
Parallel evaluation of serological tests applied in
African trypanosomiasis: a WHO collaborative study*

Previously, the most commonly used serological tests for the indirect diagnosis of
African trypanosomiasis were the indirect fluorescent antibody test, immunodiffusion test,
and the determination ofIgM levels in serum and cerebrospinalfluid. Recently, the capillary
passive haemagglutination test and the enzyme-linked immunosorbent assay (ELISA) have
been used in diagnosing trypanosomiasis. However, a parallel evaluation was needed to
indicate the comparative diagnostic value of these various serological tests. A double-blind
study conducted by WHO with the collaboration of three European and four African
laboratories using well-documented serum samples provides a reasonable basis for
determining in parallel the sensitivities of the various techniques.

Trypanosomiasis in man is usually diagnosed by
repeated microscopic examinations of blood and
glandular and cerebrospinal fluids or through
animal inoculation techniques. However, it is some-
times very difficult to diagnose the infection by
demonstrating the presence of parasites, and applica-
tion of indirect immunological diagnosis is therefore
useful in partly overcoming this problem.
The most commonly used serological tests for the

diagnosis of African trypanosomiasis are the indirect
fluorescent antibody test (IFAT), the immunodiffu-
sion test, and the determination of IgM levels in
serum and cerebrospinal fluid. Recently, a capillary
passive haemagglutination test and the enzyme-
linked immunosorbent assay (ELISA) have been
applied in several parasitic and bacterial infections.
This variety of serological techniques provides useful
tools for indirect diagnosis but parallel evaluation of
the tests was needed to determine their respective
values in trypanosomiasis. Such a study was there-
fore conducted by WHO with the collaboration of
three European and four African laboratories.a

* This article was drafted by the signatories listed on page
146. Requests for reprints should be addressed to: Division
of Malaria and Other Parasitic Diseases, World Health
Organization, 1211 Geneva 27, Switzerland.

a School of Public Health, Catholic University of
Louvain, Brussels, Belgium; Office de la Recherche Scienti-
fique et Technique Outre-Mer (ORSTOM), Brazzaville,
Congo; Nuffield Institute for Comparative Medicine, Lon-
don, England; Immunology of Parasitic Diseases Research
Unit, Bordeaux, France; Institute for Trypanosomiasis
Research, Kaduna, Nigeria; East African Trypanosomiasis
Research Organization, Tororo, Uganda; Parasitology Unit,
National University, Kinshasa, Zaire.

DESCRIPTION OF CASES AND

SERUM SAMPLES COLLECTED

Sera were collected in Congo, Nigeria, Uganda,
and Zaire from about 120 sleeping sickness patients
whose infection with either Trypanosoma rhodesiense
or T. gambiense was confirmed by demonstrating the
presence of parasites. At the time of taking the
sample some of the patients had received antitryp-
anosomal treatment, others had not. In addition,
12 serum samples from noninfected Africans were
included in the study.
At least 10 ml of blood were collected into

Vacutainers by venipuncture from each patient in
the various endemic areas. After coagulation, the
supernatant serum was transferred to plastic tubes
and despatched by air to WHO headquarters in
cryogenic containers filled with liquid nitrogen. On
arrival, the serum specimens were thawed and
dispensed in 0.5 ml amounts into special plastic tubes,
coded, and refrozen in liquid nitrogen. One sample
of each coded specimen was sent to each of the seven
collaborating laboratories. The serological tests per-
formed were as follows:

(1) capillary flocculation tests b (Kaduna)
(2) capillary passive haemagglutination test

(Brussels)

(3) enzyme-linked immunosorbent assay (ELISA)
(London)

b Referred to also as " capillary agglutination " test in
current literature.
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(4) indirect fluorescent antibody test (IFAT) (Kin-
shasa and Brazzaville)

(5) immunoprecipitin test with parasitic antigens
(IP-parasitic antigens) (Bordeaux)

(6) IgM immunoprecipitin test (IP-IgM) (Tororo)

Each laboratory performed these particular tests as
described below.

DESCRIPTION OF TECHNIQUES

Capillary flocculation test

The capillary tube flocculation test originally
described by Ross (6) is carried out in 90-mm lengths
of capillary tube having a bore of 0.5 mm. Antigen is
drawn into the tube to a height of 10 mm and the
tube is then filled up with serum. Sera are not
diluted. The tubes are supported perpendicularly in
plasticized modelling clay. In strong reactions
flocculation commences immediately and in any case
the tubes can be examined against a dark back-
ground and the results determined in about 1 hour.

This test has been used to diagnose infections of
T. vivax, T. rhodesiense, T. brutcei, T. gambiense,
T. congolense, T. simiae, and T. evansi. In all cases
the preparation of antigen follows the same pattern.
Trypanosomes are usually subpassaged in rats and at
the height of parasitaemia the rats are exsanguinated
and the blood collected in ice-cold heparinized
flasks. Parasites are separated from erythrocytes on
DEAE-cellulose by the method of Lanham (3). The
trypanosomes are washed and resuspended in 4-5 ml
of buffer solution and disintegrated by ultrasonic
oscillation for 6 min at 20 kHz, 100 W in an ice-
bath. The disintegrated material is then centrifuged
at 14 000 g for 30 min at 4°C. The supernatant is
discarded and the pellet homogenized in a tissue
grinder, then made up to a preselected density level
with cold phosphate-buffered saline (pH 7.2) and
recentrifuged again at 13 000 g for 10 min. This
process is repeated several times until the supernatant
is colourless. The final pellet is then homogenized in
3-5 times its own volume of barbital-buffered saline
(pH 7.2). Debris and larger particulate matter are
removed by centrifugation at 4000-6000 g for 30 s.
The supernatant is the antigen.

Capillary passive haemnagglutination test (see refer-
ence 1)
Human erythrocytes (O RH-) are sensitized with

antigen (saline extract of T. gambiense " ELIANE "
strain) plus glutaraldehyde as coupling agent. Capil-

lary tubes (75 mm by 1.5 mm; volume, 75 ,ld)
containing sensitized erythrocytes are frozen in liquid
nitrogen, placed in vials, and lyophilized. The vials
are sealed under nitrogen and can be stored for up to
18 months at 25°C. When a vial is opened the
capillaries should be used the same day; in very
humid climates the mouth of an opened vial should
be introduced into a test-tube containing silica gel.
Blood is collected by finger prick, diluted 1:15

with a buffer solution (100 ml of NaCl, 0.3 mol/litre;
13 ml of Na2HPO4, 0.067 mol/litre; 5 ml of KH2PO4,
0.067 mol/litre; 0.118 g of gelatin; 0.035 g of EDTA)
and centrifuged. The supernatant plasma, diluted
1: 30, is drawn into a capillary tube containing
sensitized lyophilized erythrocytes. The capillary is
sealed at one end with a suitable plasticized model-
ling clay.a (If no suitable modelling clay is available
the capillary tubes can be flame sealed.) The filled
tubes are placed on plastic holders with numbered
grooves for easy identification and manipulation.

After incubation for 15 min at room temperature
(15-20°C) in a horizontal position, the capillaries on
their holder are centrifuged for 2 min at 500 g, the
erythrocytes sedimenting in a 1 mm pellet. The
capillaries are then held for 15 min at an angle of 450
with the erythrocyte pellet uppermost. In the absence
of antibodies (i.e., a test negative for infection) the
pellet disintegrates and the erythrocytes spread by
gravity along the wall of the tube as a streamer 10-15
mm long. In positive tests the pellet remains intact.
The sedimentation rate of erythrocytes is inversely
proportional to the antibody titre.

Enzyme-linked immunosorbent assay (ELISA) (see
references 8 and 9)
The antigen is prepared from the blood of mice

heavily infected with T. brucei. The trypanosomes are
separated from the other blood components by
differential centrifugation and stored as a pellet of
packed organisms at -20°C. Before use, the pellets
are suspended in saline and a soluble extract is
prepared by sonic disruption of the organisms, solid
debris being removed by centrifugation. Diluted
stock antigen solution (1: 100, 1: 200, 1: 500, and
1 : 1000) is used to sensitize the wells in disposable
polystyrene haemagglutination plates.b Sensitization

a Some brands can cause nonspecific agglutination of
erythrocytes. A suitable modelling clay for use with serologi-
cal techniques is Critoseal, supplied by Chr. Bardram,
Baunestien 4, P.O. Box 17 DK 3460, Birker0d, Denmark.

b Cooke Microtiter type M29 AR, manufactured by
Dynatech Laboratories Limited, Daux Road, Billingshurst,
Sussex, England.
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is carried out overnight in 0.05 mol/litre carbonate
buffer solution (pH 9.6) at 4°C. After being washed
3 times in saline containing 0.05%° Tween 20 and
shaken dry, the plates are ready for use. Sera are
diluted 1: 500 with phosphate-buffered saline con-
taining 0.05%. Tween 20 and added to the cups. After
2 hours' incubation the plates are washed as before.
Attached antibody is detected by incubation for
3 hours with an alkaline-phosphatase-labelled anti-
globulin, washing as before and finally adding the
enzyme substrate, p-nitrophenyl phosphate. The
reaction is stopped with 2 mol/litre sodium hydroxide
after 15 min. The results are expressed as the change
in absorbance at a wavelength of 400 nm, and this is
measured by means of a spectrophotometer.

Indirect fluorescent antibody test a

T. gambiense or T. brucei are maintained by
subpassages in albino rats. For the preparation of
antigen, parasitized blood is taken from the heart
and mixed with phosphate-buffered saline solution
containing heparine and 57/ glucose. Thin films are
made and must contain between 5 and 50 para-
sites per field of view at 250 times magnification.
Fixation is not necessary. The slides can be preserved
for 3-6 months at - 15°C in polyethylene bags
containing silica gel. Six blood samples can be
examined on a single slide.

T. brucei antigens obtained from rats have some
important advantages: the rat strain of T. brucei is
less dangerous to handle and the regularly increasing
parasitaemia in laboratory animals permits prepara-
tion of the antigen to be planned for a particular day.
Fluorescein-labelled antihuman serum from the Pas-
teur Institute, Paris, used at a 1 : 100 dilution, and
other suitable preparations used at appropriate dilu-
tions, produced regularly reproducible results.

Sera from sleeping sickness patients infected with
T. gambiense give frequent positive reactions at a
1: 320 dilution while those from healthy control
subjects usually produce negative results at or below
a dilution of 1: 20. In half a day a nonspecialized
laboratory technician can test 100 blood samples.
Recognition of fluorescence in a test sample takes
10-30 seconds; doubtful reactions are rare. The test
is performed as described by Wery et al. (10), all
washings being carried out three times (5 min each)

a This test is utilized at both the Kinshasa and the
ORSTOM (Brazzaville) laboratories. A slight modification
was introduced in the latter-namely, the use of antigen
strains (T. brucei gambiense) isolated in Brazzaville.

with phosphate-buffered saline at room temperature
(15-20°C).

Immunoprecipitin test with parasitic antigens
The parasitic antigens are obtained from the blood

of mice heavily infected with strain D2/1 of T. gam-
biense. Blood samples are collected between the fifth
and twentieth days after inoculation of the animals.
The parasitic antigens include both exo-antigens
(those liberated into the plasma by the living para-
sites) and somatic antigens (those resulting from the
final lysis of the parasites). An Ouchterlony type agar
gel double diffusion technique is employed for the test
and 10-,ul quantities of parasitic antigens are placed
in the test wells. Prior to their use, sera are treated
with sodium sulfate according to the technique of
Thurston (7) in order to increase the concentration
of immunoglobulins and prevent the formation of
artefacts. The quantity of treated sera placed in each
test well is 20,1L, which corresponds to 30-40 ,ul of the
original serum. The precipitin antibodies detected in
this test are invariably IgG globulins (4, 5).

Immunoprecipitin test (IgM estimation)
Specific anti-IgM serum is incorporated into agar

gel and 3-mm discs of filter paper impregnated with
patients' blood and subsequently dried are laid on
the surface of the gel, as described by Cunningham et
al. (2). After 48 h the discs are washed off with
normal saline and the agar gel is washed in the same
solution for 1 h. After washing, the agar gel is dried
at room temperature (1 5-20°C) by placing filter
paper on the surface of the gel. Zones of precipita-
tion are then stained with amido black and the
diameters of precipitation zones are measured under
a photographic enlarger. All samples found to pro-
duce precipitation zones greater than 4 mm in
diameter are considered positive.

RESULTS

The results of all the tests were analysed in all
possible combinations to assess their agreement.
Table 1 gives the results for all samples including the
controls. It can be seen that there is good agreement
between the ELISA and the IP-IgM and IP-parasitic
antigens tests (94.2% and 91.5%, respectively) and
slightly less (90%/) between the ELISA and IFAT
tests. Agreement between the ELISA and capillary
passive haemagglutination tests is less close (82%).
The results of other tests were not consistent and the
levels of agreement are very low.
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Table 1. African trypanosomiasis: parallel evaluation of serological tests

Test combinations Co-positivity Co-negativity Agreement
passive No. % No. % No. %

ELISA x capillary passive haemagglutination 85/104 81.7 15/18 83.3 100/122 82

ELISA x IFAT 92/102 90.1 17/18 94.2 102/120 90

ELISA x capillary flocculation a 24/101 23.7 9/19 47.3 33/120 27.5

ELISA x IP-parasitic antigens 96/102 94.1 12/16 75.0 108/118 91.5

ELISA x IP-lgM 98/102 96.0 16/19 84.2 114/121 94.2

Capillary passive haemagglutination x IFAT 83/89 93.2 23/34 67.6 106/123 86.1

Capillary passive haemagglutination x capillary
flocculation a 23/91 25.2 20/37 54.0 43/128 34.3

Capillary passive haemagglutination x IP-parasitic
antigens 86/89 96.6 16/32 50.0 102/121 84.3

Capillary passive haemagglutination x IP-lgM 86/89 96.6 19/36 52.7 105/125 84.0

IFAT x Capillary flocculation a 22/86 25.1 15/29 51.7 37/115 32.1

IFAT x IP-parasitic antigens 94/96 97.9 16/26 61.5 110/122 90.1

IFAT x IP-lgM 89/94 94.6 15/29 51.7 104/123 84.3

Capillary flocculation a x IP-parasitic antigens 25/34 73.5 8/87 9.1 33/121 27.2

Capillary flocculation a x IP-IgM 24/35 68.5 11/90 12.2 35/125 28.0

IP-parasitic antigens x IP-lgM 98/103 95.1 14/19 73.6 112/122 91.8

a Referred to also as " capillary aglutination test in current literature.

Table 2 shows a similar computation for parasito-
logically positive subjects only. Here again, there is
closest agreement between the ELISA and IP-IgM
tests (94.5%4), followed by the ELISA and IP-para-
sitic antigens tests (92.4%), the ELISA and IFAT
tests (88.6%.), and finally the ELISA and capillary
passive haemagglutination tests (82.4%).
The overall sensitivities of the various tests calcu-

lated from the results obtained with all samples are
as follows:
ELISA
IP-IgM
IP-parasitic antigens
IFAT
capillary passive haemagglutination

106/109 (97.2%)
101/112 (90.1%)
95/108 (87.9%)
94/112 (83.9%)
89/112 (79.4%)

Since serum samples were obtained from subjects
with both treated and untreated T. rhodesiense and
T. gambiense infections the test results were analysed
separately as shown in Table 3. Here again, the

sensitivity of the ELISA test is clearly evident,
particularly with sera from untreated cases of
T. gambiense infection, 100I% of cases being identi-
fied. Following treatment of the infection the sensi-
tivity of this test falls a little (to 97.5O%). By contrast,
however, capillary haemagglutination test results
show an increase in sensitivity with sera from treated
cases (95.8% untreated, 97.5%. treated). In T. rhode-
siense infections the ELISA test detects 94.1% of
untreated and 100% of treated cases. The IP-para-
sitic antigens test gives excellent results in T. gain-
biense infections, detecting 97.9O. of untreated and
95.0%° of treated cases, but less satisfactory results in
T. rhodesiense infections (77.7%'/ of untreated and
75/0 of treated cases detected). This difference can be
explained by the fact that the parasitic antigens used
in this work were prepared from a strain of T. gam-
biense. The capillary passive haemagglutination test
gives poor results in T. rhodesiense infections, 15.7%'
of untreated and no treated cases being detected.

144
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Table 2. African trypanosomiasis: parallel evaluation of serological tests *

Test combinations Co-positivity Co-negativity Agreement
No. % No. % No. %

ELISA x capillary positive haemagglutination 84/102 82.3 4/6 66.6 88/108 82.4

ELISA x IFAT 81/91 89.0 5/6 82.3 86/97 88.6

ELISA x IP-lgM 98/104 94.2 4/6 66.6 104/110 94.5

ELISA x IP-parasitic antigens 94/101 93.0 4/5 80.0 98/106 92.4

Capillary passive haemagglutination x IFAT 82/94 87.2 10/15 66.6 92/109 84.4

Capillary passive haemagglutination x IP-lgM 86/101 85.1 7/11 63.6 93/112 83.0

Capillary passive haemagglutination x IP-parasitic
antigens 84/88 95.4 8/20 40.0 92/108 85.1

IFAT x IP-lgM 86/91 94.4 2/16 12.5 88/107 82.2

IFAT x IP-parasitic antigens 87/92 94.5 10/16 62.4 97/108 89.8

IP-lgM x IP-parasitic antigens 94/104 90.3 3/6 50.0 97/110 88.1

* Using parasitologically positive sera only.

These figures indicate that the capillary passive consider the effects of drug treatment on the persis-
haemagglutination test cannot be applied in areas tence of antigenic materials in circulation and in
where T. rhodesiense is likely to occur. On the other stimulating antibody production or neutralizing
hand, the ELISA test gives good results where both circulating antibody. Therefore, the effect of treat-
infections are present. ment cannot easily be ascertained by serological

Serology may indicate the presence or absence of means.
antibody in both treated and untreated cases, de- The results reported here provide a reasonable
pending on the time of treatment and the effective- basis for determining the sensitivity of serological
ness of the drug utilized. It is also necessary to tests, but the number of control or parasitologically

Table 3. Comparative evaluation of serological tests for T. rhodesiense and T. gambiense infections

T. rhodesiense infection T. gambiense infection Uninfected

Test Treated: Untreated: Treated: Untreated: number andnumber and number and number and number and percentage
percentage percentage percentage percentage of positivetests

of positive tests of positive tests of positive tests of positive tests

ELISA 6/6 (100) 16/17 (94.1) 38/39 (97.5) 47/47 (100) 0/11 (0)

Capillary passive
haemagglutination 0/6 (0) 3/19 (15.7) 40/41 (97.5) 46/48 (95.8) 0/11 (0)

IFAT 2/5 (40) 12/17 (70.5) 39/42 (92.8) 41/47 (87.2) 0/11 (0)

IP-parasitic antigen 3/4 (75) 14/18 (77.7) 29/42 (69.0) 46/47 (97-9) 2/11 (18)

IP-lgM 3/6 (50) 13/18 (72.2) 40/41 (97.5) 45/46 (97.8) 0/11 (0)
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negative samples included is very small. Therefore,
specificity of the tests cannot yet be discussed and
this must await the study of larger numbers of
samples from noninfected subjects as well as sera
from subjects with other parasitic infections. Such a
study is under way and samples are being assembled
for testing by the participating laboratories using the
five most sensitive techniques: ELISA, capillary
passive haemagglutination, IFAT, and the two IP
tests.

*
* *
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RtSUMt

EVALUATION PARALLELE DES EPREUVES SEROLOGIQUES APPLIQUEES

DANS LA TRYPANOSOMIASE AFRICAINE: ETUDE COLLECTIVE DE L OMS

Pour le diagnostic indirect de la trypanosomiase
africaine les epreuves serologiques les plus usitees
etaient l'immunofluorescence indirecte, l'immuno-diffu-
sion et la determination de la concentration des IgM
dans le serum et le liquide cephalorachidien. Deux
nouvelles epreuves, l'hemagglutination passive en tube
capillaire et le dosage avec immuno-adsorbant lie A
une enzyme (ELISA) ont e recemment mis au point
et introduits dans la serologie des maladies parasitaires.
Afin de verifier la valeur de ces differentes epreuves, une
etude comparative a et menee par l'OMS avec la
collaboration de quatre laboratoires africains et de trois
europeens.

Les serums ont e recueillis A partir d'environ 120
sujets atteints de maladie du sommeil au Zakre, dans
la Republique populaire du Congo, au Nigeria et en
Ouganda; chez ces sujets l'infection A T. rhodesiense
ou T. gambiense avait e confirmee par la mise en
evidence des parasites.
On a analyse les resultats de toutes ces epreuves en

faisant toutes les combinaisons possibles pour evaluer
la concordance. En ce qui conceme la sensibilite globale

calculee d'apres ces resultats pour tous les echantillons,
on a obtenu ce qui suit: ELISA, 97,2%; immunopreci-
pitation (IgM), 90,1 %; immunofluorescence indirecte,
83,9%; hemagglutination en capillaire, 79,4%.

L'epreuve ELISA parait la plus sensible, suivie par
les deux epreuves d'immunoprecipitation et le test
d'immunofluorescence indirecte. Comme les echantillons
de serum provenaient de cas traites et d'autres non
traites d'infections a T. rlzodesiense et a T. gambiense,
les resultats des epreuves ont e analyses separement
pour ces deux types d'infection. La sensibilite d'ELISA
est particulierement evidente lorsqu'il s'agit de serums
provenant de cas a T. gambiense non traites, qui ont
ete identifies a 100%.

Les resultats obtenus jusqu'ici fournissent une base
raisonnable 'a la determination de la sensibilite, mais
la taille des echantillons de sujets temoins ou parasitolo-
giquement negatifs etait trop petite. On ne peut donc
encore evaluer la specificite; il faudra pour cela attendre
1'etude de plus grands echantillons de cas non infectes
comme de serums provenant d'autres infections parasi-
taires.
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