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Abstract

Though it has been established that domestic animals (especially the pig) are potential reservoir hosts for
Trypanosoma brucei gambiense in West Africa, there is little data to this effect concerning Central Africa. Instead,
some previous authors report the absence of Trypanozoon type trypanosomes in domestic animals in Cameroon.
Thirty-two domestic pigs were sampled by KIVI (kit for in vitro isolation) of trypanosomes in the northern region
(Bechati) of the Fontem sleeping sickness focus of Cameroon. Twenty-one of these were found positive, from 15 of
which 17 isolates were successfully obtained. Isoenzyme characterization revealed that isolates from 4 of the 15 pigs
belonged to zymodemes associated with T. brucei gambiense group 1. The prevalence of this disease in the local
human population is, however, very low. It is evident from this study that the domestic pig may be a potential
reservoir host for T. brucei gambiense in the Fontem focus. There is, however, need for an extensive study on domestic
animals in Cameroon and other neighbouring countries for a better comprehension of the epidemiology of sleeping
sickness within the Central African region. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In most sub-Saharan African countries, a resur-
gence of trypanosomiasis identical to the epi-
demics of the 1930s is being observed. Major
flare-ups have been reported especially in the cen-

tral African sub-region since the early 1990s (Cat-
tand, 1994) despite control measures deployed
over the years. Some authors maintain that ani-
mal reservoirs probably play a role in maintaining
foci by assuring low frequency transmission
(Molyneux et al., 1984; Mehlitz et al., 1985; As-
onganyi et al., 1986). The domestic pig has been
incriminated as an animal reservoir host for Try-
panosoma brucei gambiense in West Africa (Meh-
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litz, 1977; Gibson et al., 1978; Truc et al., 1997a;
Penchenier et al., 1997). There is, however, little
data in this domain concerning Central Africa.

Based on multilocus isoenzyme analysis sup-
ported by other techniques and clinical features
(Godfrey et al., 1987, 1990; Hide et al., 1990),
about 80% of human trypanosomes from West
and Central Africa have been classified as T.
brucei gambiense group 1, a relatively homoge-
neous group (responsible for the chronic form of
the disease), and the rest (20%) together, with
some non-human stocks, as T. brucei gambiense
group 2 (Gibson, 1986).

In this work, we present the isoenzyme profiles
of stocks isolated from domestic pigs by KIVI (kit
for in vitro isolation—Aerts et al., 1992) from the
Fontem focus (in the South West Province of
Cameroon), known to harbour trypanosomes defi-
cient in the LiTat 1.3 antigen (Asonganyi et al.,
1990; Dukes et al., 1992) commonly used in the
normal card agglutination test for trypanosomia-
sis (CATT—Magnus et al., 1978). We also discuss
the importance of Superoxide dismutase (SOD)
enzyme system in differentiating T. brucei s.l.
subspecies.

2. Materials and methods

2.1. Study area

The Fontem sleeping sickness focus (5°40�12N,
9°55�33E) known since 1949 is located in the
Lebialem division of the South West Province of
Cameroon. It has a much-varied topography with
many hills and valleys, and several high-speed
streams. The inhabitants practice peasant farming
with their plantations dotted on hill slopes and
along valleys. Domestic animals are also kept:
pigs especially are mostly concentrated in small
herds within fences not far from homes, or al-
lowed to move freely around (Asonganyi et al.,
1990).

2.2. Sampling procedure

Only domestic pigs were sampled. Each animal
was bled twice by venepuncture: first, 10 ml of

blood were drawn using syringes containing the
anticomplementary anticoagulant, sodium poly-
anetholesulphate (5%) (Le Ray et al., 1970), and
inoculated into two KIVI vials under special con-
ditions of sterility and temperature. These KIVI
once in the laboratory are maintained at 27 °C
and followed up for trypanosomes at least twice a
week by microscopical examinations of samples of
the culture medium (Truc et al., 1992) for at least
45 days. Secondly, 5 ml of blood were collected in
an EDTA coated (VenoJect®) tube, part of which
was immediately used to carry out serological and
parasitological tests namely: the CATT 1.3,
CATT Latex (Buscher et al., 1991) and quantita-
tive buffy coat (QBC—Bailey and Smith, 1992).

2.3. Mass culture and isoenzyme electrophoresis

Mass culture of parasites from positive KIVI
samples was carried out in Cunningham’s medium
(Cunningham, 1977). Electrophoresis were carried
out on cellulose acetate gels (Helena, Beaumont
TEXAS). The isolation of parasites by the KIVI
method, their mass culture in Cunningham’s
medium, parasite harvest, sample preparation,
electrophoretic and staining procedures were all
done as described by Truc et al., (1991) and Truc
and Tibayrenc (1993). Fifteen stocks newly iso-
lated from domestic pigs, together with eight ref-
erence stocks previously identified as T. brucei
gambiense, T. b. brucei or T. b. rhodesiense were
analysed by cellulose acetate electrophoresis for
the following 14 enzyme systems: Alanine amino-
transferase (ALAT, EC 2.6.1.2), Aspartate amino-
transferase (ASAT, EC 2.6.1.6), Glucose
phosphate isomerase (GPI, EC 5.3.1.9), Glucose-
6-phosphate dehydrogenase (G6PDH, EC
1.1.1.49), Isocitrate dehydrogenase (IDH, EC
1.1.1.42), Malate dehydrogenase (MDH, EC
1.1.1.37), Malic enzyme (ME, EC 1.1.1.40), Pepti-
dase (substrate L-leucyl-L-alanine) (PEP2, EC
3.4.11 or 13), 6-Phosphogluconate dehydrogenase
(6PGDH, EC 1.1.1.44), Phosphoglucomutase
(PGM, EC 2.7.5.1), Threonine dehydrogenase
(TDH, EC 1.1.1.103), Superoxide dismutase
(SOD, EC 1.15.1.1) and Nucleoside hydrolase (EC
3.2.2.1) using two substrates, inosine (NHi) and
deoxyinosine (NHd).
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2.4. Data analysis

The enzyme profiles were interpreted phenotyp-
ically, each band being considered as a separate
character. We then used the software ‘genetics
ToolBox’ (Tibayrenc et al., 1990) to calculate a
matrix of Jaccard’s genetic distances (Jaccard,
1908), and the software ‘Phylip’ (Felsenstein,
1993) to construct a dendrogram by the un-
weighted pair group method with arithmetic aver-
ages (UPGMA) (Sneath and Sokal, 1973).

3. Results

3.1. In �itro isolation and serological tests

Serological screening (CATT 1.3 and CATT
Latex) revealed altogether 24 suspects out of 32
specimens (75%). Three of these (P15, P20, P23)
were negative for both parasitological tests (KIVI/
QBC) (Table 1). Nineteen of the 32 (59%) pigs
were QBC positive, one (P30F) of which was
negative by KIVI. Twenty-one KIVI samples

Table 1
Serological and parasitological status of each sample, and the results of in vitro isolation of stocks

CATT 1.3Sample code Latex QBC KIVI Stock(s) isolated

+ +P1 +++ P1F
P2 ++ + 0 + P2F
P3 ++ + + + P3bF

000P4 +++
P5 ++ + + + 0

++ +P6 + + P6aF
P7aF, P7bF++P7 +++

++ +P8 + + P8F
0 0P9 00 0

0 0P10 0 0 0
+ ++ P11aF, P11bFP11 ++

00 000P12
P13 P13F+++++
P14 00 0 0 0

+ 0P15 0+ 0
+P16 +++ + P16F

P17 ++ + + + P17F
++P18 + + + P18F

00 000P19
+ 00 0P20 0

++ 0+0P21
P22 00000
P23 0+ 0 0 0

+ +P24 +++ 0
0P25 +0 + P25F

P26 0 0 + + P26F
+P27 ++ + 0

P28 0+0++
+0 P29F++P29

P30 ++ + + 0 0
++ +P31 + + 0

+P32 + P32F+++
22Sub-total 19 2123 15

P1–P32 designate the identification codes for our specimens. CATT 1.3, CATT Latex, QBC and KIVI results are expressed as
strongly positive (++), slightly positive (+) or negative (0). For stocks, ‘0’ signifies ‘no stock isolated’. Sub-total: designates the
number of positive samples for each test or the number of stocks isolated.
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Table 2
Identification, genetic and taxonomical status of stocks

Focus Date of isolationStocks Host Zymodeme Specific status

1989 ManFontem (CM) 1A005 T. brucei gambiense 1 (a)
BIP11Bipindi (CM) 1998 Man 1 T. brucei gambiense 1 (b)

1998 Man133c 1Campo (CM) T. brucei gambiense 1 (b)
1999 Domestic pigFONTEM 1P25F T. brucei gambiense 1
1999 Domestic pigP26F 1FONTEM T. brucei gambiense 1
1999 Domestic pig 1FONTEM T. brucei gambiense 1P32F
1999 Domestic pigP1F 19FONTEM T. brucei non-g 1

P2FFONTEM 1999 Domestic pig 19 T. brucei non-g 1
P3bFFONTEM 1999 Domestic pig 19 T. brucei non-g 1

1999 Domestic pigP6aF 19FONTEM T. brucei non-g 1
P7aFFONTEM 1999 Domestic pig 19 T. brucei non-g 1

1999 Domestic pigP7bF 19FONTEM T. brucei non-g 1
1999 Domestic pigFONTEM 19P8F T. brucei non-g 1
1999 Domestic pigP11aF 19FONTEM T. brucei non-g 1
1999FONTEM Domestic pigP11bF 19 T. brucei non-g 1
1999 Domestic pigP13F 19FONTEM T. brucei non-g 1

P16FFONTEM 1999 Domestic pig 19 T. brucei non-g 1
P17FFONTEM 1999 Domestic pig 19 T. brucei non-g 1

1999 Domestic pigP18F 19FONTEM T. brucei non-g 1
P29FFONTEM 1999 Domestic pig 24 T. brucei gambiense 1

1978 ManTH2 8Vavoua (CI) T. brucei bouaflé (c)
1998 Domestic pigCampo (CM) 11PO3A T. brucei gambiense 1 (b)
1990 GoatM253 14Kenya T. b. brucei (d)

Boma (Zaı̈re) 1987SW94/87 Domestic pig 16 T. b. brucei (e)
1982 Sheep 18TRPZ166 T. brucei rhodesiense (f)Zambia

CI: Côte d’Ivoire; CM: Cameroon; T. brucei non-g 1: T. brucei non-gambiense group 1; T. brucei gambiense 1: T. brucei gambiense
group 1.(a)–(f) Reference stocks and sources: (a) Dukes et al. (1989); (b) Nkinin et al. (1999); (c) Mehlitz et al. (1985); (d) Godfrey
et al. (1990); (e) Truc et al. (1991); (f) Mathieu-Daudé et al. (1995).

(66%) were found positive with trypanosomes,
three of which had been negative for QBC test
(P2F, P28F, P29F). Four of these (P21, P27, P28,
P31) failed to grow in Cunningham’s medium,
while two others (P5, P24) were contaminated by
fungus. In all, 15 stocks were successfully isolated
from the 21 positive KIVI giving a yield of 72%
(15/21). Two samples (P7, P11) that had much
difficulty adapting to our culture medium were
isolated as doublets (P7aF, P7bF, P11aF,
P11bF). With one of the KIVI for specimens P3
(P3a) and P6 (P6b) contaminated, we isolated
these stocks as ‘P3bF’ and ‘P6aF’, respectively
(from the non-contaminated bottles of these sam-
ples).

3.2. Isoenzymes characterization

Six of the 14 enzyme systems (ALAT, ME,

TDH, PGM, NHd & SOD) were variable giving
a polymorphism rate of 43%. The ALAT triplet
commonly found in T. brucei gambiense (Godfrey
and Kilgour, 1976; Truc et al., 1991) was seen in
four animal stocks. A rapid single-banded ALAT
pattern, however, characterised the majority of
our animal stocks. ASAT was invariable for all
stocks. A single banded rapid ME-2 pattern was
also common to the majority of animal stocks.
The SOD system appeared highly discriminating:
we found two phenotypes for SODa, namely:
SODa-2, SODa-3; and four different profiles for
SODb which were designated SODb-2, -3, -5, and
-13 in order to match with previous authors
(Stevens et al., 1992).

Four newly isolated animal stocks (P25F,
P26F, P29F, P32F) showed the SODa-3/SODb-5
phenotype often observed for T. brucei gambiense
(Truc and Tibayrenc, 1993), 3 of which belonged
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to our main zymodeme (zymodeme 1) assimilated
with T. brucei gambiense group 1 (Table 2). The
remaining 11 stocks (73%), all grouped under
zymodeme 19 and considered as non-gambiense
trypanosomes, showed a SODa-2/SODb-2 pattern
supported by their single banded rapid ME-2
phenotype and a rapid single-banded ALAT
profile. In all, our newly isolated animal stocks
were regrouped under three zymodemes (Table 2).

Jaccard’s genetic distances (Table 3) are rela-
tively low. The maximal distance for two different
zymodemes (0.463) was recorded between zy-
modemes 19 and 18 differing by 6 systems and the
minimal distance (0.031) occurred between zy-
modemes 1 and 24 differing by 1 system. The
resulting dendrogram is shown in Fig. 1.

4. Discussion

Three samples positive by KIVI were QBC
negative. This could be due to low parasitaemia in
the specimens, thereby limiting the sensitivity of
the QBC test (Truc et al., 1994). On the other
hand, failure of one QBC positive sample to grow
in the KIVI may be due to difficulties of try-
panosomes adapting to the medium. This phe-
nomenon had also been reported for human
samples by previous authors (McNamara et al.,
1995). 66% (21/32) of pigs sampled by KIVI were
found positive with trypanosomes. This rate is
almost twice the one reported by Asonganyi et al.
(1990) for domestic pigs in the same locality: 37%
(11/30). This observation may be explained in
part by the differences in sensitivity of the para-

sitological techniques employed (in vivo culture in
mice and blood smears versus KIVI and QBC
test). Failure of some stocks to grow in Cunning-
ham’s culture medium observed in our study sug-
gests selectivity of some T. brucei stocks.
However, the 72% (15/21) yield was particularly
high showing that the KIVI, primarily developed
to improve the field sampling of T. brucei gambi-
ense in humans, is equally well adapted with pig
blood.

Jaccard’s genetic distance between our main
zymodeme (zymodeme 1) and zymodeme 19
grouping the majority (73%) of our isolates (Table
3) suggests a non negligible genetic divergence.
The isoenzyme profiles defining zymodeme 19
suggest that these stocks are non-gambiense group
1 trypanosomes and given their geographical
origin (Central Africa), they may be considered as
T. brucei gambiense group 2 or T. b. brucei
(bouaflé) (Godfrey et al., 1990; Stevens and God-
frey, 1992; Truc et al., 1997b). However, the
distance (0.333) between zymodemes 19 and 16
(reference T. b. brucei ) and that (0.342) between
zymodemes 19 and 8 (reference T. b. brucei
bouaflé), are relatively high (Table 3). In fact,
previous authors have shown that apart from T.
brucei gambiense group 1 which is homogeneous,
other isolates considered as T. brucei gambiense
group 2, T. b. brucei and/or T. brucei rhodesiense
are dispersed into a number of highly distinctive
groups (Gibson et al., 1980; Mehlitz et al., 1982;
Godfrey et al., 1990; Truc et al., 1997a).

SOD appeared to be the most informative en-
zyme system for differentiating the T. brucei sub-
species in our study, capable of separating T.

Table 3
Jaccard’s genetic distances between the different zymodemes

Zym1 Zym 8 Zym 11 Zym 14 Zym 16 Zym 18 Zym 19 Nb

0.088Zym 8 2
0.243 20.171Zym 11

0.229 0.250 0.368Zym 14 3
Zym 16 0.176 0.147 0.324 0.286 4

0.289 0.263 0.415 0.250 0.297Zym 18 6
40.342Zym 19 0.4100.324 0.421 0.333 0.463
10.031Zym 24 0.118 0.200 0.257 0.206 0.316 0.351

Nb: number of varying enzyme systems with respect to zymodeme 1.Zym: zymodeme.
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Fig. 1. UPGMA dendrogram built from Jaccard’s distance matrix.
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brucei gambiense from ‘non-gambiense ’ try-
panosomes. Similar observations were reported by
previous authors (Godfrey et al., 1987; Stevens and
Godfrey, 1992; Stevens et al., 1992; Truc and
Tibayrenc, 1993). Isoenzyme profiles also allowed
stocks from 4 specimens (P25, P26, P29, P32) to be
classified under T. brucei gambiense group 1. Paral-
lel studies on parasite DNA by PCR performed on
whole blood samples from these same specimens
confirmed the existence of trypanosomes patho-
genic to man (T. brucei gambiense group 1) (Herder
unpublished). We previously reported an animal
stock (PO3A) from a domestic pig in Campo
(South Province, Cameroon) following isoenzyme
studies as a variant of T. brucei gambiense, though
it had a different profile for the ASAT system
(Nkinin et al., 1999). This stock was equally shown
by PCR analysis to be T. brucei gambiense group
1.

Our study shows a high prevalence (47%) of T.
brucei s.l. infections in domestic pigs from the
Fontem focus. With a prevalence rate of 13%, T.
brucei gambiense group 1 infections represent a
serious health threat since these animals constitute
important reservoir hosts. However, the low preva-
lence of patients in this focus (Nkinin et al., 1999)
suggests that the abundance of domestic animals in
this locality probably serves as a kind of ‘natural
protective screen ’ to the local population, from
whom the insect vectors easily get their blood meal.
This observation is in line with Mehlitz et al. (1985)
who pointed out that pigs serving as reservoir hosts
for T. brucei gambiense should favour the animal-
to-human transmission, but that pigs are preferred
by tsetse flies for blood meals, thereby ranking the
human being only as a secondary blood meal
source and so limiting transmission.

Mehlitz et al. (1982) and more recently Truc et
al. (1997a) have reported the presence of ‘gambi-
ense-like’ trypanosomes in wild game, suggesting
that these could also be reservoir hosts for T. brucei
gambiense. This shows that there is still much to be
learned on the subject of animal reservoir hosts in
gambian sleeping sickness.It is important to carry
out a large scale study on domestic and wild
animals in all the foci in the country for a better
comprehension of the importance of animal reser-
voir in the maintenance of sleeping sickness due to

T. brucei gambiense in Cameroon and within Cen-
tral Africa at large. Likewise, an entomological
study on the nutritional preferences of vector hosts
based on blood meal analysis is equally important
in order to get a better grasp of this disease that
is apparently gaining grounds of late especially in
Central Africa.
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