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Abstract

IMPROVEMENTS ON AN ELISA TO DETECT TRYPANOSOMAL ANTIGENS AND ITS USE AS A
MONITORING TOOL IN TSETSE AND TRYPANOSOMOSIS CONTROL PROGRAMMES.

Monoclonal antibodies directed at epitopes of Trypanosoma brucei, T. congolense and T. vivax have
been used to capture and detect trypanosomal antigens in bovine blood samples using an enzyme-linked
immunosorbent assay (ELISA) developed elsewhere. The test has been transformed in a ready-to-use kit format
for distribution among a network of 15 African research institutes. The specificity of the test was assessed under
experimental and field conditions and found to be 96% ( ± 2%) for T. brucei, 99.5% ( ± 1 %) for T. congolense
and 99% (± 1%) for T. vivax. Following a validation period under field conditions, adjustments were made to
the protocol to increase the sensitivity of the ELISA and to improve the suitability of the test for laboratory use
under African conditions.

Presently the ag-ELISA is being applied in conjunction with conventional parasitological techniques
such as the buffy coat technique (BCT) to monitor progress in various tsetse and trypanosomosis control
programmes and in a tsetse eradication effort in the United Republic of Tanzania, on the island of Zanzibar.
The two tests complement each other, since infections not detected by one test may be detected by the other.
In general, the serological test tends to produce more false negatives during subacute infections, while the
parasitological techniques tend to produce more false negatives during chronic infections. Since the sensitivity
of the ELISA is not optimal, research efforts at the FAO/IAEA Agriculture and Biotechnology Laboratory will
be focused on improving this aspect. However, these efforts are severely hampered by the lack of a diagnostic
test that can be used as a "gold standard". The use of the polymerase chain reaction for verifying doubtful test
results and as a possible candidate for a "gold standard" to diagnose trypanosomosis are discussed. Finally,
future plans are outlined to initiate the use of geographical information systems to assess the impact of tsetse
control and eradication programmes on land use and disease distribution.

1. INTRODUCTION

Traditionally trypanosomosis in animals has been diagnosed by laborious microscopic
examination of individual blood samples, initially thin and thick Giemsa stained smears, later wet
films. Concentration methods were developed in the seventies using a haematocrit centrifuge. As a
result the diagnosis of the disease was improved and more animals were detected to be infected with
trypanosomes. These techniques, the Woo method [1] and the buffy coat technique (BCT) [2], had
as an additional advantage that the anaemia of the animal could be assessed simultaneously by
measuring the packed red cell volume percentage. However, although the specificity of the techniques
was good (very few false positives were encountered), the sensitivity was insufficient. The lower
detection limit of the most sensitive technique (the BCT) was reported to be between 100 and 1000
trypanosomes/ml blood [3]. This proved to be insufficient, since trypanosomosis in cattle is often
encountered under field conditions as a chronic disease with low levels of circulating parasites in the
blood [4].

The discovery of monoclonal antibodies [5] and the use of ELISA technology provided an
additional diagnostic tool for testing large numbers of samples with a reasonable accuracy of detecting
infected animals.

2. MATERIALS AND METHODS

Monoclonal antibodies directed at epitopes of Trypanosoma brucei, T. congolense and T. vivax have
been used to capture and detect trypanosomal antigens in bovine blood samples using an enzyme-
linked immunosorbent assay (ELISA) developed elsewhere [6]. The test has been transformed in a
ready-to-use kit form for distribution among 15 African research institutes.
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3. RESULTS

The specificity of the test was assessed under experimental and field conditions and found to
be 96% (± 2%) for T. brucei, 99.5% (± 1%) for T. congolense and 99% (±.1%) for T. vivax.
Following a validation period under field conditions [7], minor adjustments were incorporated in the
protocol to increase the sensitivity of the ELISA and improve the robustness of the test for use under
laboratory conditions in Africa. The following assay adjustments have been made:
(1) the use of high binding plates
(2) constant shaking for 15 minutes at 37°C
(3) dilution of control and test serum samples
(4) addition to the serum diluent buffer of 0.5% normal mouse serum as a liquid phase blocking

agent
(5) addition to the conjugate diluent buffer of 1% bovine serum albumin as a liquid phase

blocking agent
(6) use of tetramethylbenzidine chromogen and hydroxide peroxide substrate
(7) use of non corrosive 1M phosphoric acid solution used as a stopping solution
(8) incorporation of standardized internal quality control samples such as a strong positive,

moderate and negative antigen control as well as a conjugate control
(9) expression of results as percent positivity relative to the strong positive antigen control
(10) use of a specialized computer software program developed for the ELISA kit.

Presently the ag-ELISA is being applied in conjunction with conventional parasitological
techniques such as the buffy coat technique (BCT) to monitor progress in various tsetse and
trypanosomosis control programmes in Africa and in a tsetse eradication effort in the United Republic
of Tanzania, on the island of Zanzibar.

4. DISCUSSION

The sensitivity of the ELISA was not satisfactory since it failed several times to detect animals
with subacute infections. This lack of sensitivity might be inherent to the characteristics of the test
as it is presently used. Of importance are the size and the nature of both antibody and antigen. For
example, the monoclonal antibodies used for detecting T. brucei and T. congolense are of the IgM
isotype, which are on the one hand more sensitive (due to a higher avidity because of the pentameric
structure), but on the other hand more fragile than the IgG isotype. The latter characteristic has
implications for the repeatability of the test results. Another feature of the test is that the same
antibody is being used to capture as well as to detect the antigen, which might lead to a competition
between the capture and detecting antibodies for a binding spot on the antigenic site (the epitope).
Furthermore, the trypanosomal antigen to be detected by the antibodies is an internal unsecreted
molecule released only following destruction of the parasite by the host immune system.
Consequently, the amount of circulating antigens during the initial (subacute) phase of infection is low
and might be below the detection threshold of the test. Conversely, during later stages of the disease
the formation of immune complexes might mask the antigenic determinants recognized by the
monoclonal antibodies used in the test. Furthermore, the size and the nature of the antigen are of
importance for the performance of the test. Studies have shown the T. vivax antigen to be an 8-kDa
peptide [8] and the T. congolense antigen to be a protease, while the T. brucei antigen has not yet
been characterized.
It is intended to focus research efforts at the FAO/IAEA Agriculture and Biotechnology Laboratory
at improving the sensitivity of the test. However, these efforts are severely hampered by the lack of
a diagnostic test that can be used as a "gold standard".

The polymerase chain reaction (PCR) is known to be a very sensitive test, but will detect false
positives if insufficient controls are being used during the sampling and testing procedures. For
trypanosomosis in particular this test would be ideally suited as the "gold standard". It would have
to verify doubtful samples, which have been detected positive by ELISA, but have not been found
positive parasitologically in order to distinguish the true from the false positives. At the same time
it would be useful if the PCR technique could be employed to detect infected animals that have tested
negative in the ELISA and BCT due to insufficient sensitivity of these latter two tests (to detect the
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false negatives). The practical significance of the PCR would be that in disease eradication
programmes it is of great importance to detect remaining foci of infection (to detect the false
negatives). It would be equally important to unmask the false positives, which would assist in giving
an indication when to stop eradication efforts. In collaboration with the University of Glasgow,
United Kingdom, and the International Livestock Research Institute (ILRI), Kenya, investigations will
be initiated to incorporate the PCR in the diagnostic methods for monitoring disease control.

As an additional tool for assessing the effect of tsetse control programmes and for analysing
the geographical and environmental implications of these interventions, we intend to use computerized
systems such as geographical information systems (GIS). GIS will allow the input, storage,
manipulation, analysis and display of geographically referenced data. Data sets of importance for
assessing tsetse and trypanosomosis control programmes should contain information on climate,
vegetation, geographical features (such as altitude, soils), human, animal and vector populations and
socio-economic influences. Thus, one can assess the effects of disease interventions on land use,
animal distribution or the environment. Moreover, GIS can be used to map disease distribution when
geographically referenced disease prevalence data are available. Similarly, the influence and dynamics
of changes in disease incidence can be predicted and disease risk maps can be produced for various
geographical sites.
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