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Control of sleeping sickness (human Af-
rican trypanosomiasis) depends on case 
detection by means of parasitological ex-
amination of blood, lymph or cerebrospinal 
fluid (CSF). Patients are given treatment 
only if trypanosomes have been detected 
in their body fluids. Mass screening of the 
whole population at risk for Trypanosoma
brucei gambiense is currently performed 
using serological tests in order to select 
individuals carrying trypanosome-specific 
antibodies, on which parasitological exami-
nations are then carried out. However, in the 
case of T.b. gambiense infection, parasite 
detection may be difficult, because of often 
low parasitaemia. Concentration techniques 
are often necessary to detect the parasites. 
The most commonly used serological test 
in the field is the card agglutination test for 
trypanosomiasis (CATT)/T.b. gambiense 
[1]. More recently another serological field 
test has been developed, the LATEX/T.b. 
gambiense [2].

Because of fluctuations in parasitaemia, 
the number of parasites in the blood may be 
very low at the time of sampling, which can 
give rise to the phenomenon of serologi-
cally positive, unconfirmed individuals. On 
the other hand, the specificity of CATT, 
particularly when tested on whole blood, 
is limited and may yield false positives. To 
increase the specificity of serological tests 
and the sensitivity of parasitological tests 
in the field, CATT on blood or plasma dilu-
tions and concentration techniques—such 
as the haematocrit centrifugation technique 
(HCT) [3] or the miniature anion exchange 
centrifugation technique (mAECT) [4]—
have been proposed [5]. The use of these 
concentration techniques can increase the 
sensitivity of trypanosome detection by 
several orders of magnitude [6]. Recently, 

the applicability of CATT on blood dried 
on filter paper has been proposed for re-
mote testing in the laboratory [7]. The high 
sensitivity and specificity of CATT on filter 
paper allows a better estimation of sero-
prevalence and incidence of the disease.

In Sudan, a surveillance of human Afri-
can trypanosomiasis carried out in Eastern 
Equatoria and Bahr El-Jabel states during 
September 1998 and January–February 
1999 showed a seroprevalence of 19.5% 
and 30.3%, respectively, using CATT on 
whole blood [8]. A later surveillance in 
Bahr El-Jabel state showed an apparent 
seroprevalence of 43.9% [9]. In Novem-
ber 2001 another survey showed that the 
seroprevalence rate of sleeping sickness 
in the region was 11.1%. None of these 
surveys detected parasites in blood smears 
of the CATT-seropositive persons. In a 
recent survey conducted in Bahr El-Jabel 
state in January 2003, 94 (3.96%) of 2374 
persons screened were positive using CATT 
on whole blood but only 9 (0.38%) were 
positive in CATT on blood diluted by 1/8, 
of which 3 could be confirmed parasitologi-
cally by fluid sampling and examination for 
lymph node pathology (LNP) and by HCT. 
Thus, the observed prevalence of the dis-
ease was 0.27%.

According to the results obtained during 
the subsequent surveillance in Bahr El-Jabel 
state, Southern Sudan [10] it is suggested 
that this area is a low-endemic region of hu-
man African trypanosomiasis. Surveillance 
of the disease in this area should make use 
of a highly specific serological screen-
ing test combined with a highly sensitive 
parasite detection test carried out on the 
seropositive persons. The overall objective 
of this study was to evaluate the specificity 
and efficiency of a combination of different 
serological antibody detection techniques in 
Bahr El-Jabel state, southern Sudan. 
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A prospective cross-sectional survey was 
conducted in a low-endemic region for 
human African trypanosomiasis (Bahr 
El-Jabel state) and in a non-endemic area 
(Khartoum state).

Bahr El-Jabel state lies between lon-
gitude 30º 30  to 31º 45 E and latitude 
4º 40  to 5ºN. Two main types of vegetation 
predominate. Open savannah woodland 
forest and riverine gallery forest, which 
is interrupted by villages and numerous 
small plots for subsistence farming. In most 
cases these farms contain hedges that were 
deemed suitable for tsetse flies, the vector 
for sleeping sickness. The climate is hot 
throughout the year with the rains falling 
between March and November. Bahr El-
Jabel river is the most dominant feature in 
the area. The population at risk were visited 
in villages around Juba and the displace-
ment camps in Juba town. For testing of 
the specificity of the antibody detection 
tests, Khartoum state was selected as a non-
endemic area according to its situation out 
of the tsetse fly belt. It lies between latitude 
16ºN and 14ºN.


Serological techniques 
• CATT/T.b. gambiense: CATT is an 

antibody detection test based on direct 
agglutination of specific antibodies with 
antigens exposed at the surface of fixed, 
stained trypanosomes of variable anti-
gen type T.b. gambiense LiTat 1.3. The 
test was performed as described by the 
manufacturer [1].

• CATT/diluted blood (CATT/DB): 
CATT performed on 2-fold serial dilu-
tions of blood starting from 1/4 up to 
1/32. The test was also performed on 
plasma (CATT/PL) [5].

• CATT/filter paper (CATT/FP): CATT 
performed on blood eluted from filter 
paper [7].

• LATEX/T.b. gambiense is an antibody 
detection test based on indirect agglu-
tination of specific antibodies with an-
tigens exposed at the surface of latex 
beads [2]. The test was performed ac-
cording to the manufacturer’s instruc-
tions. The reagent consisted of a mixture 
of variable surface glycoproteins of T.b.
gambiense variable antigen type 1.3, 1.5 
and 1.6 coupled to latex particles. In this 
study, the test was used on 2-fold serial 
dilutions of plasma.

• ELISA/T.b. gambiense [11] is an anti-
body detection test based on reaction 
of specific antibodies with the same 
antigens as in LATEX, but fixed in an 
ELISA plate. In this study, the test was 
used on diluted plasma (ELISA/PL) 
with the cut-off optical density set at 
0.771 and on blood eluted from filter 
paper (ELISA/FP) with the cut-off opti-
cal density set at 0.416.

Parasitological techniques
• LNP examination: lymph aspirates were 

obtained from enlarged cervical lymph 
nodes and examined by light microscope 
for the presence of the parasite [12].

• HCT: heparinized capillary tubes (4 cap-
illaries of 60 µL) were filled with venous 
blood, sealed at one end with Plasticine 
putty and spun for 6–8 min in a micro-
haematocrit centrifuge (12 000 rpm) 
and examined at 10 × 10 magnification 
under the microscope [3].

• mAECT: a kit designed for use in the 
field. A sample of 300 µL of heparinized 
blood can be processed in 1 column. 
This test was considered to be the most 
sensitive for trypanosome detection in 
the field [4]. The test was performed 
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according to the manufacturer’s instruc-
tions.

• CSF examination: samples were ob-
tained by lumbar puncture (5mL). About 
1 L of CSF was immediately processed 
for cell counts in a Kova counting cham-
ber. The rest was transferred in a sealed 
glass Pasteur pipette and centrifuged at 
low speed (3000 g) for 10 min. After 
centrifugation, the Pasteur pipette was 
mounted in a special viewing chamber 
for direct examination of the sediment 
under the microscope (10 × 10 magni-
fications) for the presence of trypano-
somes.


Every person resident in the selected study 
area was in principle eligible. The study in-
cluded persons of any age and sex for whom 
informed consent to participate in the study 
was obtained. The exclusion criteria were a 
previous history of human African trypano-
somiasis or unwilling to participate.

Endemic area
In the endemic area, active surveillance was 
conducted in April and October 2003 in 2 
camps for displaced people in Juba (Sindru 
and Bungu camps) and in 3 villages west of 
Juba (Koda, Luri, Kabo). For ethical rea-
sons, all persons in the displaced camps and 
in the villages willing to participate were 
included in the study, without considering 
pre-fixed sample sizes: 1381 persons par-
ticipated after signing the informed consent 
form (they included 31 people identified as 
CATT whole-blood seropositive in previ-
ous surveillances in Bahr El-Jabel state). A 
further 58 persons presenting themselves at 
Juba hospital with signs and/or symptoms 
suggestive of human African trypanosomia-
sis were included in the study as passive 
cases.

Non-endemic area
To test the specificity of the antibody detec-
tion tests, plasma samples were collected in 
the non-endemic area from 203 volunteers 
and blood donors at the blood transfusion 
bank.


Prior to the study, standard operating proce-
dures and case report forms were prepared. 

After participants had signed the in-
formed consent form, all the study subjects 
were clinically examined for presence of 
enlarged cervical lymph nodes by the medi-
cal doctor. From all suspected cases with 
enlarged lymph nodes, the lymph node 
aspirate was microscopically examined for 
presence of trypanosomes.

From all participants, blood was taken 
by fingerprick in 2 heparinized capillary 
tubes (2 × 60 µL of blood). From 1 capil-
lary tube, the blood was diluted (1/4) and 
tested by CATT/DB to assess the end-titre 
in CATT. From the other capillary tube, the 
blood was collected on filter paper for test-
ing the CATT/FP and ELISA/FP. A sample 
of venous blood on heparin was also taken 
for the preparation of plasma.

From all suspected cases with CATT/
DB end-titre  1:4 (seropositive), a sample 
of 5 mL of venous blood on heparin was 
taken. The blood was examined immedi-
ately for presence of trypanosomes by HCT 
and mAECT. The rest of the blood was 
centrifuged for preparation of plasma which 
was frozen for further serological testing 
in the laboratory in Khartoum (CATT/PL, 
LATEX/PL, ELISA/PL).

On the parasitologically confirmed pa-
tients, a lumbar puncture was done and 5 
mL of CSF collected to determine the stage. 
The CSF was examined immediately for 
cell count and for presence of trypanosomes 
in the sediment after centrifugation. The su-
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pernatant of centrifuged CSF was frozen for 
further analyses in the laboratory. Patients 
with > 5 cells/µL or trypanosomes in the 
CSF were considered to be in the second 
stage.

Demographic, clinical, serological and 
parasitological data and disease stage were 
entered in the case report forms as well as 
the code of the biological samples collected 
from the subjects. Data collections were 
supervised by the medical doctor in the 
field and by the principal investigator. Case 
report forms were collected by the principal 
investigator for further completion with 
data obtained in the serological labora-
tory tests. Case report forms were double 
entered in an electronic database for further 
data analysis.



The specificity of the serological tests was 
calculated with the confirmed human Afri-
can trypanosomiasis cases as true positives 
and the healthy non-endemic controls as 
true negatives. Specificities of the serologi-
cal tests were compared by the McNemar 
× 2 test. 

Estimation of the cost–efficiency of each 
test or test combinations was calculated and 
compared in order to propose an improved 
diagnostic decision tree for human African 
trypanosomiasis surveillance in Southern 
Sudan. The costs were calculated includ-
ing only consumables and reagents; costs 
related to equipment, small laboratory in-
struments and fieldwork were excluded. For 
comparison with earlier studies, the cost of 
CATT performed on whole blood was also 
calculated.

SPSS was used for statistical analysis.




The serological results from the 203 plasma 
samples collected in the non-endemic area 
are presented in Table 1. All participants 
showed negative reactions with CATT on 
filer paper (CATT/FP). The specificity of 
this test was therefore 100%. On diluted 
blood at 1/4 dilution (CATT/DB) and on 
plasma (CATT/PL) the tests were 99.5% 
specific. LATEX/PL was 99.0% specific at 
plasma dilution 1/8. The specificity of both 
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ELISA on plasma samples (ELISA/PL) 
and on filter paper eluates (ELISA/FP) was 
98.5%.

When comparing CATT/DB with all the 
other serological tests by a 2 × 2 table ( 2

with continuity correction), none of the tests 
was significantly different from CATT/DB 
(P > 005) 


Active surveillance
Out of the 1381 people examined in the en-
demic area, 13 were seropositive in CATT/
DB thus showing a seroprevalence of 
0.94%: 3 out of them were parasitologically 
confirmed, 2 in lymph node puncture and 1 
in HCT, showing a prevalence of 0.20%. All 
3 parasitologically confirmed patients were 
seropositive in LATEX/PL and CATT/PL, 
2 were negative in CATT/FP and 1 was 
negative in both ELISA tests. Consider-
ing the 10 non-parasitologically confirmed 
seropositive samples as false positives, the 
specificity of CATT/DB at 1/4 dilution 
carried out in the field was 99.3% [95% 
confidence interval (CI): 98.7–99.7] which 
is very similar to the specificity observed in 
the non-endemic region (Table 2). 

Although there was a selection bias in 
the sampling towards CATT/DB positivity, 
the specificity of CATT/FP can be calcu-
lated as 99.7% (95% CI: 99.1–99.7) in the 
low-endemic area Bahr El-Jabel state. For 
the other tests, the number of samples was 
too small compared to the selection bias for 
calculating the specificity.

When comparing CATT/DB with all the 
other serological tests by a 2 × 2 table ( 2

with continuity correction), only CATT/PL 
was different from CATT/DB (P = 0.004).

Passive surveillance
A total of 58 persons presented themselves 
to Juba teaching hospital as suspected cases: 
3 cases were found parasitologically posi-
tive, 2 of them diagnosed positive by de-
tecting trypanosomes in their lymph node 
aspirate, 1 diagnosed by detecting trypano-
somes in the cerebrospinal fluid. A further 3 
seropositive cases were considered patients 
for treatment due to their clinical signs and 
high numbers of cells in their CSF. All 
patients were found in the second stage of 
the disease (> 5 cells/µL or trypanosomes 
in the CSF). They received the appropriate 
treatment.
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Only 2 of the 6 patients were positive 
by CATT/DB, indicating a low sensitivity 
of CATT/DB in this setting. On the other 
hand, all the 5 patients tested with CATT/
PL were positive. This may implicate that 
the specificity of CATT/PL is higher than 
calculated during active surveillance and 
that the specificity and sensitivity of the 
other tests, particularly CATT/DB and 
CATT/FP, are lower than observed during 
active surveillance. 



Looking at the costs of the serological tests, 
we observed that the difference between 
CATT on whole blood (the classic test) 
and CATT on diluted blood was minimal 
(US$ 0.50 and 0.53 per person). Collecting 
samples on filter paper or as plasma does 
increase the cost considerably for the ag-
glutination tests (up to US$ 0.80 per person 
for CATT/FP, CATT/PL and LATEX/PL). 
When plasma or filter paper eluates were 
tested by ELISA, costs were even lower for 
ELISA/FP (US$ 0.47) than for CATT on 
whole blood (Table 3).

Concerning the parasitological tests, 
LNP and HCT were cheap (US$ 0.21 and 
0.09) compared with the mAECT (US$ 
3.11). However, LNP can only be performed 
on patients presenting with swollen cervical 
lymph nodes. Lumbar puncture, seldom 
performed for parasitological confirmation 
but always needed for stage determina-
tion, costs US$ 1.34, mainly consisting of 
the price of a disposable lumbar puncture 
needle.

Taking into account the costs of the 
serological screening tests and the parasito-
logical confirmation tests, we calculated the 
costs to detect and stage a patient starting 
with CATT/whole blood and CATT/DB as 
screening test. For this calculation, we used 

the data obtained in the active surveillance 
study (1381 persons screened, 3 patients 
confirmed) with the following assump-
tions:
• The sensitivity of both CATT/whole 

blood and CATT/DB is 100%.
• The specificity of CATT/whole blood is 

96.3% (based on the seroprevalence of 
3.76% with no confirmed patients in the 
survey of January 2003).

• All seropositive persons have to undergo 
all parasitological tests for confirmation 
diagnosis.
From Table 4, we observe that the dif-

ference in costs between the 2 active sur-
veillance strategies was about US$ 50 per 
detected patient within a population of 1381 
in the low-endemic Baher El-Jabel state.
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The data collected in the non-endemic re-
gion show that all serological tests used 
in this study have similar specificity. This 
implies that the choice between the dif-
ferent tests for use in an endemic region 
will depend on other parameters such as 
sensitivity, cost and applicability in the 
field. Regarding the latter, only CATT/DB, 
CATT/PL and LATEX/PL are suitable. All 

the other tests are laboratory-based and may 
find their use for monitoring seroprevalence 
in endemic regions.

From the active and passive surveillance 
study in the endemic region, we conclude 
that there is no significant difference in the 
specificity of CATT/DB and CATT/FP but 
that the sensitivity becomes important when 
choosing the most appropriate screening 
test. Indeed, CATT/FP is less sensitive 
than CATT/DB, which in turn is less sensi-
tive than CATT/PL. The low sensitivity of 
CATT/FP is unexpected, when compared to 
the results obtained by Chappuis et al. with 
this test [7]. It cannot be excluded that this 
low sensitivity of CATT/FP is not intrinsic 
but related to the logistic conditions during 
the passive surveillance study.

When we compared the seroprevalence 
rate (3.76%) of the previous surveillance 
using CATT on whole blood [10] with the 
seroprevalence rate (0.94%) in this study 
using CATT on diluted blood, we observed 
that the number of seropositive cases was 
greatly reduced and decreased the workload 
on the parasitological testing to confirm 
cases.

The other serological tests used in the 
laboratory—LATEX/PL, ELISA/PL and 
ELISA/FP—showed high specificity in the 
non-endemic area of Khartoum. Neverthe-
less, they showed slightly lower specificity 
in Bahr El-Jabel state (low-endemic area), 
perhaps due to the small number of samples 
tested in the laboratory. Further studies 
should focus on the sensitivity of these tests. 
These studies may include more extensive 
testing of ELISA to evaluate its value for 
monitoring seroprevalence [11].

When the costs to find 1 patient in a low-
endemic region are taken into account, it ap-
pears that CATT/DB is more cost-efficient 
than the classic test, CATT/whole blood, 
with a difference of US$ 50 per patient. 
We can thus propose replacing CATT/
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whole blood by CATT/DB for screening 
of the population in low-endemic regions, 
even though the CATT/DB is slightly more 
complicated to perform in the field (using 
diluted blood). 

Taking into account the observed low 
sensitivity of CATT/DB in the passive 
surveillance study, we can propose the 
CATT/PL for screening the population at 
risk. Indeed, if we accept that the sensitivity 
and specificity of CATT/PL are 100% and 
99.5% respectively, the CATT/PL would be 
extremely cost-efficient. If plasma is pre-
pared from blood taken in a capillary from 
the finger and sedimented in a microtitre 
plate, CATT/PL is no more complicated 
than CATT/DB to perform in the field.

For the time being, we can recommend 
using CATT/DB instead of CATT/whole 
blood as the screening test of choice in low-
endemic T.b. gambiense sleeping sickness 
regions.



This investigation received technical and fi-
nancial support from the joint WHO Eastern 
Mediterranean Region (EMRO), Division 
of Communicable Diseases (DCD) and the 
WHO Special Programme for Research 
and Training in Tropical Diseases (TDR): 
the EMRO/TDR Small Grants Scheme for 
Operational Research in Tropical and Other 
Communicable Diseases.
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Human African trypanosomiasis: role of WHO
1970The resurgence of sleeping sickness since the s led WHO to 

reinforce its human African trypanosomiasis programme. The WHO 
programme provides support and technical assistance to national 
control programmes. A network has been established including donor 
countries, private foundations, NGOs, regional institutions, research 
centres and universities to participate in surveillance and control, and 
to undertake research projects for the development of new drugs and 
diagnostic tools.
The objectives of the WHO Programme are to: strengthen and co-
ordinate control measures and ensure field activities are sustained; 
strengthen existing surveillance systems; support monitoring of treat-
ment and drug resistance through the network; develop an informa-
tion database and implement training activities; promote inter-agency 
collaboration with the Food and Agriculture Organisation (FAO) and the 
International Atomic Energy Agency (IAEA). This agency is dealing with 
vector control through male flies made sterile by radiation.

Source: WHO Fact sheet No. 259, Revised August 2006 
(http://www.who.int/mediacentre/factsheets/fs259/en/)

http://www.who.int/mediacentre/factsheets/fs259/en/

