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An evaluation of the capillary and latex agglutination
and heterophile antibody tests for the detection
of Trypanosoma rhodesiense infections
G. BINZ1

In a small proportion of persons infected with Trypanosoma rhodesiense the para-
sitaemia is so slight or so intermittent that a positive diagnosis cannot be made by the
routine parasitological examination of blood and glandular fluid. By the time the infection
is mature enough to be diagnosed by these methods these persons may not readily have
access to a diagnostic centre. Some of these infections could be diagnosed earlier by
repeated intensive examinations of blood and cerebrospinal fluid, and by animal inocula-
tion tests. A stimulus for investigators to make these examinations could beprovided by the
results of a simple, rapid, and highly specific immunological screening test that could be
made concurrently with the first parasitological examination ofsuspected cases. The results
of two such tests for detecting circulating trypanosomal antibodies are described. One of
the tests, the latex agglutination test, is potentially useful as a screening test for persons
whose first parasitological examination is negative but whose clinical or social background
suggests that they may be infected. This test could find wide application in hospitals and
dispensaries, and in the field. Studies indicate that there is little value in testing suspected
cases of trypanosomiasis for heterophile antibodies.

Trypanosoma rhodesiense infection in man is usu-
ally diagnosed during the first microscopic examina-
tion of blood and glandular fluid; more than 75 %
of all cases can be found in this way. Depending
on the laboratory facilities and staff available, a fur-
ther small proportion of cases can be diagnosed by
repeated intensive microscopic examinations ofblood
and cerebrospinal fluid (CSF) or by animal inocula-
tion techniques. A number of cases remain, how-
ever, in which the parasitaemia is either so slight
or intermittent that they cannot be diagnosed by
these methods. Positive diagnoses could possibly
be made in this last category if the investigators
were stimulated to carry out a further parasitologi-
cal search by the results of an immunological test
that selected only a very small group of suspected
cases.

In the past, much emphasis has been placed on
the estimation of blood immunoglobulin M (IgM)
levels as a screening test for sleeping sickness. There
are three basic techniques: the double-diffusion tech-

' Project Technical Officer (Immunology). Present
address: 1711 Ependes-Fribourg, Switzerland.

nique for serum and CSF (Mattern, 1968), the
single-diffusion technique for serum (Fahey &
McKelvey, 1965), and the single-diffusion technique
for dried blood samples (Cunningham et al., 1967).
However, these techniques have several limitations.
They necessitate well-trained and experienced staff,
their specificity for T. rhodesiense is inadequate, and
the proportion of cases diagnosed by parasitological
examination subsequent to performance of the tests
is small in comparison with the number of people
with raised IgM levels who have to be examined.
A further limitation of the tests, and one that pre-
cludes their utilization for dispensary practice, is the
amount of time that elapses between the sampling
of blood or CSF and the availability of the test
results. During this interval of more than 2 days
the suspected patient will have returned to his
home, and although a recall system might be success-
ful in a few instances such systems do not generally
operate satisfactorily. There is therefore an urgent
need for the development of an immunological
screening technique that can be conducted simply
and quickly under the conditions prevailing in rural
Africa.
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This account is concerned with the evaluation of
three different immunological techniques for detect-
ing trypanosome infections in man; it was hoped
that one of them might be suitable as a routine
screening test under field conditions.
The first technique examined was the capillary

agglutination test (CAT) developed by J. P. J. Ross
(personal communication, 1969).1 It was used to
assess circulating trypanosomal antibodies in sera
and CSF from confirmed cases of sleeping sickness
at the time of diagnosis, and to make a comparative
study of the serum antibodies of persons living in
an endemic area (the Lambwe Valley) and in non-
endemic areas (Kisumu and Nairobi) of Kenya.
The second part of this report is concerned with

a new immunological test, the latex agglutination
test (LAT), which has recently been developed by
the author. The LAT was applied to confirmed
cases of sleeping sickness at the time of parasitologi-
cal diagnosis and to persons from endemic and non-
endemic areas of Kenya.
The last section of this report deals with the detec-

tion of heterophile antibodies. A persistently high
titre of heterophile antibodies is often associated
with new trypanosome infections in experimental
animals. The titration of these antibodies might
therefore be a useful means of aiding the parasito-
logical diagnosis of sleeping sickness, particularly
in persons attending medical centres whose first
parasitological examination gave negative results
but whose clinical and sociological histories sug-
gested the presence of sleeping sickness. Heterophile
antibodies were therefore studied in the sera and
CSF of subjects examined during the two investiga-
tions described above.

MATERIALS AND METHODS

Most of the investigations reported here were
conducted in the Lambwe Valley area of South
Nyanza District, Kenya. General descriptions of the
area have been provided by Allsopp & Baldry (1972),
and Watson (1972) has given an account of the sleep-
ing sickness situation. Persons resident in Nairobi
and Kisumu townships were studied as representa-
tives of human populations living in nonendemic
areas.

Sera and CSF samples were collected at the time
of diagnosis from patients found to have parasitae-
mia when first examined and also from patients in
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whom the parasitological diagnosis was less readily
made. Samples from endemic and nonendemic areas
were collected during specific surveys.

Capillary agglutination test

Antigens were prepared from two strains of
T. rhodesiense (Lambwe strains Karen and Gauden-
sia), the identities of which were confirmed by the
blood incubation infectivity test of Rickman &
Robson (1970a, 1970b). The method used for the
preparation of antigen is described below.

Stabilates were passaged in 10-12 rats. When the
parasite density reached a minimum of 2 x 10O
per mm3 of blood, the rats were exsanguinated by
heart puncture. Blood containing each strain was
pooled in an ice-cooled flask, coagulation being
prevented by the addition of heparin at the rate of
5 units per ml of blood.
Trypanosomes were separated from the blood by

centrifugation at 1 000 rev/min for 20 min or by the
anion-exchange technique described by Lanham
(1968). Each trypanosome suspension was washed
in 10 times its own volume of iced phosphate-
saline-glucose buffer (PSG), pH 8.0, until the super-
natant was absolutely clear. A final washing was
made with phosphate-buffered saline (PBS), pH 7.2.
Packed trypanosomes were then resuspended in
50 ml of iced PBS, pH 7.2, and gently agitated until
they were evenly dispersed.
The suspension was disintegrated by means of

ultrasonic oscillations generated by an MSE appa-
ratus (20 kH3, 100 W), operated with a 9.5-mm
probe at maximum amplitude, for a period of
51/4 min. The material was kept cool during this
operation by circulating water through the jacket of
the treatment chamber. The disintegrated trypano-
some suspension was centrifuged at 686 650 m s-2
(70 000 g) for 30 min, the temperature being main-
tained at 4°C. The sediment plug was homogenized
in a tissue grinder and made up to 50 ml with
iced PBS, pH 7.2. Centrifugation was repeated until
a colourless supernatant was obtained. The plug
was then homogenized in 3-5 times its own volume
of barbital-buffered saline, pH 7.2. Debris and larger
particles were removed by slow centrifugation for
30 s. The supernatant, which was the antigen, was
preserved by adding formol to a final concentration
of 0.2%.
The test was carried out with 9-cm lengths of

capillary tubing with a bore of 0.5 mm. Antigen was
drawn into the tubes by capillary action, for a



EVALUATION OF TESTS FOR DETECTING TRYPANOSOME INFECTIONS

distance of 1 cm, and quantities of test sera or CSF
were then drawn into the tubes in the same way.

For controls, PBS was employed instead of sera

or CSF. Agglutination was regarded as a positive
test result, indicating the presence of specific anti-
bodies in the sample.

Latex agglutination test

Laboratory rats infected with T. rhodesiense
(Lambwe strains Otuoma and Karen) were exsan-

guinated by cardiac puncture when the parasite den-
sity reached a minimum of 2 x 105 per mm3 of
blood. Parasites were then separated from the blood
by the anion-echange technique of Lanham (1968).
The eluted parasites were washed in PBS, pH 7.2,
until the supernatant was absolutely clear. The final
deposit was resuspended in twice its volume of
sterile distilled water. After 1 h at room temperature
(20°-24°C), the suspension was frozen at -10°C
for 12 h. The frozen antigen was then thawed at
room temperature (20°-24°C), homogenized in a tis-
sue grinder, and centrifuged at 500-1 000 rev/min
for 5 min to eliminate debris.

Latex particles (a suspension of 0.15% poly-
styrene latex in glycine (aminoacetic acid) buffer,
pH 8.2) were coated with trypanosomal antigen
during a 45-min incubation period at 50°C. The
latex-antigen was then centrifuged and resuspended
in fresh glycine buffer.
A 0.025-ml drop of latex-antigen was mixed with

1 drop of serum or CSF on a microscope slide.
The slide was slowly rocked by hand for 30-45 s.

The presence of trypanosomal antibodies (positive
reaction) was shown by agglutination visible to the
naked eye; the absence of antibodies (negative reac-

tion) was indicated by a homogeneous milky
appearance.

Two negative controls were used: latex-antigen
mixed with 1 drop of serum from a subject known
to be uninfected and a drop of glycine buffer. Positive
controls were serum from a known T. rhodesiense-
infected case, both neat and diluted 1: 400 in glycine
buffer.

Detection of heterophile antibodies

Inactivated serum samples were diluted 1: 10 in
PBS, pH 7.2, while CSF was examined both neat
and diluted.

Nonsensitized rat erythrocytes from animals exsan-

guinated by cardiac puncture were stored in Alsever's
solution at 4°C for 12 h. They were then repeatedly

washed in PBS until the supernatant was completely
clear.
The test involved the addition of 1 % erythrocyte

suspensions to doubling dilutions of the inactivated
serum and CSF samples. A serum with a known
high titre of heterophile antibodies was used as
a control. Haemagglutination in serum diluted up
to 1: 320 was regarded as being normal. A positive
reaction was one in which haemagglutination oc-
curred in serum samples diluted 1: 640 or more.
Any agglutination with inactivated CSF samples
was considered to be a positive reaction.

RESULTS

The results of examining sera and CSF from
confirmed cases of sleeping sickness in the Lambwe
Valley and from subjects living in endemic (Lambwe
Valley) and nonendemic (Kisumu and Nairobi)
areas by the capillary and latex agglutination tests
are presented in Tables 1-3.
From the data obtained on antibody responses,

it is apparent that there was close agreement be-
tween the results obtained by the CAT and LAT

Table 1. Circulating trypanosomal antibodies detected
by the CAT (using a T. rhodesiense antigen) in con-
firmed cases of sleeping sickness and in subjects living
in endemic and nonendemic areas

No. of Positive reactions
Origin of sample samples

tested No. %

Serum samples
Trypanosomiasis cases:

new 31 24 77.4

relapsed 12 12 100.0

total 43 36 83.7

Survey samples (adults only)

endemic area 178 24 13.5

nonendemic area 216 0 0.0

CSF samples
Trypanosomiasis cases:

new 35 28 80.0

relapsed 11 11 100.0

total 46 39 84.7

Survey samples (adults only):

endemic area 96 9 9.3

nonendemic area 10 0 0.0
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Table 2. Circulating trypanosomal antibodies detected
by the LAT (using a T. rhodesiense antigen) in con-
firmed cases of sleeping sickness and in subjects living
in endemic and nonendemic areas

No. of Positive reactions
Origin of sample samples

tested No. %

Serum samples

Trypanosomiasis cases: 37 32 86.4

Survey samples (adults only):

endemic area 250 15 6.0

nonendemic area 216 0 0.0

CSF samples

Trypanosomiasis cases: 38 31 81.6

Survey samples (adults only):

endemic area 96 9 9.3

nonendemic area 10 0 0.0

study techniques, and that, as far as confirmed sleep-
ing sickness cases were concerned, more than 80%
of the results were in agreement with parasitological
findings. It is of considerable significance that 100%
of sleeping sickness cases in which a parasitological
diagnosis was not readily made gave positive reac-

tions to the latex agglutination test (Table 3).
It is worth noting that during treatment periods

antibodies were detected by the CAT and LAT in

Table 3. Circulating trypanosomal antibodies detected
by the LAT, in relation to the ease of parasitological
diagnosis of sleeping sickness and to subjects with no
history of infection

No. of Positive reactions
Origin of serum sample sera

tested No. %

Confirmed cases of trypanosomiasis

cases diagnosed most readily, i.e.,
trypanosomes detected at the first
examination of blood or glandular
fluid

cases diagnosed less readily by the
discovery of trypanosomes after
repeated examinations of blood,
CSF, or by animal inoculation

total no. of cases

26 21 80.7

11 11 100.0

37 32 86.5

Subjects not infected with trypanosomes nor having a
previous history of the disease

living in the endemic area

living outside the endemic area

185 5 2.7

216 0 0.0

the sera of all sleeping sickness cases that gave
negative results in tests made at the time of their
original diagnosis. Antibodies were likewise detected
in the CSF of 4 out of 7 of the cases while they
were being treated.
During surveys in the area of endemic trypano-

somiasis more positive reactions were obtained with
the CAT than with the LAT, and most of the sub-
jects whose serum and CSF gave positive reactions
to both tests had previously suffered from sleeping
sickness. No circulating trypanosomal antibodies
were detected by either the CAT or the LAT during
surveys of human populations in nonendemic areas.
The results of tests carried out to detect hetero-

phile antibodies are shown in Table 4. The findings
were rather disappointing, particularly with regard
to the examination of CSF, in comparison with
those obtained by the CAT and the LAT. The
recording of heterophile antibodies in 4.3% of the
population of the nonendemic trypanosomiasis area
indicated that the heterophile antibody test was
much less specific than either the CAT or the LAT.
However, it is worth noting that heterophile anti-

Table 4. Incidence of heterophile antibodies detected
in confirmed cases of sleeping sickness and in subjects
from endemic and nonendemic areas

No. of Positive reactions
Origin of sample samples

tested No. %

Serum samples

Trypanosomiasis cases:
cases diagnosed most readily 34 26 76.5

cases diagnosed less readily 11 11 100.0

total cases 45 37 82.2

Survey samples (adults only):

endemic area 162 16 9.8

nonendemic areas 23 1 4.3

CSF samples
Trypanosomiasis cases:

cases diagnosed most readily in
blood or glandular fluid 29 10 34.5

cases diagnosed less readily after
films, glandular fluids, CSF,
and animal inoculation 11 5 45.5

totalcases 40 15 37.0

Survey samples (adults only):

endemic area 96 1 1.0

nonendemic areas 10 0 0.0
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bodies could be detected in sera from all cases of
sleeping sickness in which parasitological diagnosis
was not easy.

DISCUSSION

The main disadvantage of both the CAT and the
LAT is that a reasonably well equipped laboratory
is required to prepare standardized antigens. How-
ever, once the preparations have been made, they
can be satisfactorily stored at 4°C for several months,
and the tests can be conducted with simple labora-
tory equipment.
The detection of circulating trypanosomal anti-

bodies by either the CAT or the LAT could be an
extremely useful means of aiding the parasitological
diagnosis of sleeping sickness, both in the field and
under dispensary or hospital outpatient conditions.
This is particularly true of cases that are diagnosed
as such only after repeated intensive parasitological
examination. A further advantage of the two tests,
and particularly of the LAT, is that under endemic
conditions the number of people in whom antibodies
are detected, but who are not infected, is small.
From a careful examination of the CAT and

LAT procedures and the results obtained with the
two tests, it is concluded that the LAT has more
to commend it as a routine immunological test to
aid in the diagnosis of sleeping sickness cases in
hospitals, dispensaries, and in the field. The test
might also prove to be of considerable help in the
diagnosis of sleeping sickness caused by T. gam-
biense; in such cases, the demonstration of trypano-
somes may be extremely difficult, if not impossible.
A further advantage of the LAT, and also of

the CAT, is the rapidity with which the test can be
conducted (a few minutes) compared with the time
taken to estimate IgM levels; this is a factor of
considerable importance in the field, where it is
difficult or impossible to recall subjects for further
examination.

Studies on heterophile antibodies clearly indicate
that there is little to be achieved by testing suspected
cases of sleeping sickness for these antibodies. In
order to detect them, a test procedure has to be
adopted that is more complicated and time-consum-
ing than either the CAT or the LAT. Furthermore,
the results can be rather misleading in that trypano-
somiasis is not the only disease that can stimulate
the production of heterophile antibodies.
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RtSUMI

VALEUR COMPARtE DE L'EPREUVE D'AGGLUTINATION EN TUBE CAPILLAIRE, DE L'tPREUVE
D'AGGLUTINATION AU LATEX ET DE L'APREUVE DES ANTICORPS HETEROPHILES

POUR LA DETECTION DES INFECTIONS A TRYPANOSOMA RHODESIENSE

Dans un certain nombre de cas de trypanosomiase a
Trypanosoma rhodesiense, un diagnostic ferme ne peut
etre pose lors du premier examen parasitologique du
sang ou du suc ganglionnaire, 'a cause d'une parasitemie
faible ou intermittente. II serait interessant de disposer
d'une epreuve simple, rapide et specifique qui, par sa
positivitd, montrerait la necessite de poursuivre l'etude
d'un cas et de repeter les examens parasitologiques.
L'auteur expose les resultats obtenus a cet dgard par
l'emploi de trois epreuves immunologiques dont il decrit
la technique.

Les examens de serums et de liquides cephalo-rachi-

diens (LCR) par les tests d'agglutination en tube capil-
laire (CAT) et d'agglutination au latex (LAT) ont donne
des resultats tres concordants. Des reactions positives
ont ete observees dans plus de 80% des cas confirmes
de trypanosomiase a T. rhodesiense. Deux faits sont a
signaler: le LAT a et6 positif dans 100% des infections
oiu le diagnostic parasitologique avait pr&sent6 des dif-
ficult6s; tous les serums et un certain nombre de LCR
negatifs au premier examen se sont reveles positifs lors des
epreuves CAT et LAT pratiquees en cours de traitement.
Les 6preuves CAT et LAT effectuees dans des zones

d'endemicit6 trypanosomienne n'ont donne des resultats
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positifs que dans un petit nombre de cas et la plupart
des serums qui reagissaient provenaient de sujets atteints
autrefois de trypanosomiase. Aucune r6action positive
n'a 6t6 enregistr6e dans les regions indemnes de maladie
du sommeil.
On a trouve des titres appreciables d'anticorps h6tero-

philes dans les serums de malades atteints de trypano-
somiase aver&e chez lesquels le diagnostic parasitologique
avait souleve des difficultes. Les epreuves pratiquees sur
des LCR ont donn6 des resultats tres decevants. La pre-

sence d'anticorps het6rophiles chez une notable propor-
tion (4,3 %) des habitants de zones non endemiques
indique que la specificite de cette epreuve est de loin
inferieure i celle du CAT et du LAT. Elle est de surcroit
d'execution laborieuse.

L'auteur considere le LAT comme le test le mieux
adapte au depistage de routine de la trypanosomiase
a T. rhodesiense dans les h6pitaux, les dispensaires et sur
le terrain. I1 est aussi susceptible de rendre de grands
services pour le diagnostic des infections 'a T. gambiense.
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