areas
of low or high tsetse challenge. Overall, approximately 12% of samples were parasite positive, but 67% showed presence of circulating
antigens. The overall apparent sensitivity of the Ag-ELISA was 75%. In a separate experiment, the effects of treatment of antigenaemic
N'dama cattle on weight gain and packed cell volume (PCV) was determined in animals kept under low level natural tsetse challenge. No
differences were found in PCVs between drug treated and untreated animals but there was a significant weight gain in the drug treated group.
Comparison of the same parameters in cattle in which parasites were detected by buffy coat technique (BCT), cattle which were Ag-ELISA
positive but BCT negative, and cattle which were Ag-ELISA negative and BCT negative revealed little differences in weight, but PCVs were
significantly lower in animals with a patent parasitaemia.

1. INTRODUCTION

Bovine trypanosomiasis is not considered to be a major problem in N'dama cattle in Gambia. However,
under conditions of heavy tsetse challenge, malnutrition, etc. N'dama cattle do show clinical signs of disease and
require trypanocidal drug treatment. The preferred policy for administration of trypanocidal drugs is to treat only
those animals with confirmed infection. Currently, parasitological diagnosis based on the buffy coat technique
(BCT) [1] is routinely used, but it is still possible for infected animals, particularly those with chronic infections,
to go undiagnosed [2]. Enzyme immunoassays for diagnosis of circulating trypanosomal antigen [2, 3] seem to
provide a sensitive alternative to conventional parasitological techniques. In the following study, an enzyme-
linked immunosorbent assay for detecting antigen (Ag-ELISA) was used in the diagnosis of trypanosomiasis in
N'dama cattle. Following initial validation, the Ag-ELISA was then used as a criterion for treatment of infected
animals on the basis of presence of trypanosomal antigens, to determine if productivity (measured by weight
gain) thereby improved. Finally, the assay was used in a field study to determine if there were significant clinical
differences between cattle which were parasite positive or antigen positive based on weight and packed cell
volume (PCV).

2. MATERIALS AND METHODS

2.1. Validation of Ag-ELISA
Twenty Zebu cattle and 24 N'dama cattle were used to validate the Ag-ELISA. Before they were used

this study, none of the animals showed the presence of trypanosomal antibodies and no trypanosomes could be
demonstrated by parasitological detection methods. The cattle were divided into two herds: one herd consisting
of 10 Zebu and 10 N'dama was taken to Fuga an area in which there is a low to medium tsetse challenge. The
remaining 24 cattle were taken to Sambel Kunda, an area of high tsetse challenge. The animals were sampled
at monthly intervals. Blood was collected from the jugular vein into 5 ml vacutainers. For estimation of packed
cell volume, preparation of thin films and examination of buffy coats for presence of trypanosomes, EDTA
coated tubes were used. Blood for serum was collected into plain tubes, allowed to clot and the serum removed
and stored at -20°C until required for serological testing.
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22. Use of Ag-ELISA in diagnosis and treatment of trypanosomiasis in N'dama cattle
Two herds of 48 N'dama cattle were examined at Sambel Kunda and Sololo, areas of high and low

tsetse challenge respectively. Blood and serum samples were collected from animals monthly (as above).
Animals at Sambel Kunda were monitored for six months, those at Sololo for 14 months. Animals were
weighed monthly.

The cattle in the herd at Sololo were divided into two groups: Group A consisted of animals which
were treated whenever trypanosomal antigen was detected, and Group B served as an untreated control
group. Cattle were treated intramuscularly with diminazene aceturate (Berenil), at a dose rate of 7 mg/kg
body weight.

23. Relationship between patent infection, presence of trypanosomal antigens and clinical condition
Serum and blood samples were collected monthly for a period of 12 months from 200 N'dama cattle

in a herd located in Keneba, an area with a medium tsetse challenge. Parasitological and Ag-ELISA tests
were carried out and PCV values determined. The weight of animals was also recorded during the first 8
months of the study. Based on the results of BCT and Ag-ELISA cattle were then divided into three groups:
Group 1, those that were BCT positive; Group 2, Ag-ELISA positive but BCT negative; and Group 3, Ag-
ELISA negative and BCT positive.

2.4. Parasitological diagnostic techniques
The buffy coat technique (BCT) described by Murray et al. [1] was used to identify animals with

patent parasitaemias. Giemsa stained thin blood smears were used for identification of trypanosome species.

2.5. Serological diagnostic techniques
The Ag-ELISA described by Nantulya and Lindqvist [2] was used to detect trypanosomal antigens in

sera. The procedure is fully described in Annex I. Trypanosomal antibodies were detected using a species
specific indirect fluorescence antibody test (IFAT) [4]. Reagents for the assay were supplied by the
International Laboratory for Research on Animal Diseases (ILRAD) and the Joint FAO/IAEA Division.
To carry out the test sera were diluted 1/40,1/200,1/1000 and 1/5000. Sera which produced a fluorescence
at a titre of > 1/40 were considered positive for anti-trypanosome antibodies.

3. RESULTS AND DISCUSSION

3.1. Validation of Ag-ELISA
The results of BCT and Ag-ELISA for the cattle kept in the low/medium tsetse challenge area in

Fuga are shown in Table I. Two hundred and one samples were collected from the animals during an 11
month survey. Parasites were found in 19 samples but circulating antigens were found in 133 samples. The
Ag-ELISA was therefore apparently 88.9% sensitive. At Sambel Kunda (Table I) where 178 samples were
collected over 10 months, there was a similar low proportion of samples with patent infections whilst 68%
of sera showed evidence of infections based on the Ag-ELISA. In Fuga, T.vivax predominated amongst the
trypanosome species found in the peripheral blood and there were only three samples with mixed infections.
In contrast, over 50% of the samples from Fuga and Sambel Kunda contained antigens of more than one
species of trypanosome. T.vivax antigen was present in many samples but the majority of infections were
caused by T.brucei as both single and mixed infections.

32. Use of Ag-ELISA in diagnosis and treatment
The results of Ag-ELISA and BCT in N'dama cattle in Sololo are shown in Table II Sixteen samples

were positive by BCT and 88 by Ag-ELISA. Circulating trypanosomal antibodies were detected in 21.9% of
sera tested. In Sambel Kunda, patent parasitaemias were present in over 18% of samples collected and over
48% showed presence of trypanosomal antigens (Table II). T.congolense and T.vivax occurred in
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TABLE I. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED IN SENTINEL HERDS IN FUGA AND SAMBEL KUNDA

Location

Fuga

Sambel
Kunda

TABLE II.
SOLOLO

Location

Breed Test

BCT
N'dama A „T TC .Ag-ELISA

BCT
Ag-ELISA

BCT
N'dama . „ T„ .Ag-ELISA

BCT
Zébu . ,,. TC .Ag-ELISA

No. of No. ot
samples positives T-b-

110
110
91
91

79
79
99
99

DISTRIBUTION OF TRYPANOSOME SPECIES

Test No. of
samples

BCT 161
Sambel Kunda . _, TC . , , ,Ag-ELISA 166

Sololo
BCT 376
Ag-ELISA 383

No. of
positives

30
80
16
88

8 0
62 21
11 0
71 15

4 0

51 16
17 0

70 21

DETECTED IN

Trypanosome species detected
T.c. T.v.

1 7

4 17

3 7

12 13

0 2

13 6
2 12
7 10

T.b/T.c.

0

1

0

5

0

5
1

14

T.b/T.v. T.c./T.v.

0 0
1 13
0 1
3 12

2 0

0 9
1 1
1 8

N'DAMA SENTINEL HERDS IN SAMBEL

T.b./T.c./T.v.

0

5

0

11

0

2
0
9

KUNDA AND

Trypanosome species detected

T.b. T.c.

4 12

1 53

0 6
1 60

T.v.

11

1

9
12

T.b./T.c.

0

6
0
7

T.b./T.v. T.c./T.v.

3 0

0 19
1 0
0 7

T.b./T.c./T.v.

0
0
0
1

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei, T.c. = Trypanosoma congolense, T.v. = Trypanosoma vivax



similar numbers in buffy coat preparations, but T.congolense antigens predominated in the serum. The
overall sensitivity of the Ag-ELISA was 61.9%. The sensitivity for T.vivax was particularly low, only 11% of
BCT positive samples showing evidence of trypanosomal antigens. Trypanosomal antibodies were present
in 65% of serum samples assayed using IFAT.

Treatment of the cattle in Sololo commenced six months after the survey had begun. Analysis of the
effect of administration of Berenil on weight and PCV was based on treatment of seven Ag-ELISA positive
animals and 19 cattle which were untreated. Observations on PCV and weight were made from November
1989 until December 1990. Drug treatment commenced in July 1990. There is a single rainy season in
Gambia lasting from June until October. Grass is readily available during this period and feed in the form
of crop residues is also available in the early part of the dry season (October-January). Figure 1 shows the
mean weights of animals in Group A and Group B respectively. Weight gains occurred in both groups
during July-December probably because cattle had ready access to forage and water. However, the weight
gain in Group A was significantly higher than in Group B (P = 0.019). Small increases also occurred in
PCVs (Fig. 2) but there was no significant difference between the two groups (P = 0.28).
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Fig. 1. Frequency distribution of mean weights of treated, Ag-ELISA positive and non-treated N'dama
cattle in Sololo.
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Fig. 2. Frequency distribution of mean packed cell volume values of treated, Ag-ELISA positive and
non-treated N'dama cattle in Sololo.

33. Relationship between parasitological and serological status and clinical condition
A total of 1545 samples were collected during the 12 months survey period. The results of the BCT

and Ag-ELISA are shown in Table III. Seventy (4.5%) of the samples showed patent parasitaemias and 101
(6.5%) were Ag-ELISA positive. The majority of BCT positive samples were of T. vivax infections but the
Ag-ELISA detected mainly T. brucei and T. congolense antigens. The relative sensitivity of the Ag-ELISA
was only 45%.

The mean monthly weights and PCVs of cattle in Group 1, 2 and 3 are shown in Figures 3 and 4.
Unfortunately only a limited number of observations were made on the weights of the three groups and no

TABLE III. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED IN N'DAMA CATTLE
FROM KENEBA

Test

BCT

Ag-ELISA

No. of
samples

1545

1545

No. of
positives

70

101

Trypanosome species detected

T.b.

2

31

T.c.

17

17

T.v.

38

17

T.b./T.c.

1

32

T.b./T.v.

10

4

T.C./T.V.

2

0

T.b./T.c./T.v.

0

0

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei, T c. = Trypanosoma congolense, T.v. = Trypanosoma vivax
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Fig. 4. Frequency distribution of mean packed cell volume (PCV) values of BCT-ve,
BCT-ve/Ag-ELISA-ve and BCT-ve/Ag-ELISA+ve cattle in Keneba.
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significant differences were found between them. The mean PCVs in the cattle with patent parasitaemias

were significantly lower than those of animals in Group 2 which were Ag-ELISA positive and BCT negative
(P = 0.08) or in cattle from Group 3 (P < 0.01) which were negative on both a parasitological and
serological basis. There was no significant difference (P = 0.13) between mean PCVs in Groups 2 and 3.

Animals with patent infection develop a significant anaemia but there does not appear to be a similar

relationship between antigenaemia and anaemia in N'dama cattle. Although these clinical features of disease
were not apparent, there is evidence from the data from Sololo that treatment of cattle when they are
antigenaemic can result in significant weight gains.
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THE USE OF ANTIGEN-DETECTION ELISA (Ag-ELISA) IN
DIAGNOSING BOVINE TRYPANOSOMIASIS AND ASSESSING
THE EFFICACY OF CHEMOTHERAPY IN NORTH WEST GHANA

C.K. DOKU
Tsetse Control Unit,
Central Veterinary Laboratory,
Tamale, Ghana

Abstract

THE USE OF ANTIGEN-DETECTION ELISA (Ag-ELISA) IN DIAGNOSING BOVINE TRYPANOSOMIASIS AND ASSESSING THE
EFFICACY OF CHEMOTHERAPY IN NORTH WEST GHANA.

Ag-ELISA was used for the diagnosis of bovine trypanosomiasis in low and medium tsetse challenge areas of North-Western
Ghana. At the Livestock Breeding Station (LBS), a low tsetse challenge area, parasites were detected by the buffy coat technique (BCT) in
12 (3.9%) of 304 animals while in the medium challenge area, Koduziegu, the prevalence rate was 6.8%. Using Ag-ELISA, the prevalence
rates were 20.1% at LBS and 26.7% in Koduziegu showing that Ag-ELISA was 4-5 times more sensitive than the buffy coat technique.
When the results of the two tests were combined, the prevalence rates rose to 23.4% at the LBS and 30.8% at Koduziegu indicating the
complementarity of the two tests. The most common trypanosome species detected in the two areas using the buffy coat technique was T.
congolense (43.9%) followed by T. vivax (34.1%) and T. brucei (19.5%) with a ratio of single to mixed infections of 2:1. In contrast, by
Ag-ELISA T. vivax was most often present (55.3%) followed by T. congolense (40.9%) and T. bnicei (24.2%). Over 17% of the animals
showed presence of mixed infections involving two or three trypanosome species. A pilot control project using chemotherapy was carried
out in a trypanosomiasis endemic area. Blood was collected from 60 Zebu cattle; 24 of the animals had parasitaemia while 42 had circulating
antigens. Forty four (73.3%) animals had PCV values below 30%. Four weeks after treatment with Berenil only 3 (5%) animals had
parasitaemia while 33 (55%) still showed evidence of circulating antigens. The number of animals with PCV values greater than 30% also
rose from 16 to 34. By the end of the study, when cattle had been treated on five occasions, 90% of the cattle had PCV values equal to or
greater than 30% even though antigenaemia persisted in 23 cattle.

1. INTRODUCTION

Trypanosomiasis is probably the most important disease of livestock in Ghana. The disease prevents
the rearing of highly productive exotic breeds of livestock in most parts of the country and the use of bullocks
as draught animals is restricted to the few tsetse-free areas in the north because these animals succumb to
infection due to stress of work. Currently, the only method used to control the disease used in Ghana is
chemotherapy and to a limited extent chemoprophylaxis. A simple and sensitive diagnostic technique is
essential for effective and judicious use of trypanocidal drugs at minimal cost. The parasitological techniques
currently in use generally have a low diagnostic sensitivity and/or are cumbersome to carry out in the field

[1, 2].
Recently, an enzyme-linked immunosorbent assay (ELISA) for the detection of species-specific

invariant circulating antigens of Trypanosoma vivax, T. congolense and T. brucei in bovine serum [3,4] has
been introduced. The purpose of the present study was first, to evaluate the Ag-ELISA test in the diagnosis
of trypanosomiasis in naturally-infected cattle in comparison with the BCT, and secondly, in monitoring the
efficacy of treatment with trypanocidal drugs as part of a trypanosomiasis control programme in Ghana.

2. MATERIALS AND METHODS

2.1. Animals
Forty head of cattle were selected in an area of low tsetse challenge at the Livestock Breeding

Station (LBS), Pong-Tamale, and another 40 in an area of medium tsetse challenge area, Koduziegu
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(a village some three km from the White Volta river). All cattle were placed on a routine deworming
programme.

22. Collection of samples
Samples were collected monthly. Animals were bled from the jugular vein (for sera) into vacutainer

tubes and from the ear veins into heparinised haematocrit tubes.

23. Processing and examination of samples

The heparinised blood samples were centrifuged in a haematocrit centrifuge at 3000 rpm for 5
minutes at the sampling site or were taken to the laboratory on ice for processing and examination by BCT.
These samples were also used for the determination of the packed cell volume (PCV). Blood obtained from
the jugular vein was allowed to clot, serum removed with a sterile pipette and placed into sterile universal
bottles. Ten (A of 1% sodium benzoate was then added as a preservative. The serum samples were aliquoted
into 1 ml volumes in polypropylene tubes, labelled with the animal number and area code and then stored
at -20°C until required for testing.

2.4. Chemotherapy
Sixty Zebu cattle from Pong-Tamale in the Nabogo valley were selected and bled monthly for 8

months. Blood samples for preparation of sera and examination of buffy coat were collected from all animals

before drug treatment. Thereafter, all 60 animals in the herd were treated with Berenil at 7.0 mg/kg body
weight, and were then bled monthly and samples examined for the presence of trypanosomes and circulating
trypanosomal antigens. All cattle were treated with Berenil each time any individual in the herd was positive
by the BCT and/or Ag-ELISA. The PCV of individual animals was recorded at each examination. The BCT,
Ag-ELISA results and PCV values were used as indicators of the animals' responsiveness to treatment.

2.5. Reagents and test protocol
See Annexes.

3. RESULTS

3.1. Ag-ELISA validation

Data obtained during the period of screening of cattle using the BCT and the Ag-ELISA are
summarized in Table I. In the low tsetse challenge area (LBS) 3.9% of blood samples from cattle showed
patent parasitaemias while 6.8% of samples from the Koduziegu were positive. Using the Ag-ELISA, the
corresponding rates of infection in samples from the study areas were 20.1% and 26.7% respectively. Nine
mixed infections were identified using the BCT while 23 were detected by the Ag-ELISA. Most of the mixed
infections occurred in the high challenge area of Koduziegu. The overall prevalence rates when the two
results were combined were 23.4% for the LBS and 30.8% for Koduziegu. The most frequently found
trypanosome species identified at the two sites using the BCT were T. congolense and T. vivax, the ratio of
single to mixed infections being 2:1. By Ag-ELISA, the predominant trypanosome species identified in both
areas was T. brucei with 17.4% of animals carrying mixed infections involving two or three species of
trypanosomes.
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TABLE I. IDENTIFICATION OF DIFFERENT TRYPANOSOME SPECIES DETECTED BY BCT
AND AG-ELISA IN NATURALLY INFECTED CATTLE IN LOW (LBS) AND MEDIUM
(KODUZIEGU) TSETSE CHALLENGE AREAS

Sampling
site

LBS

Koduziegu

No. of
samples

306

266

T.b.

BCT

1

3

ELISA

6

8

T.c.

BCT ELISA

5

6

14

19

T.v.

BCT

4

2

ELISA

37

25

Tb./T.c.

BCT ELISA

0 2

1 10

T.b./T.v.

BCT ELISA

0 0

1 2

T.C./T.V.

BCT ELISA

2 1

3 4

T.b./T.c./T.v.

BCT ELISA

0 1

2 3

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei
T.c. = Trypanosoma congolense
T.v. = Trypanosoma vivax

32. Effects of chemotherapy
Prior to treatment with trypanocidal drug, 24 of the 60 animals had a patent parasitaemia and 42

had antigenaemia (Fig. 1). Twenty three of the parasitaemic animals were also Ag-ELISA positive. The most
frequently detected trypanosome species using the BCT in the pre-treatment samples was T. congolense
followed by T. vivax and T. brucei, with a single/mixed infection ratio of 4:1 (Fig. 2). By the Ag-ELISA the
corresponding trypanosome species identified were in the order T. vivax, T. congolense and T. brucei with
five animals carrying mixed infections (Fig. 3). Thirty eight animals had PCV values below 30% (Fig. 4a).

Four weeks after the first treatment only three animals showed trypanosome parasites by the BCT
while 33 had circulating antigens. After the fifth treatment only two animals had a patent parasitaemia but
23 still had circulating antigens. The predominant trypanosome species identified by the Ag-ELISA were T.
vivax and T. congolense. Only 6 animals had PCV values below 30% after the fifth treatment (Fig. 4b).
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4. DISCUSSION AND CONCLUSIONS

The antigen-ELISA technique detected more trypanosome infections than the BCT from both the
low and medium tsetse challenge areas. The Ag-ELISA was 4-5 times more sensitive than the BCT. These
results confirm the findings of Masake and Nantulya [5] who also showed that the Ag-ELISA was 4 times
more sensitive than the BCT. When the two results were combined, the prevalence rates rose to 23.4% for
the low tsetse challenge area and 30.8% for the medium challenge area. This is because some samples which
were positive in one test were not so in the other. This clearly indicates the complementarity of the two tests.

Although T. congolense was the predominant trypanosome species identified by the buffy coat
method, T. vivax was found more frequently by the Ag-ELISA. These two trypanosome species together were
responsible for more than 80% of the infections detected during the trials. T. brucei was most often detected
in mixed infections. It would seem therefore that T. vivax and T. congolense either singly or in combination
are most frequently responsible for bovine trypanosomiasis in Northwest Ghana. These results also suggest
that single infections predominate when tsetse challenge is low.

In the chemotherapeutic trials, the Ag-ELISA detected more trypanosome infections (2-11 times)
than the BCT. Both patent parasitaemia and antigenaemia decreased with repeated monthly treatments with
Berenil. It is likely that treatment rapidly removed trypanosomes from the blood, hence the dramatic drop
in parasitaemia, but the relatively large number of animals with antigenaemia may be due to reinfection
taking place and the constant destruction of reintroduced parasites by the drug. The increase in PCV seen

in the cattle by the fifth treatment would suggest that the animals were responding to treatment. T vivax and
T. congolense were again the predominant trypanosome species detected by both techniques. Treatment with
Berenil however did not appear to influence to any appreciable extent the ratio at which T. vivax and T.
congolense occurred in natural infections in the host suggesting that in this area there was no evidence of
resistance to Berenil by these two species of trypanosomes at the dose rate applied.

The BCT has been used extensively in the past in the diagnosis of animal trypanosomiasis in Ghana.
The Ag-ELISA however, has proved to be superior as a diagnostic tool and would therefore be invaluable
in large-scale epidemiological surveys for monitoring animal trypanosomiasis before, during and at the end
of tsetse control campaigns which are likely to be implemented in the near future in Northern Ghana.

ACKNOWLEDGEMENTS

We are very grateful to Mr. Seidu Ibrahim who carried out all the ELISA tests, Dr. C.I. Manama
of the Tsetse Control Unit for the great interest shown in these trials and staff of the Unit who did the
bleeding and treatments and other laboratory tests.

REFERENCES

[1] MEKVENNE van, N., LE RAY, D., Diagnosis of African and American Trypanosomiasis, British Medical Bulletin, 41 (1985)
156-159.

[2] NANTULYA, V.M., Trypanosomiasis in domestic animals: the problems of diagnosis, Rev. Sei. Tech. Off. Int. Epiz., 9 (1990)
357-367.

[3] NANTULYA, V.M., MUSOKE, A.J., RURANGIRWA, F.R., SAIGAR, N., MINJA, S.H., Monoclonal antibodies that distinguish
Trypanosoma congolense, T. vivax and T. brucei, Immunol., 9 (1987) 421-431.

[4] NANTULYA, V.M., LINDQVIST, K.F., Antigen detection enzyme immunoassays for the diagnosis of Trypanosoma vivax, T.
congolense, and T. brucei infections in cattle. Trop. Med. Parasitol., 40 (1989) 267-272.

[5] MASAKE, R.A., NANTULYA, V.M., Sensitivity of an antigen detection enzyme immunoassay for diagnosis of Trypanosoma
congolense infections in goats and cattle, J. Parasit, 77 (1991) 231-236.

64



EVALUATION OF MONOCLONAL ANTIBODY-BASED ANTIGEN
DETECTION IMMUNOASSAYS FOR THE DIAGNOSIS OF
TRYPANOSOMA CONGOLENSE AND T. VIVAX IN MALI

O. DIALL, B. DIARRA, Y. SANOGO
Laboratoire Central Vétérinaire du Mali,
Bamako, Mali

Abstract

EVALUATION OF MONOCLONAL ANTIBODY-BASED ANTIGEN DETECTION IMMUNOASSAYS FOR THE DIAGNOSIS OF
TRYPANOSOMA CONGOLENSE AND T. VIVAX IN MALI.

A monoclonal antibody-based ELIS A test for the detection of circulating antigens of T. congolense and T. vivax in infected cattle
was evaluated in cattle populations in both endemic and tsetse-free areas. The sensitivity of the assay for 7". vivax based on correlation of
positive results with the presence of overt, patent parasitaemia was unsatisfactory but a higher, more satisfactory sensitivity was obtained
with T. congolense. Analysis of sera obtained from cattle kept in areas considered free from tsetse and tick-borne diseases, indicated that
the assays had a high specificity with a relatively low proportion of sera showing reactions for presence of T. congolense or T. vivax antigens.

1. INTRODUCTION

The occurrence of the African animal trypanosomiases is a major constraint to rural development,
especially livestock productivity. The distribution of the diseases and their economic importance have not yet
been fully determined in many parts of Sub-Saharan Africa. This is partly due to the low sensitivity of
currently used parasitological techniques [1], Problems with parasitological diagnosis affects not only
determination of the presence of infection but also precludes effective applications of trypanocidal drugs since
infected animals with non patent parasitaemias often may not be treated. Improved diagnosis therefore could
help both in defining the extent of disease and also improving control measures through more accurate
detection and treatment of active infections.

The need for more sensitive and specific diagnostic tools has led to the development of an
immunoassay based on the use of monoclonal antibodies to detect circulating trypanosomal antigens [2]. This
test, the antigen detection ELISA (Ag-ELISA), developed by ILRAD scientists for the specific diagnosis of
Trypanosoma congolense, T. vivax and T. brucei infections in cattle is now undergoing field evaluation. The
test has already proved to be very sensitive under laboratory conditions [3] and in the following study, the
Ag-ELISA developed for the diagnosis of T. congolense and T. vivax infections was evaluated for use in
diagnosing infections with trypanosomes in cattle in Mali.

2. MATERIALS AND METHODS

2.1. Sera from tsetse-free areas
Sera were collected from two different locations in tsetse free areas. One of these locations,

Timbuctu, is located between 16th and 17th parallels north, beyond the tsetse belt in Mali. The second
location, Tenenkou, is situated in the central delta of the river Niger between the 14th and 15th parallels.
Here, tsetse flies are apparently absent but various tick borne diseases do occur. One hundred sera were
collected from cattle at each of these locations and stored at -20°C until required for testing.

22. Sera from tsetse and tick-borne diseases endemic areas
In 1991, 273 sera were collected from N'Dama cattle on the ranch of Madina-Diassa in the southern

part of the country. The ranch is heavily infested with G. morsitans submorsitans, G. palpalis gambiensis and
G. tachinoides [4]. Infections with T. congolense occur most frequently, followed by T. vivax but T. brucei
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infections are found only infrequently [5]. Tick-borne diseases are also known to occur in this area [6]. Blood
from each of the animals was examined for presence of infection using the buffy coat centrifuge technique
(BCT) [7] and examination of wet blood smears. In 1992, 401 sera were collected from N'Dama cattle on
the same ranch and tested for the presence of circulating trypanosomal antigen.

23, The Ag-ELISA
This technique was carried out as described hi the FAO/IAEA/ILRAD test protocol. A summary

of this protocol is given in the Annex.

3. RESULTS

3.1. Sera from areas free from tsetse and tick-borne diseases.
Out of 100 sera tested, two were positive for T. congolense antigens (ODs 0.067 and 0.073), giving

an apparent specificity of 98%. For T. vivax three of the sera gave positive reactions, giving a specificity of
97%. Optical density readings were low for two of the sera but one was strongly positive (> 0.100).

32. Sera from a tsetse-free, tick-borne diseases endemic area
Sixteen out of 100 sera gave positive reactions for T. congolense antigens. Nine of these serum

samples gave weak positive reactions but the remaining seven gave strong positive reactions. In contrast,
there was a 93% specificity with T. vivax antigens. Six of these sera gave only weak positive reactions and
one gave a strong positive reaction.

33. Sera from a trypanosomiasis endemic area
Patent parasitaemias were detected in more than half of the cattle sampled in the first year of the

survey (Table I). The majority of infections were caused by T. congolense and T. vivax, few cattle were found
to be infected with T. brucei and infections with two or three species of trypanosomes comprised less than
9% of the infected cattle. In contrast, trypanosomal antigens were detected in 97% of the cattle, the majority
of these being due to infections with T. congolense and approximately half being caused by T. vivax (Table
I). There was no evidence of mixed infections and none of the cattle showed the presence of antigens of T.
brucei. The diagnostic sensitivity of the assays for T. congolense and T. vivax was only 60% and 30%
respectively.

TABLE I. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED BY BCT AND AG-ELISA IN A
TSETSE ENDEMIC AREA IN MALI (1991)

No. No. Trypanosome species detected

Test

BCT

Ag-ELISA

samples

273

273

positives

147

265

T.b.

3

0

T.c.

70

168

T.v.

62

97

T.b/T.c.

0

0

T.b/T.v.

2

0

T.C./T.V.

8

0

T.byr.c./T.v.

2

0

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei
T.c, = Trypanosoma congolense
T.v. = Trypanosoma vivax
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In the second year of the survey, only 11% of the 401 cattle sampled on the ranch were found
infected, 80% of them with T. congolense. No evidence was found of infections with T. brucei and mixed
infection with T. congolense and T. vivax comprised only 6.7%.

TABLE H. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED BY BCT AND Ag-ELISA IN A
TSETSE ENDEMIC AREA IN MALI (1992)

Test

BCT

Ag-ELISA

No.

samples

401

401

No.

positives

45

227

Trypanosome species detected

T.b.

0

6

T.C.

36

136

T.v.

6

34

T.b/T.c.

0

6

T.b/T.v.

0

4

T.C/T.V.

3

38

T.b/r.c/r.v.

0
3

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Inununoassay
T.b. = Trypanosoma brucei
T.c. = Trypanosoma congolense
T.v. = Trypanosoma vivax

This preponderance of infections with T. congolense was confirmed by Ag-ELISA, nearly 60% of
positive sera showing presence of antigens of this parasite. In contrast to the findings based on parasitological
diagnosis, however, T. brucei antigens were detected in 2.6% of antigen positive cattle and mixed infections
were detected in over 20% of the cattle. The diagnostic sensitivity of the Ag-ELISA in this survey was 30%.
In both surveys, approximately 60% of the serum samples from cattle which were parasitologically negative
gave positive reactions in Ag-ELISA.

4. DISCUSSION

The Ag-ELISA test established in our laboratory in Mali showed a high diagnostic specificity, similar
to that found during the development of the assay [2]. In cattle sampled in the region of Tenenkou, however,
the assay for T. congolense antigens showed a lower sensitivity than that obtained in Timbuctou. Both areas
are tsetse free and no cases of bovine trypanosomiasis have been reported in either area. Tenenkou is a
swamp region with both biting flies and ticks occurring; tick-borne diseases are endemic. It is unlikely that
cross reactions occurred between the monoclonal antibody used in the assays and any piroplasm derived
antigens that might have been present hi the cattle. Experimental studies have shown that the monoclonal
antibodies used in the Ag-ELISA do not cross react with Babesia or Theileria [8]. There is a possibility
however that these seropositive animals might have contracted trypanosome infections in another region,
before being transferred to Tenenkou, but no information was available on the origin and movement of the
animals sampled. In addition no parasitological techniques, such as mouse inoculation, were employed which
might have identified patent infections.

This finding underlines the importance in situations similar to those in Tenenkou, that where there
is a possibility that any positive reactions are actually false positives, consideration should be given to
alternative serological testing or, if the means are available, repeated parasitological diagnosis to confirm or
refute the initial findings.
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The diagnostic sensitivity of the assays was apparently low; overall, less than 50% of cases with
patent infections showed serological evidence of infection. Long-term investigations of the occurrence of
antigenaemia in experimental animals have shown that during the acute phase of infections levels of
circulating antigens are low and therefore during this period they may not be detectable by Ag-ELISA [3].
Conversely, immune complex formations might mask epitopes on the trypanosome antigens recognised by
the monoclonal antibody. The results obtained during this evaluation of the Ag-ELISA were at considerable
variance from those found in other participating institutes but it is difficult to identify the factors which might
account for this discrepancy. In such circumstances it is useful to have quality control procedures which
would quickly indicate if the assay system is working within its operational limits. In the absence of such
procedures and the non availability of reference control positive and negative sera it is not possible to
determine where problems with the test might have arisen. These do, however indicate the importance of
quality control in the future development and application of the assay.
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Abstract

THE VALIDATION OF AN Ag-ELISA FOR THE DIAGNOSIS OF TRYPANOSOMIASIS IN CATTLE IN UGANDA AND ITS USE
IN ASSESSING THE EFFICACY OF A CONTROL PROGRAMME.

An antigen detection ELIS'A (Ag-ELISA) for the diagnosis of trypanosomiasis was established in UTRO. The test was provided
under the project as a kit developed by FAO/IAEA in collaboration with the International Laboratory for Research on Animal Disease
(ILRAD) in Nairobi, Kenya. A herd of 44 cattle in an area previously regarded as free of trypanosomiasis was screened to determine the
apparent specificity of the Ag-ELISA and establish the optical density cut-off point. Ag-ELISA revealed that cattle in the area had a low
prevalence of trypanosomiasis. Sera from 118 parasitologically positive cattle were screened for circulating trypanosomal antigens. One
hundred and seven (90.7%) of the sera were positive. The Ag-ELISA was used to screen a herd of 40 cattle in conjunction with the buffy
coat technique (BCT). The BCT indicated that 8 (20.0%) of the cattle were infected but the Ag-ELISA showed that 35 (90.0%) of the cattle
were infected. In addition to consistently revealing higher prevalence of trypanosomiasis the Ag-ELISA showed that mixed infections were
more common than single infections.

The Ag-ELISA was used to assess the efficacy of an integrated tsetse and trypanosomiasis control programme which started in
June 1991. Cattle were screened for trypanosomiasis using parasitological tests and the Ag-ELISA. Cattle in Masafu where no control was
implemented were screened for comparison with areas where control had been applied. Six months from the onset of control there was a
reduction in the prevalence of trypanosomiasis throughout the control area. Six months later, prevalence of trypanosomiasis had started rising
throughout the control area with the exception of Buteba, where 1% Deltamethrin (Spot-on) had been applied to cattle. In Buteba the
presence of trypanosomiasis was only detectable by Ag-ELISA. In Masafu where there was no control, prevalence of trypanosomiasis
remained high. The Ag-ELISA consistently showed the presence of greater levels of infection than was revealed by microscopic methods
and its usefulness was confirmed both as a means of monitoring the effectiveness of the control campaign and in identifying individual
animals with non-patent active infections.

1. INTRODUCTION

Trypanosomiasis is a major constraint to livestock development in most parts of Uganda [1]. In

South Eastern Uganda where human sleeping sickness (Trypanosoma bntcei rhodesiensis) has been endemic
since 1976 [2] cattle have been identified as reservoirs of T.b. rhodesiense [3, 4]. The sleeping sickness
epidemic crossed the border into Kenya in 1990. In 1991, under the auspices of the European Community
an integrated tsetse and trypanosomiasis control programme was implemented to include tsetse control, block
treatment of livestock and active surveillance for sleeping sickness along the Uganda/Kenya border.
Chemotherapy and chemoprophylaxis, in conjunction with other control strategies, is used to reduce
economic losses due to trypanosomiasis. However, simple, quick and sensitive diagnostic techniques are
essential for rational use of trypanocides and current parasitological techniques generally have low sensitivity
or are quite tedious and take too long to produce a result.

The purpose of this present study was to determine the efficacy of the control strategy by monitoring
the prevalence of trypanosomiasis in cattle by both parasitological and serological diagnostic tests. An enzyme
linked immunosorbent assay for the detection of circulating trypanosomal antigen (Ag-ELISA), recently
developed by Nantulya and his colleagues [5, 6] was validated at UTRO and later used to determine the

efficacy of the control campaign.
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2. MATERIALS AND METHODS

2.1. Validation of the Ag-ELISA
The first study involved the screening of a herd of 44 cattle in Kapchorwa in the Mount Elgon area,

assumed to be trypanosomiasis-free. This was done twice, one month apart using both the buffy coat
technique (BCT) and the Ag-ELISA to assess the specificity of Ag-ELISA.

In a second study, sera from 118 BCT positive cattle were screened for circulating trypanosomal
antigens to assess the sensitivity of Ag-ELISA. In a third study, BCT and Ag-ELISA assays were carried out
using samples collected from 40 cattle from lyolwa, an area in which there is a high trypanosomiasis and
tsetse challenge.

22. Tsetse and trypanosomiasis control programme
Tsetse and trypanosomiasis control activities started in June 1991. Control activities were coordinated

on both sides of the border. The technical field staff held meetings every two months to harmonize activities.
On the Ugandan side three departments were involved. The Medical authorities implemented intensive active
surveillance while the Tsetse Control Department deployed Deltamethrin impregnated traps/screens. In
Buteba, Spot-on was applied on a total of 1000 cattle. The Veterinary Department block-treated
approximately 20 000 cattle in the control area with diminazene aceturate (Berenil 7 mg/kg body weight).
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Fig. 1. Map showing the tsetse and trypanosomiasis control areas along the Uganda/Kenya border.
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Shortly before control started, cattle were screened at four sites approximately four kilometres apart.
The southern most site was in Lumino along the shores of Lake Victoria and the northern-most site was in
Osukuru (Fig. 1). At the same time, sera for Ag-ELISA analysis were collected from 42 randomly selected
cattle from each site. Cattle from a fifth site, Masafu, where no control was implemented were similarly
screened in order to compare prevalence rates with areas where control was implemented.

Six months after the onset of control activities, cattle at the four sites were screened for
trypanosomes by the BCT and sera for Ag-ELISA analysis was collected from 42 randomly selected cattle.
This procedure was repeated 12 months after the start of control activities. Sera for the Ag-ELISA analysis
were stored at -20°C until required.

3. RESULTS

3.1. Validation of the Ag-ELISA
The results obtained on both occasions in the area assumed to be free of trypanosomiasis were

similar. All the cattle sampled were BCT negative, however a few sera were found to be positive by Ag-
ELISA. Sera from five cattle with microfilariae and two with T. theilerii were negative by Ag-ELISA.
Additional screening of another 450 cattle in the same area revealed two animals infected with T. vivax by
BCT examination. This finding verified the results obtained using Ag-ELISA which indicated that the area
was not trypanosomiasis-free as had been assumed previously (Figs. 2, 3).

In the second study, 107 (90.7%) of the 118 samples from animals with patent infections gave
positive results with Ag-ELISA. In 100 (84.7%) of the infected cattle only a single species of trypanosome
was identified by BCT whereas by Ag-ELISA 96 (89.7%) of the cattle were shown to have mixed infections
(Table I).

In the third study, the BCT showed that only 20% of a herd of 40 cattle had trypanosomiasis
whereas the Ag-ELISA detected circulating antigens in 90% of the cattle. Combination of the two tests
showed that 37 (92.5%) of the cattle were positive for trypanosomiasis (Fig. 4).

3.2. Tsetse and Trypanosomiasis Control Programme
In Masafu where no control was implemented, both the BCT and Ag-ELISA showed that the

prevalence of trypanosomiasis remained high throughout the 12 months (Fig. 5). In Buteba, where spot-on
was applied to cattle in addition to other control activities the prevalence of trypanosomiasis was reduced
within 6 months by 82.2% as revealed by the BCT and by 59.3% as revealed by the Ag-ELISA. Twelve
months after the start of the control, parasitaemia was no longer detectable by the BCT but Ag-ELISA still
detected antigenaemia in 14.3% of the cattle (Fig. 6). In the remaining control area there was a reduction
in the prevalence of trypanosomiasis in the first six months after the onset of control. However, at the end
of twelve months, most areas were recording prevalences comparable to the initial one. Lumino is a
representative of such areas. In Lumino the BCT showed that the prevalence of trypanosomiasis was
reduced by 68.1% in 6 months and by 35.3% using the Ag-ELISA. However, six months later, the BCT
showed that the prevalence had risen by 49.0% while Ag-ELISA revealed that prevalence had risen by 36.2%

(Fig- ?).
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TABLE I. DISTRIBUTION OF TRYPANOSOME SPECIES BY BCT AND Ag-ELISA IN 118
PARASITOLOGICALLY (BCT) POSITIVE SAMPLES FROM CATTLE IN A TRYPANOSOMIASIS
ENDEMIC AREA

Test

BCT

Ag-ELISA

No. of
positive
samples

118

107

No. of
negative
samples

0

11

Distribution of trypanosome species

T.b. T.c. T.v. T.b/T.c.

54 1 45 4

1 7 3 17

T.b/T.v. T.c/T.v. T.b/T.cTT.v.

14 0 0

2 12 65

T.b. = Trypanosoma brucei
T.c. = Trypanosoma congolaise
T.v. = Trypanosoma vivax
BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
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Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay

Fig. 4. Diagnostic performance of the Ag-ELISA compared with the BCT (T.b. = Trypanosoma brucei,
T.c. = Trypanosoma consolense, T.v. = Trvvanosoma vivax).
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Fig. 5. Percentage point prevalence of trypanosomiasis in cattle, as determined by BCT andAg-ELISA
in Masafu area; no tsetse/trypanosomiasis control measures (T.b. = Trypanosoma brucei,
T.c. = Trvpanosoma coneolense, T.v. = Trvpanosoma vivax).
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Fig. 6. Percentage point prevalence of trypanosomiasis in cattle, as determined by BCT and Ag-ELISA
in Buteba area; effective tsetse/trypanosomiasis control measures (T.b. = Trvpanosoma brucei,
T.c. = Trvpanosoma coneolense, T.v. - Trvpanosoma vivax).
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Fig. 7. Percentage point prevalence of trypanosomiasis in cattle, as determined by BCT and Ag-ELISA
in Lumino area; ineffective tsetse/trypanosomiasis control measures (T.b. = Trypanosoma brucei,
T.c. = Trypanosoma congolense, T.v. = Trypanosoma vivax).

4. DISCUSSION

The frequency distribution of OD values obtained from areas presumed to be free of
trypanosomiasis showed that some of the cattle were clearly infected. The area was in fact a low trypanosome
challenge area as was shown by finding two cattle positive parasitologically with T. vivax. Results obtained
by analysis of BCT positive cattle indicated that Ag-ELISA had a sensitivity of 90%. For the diagnosis of an
individual animal therefore it should be used in conjunction with other diagnostic techniques. The ELISA
consistently revealed a higher prevalence of trypanosomiasis compared with the BCT. It identified infected
animals in a herd where the BCT failed to identify any infected animals. In addition, in endemic areas, Ag-
ELISA showed that animals were often infected with two or three trypanosome species rather than single
species as suggested by parasitological tests.

In the control areas, the prevalence of trypanosomiasis declined only in Buteba. Elsewhere, the
prevalence of trypanosomiasis was reduced in the first six months and thereafter increased in the next six
months. This was revealed by both the BCT technique and the Ag-ELISA. Twelve months after the
beginning of control, trypanosomiasis could no longer be demonstrated in cattle at Buteba by the BCT but
the Ag-ELISA still indicated the presence of trypanosomal antigens in 14.3% of the animals. In Masafu,
where control was not implemented, the prevalence of trypanosomiasis remained high throughout the control
period.
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From the results obtained by screening cattle, it appears that control of tsetse and trypanosomiasis
was effective only where Spot-On was used to treat individual cattle. In other areas, where tsetse control
depended only on the use of deltamethrin impregnated traps/screens it appears that too few were initially
deployed and maintenance and replacement of damaged traps were not carried out effectively during the
period that this study was conducted.
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ANTIGEN-DETECTION ENZYME-LINKED IMMUNOASSAY (Ag-ELISA)
AS AN AID TO THE DIAGNOSIS OF ANIMAL TRYPANOSOMIASIS
IN TANZANIA

H.A. MBWAMBO, M.H. MPOKWA
Animal Disease Research Institute (ADRI),
Dar-es-Salaam, Tanzania

Abstract

ANTIGEN-DETECTION ENZYME-LINKED IMMUNOASSAY (Ag-ELISA) AS AN AID TO THE DIAGNOSIS OF ANIMAL
TRYPANOSOMIASIS IN TANZANIA.

An antigen-detection, enzyme linked immunosorbent assay (Ag-ELISA) was introduced at ADRI, as an aid to the accurate diagnosis
of animal trypanosomiasis. Initially, the test was used to screen sera from 284 cattle kept on three dairy farms. Sera collected during this
initial study were used to establish pools of reference trypanosomiasis positive and trypanosomiasis negative control sera.

The second phase of the project involved testing sera using modified Ag-ELISA reagents and test protocol. Forty cows were screened
for trypanosomiasis by buffy coat technique (BCT) and Ag-ELISA once every three weeks for a total period of 57 weeks. The Ag-ELISA
revealed the presence of trypanosomal antigens in 49.2% of the 716 samples; 27% were positive for trypanosomiasis by BCT. By combining
the results from Ag-ELISA and BCT, infections were detected in 51.1% of the samples. Single infections (62.8%) predominated, more than
half due to infections with T. congolense. Amongst the mixed infections most were caused by T. brucei and T. congolense (61.1%).
Trypanosomal antigens disappeared from the serum of infected animals between 16-30 days after treatment with a curative dose of the
trypanocidal drug Berenil (10.0 mg/kg). It was concluded that Ag-ELISA considerably enhanced diagnostic capability and in addition enabled
assessment of the efficacy of trypanocidal drug treatment.

Subsequently, the Ag-ELISA technique was used to verify the effectiveness of the implementation of a tsetse and trypanosomiasis
control programme in Mwangapwani, Zanzibar. Two hundred and eighty two cattle were bled and screened for trypanosomiasis. Using the
microhaematocrit centrifuge technique (MHCT) trypanosomes were detected in 38 (13.5%) of the sampled animals whilst using Ag-ELISA,
antigenaemia was detected in 61 (21.6%) cattle. Combined MHCT and Ag-ELISA results showed a trypanosomaisis point prevalence rate
of 27.0% in cattle in the Mangapwani area. It was concluded that the Ag-ELISA used in combination with the MHCT/BCT will play an
important role in tsetse and trypanosomiasis control programmes.

1. INTRODUCTION

Bovine trypanosomiasis ranks second to East Coast Fever (ECF) as a major constraint to livestock
production in Tanzania [1]. Three major species of salivarian trypanosomes, Trypanosoma brucei, T.

congolense and T. vivax, transmitted cyclically by different species of tsetse flies (Glossina morsitans, G.
swynnertoni, G. pallidipes, G. palpalis, G. brevipalpis, G. austenï) are involved in the epidemiology of the
disease. Bush clearing to control the tsetse vector and chemotherapy and/or chemoprophylaxis are the main
methods used for controlling animal trypanosomiasis on mainland Tanzania, although other vector control
methods such as odour baited insecticide impregnated traps are also used. In Zanzibar, where only one
species of tsetse fly (G. austeni) occurs, a combination of control strategies including treatment of cattle with
Deltamethrin (SPOT-ON), deployment of insecticide impregnated targets, sterile insect technique and
chemotherapy have all helped considerably to check the prevalence of trypanosomiasis. In the Mangapwani
area for example, no tsetse flies were caught and examination of blood for trypanosomes using the
microhaematocrit centrifuge technique (MHCT) did not reveal any positive cases during the regular
trypanosomiasis surveys that were conducted after a control operation during the period 1985-1988 (Tsetse
and Trypanosomiasis Control Department, Zanzibar, personal communication).

Any successful trypanosomiasis control operation will very much depend on prior assessment of the
existing disease situation in the affected areas. Unfortunately, accurate data on the distribution and
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prevalence of trypanosomiasis which is required for efficient implementation of tsetse and trypanosomiasis
control programmes, is often lacking. With the introduction of the buffy coat technique (BCT) and the
microhaematocrit centrifuge technique [2,3], it was hoped that the problems of diagnosis of trypanosomiasis
in animals with low parasitaemia levels would be resolved. However, its sensitivity when used in the field is
limited, particularly in animals with chronic infections in which fluctuating low level parasitaemias occur.
More recently, an enzyme linked immunosorbent assay capable of detecting trypanosomal antigens (Ag-
ELISA) has been developed; this test has a high diagnostic sensitivity and specificity and moreover is capable
of detecting infections in cattle even when conventional parasitological techniques fail [4, 5].

The Ag-ELISA was introduced at the Animal Disease Research Institute (ADRI), Dar-es-Salaam, for
validation as an aid to diagnosis of animal trypanosomiasis. In addition it was used in a tsetse and
trypanosomiasis control programme in Zanzibar for the purpose of determining the effectiveness of control
through improved disease surveillance.

2. MATERIALS AND METHODS

2.1. Animals

Two hundred and eighty four cattle from three farms in Kibaha were bled for the purpose of
establishing reference control sera. Subsequently, Kibaha Education Centre Dairy Farm (KEC) provided 40
cows for the validation work. Since tsetse and trypanosomiasis control operations were going on in Zanzibar
during the period that the Ag-ELISA was being validated and because there was information that the control
operation in the Mangapwani area on Zanzibar was successful, this location was chosen for the application
of the Ag-ELISA in determining the effectiveness of the control programme. Serum samples were collected
from 280 indigenous Zebu cattle from different villages in Mangapwani.

22. Samples
2.2.1. Kibaha Education Centre Dairy Farm

Peripheral blood was taken from the ear vein for preparation of thin and thick blood smears, buffy
coats and determination of PCV. Whole blood (10-20 ml) for serum, was taken from the jugular vein. The
serum was preserved with 1% sodium benzoate and stored in 1 ml aliquots at -20°C. Samples for evaluation
work were taken once every three weeks for a period of 57 weeks. Prior to sampling, all cattle were treated
intramuscularly with 10 mg/kg body weight diminazene aceturate (Berenil). Subsequently, any individual
animal which was positive for trypanosomiasis as determined by BCT was treated with Berenil at a dose rate
of 10 mg/kg.

2.2.2. Mangapwani, Zanzibar
Cattle from Mangapwani were screened for trypanosomiasis and all MHCT and/or Ag-ELISA positive

animals were subsequently treated with Berenil at 5.25 mg/kg for T. congolense, T. vivax and 10.5 mg/kg for
T. brucei infections respectively. Seven animals which were negative for trypanosomiasis but had PCV values
< 20% were also treated with Berenil at 10.5 mg/kg. Fifty-two days later, all treated animals were sampled
again.
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2.2.3. Screening of samples
The MHCT or BCT [2, 3] were used in the field to screen the buffy coats. Determination of the PCV

values was also done at the same time using a microhaematocrit reader. Examination of blood smears for
trypanosomes and other blood parasites, and the screening of sera for the presence of trypanosome antigens
with the FAO/IAEA/ILRAD Ag-ELISA kit was carried out at ADRI in Dar-es-Salaam. A sample was
considered positive for trypanosomal antigens if the optical density (O.D.) value measured at 414 nm was
> 0.050.

3. RESULTS

Samples taken from 284 cattle in Kibaha for the purpose of establishing trypanosomiasis reference
control sera, revealed a point prevalence rate of 91.9% by Ag-ELISA. Twenty three of these cattle were
negative by both BCT and Ag-ELISA.

3.1. Parasitological investigation
3.1.1. Kibaha Education Centre Dairy Farm

Microscopical examination of the buffy coats and blood smears collected at KEC, showed that 27
(3.8%) of the 716 samples were BCT positive of which 18 (2.5%) were also positive by examination of blood
smears (Table I). No other blood parasites were detected. The predominant trypanosome species detected
using the BCT was T. vivax, followed by T. congolense and T. brucei.

TABLE I. PRESENCE OF TRYPANOSOME INFECTIONS IN BLOOD SAMPLES FROM CATTLE
KEPT AT THE KIBAHA EDUCATION CENTRE DAIRY FARM

Diagnostic technique

BCT

Stained blood smears

Ag-ELISA

Combined BCT/Ag-ELISA

No. of samples
tested

716

716

716

716

No. of samples
positive

27

18

352

366

% Positive

3.8

2.5

49.2

51.1

Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
BCT = Buffy Coat Technique

3.1.2. Mangapwani, Zanzibar
Of the 282 buffy coats examined by MHCT, trypanosomes were detected in 38 (13.5%). Single

infections constituted 42.1% of the patent infections, the remainder being mixed infections, the majority of
which were due to combined T. brucei and T. vivax infections (Table II). T. theileri was detected in 4 annuals
and Microfilaria was detected in 11 cattle. Babesia, Anaplasma and Theileria parasites were not detected in
the stained blood smears.
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TABLE II. RESULTS OF A SURVEY FOR BOVINE TRYPANOSOMIASIS IN THE MANGAPWANI
PILOT TRIAL AREA, APRIL 1992

Sampling site

Misufini

Zingwezingwe

Mangapwani

Fujoni

Michungwa Miwili

Mangapwani Slave Cave

Total

No. of animals

sampled

46

70

47

64

17

38

282
100%

Positive

MHCT

5

2

13

7

0

11

38
13.5%

Positive

Ag-ELISA

8

11

16

7

0

19

61
21.6%

Positive

MHCT + Ag-ELISA

10

13

19

13

0

21

76
27.0%

MHCT = Micro Haematocrit Centrifuge Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay

33. Serological investigation
3.3.1. Kibaha Education Centre Dairy Farm

A breakdown of the pattern of infection as determined by Ag-ELISA showed that 352 (49.2%) of the
716 sera tested positive for circulating trypanosomal antigens (Table III); 221 were single infections, and 131
were mixed infections. T. congolense antigens were detected in 121 (54.8%) serum samples from animals
infected with a single trypanosome species. The combination T. brucei/T. congolense was found in 80 (61.1%)
of the mixed infections. Mixtures of all three species accounted for 18.8% (26/131) of the mixed infections.
The combined results of BCT and Ag-ELISA detected infections in 366 (51.1%) of the 716 samples.
Disappearance of trypanosomal antigens in infected animals occurred between 16-30 days following treatment
with a curative dose of Berenil.

TABLE in. ANALYSIS OF THE PATTERN OF INFECTIONS WITH DIFFERENT TRYPANOSOME
SPECIES AS DETERMINED BY Ag-ELISA IN BLOOD SAMPLES FROM CATTLE KEPT AT THE
KIBAHA EDUCATION CENTRE DAIRY FARM

No. of
samples
tested

716

No. of
samples
positive

352

(100%)

T.b.

50

(14.2%)

T.c.

121

(34.4%)

T.v.

50

(14.2%)

T.b./T.c.

80

(22.7%)

T.b./T.v.

8

(2.3%)

T.C./T.V.

17

(4.8%)

T.b./T.c./T.v.

26

(7.4%)

Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei T.c. = Trypanosoma congolense T.v. = Trypanosoma vivax
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3.3.2. Mangapwani, Zanzibar
Of the 282 sera screened with the Ag-ELISA, 61 (21.6%) cattle were found positive for trypanosome

antigens. Single infections constituted only 21 (34.4%) and the majority of infections were accounted for by
infections with more than one species of trypanosome. The T. brucei/T. congolense combination predominated
(49.2% of the total mixed infections).

TABLE IV. PREVALENCE OF INFECTION WITH DIFFERENT TRYPANOSOME SPECIES IN CATTLE
SAMPLED IN THE MANGAPWANI PILOT TRIAL AREA, ZANZIBAR

Test

BCT

Ag-ELISA

No. of

282

282

No. of
positive

38

61

%

13.5

21.6

T.b.

6

5

T.c.

3

7

T.v.

7

9

T.bJT.c.

2

30

T.b/T.v.

17

0

T.C/T.V.

1
1

T.b./T.c/r.v.

2

9

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei T.c. = Trypanosoma congolense T.v. = Trypanosoma vivax

Seventy six cattle positive by MHCT/Ag-ELISA, together with 46 cattle which had low PCVs were
treated with Berenil. After treatment, parasites were no longer detected but 11 (9.8%) animals remained

antigenaemic (Table V).

TABLE V. RESULTS OF THE SURVEY FOR BOVINE TRYPANOSOMIASIS IN THE MANGAPWANI
PILOT TRIAL AREA, AUGUST 1992

Sampling site

Misufini

Zingwezingwe

Mangapwani Clinic

Fuijoni

Kiombamvua

Mangapwani Slave Cave

Nyumba ya Ndege

Total

No. of animals
sampled *

12

14

21

17

1

23

24

112
(100%)

Positive

MHCT

0

0

0

0

0

0

0

0

Positive
Ag-ELISA

2

1

3

3

0

2

0

11
(9.8%)

Trypanosome spp.
diagnosed

T.b., T.c. T.v.

T.b.

T.b., T.c., T.v.

T.b., T.c., T.v.

T.c., T.v.

* Treated in June '92 with Berenil (T.c., T.v.: 5.25 rag/kg; T.b.: 10.5 mg/kg)
MHCT = Micro Haematocrit Centrifuge Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei T.c. = Trypanosoma congolense T.v. = Trypanosoma vivax
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3.4. Relationship between PCV, MHCT/BCT and Ag-ELISA results

3.4.1. Mangapwani, Zanzibar
Those animals which were trypanosomiasis positive by MHCT and Ag-ELISA, also showed a

depressed PCV; however, following treatment with Berenil there was an increase in PCV values (Fig. 1).
Twenty one cattle which had been sampled in the first survey in April were re-sampled at the time

of the second visit in August. These animals had all been treated with Berenil on a basis of being
antigenaemic. Fifteen cattle showed an increase in PCV values. Of the total of 112 cattle that were treated
with Berenil, only two animals, both of which had a persistent antigenaemia, did not show any improvement
in PCVs.

PCV

Fig. la. Frequency distribution of Packed Cell Volumes (PCVs) of cattle before treatment with Berenil
(Mangapwani Pilot Trial area, Zanzibar).

c
(0

o
u
O)

PCV

Fig. Ib. Frequency distribution of Packed Cell Volumes (PCVs) of cattle after treatment with Berenil
(Mangapwani Pilot Trial area, Zanzibar).
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4. DISCUSSION

Analysis of the results obtained from the Kibaha Education Centre Dairy Farm confirm the superiority
of the Ag-ELISA technique over the hitherto most commonly used conventional diagnostic technique for
animal trypanosomiasis. The Ag-ELISA detected 13 times more positives than the BCT. However, the
proportion of positives detected by the BCT (27/716) appears rather low compared to results obtained
elsewhere. In experimental infections the Ag-ELISA was shown to be at least 4 times more sensitive than
the BCT [4]. On the other hand, results obtained from Mangapwani, Zanzibar, show that the MHCT
detected trypanosome infections in 13.6% of animals in contrast to the Ag-ELISA which detected
trypanosomal antigens in 21.8% of the cattle tested. It is suggested that the apparent low diagnostic sensitivity
of the BCT in samples from the KEC is probably due to the low levels of parasitaemia in infected animals
under frequent trypanocidal drug treatment. In contrast, in Zanzibar no chemotherapy had been applied
prior to the demonstration of trypanosomiasis during the present pilot survey. Hence, it is possible that
levels of parasitaemia were higher in infected cattle sampled on Zanzibar. These cattle had low PCV values
but treatment of those which were positive by MHCT or Ag-ELISA resulted in a considerable rise in PCV.
Before treatment only a third (34.5%) of those cattle in which the buffy coats were positive had a PCV value
> 25%; after treatment this proportion increased to 85.5%. A PCV value of 25% is regarded as satisfactory
since the animals carry a heavy tick burden.

Despite the superiority of the Ag-ELISA over the BCT/MHCT, false negative results were also
recorded (14 MHCT positive animals from Mangapwani were Ag-ELISA negative). In addition, six animals
which were treated on the basis of low PCV alone recovered, suggesting that they may have been infected.
No other haemoprotozoan parasites such as Babesia were diagnosed in the stained blood smears of these
animals. It might also be possible that the Ag-ELISA cut-off value of > 0.050 used on the basis of the
findings from the assays carried out with sera from KEC was too high for the Zanzibar cattle; hence the
need to re-examine the cut-off values for different regions.

Ag-ELISA negative results with sera from known parasitologically positive cattle have also been
reported by other workers [6]. The absence of freely available circulating trypanosomal antigens at certain
points during the early stages of the infection has been reported previously also [4, 6]. This may explain our
observations since a high proportion of parasite positive animals from Mangapwani showed high
parasitaemias in their buffy coats. The persistence of antigenaemia in BCT and Ag-ELISA positive animals
following treatment with Berenil suggests the possible existence of drug resistance among some strains of
trypanosomes in the Mangapwani area.

The Ag-ELISA is likely to make a useful contribution to the diagnosis of trypanosomiasis, particularly
in epidemiological surveys and in the detection of drug resistant strains of trypanosomes. The work in
Zanzibar utilizing the Ag-ELISA helped reveal trypanosome infections in cattle in an area in which
trypanosomiasis was not expected to occur following a successful tsetse fly control campaign implemented
in the period 1985-89. It also indicated that treatment with trypanocidal drugs of cattle which are infected
on the basis of either BCT/MHCT or Ag-ELISA, will result in an increase in the PCV of such animals and
hence an increase in their productivity.

85



ACKNOWLEDGEMENTS

The authors gratefully acknowledge the director of the Kibaha Education Centre and particularly Mr.
D. Msuya, the farm manager, and his colleagues, for making the test animals available and for providing
assistance during sampling. The Joint FAO/IAEA Division and the International Laboratory for Research
on Animal Diseases (ILRAD) are thanked for financial support and their invaluable assistance in provision
of equipment, reagents and advice.

REFERENCES

[ 1 ] MBWAMBO, H.A., MKONYI, P.A., MPOKWA, M., Investigation of an apparent breakthrough of bovine trypanosomiasis following
chemoprophylaxis with Samorin, (Proc. 4th Tanzania Veterinary Association Scientific Conf.) 4 (1986) 242.

12] MURRAY, M., MURRAY, P.K., MCINTYRE, W.I.M., An improved parasitological technique for the diagnosis of African
trypanosomiasis, Trans. Roy. Soc. Trop. Med. Hyg., 71 (1977) 325.

[3] PARIS, J., MURRAY, M. & McODIMBA, F. A comparative evaluation of the parasitological techniques currently available for
the diagnosis of African trypanosomiasis in cattle, Acta Trop., 39 (1982) 307-316.

[4] MAS ARE, R.A., NANTULYA, V.M., Sensitivity of an antigen detection enzyme immunoassay for the diagnosis of Trypanosoma
congolense infections in goats and cattle, J. Parasitai., 77 (1991) 231-236.

[5] NANTULYA, V.M., MUSOKE, A.J., RURANGIRWA, F.R., SAIGAR, N., MINGA, S.H., Monoclonal antibodies that distinguish
Trypanosoma congolense, T. vivax and 7*. brucei, Parasite Immunol., 9 (1987) 421-430.

[6] NANTULYA, V.M., Trypanosomiasis in domestic animals: the problems of diagnosis. Rev. Sei. Tech. Off. Int. Epiz., 9(2) (1990)
357-367.

86



FIELD VALIDATION AND USE OF THE ANTIGEN-ELISA TO MONITOR
THE EFFECTIVENESS OF A TSETSE AND TRYPANOSOMIASIS
CONTROL CAMPAIGN IN THE GWEMBE VALLEY, ZAMBIA

L.N. SINYANGWE, G.M. MUNYAMA
Central Veterinary Research Institute (CVRI),
Lusaka, Zambia
F. SABBE, H. CHITAMBO
Samora Machel School of Veterinary Medicine,
University of Zambia,
Lusaka, Zambia

Abstract

FIELD VALIDATION AND USE OF THE ANTIGEN-ELISA TO MONITOR THE EFFECTIVENESS OF A TSETSE AND
TRYPANOSOMIASIS CONTROL CAMPAIGN IN THE GWEMBE VALLEY, ZAMBIA.

A monoclonal antibody-based antigen-detection enzyme immunoassay (Ag-ELISA) for the diagnosis of the three major tsetse -
transmitted trypanosome species which infect cattle was evaluated in areas in Zambia in which bovine trypanosomiasis is endemic. Two
hundred and thirty eight (23.4%) of 1015 sera examined were positive for circulating antigens whereas only 88 (8.6%) had demonstrable
parasitaemia as revealed by the buffy coat technique (BCT). With both techniques, the predominant trypanosome species detected was T.
congolense. Many animals were shown by Ag-ELISA to carry mixed infections with 2 or 3 species of trypanosomes, whilst only one mixed
infection was identified using the BCT. The Ag-ELISA was subsequently used to monitor the effectiveness of tsetse and trypanosomiasis
control measures implemented by the Regional Tsetse and Trypanosomiasis Control Programme (RTTCP) in the Gwembe Valley, Zambia,
an area declared free from tsetse flies. Five sentinel herds of 20 cattle were screened monthly for the presence of trypanosomes using the
BCT and Ag-ELISA. Sampling was carried out for 12 months. No trypanosomes were detected by use of BCT, in contrast, 10% of the
animals showed presence of circulating trypanosomal antigen. A number of antigenaemic animals treated with diminazene acerurate (Berenil)
subsequently became negative.

1. INTRODUCTION

Bovine trypanosomiasis is a serious constraint to livestock production in large parts of Zambia [1]
and a number of tsetse and trypanosomiasis control programmes are being carried out to reduce this

constraint. The standard method for diagnosis of bovine trypanosomiasis is to demonstrate and identify
trypanosomes in the peripheral blood using stained or wet blood smears. Examination of blood smears is,
however, insensitive [2] as trypanosomes are often in very low numbers in the peripheral circulation, hence,
the introduction of trypanosome concentration methods such as the microhaematocrit centrifugation
technique [3,4] or its variant, the buffy coat technique (BCT) [5]. Recently, another diagnostic approach has
been described that is based on the detection of trypanosomal antigens circulating in the blood of infected
cattle [3]. The test is a double antibody sandwich, enzyme linked immunosorbent assay (Ag-ELISA) utilizing
monoclonal antibodies specific for conserved invariant trypanosome antigens which are released upon
disintegration of the parasites [6]. Improvement in the diagnosis of bovine trypanosomiasis using more
sensitive immunoassay techniques could make a significant contribution to the control of trypanosomiasis.
This paper describes the validation and use of the Ag-ELISA in the diagnosis of trypanosomiasis in Zambia.
The first phase of the study involved regular collection of serum samples from a sentinel herd and other local
animals in tsetse infested areas and their screening for the presence of trypanosomes using the BCT and Ag-
ELISA. Following validation, the Ag-ELISA was used to monitor the tsetse and trypanosomiasis control
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measures implemented by the Regional Tsetse and Trypanosomiasis Control Programme (RTTCP) in the
Gwembe Valley. Deltamethrine impregnated targets were first placed in this area in 1988 and
trypanosomiasis control began the same year. Sentinel herds were established and monitored on a monthly
basis. Any animal found positive on the BCT was treated intramuscularly with 7 mg/kg diminazene aceturate
(Berenil). By June 1992, surveys carried out by the tsetse monitoring groups no longer showed the presence
of tsetse flies and no cases of trypanosomiasis were detected in the sentinel herds by parasitological
diagnostic techniques. It was therefore assumed that the area had been successfully cleared. In order to
evaluate the efficiency of this control campaign further, a survey was carried out using Ag-ELISA.

2. MATERIALS AND METHODS

2.1. Sera for Ag-ELISA validation
The sera were from cattle in two trypanosomiasis endemic areas, Chisamba and Mumbwa, in the

Central Province of Zambia. In Chisamba a sentinel herd of 30 animals was established and sampled twice
a month for a period of one year. Any animal showing parasitaemia was treated with Berenil (7 mg/kg).
Blood was collected from the jugular vein into silicon coated 10 ml vacutainers, with 21G vacutainer needles.
Two heparinized capillary tubes were filled with blood from a peripheral ear vein. All samples were
transported refrigerated to the laboratory and processed immediately upon arrival. The blood samples were
checked for the presence of trypanosomes by stained smears and BCT. Packed cell volume (PCV) was read
after centrifugation of the capillary tubes at 12,000 rpm for 5 minutes. The same capillary tubes were used
for the preparation of the buffy coat, thick and thin smears. The vacutainers were stored at 4°C overnight
to allow separation of the clot. Sodium azide (0.02%) was added to each serum sample as a bacteriostat and
they were stored at -20°C until required for serological testing. In Mumbwa, sera were collected from village
animals and were processed in the same way as for Chisamba.

22. Assessment of the tsetse and trypanosomiasis control programme
Five herds of 20 cattle were eartagged and screened monthly for presence of trypanosomes by BCT

and Ag-ELISA. These animals were kept within the control area and were not treated with trypanocidal
drugs before sampling commenced. Three herds (Musaya, Siadunka and Lusitu) were in areas in which a
high prevalence of trypanosomiasis had occurred before the control campaign was implemented. Two herds
(Bakasa and Siamatika) were located in areas in which medium to low prevalence of trypanosomiasis
occurred before control commenced. During the initial sampling, information was collected on the
approximate age range of the cattle in the different herds. The animals were then divided into three age
categories: group 1 was < 1 year old; group 2, 1 - 3 years old and group 3 < 3 years. Animals in the first
age group were born after the start of the control programme. Samples were collected from the sentinel
herds for a period of 1 year.

23. Antigen-ELISA
See Annex I.
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3. RESULTS

3.1. Validation of Antigen-ELISA

3.1.1. Sentinel herd in Chisamba
During the year of study, 794 samples were collected. Trypanosomes were demonstrated by BCT

in 62 (7.8%) samples and circulating antigen was detected in 137 (17.2%) sera (Table I). Monthly point
prevalence figures for presence of trypanosomes and trypanosomal antigens are shown in Figure 1. Infection
rates fluctuated during the course of the investigation with a peak in the prevalence of patent infections
(21/29 animals) occurring in April, one week before a peak occurred in the numbers of antigen positive

TABLE I. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED IN A SENTINEL HERD IN
CHISAMBA

Trypanosome species detected

Test

BCT

Ag-ELISA

No.
samples

794

794

No. pos.
samples

62

137

T.b.

0

28

T.c.

17

39

T.v.

44

39

T.b/T.c.

0

11

T.b/T.v.

1
2

T.C/T.V.
0

5

T.b/r.c/r.v.

0
13

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei T.c. = Trypanosoma congolense T.v. = Trypanosoma vivax

I ' I ' I
1/3 5/4 3/5

Sampling dates

i ' i ' i ' i ' r
21/6 3O/8 18/10 29/1

Fig. 1. Comparison of Ag-ELISA and Buffy Coat Technique in the diagnosis of ttypanosomiasis in a
cattle sentinel herd at Chisamba.
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cattle (16/28). T. vivax was identified most frequently in blood samples, followed by T. congolense but T.
brucei was only found in a mixed infection with T. vivax. Conversely, using Ag-ELISA equal numbers of
infections with T.vivax and T.congolense were diagnosed, but more infections with T.brucei were apparent
and over 30% of the samples in which antigens were demonstrated consisted of mixed infections.

3.1.2. Village cattle at Mumbwa
A total of 221 cattle were examined using BCT and Ag-ELISA. Only 32 (14.5%) cattle had

demonstrable parasitaemia on BCT (Table II), 26 (81.3%) being infected with T. congolense, 3 with T. vivax
and 3 with T. brucei. No mixed infections were detected. By contrast, circulating antigens were detected in
54.8% of the sera, the majority of these infections(52.9%) being mixed infections. The predominant
trypanosome species was T. congolense (79.0%) followed by T. vivax (59.5%) and T. brucei (42.0%). Further
analysis of 32 animals with patent infections showed that 30 (93.8%) had circulating trypanosome antigens.
Circulating antigens were found in 91 (48.1%) of the 189 animals which were parasitologically negative.

TABLE H. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED IN CATTLE IN MUMBWA
VILLAGE

Trypanosome species detected

Test

BCT

Ag-ELISA

No.
samples

221

221

No. pos.
samples

32

121

T.b.

3

2

T.c.

26

32

T.v.

3

20

T.b/T.c.

0

12

T.b/T.v.

0

3

T.c/r.v.

0

15

T.b./T.cjT.v.

0

34

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei T.c. = Trypanosoma congolense T.v. = Trypanosoma vivax

32. Use of Ag-ELISA in assessing the efficacy of the control campaign
A total of 596 samples were examined by BCT and Ag-ELISA. All samples were negative on

parasitological examination but 9.6% of the animals had circulating trypanosomal antigens with T. congolense
predominating (Table III).

Table IV shows the number of antigenaemic animals detected in the different age groups. In animals
up to 1 year old circulating trypanosomal antigens were found in 11.3% of the samples. In cattle between
1 and 3 years, 16.9% were positive by Ag-ELISA and in the oldest age group 71.7% of the animals were
positive. Animals from an area in which formerly there had been a high prevalence of trypanosomiasis had
twice as many Ag-ELISA positives (14.7%) as cattle from an area in which a low to medium trypanosome
challenge existed before control was implemented (7.7%). When Ag-ELISA positive cattle were treated with
Berenil, circulating antigen disappeared from the serum within two months of treatment. The PCVs of the
antigen-positive, non-parasitaemic animals were observed to be similar to those of negative animals
(Figs. 2 and 3).

90



TABLE EQ. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED IN SENTINEL HERDS IN

GWEMBE VALLEY

Trypanosome

Test

BCT

Ag-ELISA

No.
samples

596

596

No. pos.
samples

0

57

Tb.

0

9

T.c.

0

31

T.v.

0

9

T.b/T.c.

0

5

species detected

T b/r.v.

0

0

T.C/T.V.

0

2

T.bJT.c/T.v.

0

1

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
T.b. = Trypanosoma brucei T.c = Trypanosoma congolaise T.v. = Trypanosoma vivax

TABLE IV. NUMBER OF TRYPANOSOME INFECTIONS DETECTED BY AG-ELISA IN THE
GWEMBE VALLEY SENTINEL HERDS IN THE DIFFERENT AGE GROUPS

Ag-ELISA positives

Herd
location

Masaya
Siadunka

Lusitu

Bakasa

Siamatika

Tsetse
challenge

High

High

High

Medium

Medium

Age-group
1

4

0

1

1

0

Age-group
2

2

3

1

2

1

Age-group
3

8

7

5

11

7

Age-group 1 = < 1 year Age-group 2 = 1-3 years Age-group 3 = > 3 years

mH

PCV <%>

Fi£. 2 Frequency distribution of Packed Cell Volumes (PCVs) of Ag-ELISA positive sentinel cattle in
the Gwembe Valley.
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Fig. 3. Frequency distribution of Packed Cell Volumes (PCVs) ofAg-ELISA negative sentinel cattle in
the Gwembe Valley.

4. DISCUSSION

An Ag-ELISA was evaluated using sera from cattle kept in two areas in which trypanosomiasis was
endemic. The prevalence rates of trypanosome infections in the two areas was 23.4% as compared to 8.6%
by BCT. The Ag-ELISA had an apparent sensitivity of 93.7%. These results suggest that the sensitivity of
Ag-ELISA is at least 4 times higher than that of the BCT [7]. A higher proportion of animals was shown
by Ag-ELISA to carry mixed infections, in contrast to the results obtained using the BCT. Similar results
were obtained by Nantulya et al. [8], Unlike the presence of antibodies, demonstration of trypanosomal
antigens in the peripheral blood indicates that an animal has an active infection. Despite the apparently high
sensitivity displayed by the Ag-ELISA, the test gave false negative results with 2.8% of the sera. The sera
producing these false negative results could have been collected from an animal in the acute phase of
infection [3,7]. The monoclonal antibody used in the Ag-ELISA is directed at an internal, unsecreted
molecule that is released only following trypanosome destruction. Therefore, early in infection and before
remission of the first parasitaemic peak, the test can give negative results due to the absence of, or low level
of antigens in the blood [3,7]. Hence, it is necessary to combine Ag-ELISA with parasitological techniques
such as BCT. The results obtained from monitoring animals in areas cleared during tsetse and
trypanosomiasis control measures showed that 10% of the cattle were still antigenaemic. These animals could
have been carrying chronic trypanosome infections which would not be detected easily by the BCT as the
number of parasites in the peripheral circulation during chronic infections is often too low for detection by
this method. In addition, there may be trypanosomes in other body organs such as spleen, brain, spinal fluid,
liver and lymphnodes [9] which might release antigens detectable by the Ag-ELISA [3].

The Ag-ELISA was used to evaluate the effect of treatment in some of the antigenaemic animals.
Antigens disappeared from the peripheral blood within 2 months following treatment with Berenil. An

important potential application of the Ag-ELISA could be in monitoring the response of animals after
treatment with trypanocidal drugs to determine whether treatment had been effective and to check for
possible drug resistance.
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The work reported here was carried out after the implementation of tsetse and trypanosomiasis
control measures in the Gwembe Valley. However, this is still an on-going control programme and recently,
a small pocket of tsetse flies as well as trypanosome infected cattle have been detected in the cleared area.
It is possible therefore that the sentinel animals in age group 1 could have been carrying new infections,
while those in groups 2 and 3 could have been due either to re-infection or chronic infections acquired before
the control programme had been put into operation. The present results have confirmed the sensitivity of
the Ag-ELISA and also indicated its potential application in identifying areas in which trypanosomiasis
persists, albeit at low levels and with strains of parasites of low pathogenicity.
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VALIDATION OF THE ANTIGEN ELISA IN COMPARISON WITH
PARASITOLOGICAL TECHNIQUES FOR THE DIAGNOSIS OF
BOVINE TRYPANOSOMIASIS IN ZIMBABWE

R. RIES
Veterinary Research Laboratory,
Harare, Zimbabwe

Abstract

VALIDATION OF THE ANTIGEN ELISA IN COMPARISON WITH PARASITOLOGICAL TECHNIQUES FOR THE
DIAGNOSIS OF BOVINE TRYPANOSOMIASIS IN ZIMBABWE.

The antigen ELISA (Ag-ELISA) for the detection of trypanosomal infections was used to test sera from naturally infected
cattle and the results were correlated with those obtained by buffy coat technique(BCT). Sera were obtained from cattle kept in a
tsetse free area to determine test sensitivity and from a second tsetse free area to obtain baseline values for a group of animals which
were later to be moved to an area of high tsetse challenge. The Ag-ELISA was apparently 98.4% specific. In the area of high tsetse
challenge the buffy coat technique detected 75 (26.6%) infections while the antigen ELISA detected 110 (39.0%) infections. The ELISA
failed to detect antigens in some parasitologically positive animals, but the two tests were complementary for the diagnosis of
trypanosomiasis in individual animals. An unexpectedly high proportion of antigen positive animals (25.0%) was found in the second
tsetse free area but these infections could be due to non cyclical transmission indicating that although tsetse eradication may remove
the vector, sub-clinical trypanosomiasis may persist in the cattle population unless measures are taken to provide adequate trypanocidal
drug therapy.

1. INTRODUCTION

There is an ongoing Tsetse Control Programme in Zimbabwe which has resulted in the clearance
of tsetse flies from most of the country, with the exception of an infested area along the Northern border
in which targets for eradication and traps for surveillance are being maintained by the Tsetse Department.
There is a need for an improved test for the diagnosis of trypanosomiasis in order to monitor this
programme more effectively as the existing parasitological techniques are not sensitive enough to detect the
low level infections which occur when the tsetse challenge is very low. The enzyme immunoassay to detect
circulating trypanosomal species-specific invariant antigens in serum of cattle (Ag-ELISA) [1] was validated
in relation to parasitological diagnosis in naturally infected cattle and by monitoring the antigen levels in
susceptible cattle which were moved from a tsetse-free area to a high challenge area. Sera from cattle in a
communal land near Harare were used as a negative population.

2. MATERIALS AND METHODS

2.1. Sampling Strategy
Twenty four crossbred male and female cattle between one and two years of age, from Chiredzi, a

tsetse free area, were bled twice. They were dewormed with Tetramisole (Pfizer, Zimbabwe) and vaccinated
against Foot and Mouth Disease before being transported by road to an area of high tsetse challenge at
Rekomitjie. They were bled on arrival and every two weeks thereafter for 22 weeks. Blood was collected in
two heparinized capillary tubes from an ear vein. Blood from the jugular vein of each animal was collected
into two 100 x 16 mm plain vacutainer tubes. One capillary tube was centrifuged at 12 000 g for five minutes
in a microhaematocrit centrifuge. The PCVs were recorded for each animal and then wet preparations were
made of the buffy coats which were examined for the presence of trypanosomes and microfilariae. The
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second capillary tube was used to make thick and thin blood smears. The clotted blood samples were
centrifuged at 800 G for 10 minutes, sera were removed into sterile universal bottles and 10 /xl of 1% sodium
benzoate per millilitre of serum was added to each sample as a preservative. The sera were aliquoted in 1
ml volumes, appropriately labelled and stored at -20°C.

One hundred and twenty sera collected from cattle in a communal land near Harare, a tsetse free
area, were used as a negative population.

22. Antigen trapping microplate ELISA (Ag-ELISA)
The Ag-ELISA was performed according to, and using the reagents specified in the protocol

supplied by the Joint FAO/IAEA Division (see Annex II).

3. RESULTS

3.1. Parasitological results
None of the animals from Chiredzi showed evidence of trypanosomiasis by BCT. After transfer to

Rekomitjie, of the 282 buffy coats examined 75 (26.6%) were positive (Table I), the highest number being
infections due to T. congolense, followed by T.vivax and then T. brucei. Forty six (61.3%) of the infections
were single infections while 29 (38.7%) were mixed infections. No parasitological examination was performed
on the animals from Harare.

TABLE I. DISTRIBUTION OF TRYPANSOME SPECIES DETECTED IN CATTLE BY BCT AND
Ag-ELISA DURING THE VALIDATION STUDY

Area

Rekomitjie

Rekomitjie
Harare

Chiredzi

Test

BCT

Ag-ELISA

Ag-ELISA

Ag-ELISA

No. of
sera

282

282

120

48

No.
pos.

75

110
2

12

T.b.

5

0

0

0

T.c.

25

13

1

2

T.v.

16

58
1

9

T.b/T.c.

5
1
0

0

T.b/T.v.

10
0
0
0

T.C/T.V.

8
34

0

1

T.b/T.c7
T.v.

6
4

0

0

BCT = Buffy Coat Technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunoasoibent Assay
T.b. = Trypansoma brucei T.c. = Trypanosoma congolense T.v. = Trypanosoma vivax

32. Antigen detection
From Harare, a tsetse free area, one serum was positive for T. congolense and one for T. vivax

(1.6%) out of 120 sera tested, giving an apparent specificity of 98.4% for the antigen ELISA. The range of
optical densities obtained for the negative population is shown in Figures 1, 2 and 3.

From Chiredzi, 12 (25.0%) of 48 sera were positive for T. congolense and T. vivax antigens (Table
I) and the distribution of optical densities obtained is shown in Figures 4, 5 and 6. Of the 282 sera that were
tested from Rekomitjie, 110 (39.0%) were positive for circulating antigens of T. brucei, T. congolense and
T. vivax. The predominant species was T. vivax, followed by T. congolense and T. brucei. Of the 75
parasitaemic samples, 35 (46.7%) were positive for circulating antigens of T. brucei, T. congolense or T. vivax.
Seventy five of the aparasitaemic animals were also positive for antigens.
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Fig. 1. Distribution of optical density (OD) values x 10'3 (405 nm) for Trypanosoma brucei in a
négative population of cattle from Harare.
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Fig. 2. Distribution of optical density (OD) values x 10'2 (405 nm) for Trypanosoma congolense in a
negative population of cattle from Harare.
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Fig. 3. Distribution of optical density (OD) values x 10'3 (405 nm) for Trypanosoma vivax in a negative
population of cattle from Harare.
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Fig. 4. Distribution of optical density (OD) values x Iff (405 nm) for Trypanosoma brucei of cattle
in Chiredzi District.
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Fig. 5. Distribution of optical density (OD) values x 10'3 (405 nm) for Trypanosoma congolense of
cattle in Chiredzi District.
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Fig. 6. Distribution of optical density (OD) values x 10"3 (405 nm) for Trypanosoma vivax of cattle in
Chiredzi District.
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4. DISCUSSION

The antigen ELISA is a specific test as 98.4% of the sera from a trypanosomiasis free area were
negative for circulating antigens of T. brucei, T. congolense and T. vivax. Seventy five of the animals at
Rekomitjie were parasitaemic but only thirty five were antigen positive. The monoclonal antibody used in
the antigen-ELISA is directed at an internal, unsecreted molecule that is released only following trypanosome
destruction [2] and it has been suggested that early in the infection, before remission of the first parasitaemic
peak, the test can give negative results due to the absence of or low levels of antigens in blood [1, 2]. The
Ag-ELISA enables the detection of a larger number of infections than the buffy coat technique. The
trypanosomal antigens detected in the serum were often different from the species of trypanosomes identified
in the blood by the buffy coat technique. This resulted in the identification of more mixed infections,
especially those with three different species of trypanosomes when the two diagnostic techniques were
combined. In Chiredzi, the number of samples that were antigen positive was rather high considering that
tsetse flies had not been found in the area since 1970. However, since T. brucei antigens were not detected,
it is possible that the T. congolense and T. vivax infections were occurring due to mechanical transmission.

The Ag-ELISA test had a high diagnostic specificity; both Ag-ELISA and the BCT produce a
number of false negative results [2] but for the diagnosis of trypanosomiasis in individual animals the two
tests are complementary since infections not detected by one test may be detected by the other. Results
obtained from Chiredzi indicated that although the eradication of tsetse flies is associated with the
disappearance of clinical trypanosomiasis, trypanosomal infections of low pathogenicity possibly maintained
by mechanical transmission may persist in the cattle population.
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Abstract

THE USE OF THE ANTIGEN ELISA FOR THE MONITORING OF TRYPANOSOMAL INFECTIONS IN CATTLE IN
ZIMBABWE.

The antigen ELISA (Ag-ELISA) for the detection of trypanosomal infections was used in the diagnosis of bovine
trypanosomiasis in Gokwe District, an area from which tsetse flies had been cleared recently; in Hwange Communal Land, which
although free from tsetse flies for 20 years, was threatened by reinvasion; and as part of a national survey of vector-borne diseases
to determine the extent and prevalence of trypanosomal infections throughout the country. In Gokwe and Hwange all the animals
tested were negative for parasites by Buffy Coat Technique (BCT), while the Ag-ELISA results showed that 42.9% and 32.3%
respectively of the animals were infected. In the national survey, trypanosomal antigens were detected in cattle at 46.1% of the
locations from which samples were collected, most of them in tsetse free areas. These results could be due to reinvasion or persistence
of tsetse flies in very small numbers, residual infections of low pathogenicity, or temporary introduction of flies by transport vehicles.

1. INTRODUCTION

Following the validation of the Ag-ELISA [1], it was considered that the test would be useful for
monitoring cattle in areas where tsetse flies had been eradicated recently and also in epidemiological studies
to determine the prevalence of infections in Zimbabwe as an indication of the success of the Tsetse
Eradication Programme. Zimbabwe is considered to be tsetse free except for an area along the northern
and north-eastern borders where progressive control operations are still ongoing. Two field trials were
carried out. The first was in Gokwe where the tsetse flies were considered to have been eradicated and
where there was no evidence of trypanosomiasis in cattle examined using parasitological techniques. The
objective of this study was to determine if there were still trypanosomal infections present in the cattle. The
second trial was in Hwange Communal Land which is being threatened by a southward reinvasion of tsetse
flies from Zambia. This study was designed to act as an early warning system and to determine whether
antigen positive work oxen could remain productive under severe stress. A national survey was also carried
out to determine the extent and prevalence throughout the country of trypanosomal infections as determined
by the ELISA technique [2].

2. MATERIALS AND METHODS

2.1. Gokwe District
This area had been declared free of tsetse flies and no clinical trypanosomiasis had been observed

for 6 months prior to the field trial. Serum samples were collected from 111 animals at two dip tanks (Sai
and Sengwa Bridge). After testing, animals from villages in Sai area which had shown a high number of Ag-
ELISA positives were sampled, treated intramuscularly with 10.5 mg/kg Berenil and blood was collected 2,
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7, 14 and 28 days after treatment. Samples were collected from 28 animals. A similar procedure was used
at Sengwa Bridge except that the bleed 2 days after treatment was excluded due to the long distance between
the villages and the dip tank. Due to good rains at the time of the study the animals were being used for
ploughing and were not always brought for bleeding; therefore only 9 complete sets of samples were
obtained.

12. Hwange Communal Land
This area has been free of tsetse flies since 1920 but is threatened by reinvasion [3]. One hundred

and fifty five animals from 3 dip tanks were examined for clinical trypanosomiasis and blood for buffy coat
examination and serum was collected from each animal. The PCVs of these cattle were compared with the
values obtained from animals kept in areas of medium or high tsetse challenge in Namibia and Zambia.
Twenty four pairs of work oxen from 2 dip tanks were identified with ear tags and sampled at monthly
intervals for two years. The number of animals presented at each bleed varied, with the smallest numbers

being from May to July 1992, due to the severe drought in Zimbabwe which forced many communal farmers
to sell their animals or to keep them in their villages because of the shortage of watering points en route to

the dip tanks. Only those animals which were presented for sampling on at least 10 occasions were included
in this study.

23. National Survey
A national survey was designed by the Veterinary Research Laboratory to investigate enzootic

stability of tick borne diseases in Zimbabwe in 1991. The sera collected were also used for a trypanosomiasis
survey. The survey design was based on 4 principles:

a. ten percent of the dip tanks in each area were randomly selected for sampling;
b. animals between 9 and 15 months of age were sampled to provide the most reliable information
on disease status at the time;
c. approximately 10% of the animals in the targeted age group were sampled at each dip tank and
it was determined that a sample size of 35 would be sufficient to achieve this;
d. sampling took place between the months of March and May 1991, just after the peak rainy
season, which is the period of greatest tick activity.
A total of 6,666 sera from 193 dip tanks were tested. The location of each dip tank was plotted

using a grid reference system, and is represented by a dot in Figures 2, 3 and 4. A number of modifications
were made to the Ag-ELISA (see Annex II) in testing the sera for the national survey:

a. Only wells 1A and IB were left blank;
b. Only single well sample tests were set up initially but all positive sera were retested in duplicate.

3. RESULTS

3.1. Parasitological Results
In Gokwe and Hwange there was no evidence of pathogenic trypanosomiasis by BCT or blood

smear, although occasionally Tiypanosoma theileri was found in buffy coat preparations.
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32. Antigen ELISA Results
3.2.1. Gokwe District

In Gokwe, of the 111 animals tested 47 (42.3%) were positive for circulating antigens of T. brucei,
T. congolense and T. vivax (Table I) with T. vivax being the predominant species. From 28 serum samples
collected before treatment 12 (42.9%) gave positive results which were similar to the results obtained for the
111 animals. The predominant species was T. congolense. The number of animals that were positive at each
bleed was relatively constant. Three animals tested positive for both T. congolense and T. vivax antigens 14
days after treatment when previously they only had T. congolense antigens. Six of the 9 animals that were
positive for T. congolense and the animal that was positive for T. congolense and T. vivax before treatment
remained positive at all bleeds i.e. up to 28 days post treatment. In Sengwa Bridge only 1 of the 9 animals
was positive for T. vivax antigen and this remained positive up to 28 days after treatment. The optical
densities obtained from the 8 animals that still had circulating antigens 28 days after treatment formed 3
patterns: 4 T. congolense and 1 T. vivax infections responded to treatment; 2 animals appeared to have been
reinfected, 1 with T. congolense and 1 with T. vivax between 14 and 28 days after treatment and 2 T.
congolense infections showed no decline after treatment (Fig. 1).

3.2.2. Hwange Communal Land
At Hwange, 32 (20.7%) animals were antigen positive (Table I) with T. congolense the predominant

species. T. brucei antigens were not detected. A total of 434 sera were collected from the work oxen over
the period that the monthly samplings were conducted. One hundred and forty (32.3%) were positive for
antigens to all three species with T. brucei being the predominant species (Table I). The number of antigen
positive animals varied each month (15.2 - 54.5%). A peak in overall infection was seen in February 1991
but this was not recorded in 1992 when the peak in infection rate occurred in May. Most infections (73.6%)

were caused by a single trypanosomal species.

TABLE I. DISTRIBUTION OF TRYPANOSOME SPECIES DETECTED BY AG-ELISA IN CATTLE
IN TSETSE FREE AREAS

Area

Gokwe survey

Gokwe Trial
(pre-treatment)

Hwange survey

Hwange - oxen

No. of
sera tested

111

28

155

434

No. of sera
positive

47

12

32

140

T.b.

0

0

0

48

T.c.

14

1

25

12

T.v.

22

1

6

43

T.b./T.c.

2

0

0

10

T.b./T.v.

0

8

0

20

T.c./T.v.

9

2

1

4

T.b./T.c./
T.v.

0

0

0

2

T.b. = Trypanosoma brucei T.c. = Trypanosoma congolense T.v. = Trypanosoma vivax
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Fig. 1. The effect ofBerenil treatment on the trypanosome antigenaemia levels in the sera of 9 selected
animals as detected by the Antigen-Detection Enzyme-Linked Immunosorbent Assay (Ag-ELISA).

3.2.3 National Survey
In the National Survey the cattle at a dip tank were considered to be infected if two or more animals

were positive for antigens of any of the three species of trypanosomes. Cattle with trypanosomal antigens
were found at 89 (46.1%) of the dip tanks, with T. brucei being the predominant species (Table II). The
distribution of antigens for the three species are shown on Figures 2, 3 and 4.

TABLE H. NUMBER OF TRYPANOSOME INFECTIONS DETECTED BY AG-ELISA AT DIP TANK

LOCATIONS DURING A NATIONAL DISEASE SURVEY

No. of
dip tanks
sampled

193

No. of
sera

tested

6,666

No. of
sera

positive

89

Tb

29

Tc

11

Tb7
TV Tb/Tc

19 12

Tb7 Tc7
T b/T v T cTT v

4 10

Tb7
TcV

T b/T c/T v

4

T b = Trypanosoma brucei T c = Trypanosoma congolense T v = Trypanosoma vtvax
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Fig. 2. National Survey Zimbabwe - distribution of Trypanosoma brucei
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Fig. 3. National Survey Zimbabwe - distribution of Trypanosoma congolense
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ig. 4. National Survey Zimbabwe - distribution of Trypanosoma vivax

When the results of estimations of PCV of cattle sampled from Hwange, Namibia and Zambia were
compared it was found that the mean of the PCV values obtained for animals in Hwange was distinctly
higher than that of those obtained from animals in the Caprivi District of Namibia, a medium challenge area,
and the Sesheke District of Zambia, a high challenge area (Figs. 5a, 5b, 5c).
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Fig. 5a. Frequency distribution of Packed Cell Volumes (PCV %) of 39 oxen sampled
in Hwange District, Zimbabwe (no tsetse challenge).
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Fig. 5b. Frequency distribution of Packed Cell Volumes (PCV %) of 45 oxen sampled
in Eastern Caprivi District, Namibia (medium tsetse challenge).
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Fig. 5c. Frequency distribution of Packed Cell Volumes (PCV %) of 95 oxen sampled
in Sesheke District, Zambia (high tsetse challenge).
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4. DISCUSSION

The results obtained by Ag-ELISA in tsetse free areas showed a higher percentage of positives than
expected. This may have been due to several reasons. First, residual infections may be persisting through
mechanical transmission in areas located in close proximity to known tsetse infested zones. This might
explain the situation in the Northern and Northeastern areas of Zimbabwe. Secondly, tsetse reinvasion might
have occurred; there is already some indication that this has happened in the Eastern Border region. In other
areas, such as Hwange, the South Western and South Eastern regions of Zimbabwe, there might have been
reinvasion of tsetse flies or it is possible that small pockets of flies persisted in very small numbers and were
not detected during routine entomological surveys. The trypanosome infections diagnosed in cattle appear
to be of low pathogenicity since no clinical signs of disease have been reported and, as seen in the case of
the cattle at Hwange, although there was serological evidence of infection PCVs were still high when
compared with those of cattle from other areas where trypanosomiasis occurred. It is essential that when
sera are collected for ELISA great care is taken to ensure that the samples are, as far as possible, free from
bacterial contamination since this could interfere with the test. Where samples are likely to be handled on
a number of occasions for different serological procedures, as in this case, that will only increase the
likelihood of contamination. Finally, false positive results are likely to form an increasing proportion of the
overall results as the prevalence of infection falls to very low levels [4]. In such instances there is obviously
a need to use alternative diagnostic procedures to confirm the assay findings e.g. antibody detection ELISA's.
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Abstract

PREVALENCE OF TRYPANOSOMIASIS IN PASTORAL CAMELS IN THE BUTANA PLAINS, MID-EASTERN SUDAN.
A total of 1758 camels were examined for the presence of trypanosomal infections using conventional parasitological diagnostic

techniques and an Ag-ELISA for the detection of circulating trypanosomal antigens. The survey was conducted mostly during the dry
season from July 1989 to June 1990. Experimental studies using camels and goats indicated that trypanosomal antigens were present
in the serum of infected animals 2 to 4 days after infection in camels and 2 to 7 days in goats. Following treatment, antigen
disappeared within 7-14 days. In pastoral camels, patent parasitaemias were detected in 106 (6%) camels, with most of the infections
occurring during the latter part of the dry season. Circulating trypanosomal antigens were present in 79 of the camels with active
infections, hence the sensitivity based on the presence of a patent parasitaemia was 74.5%. In the 1652 camels in which there was no
evidence of patent infection, circulating trypanosomal antigen was present in 679. The overall prevalence rate in all camels sampled
was 43%. Over the period September to May there was an increase in the proportion of camels with demonstrable parasitaemia but
during the same period the proportion of animals with circulating trypanosomal antigen remained at approximately 35%.

1. INTRODUCTION

Approximately 20% of the population of camels in the world, some 3 000 000 head, is found in the
Sudan. They represent an important source of meat, milk and hair and additionally are used for
transportation and draught power. Camels are a substantial source of foreign currency through export to
North Africa and the Middle East countries. The main owners of camels are pastoralist people of Northern
Sudan. Although many of these people still pursue a nomadic existence, an increasing number are
transforming into agro-pastoralists, settling into large agricultural schemes in Eastern Sudan [1]. Recently,
owing to severe droughts, which affected most of the northern region of Sudan, the camel has increased in
importance compared to cattle and sheep.

There is therefore an increased demand for the camel and a need to increase its productivity.
However, a major constraint is trypanosomiasis caused by Trypanosoma evansi which is the most serious
disease affecting camels in Sudan [2]. Affected camels may show an acute course of disease which can result
in reproductive failures or a chronic debilitating disease. Considerable production losses occur due to lower
milk and meat yield in adults [3]. Pregnant camels abort and even when calves are full-term, they are weak
and cachetic and generally die within a few months [2]. Infertility, abortion, premature births and inability
to feed the young all greatly reduce reproduction potential in affected herds [4]. Control of the disease is
based on chemotherapeutic treatment of infected individuals. For effective control measures, however,
knowledge of epidemiology and regional incidence of infection is essential [5]. To achieve that, an accurate
diagnostic test is required. Currently, diagnosis of cameline trypanosomiasis is usually based on clinical or
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parasitological features of infection but clinical signs are not pathognomonic and detection of trypanosomes
in the blood is frequently difficult. A number of serological tests for detecting circulating antibodies [6] have
been used for the diagnosis of the disease but most of these do not allow accurate identification of animals
with current infection. Recently, an enzyme-linked immunosorbent assay (ELISA) for detecting circulating
antigens (Ag-ELISA) has been shown capable of identifying animals with active trypanosomal infections. This
work was undertaken to utilize the Ag-ELISA in studying the epidemiology of cameline trypanosomiasis in
mid-eastern Sudan.

2. MATERIALS AND METHODS

2.1. Experimental camels
Seven camels, 3-4 years old, were purchased from Omdurman Market and confirmed to be free from

trypanosomes by blood examination and subinoculation of blood into mice for three consecutive weeks before
the start of the experiment. Three camels, Nos. 673, 674 and 680 were inoculated subcutaneously with 1 x
106 trypanosomes of a stock of T. evansi isolated from a camel in mid-Eastern Sudan. The stock was
propagated in albino mice and trypanosomes separated from the blood by anion-exchange chromatography
on DEAE-cellulose column [8]. Four camels, Nos. 267, 268, 270 and 326, served as uninfected controls.

22. Experimental goats
Seven goats, 1-2 years old, were purchased from Omdurman Market. The goats were confirmed free

from trypanosomes as above. Three goats, Nos. 343, 344 and 345 were subsequently infected by inoculation
of 1 x 105 trypanosomes and 4 other goats, Nos. 346, 348, 349 and 350 were kept as uninfected controls.

23. Sampling
The camels and goats were bled weekly by jugular venepuncture into clean, plain Vacutainer tubes

(Becton-Dickinson, New Jersey, U.S.A.). Serum samples were collected from these tubes after overnight
incubation at room temperature. Collected sera were kept at -20°C till analysed. Blood samples were also

collected weekly from the ear vein of the camels and goats and examined microscopically by the buffy coat
technique (BCT) [9] and Giemsa's stained thin blood smears. Albino mice were subinoculated at various
occasions from the animals to verify the presence of trypanosomes. Two camels, Nos. 673 and 680 were
treated with the trypanocidal drug quinapyramine sulphate (Trypacide, Rhone Merieux) at a dose rate of
2g/camel.

2.4. Field survey
The field survey was in mid-Eastern Sudan, comprising the territories of Northern and Southern

Gedarif District (Fig. 1). A total of 1758 pastoral camels were sampled during the period July 1989 - June
1990. Individual camels within a herd were randomly selected and temporarily marked by a marker pen and
the collected samples were identified by serial numbers. The camels were bled by jugular venepuncture into
vacutainer tubes. Buffy coat and PCV preparations were made and read immediately, aided by a portable
electric generator and light microscope. Camels that had a PCV value < 18% were treated with Trypacide.
Thin smears and blood collected for serum samples were taken to the Field Station facility at Showak for
staining and serum separation. Sera were kept at -20°C till transported in an ice chest to Khartoum.

112



ELHUSHIEB

15

KASAMOfi

BUTANA P L A l N S

UMKASHAMA

Fig. 1. Map of mid-Eastern Sudan showing the area where camels were sampled for T. evansi
trypanosomiasis.

2.5. Ag-ELISA
The sera were screened for the presence of trypanosomal antigens using the FAO/IAEA/ Ag-ELISA

kit and test protocol as described in the Annex.
In order to obtain a cut-off point for the Ag-ELISA results, the mean absorbance value was

determined for pre-infection samples from 14 healthy camels from Omdurman with PCV values of > 27%
and which were parasitologically negative. The mean value obtained (0.030 at 450 nm) for this subpopulation
was multiplied with a factor of 2 to obtain an estimate of the 99% confidence limit for a "positive" test.
Hence a positive test had an optical density (O.D.) value of > 0.060.
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3. RESULTS

3.1. Experimental infection
The Ag-ELISA OD values of the control camels and goats remained below the threshold value

throughout the period of experimentation (Figs. 2,3), and no trypanosomes were detected by parasitological
means nor by subinoculation of blood into mice. Results of blood examination, PCV and Ag-ELISA of
infected animals are represented by camels Nos. 674 and 680 (Figs. 4, 5). The presence of trypanosomes was
verified hi infected camels and goats by subinoculation of blood into mice, 22 and 34 days post infection
(DPI), respectively. Infection became transiently patent on parasitological examination 10 and 38 DPI in
camels 674 and 680, respectively. None of the infected goats had a patent parasitaemia.

— O O5 —

Control camel No 27D

AO-EL ISA

PCV

- 2O —

-15 —

T i me i n days

Fig. 2. Ag-ELISA Optical Density (OD) and Packed Cell Volume (PCV) values of uninfected control
camel No. 270.

— o os —

Contro1 came I No 326

Q-EL I SA

PCV
- 20 —

- 15 —

T I me i n days

Fig.3. Ag-ELISA Optical Density (OD) and Packed Cell Volume (PCV) values of uninfected control
camel No. 326.
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Fig. 4. Time course of T. evansi antigenaemia, Packed Cell Volume (PCV) values and parasitological
results in experimental camel No. 674, inoculated subcutaneously with 1 x Iff T. evansi trypanosomes.
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Fig. 5. Time course of T_. evansi antigenaemia, Packed Cell Volume (PCV) values and parasitological
results in experimental camel No. 680, inoculated subcutaneously with 1 x l(f T_. evansi trypanosomes
and treated with Trypacide*.

Circulating antigens were first detected hi camels 2-4 DPI and antigenaemia levels fluctuated but
remained above preinfection OD values. The OD values fell in camel No. 680, 2 weeks after treatment with
Trypacide while it remained higher hi the untreated camel No. 674. Similar results were observed hi camel
No. 673. Antigenaemia was first detected in the goats 2-7 DPI and increased steadily and was still elevated
when the experiment was terminated at 49 DPI.
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3.2. Field survey
Out of 1758 camels sampled, 106 (6%) were positive on parasitological examination. Circulating

trypanosomal antigens were present in 79 of these camels with active infection, giving an apparent sensitivity
of 74.5%. In the 1652 camels in which there was no evidence of a patent infection, circulating trypanosomal
antigen was present in 679 cases. The overall prevalence rate in all camels sampled was 43%. The frequency
distribution
of OD values for the whole surveyed population showed a right-hand skew indicating a largely negative
population (Fig. 6). Table I summarizes the prevalence rate among the pastoral camels during the period
in which the survey was conducted. Over the period September to May there was an increase in the
proportion of camels with a demonstrable parasitaemia but the proportion of camels with circulating
trypanosomal antigen remained at approximately the same level over that period.

4. DISCUSSION

Owing to the absence of pathognomonic signs, clinical diagnosis is of little value in cameline
trypanosomiasis. The fluctuating levels of parasitaemia in most forms of the disease process limits the efficacy
of parasitological methods which might miss 50% [10] to 80% [2] of infections. Various biochemical and
immunological tests have been introduced to diagnose T. evansi infections in camels [11] but these tests,

including Antibody-ELISA (Ab-ELISA), indicate at best exposure to trypanosomiasis rather than defining
a current infection. Definitive, early diagnosis is important in chronic infections since it enables the
identification of the population at risk so that drugs can be more selectively administered to reduce the
frequency of infection. An Ag-ELISA which detects circulating trypanosomal antigens [12] may provide a
more sensitive indicator of current infection.

In the present study, antigenaemia was demonstrated as early as 2-4 DPI in experimental infections
in camels. Antibodies to T. evansi can be detected 10-15 DPI using an Ab-ELISA [6]. In contrast, the
infection was detected by the buffy coat technique only transiently while it was possible to monitor the
infection by Ag-ELISA throughout the course of the infection. Similarly, it was possible to detect infection
by Ag-ELISA as early as 2-7 DPI in experimentally infected goats. It was not possible to demonstrate the
presence of trypanosomes in the peripheral circulation by BCT.

These results illustrate the difficulties of identifying infected animals solely on the basis of direct blood
examination techniques as indicated by earlier workers [2, 10] or solely on indirect serological techniques

[6, 11].
Although the antigenaemia fluctuated, it remained well above the cut-off value for the test. These

fluctuations could be attributed to the dynamics of parasitaemia, the formation of antigen-antibody complexes
and/or blocking antibodies. The presence of circulating or cryoprecipitated trypanosome-antibody complexes
as well as occlusion of parasite antigenic determinants is well established [13, 14, 15].

After successful chemotherapy, antigens disappeared from the serum within 7-14 days, indicating the
disappearance of the trypanosomes. In contrast, using the Ab-ELISA, antibody levels remain high for at least
3 months after chemotherapy [6] and thus cannot be used to indicate the presence of active infection.

Our results indicate that higher proportions of infected camels show patent parasitaemia early in the
dry season and a higher proportion develop patent parasitaemias towards the end of the dry season. This
pattern could be linked with a higher challenge rate by biting flies. Tabanidae have been shown to be more
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Fig. 6. Frequency distribution of T. evansi Ag-ELISA Optical Density (OD) values in camels (n = 1758)
sampled in mid-Eastern Sudan.

TABLE I. MONTHLY PREVALENCE RATE OF TRYPANOSOMIASIS IN A POPULATION OF
CAMELS IN MID-EASTERN SUDAN DURING THE PERIOD JULY 1989 - JUNE 1990

Month

July
August
September
October
November
December
January
February
March
April
May
June

No.
samples

79
91
124
226
143
236
171
294

234
ND

63
121

BCT

No.
1
2
1
0
1
10
33
23
22
-

18
7

%
1.3
2.3
0.8
0.0
.7

4.0
19.0
9.0
9.0
-

28.6
5.8

Ag-ELISA

No.
51
-

40
76
50
56
58
83
83
-

19
18

%
64.6

-
32.3
33.6
35.0
24.0
34.0
35.0
35.0

-
30.2
14.9

ND = Not done
BCT = Buffy Coat technique
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
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abundant early in the dry season in the Sudan [16]. Moreover, during the later part of the dry season the
animals are subjected to stressful climatic factors and a low plane of nutrition.

Knowledge of the local enzootic situations and regional incidence of infection constitute the key to
the effective implementation of efficient control measures [5]. To date, the main control measure for
cameline trypanosomiasis is based on chemotherapy. In practice, diagnosis is solely dependent on provisional
diagnosis by veterinarians and/or camel owner's empirical judgement. This pitfall can be overcome by the
application of the Ag-ELISA to effect judicious use of the available trypanocidal drugs.

Camels are valuable, long-term investments for the pastoralists with breeding females which are also
used for transport, milk, etc., and are kept for 10-20 years. It would therefore be feasible to treat individual
camels on the basis of Ag-ELISA results even in instances where blood examinations proved negative, since
the economic and social value of the camel is high compared with the cost of diagnosis and treatment.
Accordingly, it would be possible to efficiently utilize the Ag-ELISA in conjunction with the buffy coat
technique in executing a strategic chemotherapeutic control programme based at Showak. It was possible
to arrange daily sampling from camel grazing and watering places, to gain acceptance by the camel owners
who would allow their camels to be temporarily marked and who turned up for sampling expecting
professional clinical examination and appropriate rational treatment. Moreover, the field station at Showak
provides all necessary facilities to conduct the Ag-ELISA satisfactorily.
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Abstract

USE OF ELISA IN THE DIAGNOSIS OF INFECTION AND EVALUATION OF TREATMENT WITH CYMELARSAN IN CAMELS
INFECTED WITH TRYPANOSOMA EVANSI IN KENYA.

A polyclonal based antigen detection enzyme immunoassay (Ag-ELISA) was validated and used for the diagnosis of camel
trypanosomiasis in five localities in Kenya. The Ag-ELISA results were correlated with those of parasitological tests, namely, Buffy Coat
Technique (BCT) and rodent subinoculation (RI). More animals showed evidence of infection using Ag-ELISA than when using BCT and
RI, and showed infection rates ranging from 45.3% to 86.2% in sampled herds, compared with 0.8% to 18% using parasitological tests. An
overall apparent sensitivity of 74% by Ag-ELISA was obtained after screening sera from three camel herds.

Higher ELISA values were observed in those herds with the highest rate of patent infection or where drug intervention was not
being practised. However, the study revealed that trypanosomiasis was endemic in all the sampled herds and although treatment with
quinapyramine sulphate suppressed parasitaemia, the presence of circulating trypanosomal antigens indicated the probable persistence of
infection due to resistance to this drug.

In experimental camels, the use of Ag-ELISA in evaluating the efficacy of Cymelarsan revealed that in more than 80% of the
treated camels there appeared to be cure, characterized by the absence of both parasitaemia and circulating trypanosomal antigens. However,
in a few animals relapse in parasitaemia occurred, and in a number of camels, antigenaemia persisted throughout the study period. Treatment
on the basis of a positive Ag-ELISA reduced the proportion of Ag-positive animals from 75% to 26% and parasite positive animals were
no longer present at the end of thé experiment.

1. INTRODUCTION

The dromedary population in Kenya is estimated to be about one million. Camels are kept by
several pastoral tribes found in the Eastern, North-Eastern, and Rift-Valley Provinces of Kenya. The camel
is the most important species of livestock in these marginal lands as it provides the only means of transport
and a reliable source of milk and meat. A number of commercial enterprises also raise camels as a means
of diversifying the livestock production capacity of rangelands.

Trypanosomiasis caused by Trypanosoma evansi is by far the most important disease affecting camels
in Kenya [1]. T. evansi infection in camels results in a chronic disease characterized by abortion, emaciation,
loss of milk production and stunted growth in young animals. In the absence of treatment, death usually
occurs. Wilson et al. [2] classified T. evansi infection into five categories, according to mortality, presence or
absence of circulating parasites and antibody, presence or absence of emaciation and anaemia. Diagnosis of
T. evansi infection is usually based on the direct examination of fresh blood or buffy-coat preparations
and/or subinoculation of camel blood into rodents in order to demonstrate parasites [3]. However, since
trypanosomes may be scanty in the peripheral circulation and therefore difficult to detect, more than 60%
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of infected camels are missed by direct examination of blood [4]. Serological tests for the detection of
anti-trypanosome antibodies are useful for epidemiological studies, but fail to pin-point active infections, since
antibodies persist in the circulation for long periods even after effective cure [4]. However, this problem has
been overcome in recent years by the introduction of tests which detect circulating trypanosomal antigens
in the sera of infected animals [5, 6, 7, 8]. The advantages of antigen-detection assays are as follows. First,
active infections can be detected even in animals with scanty parasitaemia or cryptic infections. Secondly,
following effective treatment, antigenaemia usually subsides within a short period, thus allowing a more
accurate evaluation of the efficacy of therapeutic intervention [2]. Thirdly, these assays have been designed
to allow a large number of samples to be screened. In the present study, a polyclonal antigen-detection
enzyme immunoassay (Ag-ELISA) was validated and used in the diagnosis of camel trypanosomiasis in
selected camel herds in Kenya and later, to evaluate the efficacy of a novel trypanocide, Cymelarsan
(Rhone-Merieux, France) in the treatment of T. evansi infection.

2. MATERIALS AND METHODS

2.1. Camels
a) Athi River camels
A herd of camels at Athi River was sampled monthly, over a period of 9 months, between

November, 1988 and August, 1989. The majority of these camels were owned by KETRI, but a few belonged
to private owners. Camels were released from this herd from time to time for commercial reasons and the
numbers varied between 39 and 56. Infection rates were determined by use of Ag-ELISA, rodent inoculation
(RI) and buffy coat technique (BCT). Camels with patent parasitaemia were treated with quinapyramine
sulphate at the recommended dose rate of 3.0 mg/kg body weight.

b) Camel herds in different locations in Kenya
i) Sabachi-Isiolo
Three hundred and twenty nine camels were sampled from a herd managed by Food and

Agricultural Research Management (FARM). The camels were under good veterinary management.
Trypanocides were used regularly to control trypanosomiasis, which was considered to be endemic in the
area. At the time of sampling these camels were being treated prophylactically with Samorin.

a) Kisima-Rumuruti
One hundred and twenty three camels from a herd belonging to FARM and the Mennonite Central

Committee (MCC) were sampled. A few camels belonged to local pastoralists. Sporadic cases of
trypanosomiasis were reported and quinapyramine prosalt and sulphate were frequently used to treat
trypanosome infected camels.

Hi) Marsabit
Serum samples were obtained from camels belonging to local pastoralists. Trypanosomiasis was

endemic and trypanocides had been used infrequently. These camels were generally in a poor, emaciated
condition and mortality due to trypanosomiasis had been reported.
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iv) Kajiado
These camels belonged to the Arid and Semi-arid Lands Project (ASAL). They were made up of

five herds, namely: Mile 46, comprising 19 camels; Bassil, comprising 15 camels; Torosei, comprising 42
camels and Namanga, comprising 21 camels. Trypanosomiasis was prevalent and abortions had been
reported. Trypanocides had not been used.

c) Experimental camels
Sixty one camels kept at Athi-River were initially examined by BCT or RI and Ag-ELISA and

divided into two groups. Group A, comprising 31 camels, was treated with Cymelarsan at 0.25 mg/kg body
weight. Group B, comprising 30 camels, was treated with quinapyramine sulphate at a dose of 3.0 mg/kg.
Subsequently, camels in both groups were bled at weekly intervals for 22 weeks.Blood was examined by BCT
or RI to detect parasites while Ag-ELISA was used to detect circulating trypanosomal antigens. Five weeks
after the start of the experiment, camels which were positive by Ag-ELISA or showed a patent parasitaemia,
were treated with Cymelarsan. Thereafter, any antigen positive camel was treated with Cymelarsan on the
week following that on which the diagnosis was made.

2.3. BCT and RI
Buffy coat examination was carried out as described by Woo [9]. Rodent subinoculation was done

by inoculating intraperitoneally a pair of mice or rats with 0.5 ml of camel blood containing EDTA as
anticoagulant. Wet smears were prepared from the tail blood of these rodents and examined twice weekly
for 60 days in order to identify parasitaemic rodents corresponding to the camels with whose blood they were
inoculated.

2.4. Field survey
Samples of blood for BCT, RI and sera for Ag-ELISA were collected from camels at Sabachi-Isiolo,

Rumuruti-Kisima and Kajiado on one occasion. Only serum samples were available from camels at Marsabit.

3. RESULTS

3.1. Point Prevalence Rates (PPR) in Athi-River Camel Herd
Fifteen out of the 18 parasite-positive camels from the Athi-River herd gave positive results with

ELISA. Hence, the sensitivity was apparently 83%. Figure 1 shows the proportion of parasite and antigen
positive camels and PPR based on the number of Ag-ELISA positive and parasite-positive camels over a
period of nine months. Treatment of parasite positive animals resulted in a progressive reduction in the
proportion of camels with patent infections. In the 7th month of sampling, just after the long rains, there was
an increase in the number of parasite positive camels. The proportion of antigen positive camels remained
high throughout the study period, except for the last month. The ELISA test detected infections in parasite
positive camels (Fig. 2a) as well as cryptic infections in which antigen positive animals with no detectable
parasitaemia eventually became parasitaemic (Fig. 2b). Following treatment, trypanosomes disappeared and
antigenaemia dropped in some of the animals (Figs. 2b and 2c), whilst in others relapses occurred (Fig. 2c).
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Ag-ELISA = Antigen-Detection ELISA

Fig. l. % Point prevalence rate of parasite and Ag-ELISA positive camels in the Athi-River herd over
a period of 9 months.
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Fig. 2a. T. evansi antigenaemia levels in a camel initially both parasite and Ag-ELISA positive.
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Fig. 2b. T. evansi antigenaemia levels in a camel initially parasite negative but Ag-ELISA positive.
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Fig. 2c. T. evansi antigenaemia levels in a camel initially parasite and Ag-ELISA negative.

3.2. Survey of T. evansi infection in camels herds in different locations
Ag-ELISA detected more positive animals than the parasitological tests and showed infection rates

in the different locations ranging from 54.3% to 86.2% (Table I), and overall, 74.0% of patent infections
were antigen positive (Table II).

Higher ELISA values were observed in the herds from Kajiado, with a high rate of patent infections
and where drug intervention was not being practised frequently (Fig. 3a). In herds where drug intervention
was routinely applied, such as Sabachi-Isiolo, fewer animals had elevated levels of circulating antigen
(Fig. 3b).

TABLE I. ESTIMATES OF PREVALENCE OF T.EVANSI INFECTIONS IN CAMELS IN DIFFERENT
LOCATIONS IN KENYA USING A COMBINATION OF PARASITOLOGICAL AND SEROLOGICAL
TESTS

Sampling
location

Sabachi-Isiolo

Kisima-Rumuruti

Kajiado

Marsabit

No. of camels
examined

329

123

94

39

Diagnostic
technique

BCT/RI
Ag-ELISA
BCT/RI/Ag-ELISA

BCT/RI
Ag-ELISA
BCT/RI/Ag-ELISA

BCT/RI
Ag-ELISA
BCT/RI/Ag-ELISA

Ag-ELISA

No. of positive
samples

40
147
187

1
102
103

17
81
88

31

%
positive

12.0
54.3
57.0

0.8
83.0
84.0

18.0
86.2
94.0

79.0

BCT = Buffy Coat Technique
RI = Rodent Inoculation
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay
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TABLE II. SENSITIVITY OF THE AG-ELISA TECHNIQUE

Sampling
location

Sabachi-Isiolo

Kisima-Rumuruti

Kajiado

Total

No. of BCT and/or RI
positive samples

40

1

17

58

No. of BCT/RI positive samples
detected by Ag-ELISA

25 (63%)

1

17 (100%)

43 (74%)

BCT = Buffy Coat Technique
RI = Rodent Inoculation
Ag-ELISA = Antigen-Detection Enzyme-Linked Immunosorbent Assay

I I AG-ELi SA poo i 11 v«

n——U-J——i——"-1——\——"——i——' "'"""r"'""" '——r~
•101 Q 201-0 3QO O * l O t - O 5 O O O G O T - O 7OO O BO1-Q 9QO

O -1D1-O 2OO O 3O1-0 4QO O 5O1-O BOO 0 7O1-O BOO
Ag-EL I SA OD va I ues, -45O nm

Fig. 3a. Profile of Ag-ELISA Optical Density (OD) values in Kajiado camels.
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Fig. 3b. Profile of Ag-ELISA Optical Density (OD) values in Sabachi-Isiolo camels.
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TABLE III. AG-ELISA PROFILE IN CAMELS WITH FREQUENT T.EVANSI ANTIGENAEMIA

Treatment Camel
group Nr .

1

25

26

7

A 24

5

17

19

2

B 3

20

23

Weeks post initial treatment (0) No. of
uymelarsan

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17 18 19 20 21 22 treatments

+ + + + + + + + + - + - + -- + + + + + + + 9

+ + + + + + + + + + + + + - + + + + + + + + 9

+ + + - + + - + + + + + - + - + + + + -I- + + 9

+ + + + + + + + + --- + + -- + - + - + + 8

+ + + + + + - + + - + - + - - - - + - + + + 7

+ + + + + + + + - - - - - - - - - + - - + - 5

+ + + + - - + + - - + - + + - - + + + + + + 9

- + + + + + + + - + + + + - + + + - + + + 9

+ + + + + - - - - - + - + - - - - - - + + + 4

+ + + + + + - - - - - - - - t - - + - - + - 5

Group A: Initial treatment with Cymelarsan
Group B: Initial treatment with quinapyramine sulphate
+ = Positive Ag-ELISA
- = Negative Ag-ELISA



33. Evaluation of the efficacy of Cymelarsan in the treatment of T. evansi infection in camels
In Group A, before treatment, 23 out of 31 camels were antigenaemic and seven parasite positive.

Subsquently, after treatment, 12 camels showed no reappearence of antigenaemia and parasitaemia. In 10
camels antigenaemia reappeared transiently on one or two occasions. The remaining nine camels had
persistent antigenaemia and one developed a patent parasitaemia (Table III). In Group B, initially, 23 camels
were positive on Ag-ELISA and six parasite positive by BCT and RI. On week six after treatment, 18 camels
showed no evidence of infection. Thereafter, antigenaemia reappeared on one or two occasions in eight
camels. The remaining four were more frequently antigenaemic and in two of these, parasites were detected
(Table III).

In both groups the low number of Ag-ELISA positive animals persisted until week 16, when there
was a slight increase, coinciding with the season of long rains and increased biting fly activity (Figs. 4a and
4b). Generally, more treatments were required in the camels which were initially treated with Cymelarsan
than those treated with quinapyramine sulphate (Figs. 4a and 4b).
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Fig. 4a. Percentage of Ag-ELISA positive camels from Group A in Athi-River in the course of treatment
with Cymelarsan.
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Fig. 4b. Percentage of Ag-ELISA positive camels from Group B during the course of treatment with
Cymelarsan.
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4. DISCUSSION

In order for a trypanosomiasis control programme to be successful, availability of a simple, rapid
and sensitive diagnostic test is a prerequisite so that prompt chemotherapeutic intervention can be instituted.
The antigen trapping sandwich ELISA technique described in this paper was used for the diagnosis and
evaluation of chemotherapy in the control of camel trypanosomiasis in Kenya. The test showed a high
sensitivity in most of the sampled herds. Many animals which were apparently aparasitaemic were positive
on Ag-ELISA. Thus the test is suitable for the diagnosis of nonpatent infection, when parasites are not
detectable in peripheral blood. The high proportion of antigenaemic camels, coupled with the persistence
of elevated Ag-ELISA values in some animals, was probably indicative of resistance to quinapyramine
sulphate. Sensitivity studies on trypanosomes isolated from some of the camels did show resistance to
quinapyramine sulphate (unpublished observations). Thus the test could be useful in detecting
chemotherapeutic failure. Higher prevalence rates were recorded during and/or after the long rains. Similar
obsevations have been made in the Sudan [10].

Overall, Ag-ELISA was ten times more sensitive than BCT and five times more so than the RI
technique. Considering the fact that RI is not a field test, thus leaving only BCT to be compared with
Ag-ELISA, the latter test thus showed a higher sensitivity in detecting infections. From the Ag-ELISA
results, it was evident that camel trypanosomiasis was endemic in all the sampled herds. In herds where
chemotherapeutic intervention was not being practised regularly, a high proportion of camels were
antigenaemic. These are probably herds where the disease is unstable, according to the classification of
Wilson et al. [2]. Thus, Ag-ELISA can be used to identify those herds which are at a risk from the disease.
The high prevalence of infection in the Sabachi-Isiolo herd, despite chemotherapeutic intervention was
probably indicative of chemoresistance. In this particular herd, quinapyramine sulphate, suramin and
isometamedium chloride had all been used at one time or another. The occurrence of isolates of T. evansi
resistant to these drugs has been reported [11]. In this particular herd, Ag-ELISA detected 63% of the
parasite positive camels which were positive only by inoculation of blood into rodents; the BCT failed to
show presence of infection. These camels had recently undergone chemoprophylaxis with isometamedium
chloride and it is possible that the apparent aparasitaemic state of these camels could be due to the
suppression of the parasites by the drug.

In experimental camels, the use of Ag-ELISA in evaluating the efficacy of Cymelarsan revealed that
in more than 80% of the treated camels, there was cure, characterized by the absence of parasitaemia and
circulating trypanosomal antigens. However, in a few animals, relapse in parasitaemia occurred, and in a
number of camels, antigenaema was persistent. Nonetheless, in vitro sensitivity studies showed that
trypanosomes isolated from camels at the start of the experiment were sensitive to Cymelarsan. Thus, the
persistence of trypanosomal antigens in apparently aparasitaemic camels requires further elucidation. It could
be that the parasites are located in foci where the concentration of the drug does not reach therapeutic
levels. Treatment on the basis of a positive Ag-ELISA reduced the proportion of Ag-ELISA positive animals
from 75% to 26% and trypanosomes could no longer be detected at the end of the experiment suggesting
that Cymelarsan is a promising drug in the chemotherapy of camel trypanosomiasis as reported by Otsyula
et al. [12] and Zellecke et al. [13].
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Abstract

USE OF THE ELISA IN STUDIES ON TROPICAL THEILERIOSIS IN MOROCCO.
An enzyme-linked irnmunosorbent assay (ELISA) was developed for use in sero-epidemiological studies of theileriosis caused

by Theileria annulata in Morocco. The antigen used was prepared from sonicated whole purified piroplasms. The ELISA was used to study
the serological responses in calves which were experimentally immunised with a schizont-infected attenuated cell line and challenged a month
later with a lethal dose of sporozoites. The test was also used to study post vaccinal antibodies in pregnant cows and in animals immunised
with different doses of the attenuated cell lines at different levels of passage. Finally the test was used to screen sera collected from cattle
in an area where infection with T. annulata was endemic before and after the theileriosis season. Sera from animals in the above studies were
also analyzed using an indirect fluorescent antibody test (IFAT) with T. annulata piroplasms in order to compare the relative sensitivities
of the two tests. It was found that the piroplasm stage of T. annulata was a more appropriate stage from which to prepare antigen for use
in ELISA then the sporozoite or schizont stages. A marked heterogeneity in antobody response was observed in animals vaccinated using
a attenuated cell line vaccine, however, little difference in this response was seen between exotic and local animals which had not been
previously exposed to infection with T. annulata. A concordance level of 91.5% was found between diagnosis by blood smears and ELISA.

1. INTRODUCTION

The enzyme linked immunosorbent assay (ELISA) has been used successfully to detect antibodies
against many haemoparasites of both medical and veterinary importance [1]. Its sensitivity is greater than
that of other serological assays. It does not require expensive equipment and can be fully automated, making
it suitable for the screening of large numbers of serum samples. The indirect fluorescent antibody test
(IFAT) is widely applied for the identification of antibodies to Theileria spp. [2]. It is increasingly being used
with monoclonal antibodies for the specific characterisation of antigens [3,4]. However, the subjective nature
of this technique and its inconvenience for screening large numbers of sera limit its use in epidemiological
surveys.

The purpose of the work described in this paper was to develop a test which could enable analysis
of a large number of sera for epidemiological studies and monitor the immune response in vaccinated
animals. Attempts were made to improve the sensitivity and specificity of the ELISA described by Gray et
al. [5] by identifying the most suitable parasite stage to use for this test, and purifying the original crude
sonicated antigen.

2. MATERIALS AND METHODS

2.1. Serological assays
2.1.1. Enzyme linked immunosorbent assay (ELISA)
2.1. la. Antigen preparation

Sporozoites were purified from salivary glands of ticks infected with Theileria annulata. Schizonts
were prepared from T. annulata infected cells harvested from cell culture. Piroplasms were separated from
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erythrocytes of an animal infected with T. annulata and purified from host cell material. The three antigens
were prepared as described by Kachani et al. [6].

2.1.1h. Enzyme linked immunosorbent assay (ELISA)
The assay was based on the indirect assay used by Gray et al. [5] and was modified as described by

Kachani et al. [6].

2.7.2. Indirect fluorescent antibody test (IFAT)
The antigens were prepared and the test conducted as described by Kachani et al. [6].

2.2. Experimental protocols
2.2.1. Experiment 1: Evaluation of specificity and sensitivity of different life cycle stages for use in ELISA

This was conducted to investigate the most suitable parasite stage to use as antigen in ELISA. One
group of four calves was immunised with T. annulata sporozoites and another four with T. annulata schizont-
infected cells. Subsequently, on day 30, all animals were challenged with sporozoites of T. annulata. Sera
were collected on days 0, 30 (post-immunisation) and 60 (30 post-challenge) and were tested by ELISA and
IFAT using the antigens prepared from schizonts, sporozoites and piroplasms.

2.2.2. Experiment 2: Colostra! antibodies and breed comparisons
Two groups of 5 Friesian and 5 indigenous (Brown Atlas) pregnant cows were vaccinated against

theileriosis using an attenuated cell line vaccine during the last trimester of pregnancy. Sera were collected
at days 0 and 30 after immunisation. On the day of calving, serum together with colostrum were collected
from the dams and levels of antibodies determined by ELISA and IFAT.

2.2.5. Experiment 3: Comparison between ELISA and blood smear examination in epidemiological studies
Epidemiological investigations were undertaken in a region where intensive agriculture is practised

and in which theileriosis is endemic. Sera were collected from 459 animals on 30 farms before and after the
theileriosis season and were screened for presence of antibodies using ELISA. Blood smears from the cattle
were also stained with Giemsa's stain and checked for the presence of piroplasms.

2.2.4. Experiment 4: Comparison between ELISA and IFAT in vaccine studies
This experiment was designed to asses the safety and efficacy of a vaccine developed for use in

tropical theileriosis, prior to its possible commercial release by determining the influence of vaccine dosage
and degree of attenuation on the immunological response to the vaccine. Three groups of 6 animals were
used: Group A were vaccinated with 104 cells attenuated by 105 passages, Group B were vaccinated with 104

cells at passage 257 and Group C with 10G cells at passage 257. Two animals were used as negative controls.
Sera were collected 3, 31, and 38 days after vaccination and levels of antibodies measured by ELISA and
IFAT using piroplasm antigens.

134



3. RESULTS AND DISCUSSIONS

3.1. Experiment 1: Choice of appropriate antigen for ELISA
Figure la. shows the mean values obtained for the 4 animals in each group using ELISA with the

three antigen preparations and Figure Ib. the mean values using IFAT. Levels of antibodies to each antigen
increased after immunization in all animals and was demonstrated by both ELISA and IFAT. The values
obtained using ELISA displayed a close relationship with the respective IFAT titres in the sera. However,
ELISA has the advantage over IFAT in that the former is an objective test that yields quantitative results.
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Fig. la. Mean Optical Density (OD) values obtained for the 4 sporozoite-immunized (1) and the 4
schizont-immunized (2) animals using ELISA with sporozoite, schizont and piroplasm antigens.
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values represented are the logarithms to the base 4 of the reciprocal dilutions.
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It can be seen that in both ELISA and IFAT using the piroplasm stage as antigen, pre-infection
values were low and that sera collected post-immunisation and post-challenge exhibited high values. In
contrast, the schizont antigen was the least sensitive and specific of the antigens used in ELISA. This could
be due to the fact that the schizonts were not purified from contaminating host cell material, which may have
reduced therefore its sensitivity and resulted in a high background value due to non-specific binding. The
sporozoite antigen also displayed high pre-inoculation values in both ELISA and IFAT, possibly due to non-
specific reactions caused by insufficient purification of sporozoites from tick materials. Piroplasms would
therefore seem to be the most appropriate stage from which to prepare antigen for use in ELISA.

3.2. Experiment 2: Colostral antibodies and breed comparisons
Figure 2 shows the ELISA values obtained for nine animals (one had aborted) using the piroplasm

antigen. There was marked heterogeneity in the response of the animals to the vaccine: some showed a high
antibody response whereas in others pre-inoculation values remained unchanged after immunisation. This

is possible since the vaccine induces production of a low parasitaemia of piroplasms and the absence of
antibodies detected by ELISA and/or IFAT is not a prerequisite for protection, which is based mainly on
cellular immune mechanisms [7]. The levels of antibodies in colostrum were higher than in the dam's serum
taken on the day of calving or after immunisation. There was little difference between the antibody response
of the Friesian and the Brown Atlas group. This could be due to the fact that neither group had been
exposed previously to infection with T. annulata. The differences in response and susceptibility frequently
observed between imported and indigenous breeds could be due to the frequent exposure to infection of the
latter which may thereby acquire resistance, or by a more efficient, genetically controlled immune response
of Brown Atlas animals. The results of tests using IFAT were comparable to those of ELISA (data not
shown).
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Fig. 2. Optical Density (OD) values obtained for serum and colostrum from dams vaccinated during
pregnancy using ELISA with piroplasm antigen.
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3.3. Experiment 3: Comparison between ELISA and blood smear examination in epidemiological
studies.
Table I shows the results of serological tests compared with microscopic examination of blood

smears for piroplasms. A higher proportion of cattle showed presence of antibodies by ELISA than could
be detected by blood smear examination. The three animals which were positive on blood smear examination
but which showed no serological responses could be in the early stages infection before antibodies had been
produced. The ELISA has a greater sensitivity than parasitological diagnosis in chronic infections where it
is difficult to detect parasites in red cells. In the present survey, 36 samples were negative by blood smears
but antibodies could be detected in all of them by ELISA. The level of concordance between the two tests
was 91.5% (statistical value = 80%).

TABLE I. COMPARISON BETWEEN RESULTS OF ELISA AND STAINED BLOOD SMEAR
EXAMINATION IN AN EPIDEMIOLOGICAL SURVEY

Diagnosis by stained blood smears

Diagnosis by ELISA
Positive
Negative
Total

Positive

124
3

127

Negative
36

296
332

Total
160
299
459

3.4. Experiment 4: Comparison between ELISA and IFAT in vaccine studies.
Figures 3a-d and 4a-d show the serological responses measured by ELISA and IFAT of the 18

vaccinated animals and two negative controls using piroplasm antigens. There were differences between the
three groups in the antibody production. This was probably due to the fact that inoculation of 106 cells at
passage 257 (group C) probably produced a higher parasitaemia. In group C, four animals out of six sero-
converted after vaccination, whereas in group A two and group B only one animal seroconverted. It is known
that attenuation of the infectivity results in a block in the production of piroplasms, but it is possible that by
using a higher inoculum of cells a more severe reaction is produced [8].

I
8

Fig. 3a. ELISA results of 6 vaccinated animals (Group A) using piroplasm antigen.
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Fig. 3b. ELISA results of 6 vaccinated animals (Group B) using piroplasm antigen.

1 -
3

Day»

Animml» « Q « CD »•• 0 1« O

aI-
g

EU " EH

F/gs. 3c, d. ELISA results of 6 vaccinated animals (Group C) and 2 negative control (Group T) using
piroplasm antigens.
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ELISA and IFAT results were compared and Table II shows the correlation between the two tests.
In order to compare the tests, a cut off point for ELISA was set at an absorbency value of 0.300 and for the
IFAT a titre of 1:40. The percentage of positive correlation was 86.7%. By comparison with IFAT, ELISA
gave a sensitivity of 89.5% and a specificity of 95.3%.

TABLE II. CORRELATION BETWEEN ELISA AND IFAT RESULTS.

Diagnosis by IFAT

Diagnosis by ELISA
Positive

Negative

Total

Positive

16

3

19

Negative

1

40

41

Total

17

43

60

This work shows that piroplasms of T.annulata can be used to develop a highly sensitive ELISA for
epidemiological and vaccine studies on tropical theileriosis. Nevertheless, there are indications that the
specificity, and possibly also the sensitivity of the assay should be improved by further fractionation of the
antigen, as has been done for Babesia bovis [9]. The use of the whole parasite antigen in ELISA has been
compared with an ELISA based on an isolated species specific immunodominant 32 kDa piroplasm antigen
and preliminary results are promising (Kachani et ai, in preparation). One rationale for using such an
antigen is that it is stage specific, being present only in the piroplasm. The use of ELISA based on this
antigen could provide a means of differentiating vaccinated animals from those surviving natural challenge.

Meanwhile the antibody ELISA described here, which has a high sensitivity and specificity and
correlates well with IFAT, is an excellent tool for large scale epidemiological surveys for assessing the
prevalence of theileriosis in Morocco and possibly in the Magheb prior to the possible commercial release
of anti-theilerial vaccines.

140



ACKNOWLEDGEMENTS

We would like to thank the Joint FAO/IAEA Division for the financial support and advice they have
provided over the last years.

REFERENCES

(1] VOLLER, A., BARTLETT, A., BIDWELL, D.E., Enzyme immunoassays for parasite diseases, Trans. R. Soc. Trop. Med. Hyg.,
70 (1976) 98-106.

[2] BURRIDGE, M.J., KIMBER, C.D., The indirect fluorescent antibody test for experimental East Coast Fever (Theileria parva
infection of cattle). Evaluation of a cell culture schizont antigen, Res. Vet. Sei., 13 (1972) 451-455.

[3] SHIELS, B.R., MCDOUGALL, C., TAIT, A., BROWN, C.D.G., Antigenic diversity of Theileria annulata macroschizonts, Vet.
Parasitai., 21 (1986a) 1-10.

[4] SHIELS, B.R., MCDOUGALL, C., TAIT, A., BROWN, C.D.G., Identification of infection-associated antigens in Theileria
annulata transformed cells, Parasite Immuno!., 8 (1986b) 69-77.

[5] GRAY, M.A., LUCKINS, A.C., RAE, P.P., BROWN, C.D.G., Evaluation of an enzyme immunoassay for serodiagnosis of
infections with Theileria parva and Theileria annulata, Res. Vet. Sei., 29 (1980) 360-366.

[6] KACHANI, M., SPOONER, R.L., RAE, P., BELL-SAKY1, L., BROWN, C.D.G., Stage-specific responses following infection
with Theileria annulata as evaluated using ELISA, Parasitai. Res., 78 (1992) 43-47.

[7] INNES, E.A., MILLAR, P., BROWN, C.D.G., SPOONER, R.L., The development and specificity of cytotoxic cells in cattle
immunised with autologous orallogeneic Theileria annulata infected lymphoblastoid cell lines, Parasite Immunol., 11 (1989) 57-
68.

[8] INNES, E.A., OUHELLI, H. OLIVER, R.A., SIMPSON, S.P., BROWN, C.D.G., SPOONER, R.L., The effect of MHC
compatibility between parasite-infected cell line and recipient in immunisation against tropical theileriosis, Parasite Immunol.,
11 (1989) 47-56.

[9] WALTISBUHL, D.J., GOODGER, B.V., WRIGHT, LG., COMMENS, M.A., MAHONEY, D.F., An enzyme-linked
immunosorbent assay to diagnose Babesia bovis infection in cattle, Parasitai. Res., 73 (1987) 126-131.

Next page(s) left blank 141



ANNEXES



ANNEX I

Ag-ELISA FOR THE DETECTION OF TRYPANOSOME INFECTIONS
IN CATTLE AND CAMELS

I.I. Ag-ELISA FOR THE DETECTION OF Trypanosoma brucei, T. congolense
AND T. vivax INFECTIONS IN CATTLE

1.1.1. Introduction
The FAO/IAEA/ILRAD Ag-ELISA kit for the diagnosis of bovine trypanosomiasis used in the

FAO/IAEA Co-ordinated Research Programme described in this document, is based on antigen-detection
enzyme-linked immunosorbent assays (Ag-ELISA) developed at the International Laboratory for Research
on Animal Diseases (ILRAD), Nairobi, Kenya. The development and subsequent use of these assays were
extensively described in 1989 by Nantulya and Lindqvist [1]. A summary of this work and results are given
in the following account.

1.1.2. Monoclonal antibodies and their enzyme conjugates
Three specific monoclonal antibodies were used in the development of the antigen-detection assays

for the three pathogenic trypanosome species in cattle (T. brucei, T. congolense and T. vivax). The
monoclonal antibody (IgM) raised against procyclic trypomastigotes of T. brucei rhodesiense, recognizes an
invariant plasma antigen common to T. brucei brucei, T. brucei rhodesiense and T. brucei gambiense [2]. For
the T. vivax antigen-detection assay, a specific monoclonal antibody (IgG3) was raised against the procyclic
trypomastigotes of T. vivax [2]. Procylclic trypomastigotes of T. congolense were used to raise a monoclonal
antibody (IgM) for the T. congolense antigen-detection assay [2].

Homologous monoclonal antibody conjugates were produced by conjugating the immuno-
globulin fractions of these monoclonal antibodies to horseradish peroxidase (HRPO) following the periodate
method described by Wilson and Nakane [3] as modified by Lindqvist et al. [4].

1.13. Sandwich ELISA technique
The assays developed are based on the sandwich enzyme-linked immunosorbent principle. Flat-

bottomed, 96-well micro-ELISA plates were coated with the individual monoclonal antibodies using a
carbonate-bicarbonate buffer pH 9.6 during an overnight incubation at 4°C. After subsequent thorough
washing of the plates with a phosphate buffered saline solution (PBS) containing Tween-80, the bovine sera
are added and the plates incubated at 3TC for 30 minutes. The plates are then washed with PBS-Tween
washing buffer solution and the homologous monoclonal antibody conjugates, diluted in PBS containing 1%
mouse serum added. After an incubation period plates are again thoroughly washed and a chromogen-
substrate solution added consisting of the chromogen 2,2-azino bis (3-ethyl)-benzthiazoline-6-sulfonic acid
di-ammonium salt (ABTS) and the substrate hydrogen peroxide, diluted in a citric acid buffer pH 4.O.
Following incubation, the optical densities (OD) of the colour developing in the wells of the plates are then
read at 414 nm wavelength.

1.1.4. Results
These assays were subsequently used to detect species-specific trypanosome antigens in cattle

experimentally (tsetse) infected with T. brucei, T. congolense and T. vivax. With the T. brucei assay, circulating
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T. brucei specific antigens were detected 8-14 days post-infection. With the T. congolense and T. vivax assays,
specific circulating antigens were detected as early as 10-12 days post-infection. The appearance of the
trypanosome specific antigens in the peripheral blood of infected animals generally coincided with the onset
of the first trypanosome parasitaemia. It was found during this work, that blood antigen levels increased and
remained persistently elevated even on occasions when parasitaemia was not detectable by the buffy coat
technique (BCT). It was further reported that following treatment with a trypanocidal drug (Berenil 7.0
mg/kg), the T. congolense and T. vivax specific antigens were cleared from circulation within two weeks; the
observed clearance of T. brucei specific antigens was slower and more variable.

1.2. Ag-ELISA FOR THE DETECTION OF T. evansi INFECTIONS IN CAMELS

1.2.1. Introduction

The FAO/IAEA/CTVM Ag-ELISA kit for the diagnosis of cameline trypanosomiasis used in the
FAO/IAEA Coordinated Research Programme described in this document, is based on the antigen-detection
enzyme-linked immunosorbent assay (Ag-ELISA) developed at the Centre for Tropical Veterinary Medicine
(CTVM), Edinburgh, U.K. The development and subsequent use of the assay has been described in detail
by Rae et al. [5, 6]. A summary of this work and results are given in the following account.

1.2.2. Polyclonal antibodies and their enzyme conjugates
The Ag-ELISA detects the presence of Trypanosoma evansi antigens using anti-T. evansi antibodies

in a double sandwich assay. Following the method described by Thalhamer and Freund [7], rabbit-anti-
Trypanosoma evansi hyperimmune serum was produced in rabbits against a sonicated T. evansi antigen
preparation. An immunoglobulin fraction of this antiserum was precipitated by salt fractionation using 50%
saturated ammonium sulphate. Following washing in 50% saturated ammonium sulphate and dissolving in
PBS pH 7.2, the precipitated globulins were then dialyzed against PBS at 4°C [5]. A homologous conjugate
was then produced by conjugating the globulin fraction to horseradish peroxidase using the periodate method
described by Wilson and Nakane [8].

123. Sandwich ELISA technique
The system is based on the double antibody sandwich assay described by Bidwell and Voller [9], as

modified by Luckins [10]. Flat-bottomed, 96-well polystyrene micro-ELISA plates were coated with
immunoglobulin fractions of the rabbit-ant-T. evansi hyperimmune serum diluted in a carbonate-bi-carbonate
buffer pH 9.6 and incubated overnight at 4°C. After subsequent washing with phosphate buffered saline
solution (PBS) containing Tween-20, plates were incubated for 30 minutes with 1% egg albumin in PBS pH
7.2 to reduce non-specific binding of reagents. After thorough washing with PBS/Tween-20, test sera were
added and the plates incubated at 37°C. The plates were then washed and a homologous conjugate added.
After further incubation at 37°C the plates were washed and a chromogen-substrate solution containing
3,3'5,5'-tetramethylbenzidine (TMB) and hydrogenperoxide added. Following incubation at 37°C, the reaction
was stopped by the addition of 2M H2SO4. The optical density (OD) of the colour which developed was then
read at a wavelength of 450 nm.
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12.4. Results
The antigen-detection ELISA was used to detect T. evansi antigens in camels in the Sudan to

evaluate its ability to distinguish between infected and non-infected animals [6]. It was observed that antigen
released by the parasites could be detected in serum as early as 5 days after infection. After trypanocidal
drug treatment, antigen was no longer detectable 7 days later [5]. The test seemed capable of identifying
animals with current infections.
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ANNEX H

ANIMAL PRODUCTION AND HEALTH SECTION
OF THE

JOINT FAO/IAEA DIVISION

ELISA KIT FOR THE DIAGNOSIS OF
T. BRUCEI/T. CONGOLENSE/T. VIVAX

INFECTIONS

This kit has been prepared at the FAO/IAEA Animal Production and Health Section's Laboratory Unit
at the FAO/IAEA Agriculture Laboratory in Seibersdorf, Austria, in collaboration with the International
Laboratory for Research on Animal Diseases (DLRAD) in Nairobi, Kenya.

It is designed for the detection of circulating antigens of T. bntcei, T. congolense and T. vivax in sera
of cattle.

Any inquiries relating to the kit should be sent to

Animal Production and Health Section,
Joint FAO/IAEA Division,

International Atomic Energy Agency,
Wagramerstrasse 5,

P.O. Box 100,
A-1400 Vienna,

AUSTRIA
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II.l. INTRODUCTION

The content of this kit is designed for use in the ELISA test for examining bovine sera for the
presence of circulating antigens of T. brucei, T. congolense and T. vivax. The reagents in this kit are sufficient
to examine about 850 sera when tested in duplicate on the 3 specific plates.

The adopted system involves a sandwich ELISA. The three monoclonal antibodies (MAB's) used,
mouse-anti-T. brucei, T. congolense and T. vivax, are each bound to a specific plate and the presence of T.
brucei, T. congolense and T. vivax antigens in sera is tested by addition of the test sera to the wells of each
of these plates. The three monoclonal antibodies conjugated to horseradish peroxidase (MAB/HRPO) are
then added to detect the bound T. brucei/T. congolense/T, vivax antigens.

Finally the substrate solution containing 2,2'-azinodi[3-ethylbenzthiazoline sulfonate(6)] acid (ABTS)
and hydrogen peroxide is added. The density of the colour (OD) developing following this reaction is
determined using an micro-titre ELISA plate reader equipped with a 414 nm filter.

Suitable washing procedures are required at each step. The Kit contains all reagents to carry out
the test. It also contains protocols for reagent preparation and the test procedure and a brief account on the
interpretation of results and some procedures to follow if problems are encountered. It further contains a
list of equipment required in your laboratory for carrying out these assays.

It should be pointed out that the values of the results obtained will only be as good as the sera
tested. Sera for epidemiological use must be collected in a random or statistically meaningful way if the data

generated are to be of any real value.

II.2. REQUIRED LABORATORY EQUIPMENT/MATERIALS

Manual or automatic micro-titer ELISA plate reader equipped with a 414 nm filter for the ABTS
chromogen system used in this ELISA.
Dynatech IMMULON-1 M129A, 96 wells, flatbottom micro-ELISA plates.
Single- (5-50 jul) and multichannel (50-250 /il) variable volume pipettes.
Tips for the above mentioned pipettes.
Refrigerator (+4°C).
Deepfreezer (-20°C).
Water distillation unit.
Plastic wash bottles (250 ml).
Suitable glassware
pH meter (not necessary, but of assistance if problems are encountered).
Orbital plate shaker (not essential).
Chemical balance (not essential).

150



II.3. REAGENTS SUPPLIED

Items Quantity Use

- T. brucei MAB*
- T. congolense MAB*
- T. vivax MAB*
- Coating buffer
-PBS

- Tween-80
- Ref. T.b. pos. serum*
- Ref. T.c. pos. serum*
- Ref. T.v. pos. serum*
- Ref. neg. serum*
- Sodium benzoate 10% sol.
- T.b. MAB/HRPO conjugate*
- T.c. MAB/HRPO conjugate*
- T.v. MAB/HRPO conjugate*
- Bovine Serum Albumin (BSA)
- Substrate buffer
- ABTS
- Perhydrit tablets
- pH-indicator strips

- Distilled water

3ml
3ml
3ml

4 packets (ea 250 ml)
12 packets (ea 5000 ml)

500ml
5x1 ml
5x1 ml
5x1 ml

15 x 1 ml
6ml
3ml
3ml
3ml

15x1 g
4 packets (250 ml each)

43.2 mg
3

2x100

50ml

- coating antibody
- coating antibody
- coating antibody
- diluting MAB's
- washing plates, dil.

conjugates and sera.
- detergent
- réf. pos. control serum
- réf. pos. control serum
- réf. pos. control serum
- réf. neg. control serum
- preservative
- detect bound T.b.-ag.
- detect bound T.c.-ag.
- detect bound T.v.-ag.

blocking agent
- substrate buffer
- chromogen
- substrate
- pH control in ranges

pH 4-7 and pH 6.5-10
- diluent

* supplied by ILRAD

II.4. REAGENT PREPARATION

II.4.1. T. brucei, T. congolense and T. vivox MAB's
The T. brucei, T. congolense and T. vivox MAB's should be stored at -20°C in properly labelled 100

/zl aliquots. Once aliquots have been thawed for use, left-overs should not be deep-frozen again but stored
at +4°C for later use.

Prior to their use in a test, the MAB's have to be diluted in a carbonate/bicarbonate coating buffer
(pH 9.6) to obtain the correct coating concentration. The dilution to be used is indicated on the label of the
vials in which the MAB's are provided. (This dilution can differ for each of the provided MAB's and can also

vary between batches. It is therefore important to write the dilutions on the aliquot labels).
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11.42. Coating buffer

This consists of sodium carbonate/bicarbonate salts with 0.01% Na-azide added as preservative. To
prepare, dissolve the contents of a packet coating buffer reagents in 250 ml distilled or deionized water. The
pH of this solution should be about 9.6 (to test this use the pH indicator strips in the range 6.5-10). Store
the prepared buffer at + 4°C.

11.43. Washing/Serum diluting buffer (PBS/0.5% Tween-80)
The washing/serum diluting buffer consists of a phosphate buffered saline (PBS) solution with the

addition of 0,01% Na-benzoate as preservative and 0.5% Tween-80. The chemical composition of this buffer
is described in the Appendix on page 11-168.

To prepare, dissolve one packet of PBS reagents and 25 ml Tween-80 in 1 litre distilled or deionized
water first. When completely dissolved, add this to another 4 litres of distilled water and mix to obtain 5
litres washing/serum diluting buffer. This buffer should have a pH between 7.2-7.6 and is used for washing
plates and diluting sera.

11.4.4. Reference positive and negative sera
Store the supplied reference positive and negative sera in properly labelled aliquots of 200 jul at

-20°C. Freeze and thaw only once, i.e. after thawing out a vial for a test, store the remaining serum in the
refrigerator at +4°C.

11.4.5. Conjugate diluting buffer (PBS/0.5% Tween-80/1% BSA)
This buffer consists of a phosphate buffered saline (PBS) solution with the addition of 0,01%

Na-benzoate as preservative, 0.5% Tween-80 and 1% Bovine Serum Albumin (BSA). The chemical
composition of the buffer is identical to that of the washing/serum diluting buffer with the addition however
of 1% BSA. The buffer is used to dilute the conjugates.

To prepare, add 1 packet BSA (1 gram) to 100 ml of washing/serum diluting buffer (PBS/0.5%
Tween-80). The pH of the prepared conjugate diluting buffer should be between 7.2-7.6 and it should be
stored at +4°C.

11.4.6. T. brucei, T. congplense and T. vivax MAB/HRPO conjugates
These consist of the individual MAB's against T. brucei, T. congolaise and T. vivax antigens, labelled

with horseradish peroxidase (HRPO). Store the conjugates in properly labelled aliquots of 1 ml at -20°C. A
high concentration of glycerol has been added to the conjugates, to prevent them from freezing solid at -
20°C; do however not store the conjugates at a temperature lower than - 25°C.

Just prior to their use in a test, the conjugates have to be diluted in conjugate diluting buffer
(PBS/0.5% Tween-80/1% BSA) using the dilution indicated on the labels of the vials in which the conjugates
were provided. The dilution can vary between conjugate batches. (Take care to write the recommended
dilution on the aliquot labels).

11.4.7. Substrate solution
This solution consists of three components: a substrate buffer with pH 4.0, the chromogen ABTS

and the substrate hydrogen peroxide.
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II.4.7.1. Substrate buffer
This buffer is prepared by dissolving one packet of substrate buffer reagents in 250 ml distilled or

deionized water. The pH of this solution should be about 4.0 (to test this, use the pH indicator strips in the
range pH 4-7). The chemical composition of this buffer is described in the Appendix. Store the prepared

buffer at +4°C.

77.47.2. Chromogen
The chromogen used in this test is ABTS (2,2'-azino di[3- ethylbenzthiazoline sulfonate(6)].
Add 2 ml distilled/deionized water (in kit) to the vial containing the 43,2 mg ABTS to obtain a 21,6

mg/ml ABTS solution. Transfer the water into the vial with ABTS powder using a syringe (2 ml) and needle.
Shake gently afterwards. Store the solution wrapped in aluminium foil (dark) at +4°C.

77.47.3. Substrate
The substrate is H2O2. The kit contains 3 Perhydrit tablets. Dissolve one tablet in 10 ml

distilled/deionized water (in kit) to obtain a 3% hydrogen peroxide solution. Store this solution protected
from light (e.g. wrapped in aluminium foil) at +4°C.

The substrate solution (a+b + c) should only be prepared immediately before the actual use in the
test by adding 40 ß\ ABTS solution and 16 n\ 3% H2O2 per 10 ml substrate buffer. Prepare only as much
substrate solution as required in the test, because once the solution is made up, it can not be stored for later

use.

II.4.8. Sodium benzoate
The preservative sodium benzoate should be added to the test sera before storing these at -20°C.

The final concentration of sodium benzoate in the sera should be 0.01%. A 10% sodium benzoate stock
solution is provided in the kit. Add 1 ml of this stock solution to 9 ml distilled or deionized water to obtain
a 1% sodium benzoate solution. Use 10 ß\ of this 1% sodium benzoate solution per 1 ml of test serum, to
obtain the final concentration of 0.01% in the serum.

II.4.9. Test sera

The test sera should be stored in aliquots (e.g. 1 ml) at -20°C. Before freezing these however,
10 (A of a 1% Na-benzoate should be added per ml of test serum.
Reference positive and negative sera are provided with the kit to enable the user to establish the assay at
the institute. Local reference sera should however be identified as soon as possible and used in subsequent
routine testing of sera.

A sufficient large number of local trypanosomiasis negative bovine sera (100-150) has to be screened
with this test to determine the mean OD value of the local negative population. This OD value can differ
from that of the reference negative serum supplied with this kit.

A large batch of local reference negative serum can be prepared by pooling individual negative sera
giving the population mean OD value. However, before making such a large pool, the reactivity of a small
test pool should be checked first, as this may sometimes give a far different value than that of the individual
sera.
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It has been pointed out earlier that the values of the results obtained will only be as good as the sera
tested. The use of haemolysed sera in this test might give rise to false positive results caused by the effects
of traces of bound haemoglobin on the employed substrate system in this test.

II.5. TEST PROTOCOL

IL5.1. Introduction

The following monoclonal antibodies (MAB's) are supplied with the Kit for the three assays:
-Mouse-anti-r. brucei IgM (T. b.-MAB)
-Mouse-anti-T congolense IgM (T. c.-MAB)
-Mouse-anti-r. vivax IgG (T. v.-MAB)

Each MAB is trypanosome species specific. A complete test i.e. screening sera for T. brucei, T.
congolense and T. vivax, consists of at least 3 monoclonal antibody coated test plates:

- a T. brucei-plate
- a T. congolense-plate
- a T. v/rax-plate.

On this set of 3 plates, 42 test sera can be screened in duplicate. The recommended plate layout for
screening sera (in duplicate) is shown on page 11-169.

It is good laboratory practice to plan any serological work, including ELISA, in advance. This
includes the preparation of the required assay buffers and the identification of test sera in advance of the
actual testing.

II.5.2. Test
77.5.2.7. Antibody coating of the plates

The T. b-, T. c- and T. v.-MAB's have to be diluted in cold coating buffer pH 9.6 (preparation buffer
see page 11-161) using the dilution factor as indicated on the label of the vial.

NOTE: It is obvious that each specific MAB has to be diluted separately in its own quantity of
coating buffer. The glassware used should always be clearly marked to avoid mixing-up the different
coating solutions.
Mark the plates to be coated clearly with T. b., T. c. or T. v., using a waterproof, felt-tipped marker.

If necessary, number the plates accordingly and if desired, mark the plates to assist in the placement of the
test sera.

Dispense 100 /il of each specific coating solution per well in columns 2-12 (checking that each tip
of the multichannel pipette delivers the correct amount at each stage i.e. NO AIR BUBBLES). Column 1
is not coated and is used on each plate to blank the plate reader (for this purpose only substrate buffer will
be dispensed into these wells at the end of the test).

Tap the plates gently on the side to ensure proper dispersion of the coating solution over the surface

area of the wells (or shake the plates on a plate shaker for a few seconds).
Incubate the plates at + 4°C overnight. The plates should be covered with a seal, a plastic lid or an

empty plate during this incubation period.
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77.5.2.2. First washing
Flip the coating solution from the plates, rinse them once by flooding them with washing/serum

diluting buffer (preparation buffer see page 11-161) and flip empty again. Blot the plates dry on absorbent
paper towels or blotting sponges.

77.5.2.3. Adding the test sera
Prepare the test record sheets showing the position of the test sera on the plate. Check that the

micro-titer plates are aligned properly i.e. with the letters A-H on the left hand side.
If the test sera are stored at -20°C, thaw them out at + 37°C or at room temperature. Shake the sera

gently before use to ensure a proper mixing of the sample.
Add 100 (A washing/serum diluting buffer to each well in columns 2-12 of the plates.
Add the following quantities of test and reference control sera in duplicate to the 100 /il
buffer in the wells using the plate lay-out shown on page 11-169:
- T. brucei plate: 5 /il serum (1:20)
- T. congolense/T. vivax plates: 10 /il serum (1:10)

Ensure that the tips deliver the correct amount. Tap the sides of the plates gently to disperse the
sera (or shake plates a few seconds on a plateshaker). Cover the plates and incubate them for 15 minutes
at room temperature.

77.5.2.4. Second washing
After incubation of the sera, flip the plates empty and rinse them once using washing/serum diluting

buffer. Blot the plates dry.

77.5.2.5. Adding the conjugates
Dilute the required volumes of T. b.-, T. c.- and T. v.-MAB/ HRPO conjugates in the conjugate

diluting buffer (preparation see page 11-161). Use the dilution as indicated on the vial label, e.g.:
At a recommended conjugate dilution of 1:1000, add 10 fÄ T. c.-MAB/HRPO conjugate to

10 ml of PBS/0.5% Tween-80/1% BSA conjugate diluting buffer.
NOTE: It is obvious that each specific MAB/HRPO conjugate has to be diluted separately in its
own quantity of conjugate diluting buffer. The glassware used should always be clearly marked to
avoid mixing up the different conjugate solutions.
Dispense 100 fA of the diluted MAB/HRPO conjugate into all wells in columns 2-12 of the specific

plates.
Tap the sides of the plates to disperse the solution properly in the wells (or shake the plates a few

seconds on a plateshaker). Cover the plates and incubate for 15 minutes at room temperature.

77.5.2.6. Third washing
Flip the conjugate solution from the plates and rinse them once with washing/serum diluting buffer

(PBS/0.5% Tween-80). Then wash the plates 3 x 10 minutes with buffer. Blot the plates dry. Dry the bottom
of the plates this time carefully to prevent optical aberration when reading.
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77.5.2.7. Adding the substrate solution
Prepare the required quantity of substrate solution by adding 40 jul ABTS solution and 16 /il 3%

hydrogen peroxide per 10 ml of substrate buffer. This should only be done immediately before actual use.

TABLE II.l. RATIOS SUBSTRATE SOLUTION COMPONENTS

No. of Substrate
plates buffer

1 10ml

2 20ml

3 30ml

5 50ml

ABTS
solution

40 Ad

80 n\

120 Ml

200 /il

3% Hydrogen
peroxide

16 /z!

32jul

48 ßl

80 /il

Add 100 Ail substrate solution to all wells (in columns 1-12) on each plate and tap the sides of the
plates to disperse the solution properly in the wells (or shake the plates on a plateshaker for a few seconds).
Incubate the plates in a dark place at room temperature and read the results after 30 minutes.

The colour of the substrate solution in the wells containing the positive sera will turn green.
The optical density (OD) values measured by the reader in column 1, wells A-H, on the plates are

used as blank values.

II.5.2.8. Reading of the plates
Switch the ELISA plate reader on and allow it to warm up for at least 15 minutes. Check that the

414 run filter is inserted.
Tap the sides of the plates to ensure a proper mixing of the incubated/coloured substrate solution

(or shake the plates on a plate shaker for a few seconds). Blank the reader on column 1, wells A-H of the
plates (this has to be done for each plate) and continue to read the plates. Attach the reader print-out to
the ELISA test sheet as a record of the sera tested and their position in the plates.

II.6. INTERPRETATION OF RESULTS

II.6.1. Interpretation assay performance
The performance of the assay is interpreted by reference to the controls. Examine the optical density

(OD) values of the positive and negative controls. Calculate the mean OD values of all duplicate test
samples. The variation between the duplicates should not exceed 20%. If duplicates vary by more than 20%,
this may be due to e.g. inaccuracies in pipetting, missing out samples, and variable attachment of the MAB's
to the plates. Where the variation is too great, the test should be repeated.

Compare the mean values of the reference sera between the species specific plates (e.g.
several plates of T. &.). These values should be approximately the same. There might be a slight variation
from plate to plate, but the binding ratio (i.e. ratio mean reference positive serum/ mean reference negative
serum) should be similar.

Calculate the binding ratio for each species specific plate. These values may be used to compare the
sensitivity of each one of the species specific tests over a periods of months.
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11.62. Calculation of cut-off value
The negative/positive cut-off value of each plate is normally calculated using 2 x the mean of the

local reference negative serum OD value on that particular plate.
NOTE: Do not mean the reference negative serum values of all plates.

II.63. Interpretation of test sera results
The results of the individual test sera must be interpreted from the reference control sera on that

plate. Sera with OD values higher than the calculated cut-off value should be considered positive for the
species specific Trypanosoma antigen. A special print-out of the positive and negative samples may be
obtained using the "limit-mode" on the ELISA plate reader by entering the negative/positive cut-off value
(see Reader manual for details).

NOTE: Until this assay system has been completely validated, it is recommended by ILRAD to use
a cut-off value of 0.050. However, if the calculated cut-off value based on 2 x the mean OD value
of the local reference negative sera is higher than 0.050, that higher value should then be used as
the cut-off value for that particular assay (e.g.: mean OD local réf. neg. serum of confirmed
trypanosomiasis free animals = 0.035. Calculated c-o value = 0.070 = cut-off value to use).

II.7. GUIDE TO PROBLEM SOLVING WITH THE KIT

If the results of the tests are not as expected, it is vital to retrace the test procedure and ascertain
if all the correct steps were taken. In particular try to recall if a correct dilution of all the reagents was
carried out and if the species specific reagents were correctly distributed on the species specific plates (i.e.
on the T. ft.-plate : T. b.-MAB, T. brucei reference positive serum, T. b.-MAE/ HRPO conjugate).

It is useful to keep a sample of each of the specific MAB/HRPO conjugates and the substrate used
in the tests until the end of those tests. If problems occur (no colour, slow colour or too quick colour in the
tests) then these reagents can be checked by monitoring their reaction as follows :

take 100 fu of the substrate solution you used in the test (substrate buffer containing the correct
concentrations of ABTS solution and 3% hydrogen peroxide)
add 100 /zl of the species specific MAB/HRPO conjugate solution you used in the test, (correctly
diluted in conjugate diluting buffer).
a colour reaction should develop within 30 seconds.

If there is no colour reaction, try one or more of these tests to determine a possible reason :
repeat with a freshly made substrate solution using the same species-specific MAB/HRPO
conjugate.
repeat with a freshly made substrate solution using a freshly made hydrogen peroxide solution and
using the same species specific MAB/HRPO conjugate.
repeat with a freshly made up solution of the species specific MAB/HRPO conjugate (correct
dilution in conjugate diluting buffer) and one of the substrate solutions you prepared.
repeat with 1-2 fû of the concentrated species specific MAB/HRPO conjugate and one of the
substrate solutions prepared.
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11.8. TROUBLE SHOOTING REFERENCE

Problem Possible cause Solution

-No colour at all
(even after 60 min.
incubation)

-no H2O2 in substrate sol.
-H2O2 in wrong concentr.
-H2O2 not working
-species specific conjugate
not working at the dilution
recommended

-species specific conjugate
was not dispensed on the
species specific plate

-prepare new substrate solution and
continue test (remove old substrate
solution from the plate).

-perform a conjugate titration.

-do conjugate step again (remove
substrate from plate, wash 3 times,
dispense species specific conjugate
correctly diluted in diluting buffer,
incubate and continue test as
described.

-No colour in wells
with positive
reference serum

-Too slow colour

-species specific reference
sera not dispensed on the
species specific plate

-conjugate too weak

-positive test sera should be retested.

-check dilution used, or perform
conjugate titration.

-Patchy colour -poor pipetting
-poor washing
-poor mixing of reagents
-poor coating of plates

-practise care.

-Too quick colour -conjugate too strong -check dilution used.

-Colour all over the
plate or high
background

-conjugate too strong
-poor washing

-check dilution used.
-practise care.
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II.9. APPENDIX

II.9.1. Composition of kit buffers
II.9.1.1. Coating buffer (carbonate-bicarbonate)

Na2CO3 1.55 g |
NaHC03 2.93 g | per 1000 ml
Na-azide 0.1 g |

H.9.1.2. Washing/serum diluting buffer (PBS/0.5% Tween-80)

per 1000 ml

NaCl
Na2HPO4

KH2PO4

KC1
Na-benzoate
Tween-80

8.0g
1.4 g
0.2g
0.2g

O.lg
5ml

11.9.1.3. Conjugate diluting buffer (PBS/0.5% Tween-80/1% BSA)
Washing/serum diluting buffer 100 ml
BSA 1 gram

11.9.1.4. Substrate buffer
Na-citrate.2H2O 5.65 g |
Citric acid.H2O 6.45 g | per 500 ml
Na-benzoate 0.05 g |

Chromogen :
ABTS 21.6 mg
Dist. water 1.0 ml

Substrate (3% H2O2 sol.):

Perhydrit tablet 1
Dist. water 10 ml
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11.10. PLATE LAYOUT
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ANNEX m

ANIMAL PRODUCTION AND HEALTH SECTION
OF THE

JOINT FAO/IAEA DIVISION

ELISA KIT FOR THE DIAGNOSIS OF
T. EVANSI

INFECTIONS

This kit has been prepared at the FAO/IAEA Animal Production and Health Section's Laboratory Unit
at the FAO/IAEA Agriculture Laboratory in Seibersdorf, Austria, in collaboration with the Centre for Tropical
Veterinary Medicine (CTVM), Edinburgh, United Kingdom.

It is designed for the detection of circulating antigens of Trypanosoma evansi in camel sera.

Any inquiries relating to this kit should be sent to:

Animal Production and Health Section,
Joint FAO/IAEA Division,

International Atomic Energy Agency,

Wagramerstrasse 5,
P.O. Box 100,

A-1400 Vienna,
AUSTRIA
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III-l. INTRODUCTION

The content of this kit is designed for use in the ELISA test for examining camel sera for the
presence of circulating Trypanosoma evansi antigens. The reagents in this kit are sufficient to examine about
500 sera when tested in duplicate.

The system adopted involves a sandwich ELISA. A polyclonal antibody, rabbit-anti-T*. evansi IgG
is bound to the ELISA plate during a "coating" step and will subsequently bind T. evansi antigen in the test
sera added onto the coated plates. Rabbit-anti-r. evansi IgG (RATE/IgG), conjugated to horseradish
peroxidase, (HRPO) is then added to detect the bound T. evansi antigen.

Finally the substrate solution containing tetramethyl-benzidine (TMB) and hydrogen peroxide is
added, followed by a reaction stopper, sulphuric acid. The colour developing following this reaction is
determined using a micro-titre ELISA plate reader equipped with a 450 nm filter. Washing procedures are
required at each step. The kit contains all reagents to carry out the test apart from the reaction stopper
(sulphuric acid 2M) which you will need to provide locally. It also contains protocols for reagent preparation
and the test procedure and an account on the interpretation of results obtained and some procedures to
follow if problems are encountered. It further contains a list of equipment and materials required in your
laboratory for carrying out this assay.

It should however be pointed out that the values of the results obtained will only be as good as the
sera tested. Sera for epidemiological use must be collected in a random or statistically meaningful way if the

data generated are to be of any real value.

HI-2. REQUIRED LABORATORY EQUIPMENT/MATERIALS

Manual or automatic micro-liter ELISA plate reader equipped with a 450 nm filter.
Dynatech Immulon-1 (M129A), 96 wells, flatbottom plates.
Single (5-50 pï) and multichannel (50-250 pi) variable volume pipettes.
Tips for the above mentioned pipettes.
Refrigerator (+4°C), deepfreezer (-20°C).
An incubator (+3TC).
Water distillation unit.
Plastic wash bottles (250 ml).
Suitable glassware.
pH meter (not necessary, but of assistance if problems are encountered).
Orbital plate shaker (not essential).
Chemical balance (not essential).
2M Sulphuric acid (H2SO4).
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III-3. REAGENTS SUPPLIED

Items Quantity Use

- RATE/IgG MAB*
- Glutaraldehyde 25%
- Coating buffer
- Washing buffer
- Tween-20
- Blocking/diluting buffer
- Bovine Serum Albumin
- Ref. + ve serum
- Ref. - ve serum*
- RATE/IgG/HRPO conjugate*
- Substrate buffer
-TMB
- DMSO
- Perhydrit tablets
- pH-indicator strips

- Distilled water

1ml
2x7 ml

2 sachets (ea 250 ml)
8 sachets (ea 5000 ml)

50ml
2 sachets (ea 1000 ml)
10 sachets (ea 1 gr)

1.5ml
1.5ml

1 ml
2 sachets (ea 250 ml)

50 mg
5ml
3

2x100

50ml

coating antibody
• plate treatment
dilute coating antibody
washing plates

• detergent
blocking/diluting buffer
blocking agent
pos. control serum
neg. control serum
detect bound antigen
substrate buffer
chromogen
chromogen diluent
substrate
pH control in the ranges
pH 4 - 7 and 6.5 - 10

diluent

' supplied by the CTVM.

III-4. REAGENT PREPARATION

III-4.1. Glutaraldehyde plate treatment
Add 4 ml glutaraldehyde 25% to 96 ml of distilled or deionized water to obtain a 100 ml 1%

glutaraldehyde solution required for plate treatment. Store at +4°C.

III-4.2. Rabbit-anti-T. evansi/IgG (RATE/IgG)

The CTVM RATE/IgG included in the kit must be stored in aliquots of 20/d at -20°C or at -70°C
until used. Use in the test diluted 1 : 1700 in cold carbonate coating buffer pH 9.6 to obtain the correct
coating concentration.

HI-43. Coating buffer
This consists of sodium carbonate-bicarbonate salts with thiomersal as preservative. The chemical

composition of this buffer is described in the Appendix. To prepare, dissolve the contents of one packet in
250 ml distilled or deionized water. The pH of this solution should be about 9.6 (to test this use the pH
indicator strips in the range 6.5-10). Store the solution at +4°C. This buffer is used to dilute the RATE/IgG
for coating the plates.
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III-4.4. Washing solution

This consists of a phosphate buffered saline (PBS) solution with 0.05% Tween-20. The chemical
composition of this buffer is described in the Appendix. To prepare, dissolve a packet of washing buffer
reagents in 5 litres distilled or deionized water and add 2.5 ml Tween-20. The resulting washing solution
should have a pH of 7.2-7.6.

II1-4.5. Blocking buffer/diluting buffer
This consists of a phosphate buffered saline (PBS) solution with 0.05% Tween-20 and 1% BSA. This

buffer is used as a blocking and diluting buffer. To prepare the phosphate buffered saline (PBS) solution,
dissolve one packet of blocking/diluting buffer reagents in 1000 ml of distilled or deionized water. To
prepare the actual blocking/diluting buffer (PBS/0.05% Tween-20/1% BSA), add 50 u\ Tween-20 and
I gram BSA per 100 ml PBS. A surplus of this solution with BSA should be stored at

-20°C! Before use leave for 30 minutes at +37°C.
The blocking/diluting buffer is used to block any remaining empty sites in the wells which are not

occupied by RATE/IgG, and to dilute the positive and negative reference sera, the test sera and the
RATE/IgG/HRPO-conjugate.

II 1-4.6. Reference positive serum
In the kit, 1.5 ml T. evansi positive camel serum is supplied. Use in the test diluted 1: 5 in blocking

diluting buffer. It is advised to use sterile pipette tips when withdrawing testing aliquots from the vial. Store
the serum in aliquots of 50/ul at -20°C or -70°C.

III-4.7. Reference negative serum
In the kit, 1.5 ml T. evansi negative camel serum is supplied. Use in the test diluted 1 : 5 in

blocking/diluting buffer. It is advised to use sterile pipette tips when withdrawing testing aliquots from the
vial. Store the serum in aliquots of 50 /il at -20°C or -70°C.

III-4.8. RATE/IgG/HRPO-conjugate
This consists of rabbit-anti-r. evansi IgG labelled with horseradish peroxidase (HRPO). Use in the

test diluted 1 : 5000 in blocking/diluting buffer. It is again advised to use sterile pipette tips when
withdrawing testing aliquots from the vial. Store at + 4°C.

III-4.9. Substrate solution
This solution consists of the chromogen TMB (tetramethyl-benzidine), a substrate buffer with pH

6.0 and the substrate hydrogen peroxide.

III-4.9.1. Substrate buffer
Prepare the substrate buffer by dissolving a packet of substrate buffer reagents in 250 ml of distilled

or deionized water. The pH of this solution should be about 6.0. Use the pH indicator strips in the range
4-7 for control. The chemical composition of this buffer is described in the Appendix (page III-181). Store
this substrate buffer at +4°C or even better, in aliquots at -20°C.
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III-4.9.2. Chromogen

Transfer the supplied 5 ml DMSO into the vial containing the 50 mg TMB and shake gently to
dissolve the TMB properly. Use a syringe and needle to transfer the DMSO since this chemical is known
to be carcinogenic. The TMB/DMSO solution should be stored at room temperature, well protected against
light (e.g. wrapped in aluminium foil).

III-4.9.3. Substrate
Prepare a 3% hydrogen peroxide solution by dissolving one of the supplied Perhydrit tablets in 10 ml

distilled water (supplied in kit). Store this solution at +4°C, well protected from light.
Just prior to use, add 250 /xl of TMB/DMSO solution dropwise to 25 ml substrate buffer and add

40 n\ of 3% H2O2. This will provide enough substrate reagent for 2 plates.

IH-4.10. Test sera
Although a reference negative serum is provided by the CTVM, wherever possible, T. evansi negative

sera should be collected and examined by ELISA to establish the local mean of the negative population. It
is hoped that this will not differ much with the reference negative supplied, however, should there be a
significant difference, a local reference serum should be prepared. This can be done by using individual sera
giving the population mean or by pooling such sera. However, before making such a large pool, check the
reactivity of a small test pool as this may sometimes give a different value from the individual sera.

HI-5. TEST PROTOCOL

III-5.1. Introduction
It is good laboratory practice to plan any serological work, including ELISA, well in advance. This

includes the preparation of the required assay buffers and the identification of test sera in advance of the
actual testing. The recommended plate layout for screening sera (in duplicate) is shown on page HI-182. This
is ideal for the large scale screening of sera. On one plate, 42 sera can be screened in duplicate.

III-5.2. Test

7/7-5.2.7. Pre-coating ELISA plate treatment
Before coating the plates with RATE/IgG (rabbit-anti-T. evansi IgG), the required number of test

plates have to be treated with a 1% glutaraldehyde solution. Prepare this solution and add 100 /xl to all wells.
Incubate the plates for 30 minutes at room temperature, throw out the glutaraldehyde solution and wash the
plates 2 times with distilled water. Leave them flooded for 15 minutes after the second washing, throw out
the water and blot the plates dry on the provided blotting tissues. Proceed to coat the plates immediately.

777-5.2.1. Coating of the ELISA plates
The CTVM RATE/IgG supplied in the kit has to be diluted 1: 1700 in cold coating buffer, pH 9.6,

to obtain the correct coating concentration. For one plate, 10 ml of coating solution is required, i.e. 6 [A of
stock RATE/IgG diluted in 10.2 ml of coating buffer.
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Number the plates to be used clearly, using a waterproof felt-tipper marker and if necessary, mark
the plates to assist in the placement of the test sera.

Dispense 100 /tl coating solution per well (checking that each tip of the multichannel pipette delivers
the correct amount at each stage i.e. NO AIR BUBBLES). Tap the plates gently on the side to ensure
proper dispersion of the coating solution over the surface area of the wells (or shake the plates on a plate
shaker for a few seconds). Incubate the plates at + 4°C for 24 hours or overnight. The plates should be
covered with a seal, a plastic lid or an empty plate during this incubation period.

NOTE: If at that stage the plates are not required the next day, they can be left a further 24 hours
at +4°C after thawing out the RATE/IgG and sealing the plates during that storage period. After
that period they have to be used. Then proceed with the blocking step.

7/7-5.2.2. Plate washing
Discard the coating solution from the plates, rinse once and wash the plates 3 times for 3 minutes

each (i.e. flood plates with PBS/0.05% Tween-20 washing buffer, leave flooded for 3 minutes, empty and
repeat two more times). Blot the plates dry on the provided blotting tissues.

777-5.2.5. Blocking step
Add 100 /d PBS/0.05% Tween-20/1% BSA blocking/diluting buffer to each well and incubate the

plates for 30 minutes at +37°C.

777-5.2.4. Plate washing
Discard the contents of the plates, rinse once and wash plates 3 times for 3 minutes each as

described earlier. Blot the plates dry.

777-5.2.5. Adding the test sera
Prepare the test record sheets showing the position of the test sera on the plate. Check that the

plates are aligned properly, i.e. with the letters A-H on the left-hand side. The optimal dilution for the
reference sera and the test sera has shown to be 1 : 5.

Add to: - All wells in column 1: 100 (A blocking/diluting buffer.
- All wells in columns 2-12: 80 /il blocking/diluting buffer.
- Wells A - B in column 2: 20 /il reference negative serum.
- Wells C-D in column 2: 20 /il reference positive serum.
- Wells E-F in column 2: 20 pi of test serum -1-
- Wells G-H in column 2: 20 /il of test serum -2-
- Wells A-H in columns 3-12: 20 /il of test sera in duplicate.

(See plate layout on page III-182)

Ensure that the tips deliver the correct amount. Shake the plates briefly on a plate shaker of tap the
sides of the plates to assist in the dispersement of the sera. Cover the plates and incubate for 30 minutes at
+3TC.

777-5.2.6. Plate washing
Discard contents of the plates, rinse once, wash the plates 3 times for 3 minutes each as described

earlier and blot them dry.
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7/7-5.2.7. Adding conjugate
Dilute the required volume of RATE/IgG/HRPO conjugate 1 : 5000 in blocking/diluting buffer;

10 ml of conjugate solution is required for one plate, i.e. 2 fj,l of RATE/IgG/HRPO conjugate added to 10
ml of blocking/diluting buffer.

Dispense 100 /zl of this solution per well. Incubate covered plates for 30 minutes at + 37°C.
NOTE: Excess working dilution can not be stored for future use and has to be discarded !

III-5.2.8. Plate washing
Discard the contents of the plates, rinse once, wash the plates 3 times 3 minutes as described earlier

and blot them dry. Dry the bottom side of the plates this time carefully to prevent optical aberration when
reading.

777-5.2.9. Adding the substrate solution
Prepare the required quantity of substrate solution only immediately before actual use:

- Add 100 (A of TMB/DMSO solution dropwise to 10 ml of substrate buffer and add 16 /nl of 3%
hydrogen peroxide solution.

- Add 100 /zl of this solution to each well and incubate plates for 15 minutes at +37°C.
The colour reaction is blue; you will notice this colour appearing in the wells with the positive sera

(T. evansi antigen present in the sera: attachment to the rabbit-anti-T. evansi IgG and then binding of the
rabbit-anti-7". evansi IgG/HRPO to the bound antigen), and no colour or hardly any colour in the wells with
the negative sera. In column 1, wells A-H, you will notice that no colour develops. The optical density values
measured by the reader in this column are used as a plate blank value.

777-5.2. JO. Stopping the reaction
After the 15 minutes incubation period, the reaction is stopped by adding 50 (A of 2M sulphuric acid

to each well. The sulphuric acid has not been included in the kit for safety reasons and should be obtained
locally.

NOTE: After addition of the reaction stopper, immediately carefully remove and discard the tips
from the multichannel pipette to avoid possible corrosion of the precision instrument !

III-5.2.11. Reading the ELISA plates
Switch the ELISA plate reader on and allow it to warm up for at least 15 minutes. Check that the

450 nm filter is inserted. Tap the sides of the plates or put them briefly on the plateshaker to ensure a
proper mixing of the incubated /coloured substrate solution. Blank the reader on column 1, wells A-H of
the plates (this has to be done for each plate) and continue to read the plates. Attach the reader print-out
to the ELISA test sheet as a record of the sera tested and their position in the plates.

III-6. INTERPRETATION OF RESULTS

111-6.1. Interpretation of the assay performance
The performance of the assay is interpreted by reference to the controls. Examine the optical density

(OD) values of the positive and negative controls. Calculate the mean OD values of all duplicate test
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samples. The variation between the duplicates should not exceed 20%. If duplicates vary by more than 20%,
this may be due to e.g. inaccuracies in pipetting, missing out samples, and variable attachment of the
RATE/IgG to the plate. Where the variation is too great, the test should be repeated.

Compare the mean values of the reference sera between each plate. These values should be
approximately the same. There might be a slight variation from plate to plate, but the binding ratio (i.e. ratio
mean reference positive serum/ mean reference negative serum) should be similar.

HI-6 J. Calculation of the cut-off value
The negative/positive cut-off value of each plate is normally calculated using 2 x the mean of the

local reference negative serum OD value on that particular plate.
NOTE: Do not mean the reference negative serum values of all plates.

HI-63. Interpretation of the test sera results

The results of the individual test sera must be interpreted from the reference control sera on that
plate. Sera with OD values higher than the calculated cut-off value should be considered positive. A special
print-out of the positive and negative samples may be obtained using the "limit-mode" on the ELISA plate
reader by entering the negative/positive cut-off value (see Reader manual for details).

III-7. GUIDE TO PROBLEM SOLVING WITH THE KIT

If the results of the tests are not as expected, it is vital to retrace the test procedure and ascertain
if all the correct steps were taken. In particular try to recall if a correct dilution of all the reagents was
carried out and if these reagents were correctly distributed on the plate.

It is a good laboratory practice to keep a sample of the conjugate and the substrate used in the test
until the very end of the day's testings. If problems occur (no colour, slow colour or too quick colour in the
tests), then these reagents can be checked by monitoring their reaction as follows :

take 100 pi of the substrate solution you used in the test (substrate buffer containing the correct
concentrations of TMB/DMSO solution and hydrogen peroxide)

- add 100 /d of the RATE/IgG/HRPO conjugate solution you used in the test, (correctly diluted in
the blocking/diluting buffer).
a colour reaction should develop within 30 seconds.

If there is no colour reaction, try one or more of these tests to determine a possible reason :
repeat with a freshly made substrate solution using the same RATE/IgG/HRPO conjugate solution,
repeat with a freshly made substrate solution using a freshly made hydrogen peroxide solution and
using the same RATE/IgG/HRPO conjugate solution.
repeat with a freshly made up RATE/IgG/HRPO conjugate solution and one of the substrate
solutions you prepared.
repeat with 1-2 n\ of the concentrated RATE/IgG/HRPO conjugate and one of the substrate
solutions prepared.
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III-8. TROUBLE SHOOTING REFERENCE

Problem Possible cause Solution

-No colour at all
(even after 60 min.
incubation)

-no H2O2 in substrate sol.
-H2O2 in wrong concentr.
-H2O2 not working
-species specific conjugate
not working at the dilution

recommended
-species specific conjugate
was not dispensed on the
species specific plate

-prepare new substrate solution and
continue test (remove old substrate
solution from the plate).

-perform a conjugate titration.

-do conjugate step again (remove
substrate from plate, wash 3 times,
dispense species specific conjugate
correctly diluted in diluting buffer,
incubate and continue test as
described.

-No colour in wells
with positive
reference serum

-species specific reference
sera not dispensed on the
species specific plate

-positive test sera should be retested.

-Too slow colour -conjugate too weak -check dilution used, or perform
conjugate titration.

-Patchy colour -poor pipetting
-poor washing
-poor mixing of reagents
-poor coating of plates

-practise care.

-Too quick colour -conjugate too strong -check dilution used.

-Colour all over the
plate or high
background

-conjugate too strong
-poor washing

-check dilution used.
-practise care.
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HI-9. APPENDIX

III-9.1. Composition of ELISA kit buffers.
HI-9.1.1. Coating buffer (carbonate-bicarbonate)

Na2C03 1.55 g |
NaHCO3 2.93 g | per 1000 ml
Thiomersal 0.20 g |

7/7-9.7.2. Washing buffer (PBS/0.05% Tween-20)

per 1000 ml

NaCl
Na2HP04

KH2P04

KC1
Tween-20

7.0 g
1.4 g
0.2g
0.2g
0.5ml

III-9.1.3. Blocking/diluting buffer (PBS/0.05% Tween-20 + 1% BSA)
Washing buffer 100 ml
BSA 1 gram

IH-9.1.4. Substrate buffer
Na-acetate 8.2 g |
Citric acid 266 mg | per 1000 ml

Chromogen :
TMB 50 mg
DMSO 5 ml

Substrate (3% H2O2):
Perhydrit tablet 1
Dist. water 10 ml
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III-10. PLATE LAYOUT
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