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Abstract

In order to study the existence of a wild animal reservoir for Trypanosoma brucei gambiense in South Cameroon, blood was collected from wild

animals in three human African trypanosomiasis foci and from a nonendemic control area.

The 1142 wild animals sampled belonged to 36 different species pertaining to eight orders (407 primates, 347 artiodactyls, 265 rodents, 54

pangolins, 53 carnivores, 11 saurians and crocodilians, and five hyraxes). QBC1 and KIVI tests detected trypanosomes on 1.7% (13/762) and

18.4% (43/234) of animals examined, respectively.

Using specific primers, T. brucei non-gambiense group 1 DNA was detected on 56 animals (4.9%). This infection rate was 5.3% in the endemic

zone and 3.8% in the control zone. Of the 832 animals of the endemic zone, PCR revealed T. b. gambiense group 1 DNA in 18 (2.2%). These hosts

included two rodents, two artiodactyls, two carnivores and two primates. T. b. gambiense group 1 was absent from animals from the nonendemic

zone. A decrease in the prevalence of T. b. gambiense group 1 was observed in wild animals from the Bipindi sleeping sickness focus after a medical

survey and vector control in this area. The epidemiological implications of these findings remain to be determined with further investigations.
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1. Introduction

Sleeping sickness is an important public health threat in

sub-Saharan African countries. The causative agent is a

trypanosome belonging to the Trypanosoma brucei species

complex. T. brucei is classically subdivided into three sub-

species: T. b. gambiense, responsible for the chronic form of

the disease in West and Central Africa, T. b. rhodesiense,

responsible for the acute form in East Africa, and T. b. brucei,

an animal parasite, nonpathogenic to humans. The three sub-

species are morphologically indistinguishable from each other

(Tait et al., 1984), and numerous biochemical methods as well

as others based on molecular biology have been developed to

differentiate trypanosome populations. The results obtained,
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notably by isoenzyme electrophoresis, have shown the

taxonomic diversity of the T. brucei complex. For the moment,

the only genetic entity, which can be recognized is the T. brucei

gambiense group 1 (Tbg1) (Gibson, 1986; Mathieu-Daudé

et al., 1995). It is constituted of stocks causing a chronic form

in human patients in West and Central Africa, presenting a low

virulence in experimental animals. We refer here to non-

gambiense group 1 trypanosomes as everything not recognised

by the gambiense group 1 PCR (i.e. gambiense group 2 and T. b.

brucei).

The levels of endemicity of human African trypanosomiasis

(HAT) foci in West and Central Africa are quite diversified.

Some foci are maintained at a low endemicity level for many

decades, while in others there are periodical epidemic

outbreaks (Penchenier et al., 1999). Between two successive

epidemic phases, there is uncertainty about the host in which

the parasite evolves. Mehlitz (1986) suggested a possible role

of asymptomatic human hosts or an animal reservoir. The
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existence of a wild animal reservoir for T. b. rhodesiense has

largely been demonstrated (Heisch et al., 1958). Similarly, the

possible existence of an animal reservoir for Gambian sleeping

sickness has also been investigated in West Africa. Several

studies have shown that domestic animals are capable of acting

as suitable reservoir hosts (Van Hoof, 1947; Gibson et al., 1978;

Mehlitz et al., 1982). Immunological and parasitological

studies have shown that wild fauna species frequently carry

antigens or different forms of trypanosomes that are not

completely identified (Guedegbe et al., 1992; Komoin-Oka

et al., 1994). Experimentally, some wild animal species

appeared to be a suitable host for T. b. gambiense (Larrivière,

1957; Molyneux, 1971; Frezil and Carnevale, 1976).

Previously, identification of T. b. gambiense in naturally

infected animals was very difficult because this sub-species is

morphologically identical to T. b. brucei and the parasitolo-

gical techniques commonly used such as the haematocrit

centrifuge technique (Woo, 1970) and quantitative buffy coat

(QBC1: Bailey and Smith, 1992) are not sufficiently sensitive

and specific. With the recent development of PCR-based

methods, identification of trypanosomes in the vertebrate host

(human, domestic and wild animals) and vector (tsetse flies)

has been considerably improved (Masiga et al., 1992; Macleod

et al., 1999; Penchenier et al., 2000; Biteau et al., 2000). In a

previous study, we showed the high number of trypanosome

species harboured by wild animals in the forest belt of

southern Cameroon (Herder et al., 2002). Indeed, T. b.

gambiense has been identified in several wild animals

(rodents, primates, ungulates and small carnivores) from the

Bipindi sleeping sickness focus in Cameroon.

To understand the importance of wild fauna in the

epidemiology of sleeping sickness, we sampled a large

number of animals in Bipindi and conducted a 3-year

follow-up of T. b. gambiense prevalence in this sleeping

sickness focus (the most active in Cameroon) in order to study

the dynamics of this parasite in wild fauna. Moreover, we

extended our study to two other HAT foci in southern

Cameroon (Campo and Doumé), and we also sampled wild

animals from a control zone (Nditam) to look for a relationship

between the presence of T. b. gambiense in these animals and

sleeping sickness.

2. Materials and methods

2.1. Study area

The study was conducted in four localities in the forest zone

of Cameroon from 1999 to 2001. Bipindi (3820N, 108220E) and

Doumé (48160N, 138250E) are old HAT foci known since 1920.

HAT is still present in these foci as three and 44 cases were

diagnosed in Doumé and Bipindi, respectively (Grebaut et al.,

2001) between 1998 and 2000. Campo (28200N, 98520E) is a

hypo-endemic focus where no epidemic outbreak has been

reported (Penchenier et al., 1999); however, a few cases (17 in

1998 and eight in 2002) have been detected. The forest of

Nditam (5820’N, 1189’E) was chosen as a control zone

because:
� s
leeping sickness has never been reported there,
� it
 contains both tsetse flies and a large range of wild fauna,
� it
 is distant from the Cameroon sleeping sickness foci,
� it
s wild fauna composition is similar to those of the sleeping

sickness foci.

In these localities, livelihoods depend on hunting activities, and

wild animals are sold and consumed.

2.2. Blood collection and parasitological tests

Wild animals captured by hunters and trappers and brought to

the villages were identified using systematic keys (Depierre and

Vivien, 1992; Dorst and Dandelot, 1997). We did not have any

incentive action on the hunters since only the animals already

caught and intended for sale were sampled. Moreover, the

hunters were not informed of our coming since they were met on

the market (meat point of sale). Cardiac punctures were made on

dead animals, while intravenous blood collections were

performed on living ones. Blood collected in EDTA tubes was

used for parasitological diagnosis using the quantitative buffy

coat (QBC1) method (Bailey and Smith, 1992) and for PCR.

From living animals or from dead ones with veins still containing

fresh blood, a second blood sampling was done under sterile

conditions and inoculated in KIVI (kit for in vitro isolation)

medium for isolation of parasites (Aerts et al., 1992). KIVI was

followed up in the laboratory by microscopic examinations of

samples. Positive KIVI samples were grown in Cunningham

medium (Cunningham, 1977). Over the entire study period, wild

animals were sampled during 11 field surveys: five were done at

Bipindi (July 1999, October 1999, July 2000, January 2001 and

July 2001), two at Campo (December 2000 and March 2001),

two at Doumé (November 2000 and May 2001), and two at

Nditam (October 2000 and November 2001).

2.3. DNA extraction and PCR

DNA was extracted from blood using the ReadyAmp1

Genomic DNA Purification System (Promega) kit as described

by Penchenier et al. (2000).

For each sample, one PCR was done using specific primers

of T. brucei s.l. (TBR1 and TBR2; Moser et al., 1989). Another

PCR was done on positive samples for T. brucei s.l. with

primers that characterize T. b. gambiense group 1 (TRBPA1 and

TRBPA2; Herder et al., 2002).

PCR reactions were performed in 25 ml of a mixture

containing 5 ml of DNA extract, 10 mM of Tris–HCL (pH 9. 0),

50 mM of KCl, 3 mM of MgCl2, 15 pmol of each primer,

200 mM of each dNTP and one unit of Taq DNA polymerase

(Appligene-Oncor, USA). Amplifications were carried out in a

thermocycler (Techne Gene E) programmed for 40 cycles of

30 s at 94 8C, 30 s at 62 8C and 1 min at 72 8C for TRBPA and

with an annealing temperature of 55 8C for T. brucei s.l. (TBR1/

2). The amplified products were resolved on 1.5% (TBR1/2)

and 4% agarose gel (TRBPA1/2), respectively, both containing

ethidium bromide and visualised under UV light. The sizes of

the expected amplified fragments were 164 bp for TBR1/2 and

149 bp for TRBPA1/2.
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Table 1

Infection rate of trypanosomes in wild fauna using KIVI and QBC1

Localities Parasitological tests

QBC1 KIVI

Sample size Positive % Positive Sample size Positive % Positive

Bipindi 274 8 2.9 121 21 17.4

Campo 104 1 1 35 10 28.6

Doumé 120 1 0.8 43 3 7

Endemic zone subtotal 498 10 2 199 34 17

Nditam (control zone) 264 3 1.1 35 9 25.7

Total 762 13 1.7 234 43 18.4

QBC1, quantitative buffy coat; KIVI, kit for in vitro isolation.
The chi-square test (Scherrer, 1984) was used to compare the

trypanosome infection rates using QBC1, KIVI and PCR

between endemic and control zones.

3. Results

During the survey, 1142 animals were sampled, 832 from the

three HAT zones (500 from Bipindi, 178 from Doumé, and 154

from Campo), and 310 from the control zone. Thirty-six species

belonging to eight orders were identified (33 from HAT zones

and 21 from the control zone). Three orders were largely

represented (35.6% primates, 30.4% artiodactyls and 23.2%

rodents), whereas, five were minority orders (4.8% pangolins,

4.6% carnivores, 1.0% saurians and crocodilians, and 0.4%

hyraxes).

We analysed 762 blood samples by QBC1; trypanosomes

were observed on 13 (1.7%) of them. The infection rates

observed were 2.0% (10/498) in the endemic zone and 1.1% (3/

264) in the control area (Table 1). These values did not

significantly differ between the two zones (X2 = 0.79; p = 0.37).

Of the 234 KIVI performed, 43 (18.4%) were positive. The

rates of positive KIVI were 17.1% (34/199) and 25.7% (9/35) in

the endemic and control areas, respectively. There were no

significant differences between the endemic and the control zones

(X2 = 0.97; p = 0.32). Only eight trypanosome stocks were

isolated, including one in a Sitatunga from Bipindi, two in

crocodiles inCampo, three inblueduikers inCampo,one inapalm

civet in Doumé, and one in a white-nosed monkey in Nditam.

Of the 1142 animals analysed by PCR, T. brucei s.l. DNA

was detected in 74 (6.5%) of them (Table 2). The infection rates
Table 2

Infection rate of trypanosomes in wild fauna using PCR

Localities PCR tests

Sample size

Bipindi 500

Campo 154

Doumé 178

Endemic zone subtotal 832

Nditam (control zone) 310

Total 1142
were 7.5% (62/832) in the HAT zone and 3.9% (12/310) in the

control area. These values differed significantly between the

two zones (X2 = 4.26; p = 0.03).

T. brucei gambiense group 1 DNAwas detected in 18 (1.6%)

animals. The prevalence of this trypanosome sub-species was

3% (15/500) in Bipindi, 1.1% (2/178) in Doumé, 0.6% (1/157)

in Campo and 2.16% (18/832) in the endemic zone. T. b.

gambiense group 1 DNA was not detected on the animals in the

control zone.

The overall prevalence observed by PCR for the non-

gambiense group 1 parasite was 4.9% (56/1142): 5.3% (44/832)

in the endemic zone and 3.9% (12/310) in the control area

(Table 2). These values did not differ significantly between the

two zones (X2 = 0.8; p = 0.34).

When considering animal groups, T. brucei non-gambiense

group 1 DNAwas found on 5.4% of primates (22/407), 1.9% of

carnivores (1/53), 5.6% of rodents (15/265), 1.9% of pangolins

(1/54) and 4% of artiodactyls (14/347) (Table 3). The infection

rates of T. b. gambiense group 1 were 7.5% in carnivores (4/53),

1.9% in rodents (5/265), 1.4% in artiodactyls (5/347), and

1.2% in primates (5/407). Finally, T. b. gambiense group 1

DNA was detected on eight wild animal species (Cephalophus

monticola, C. dorsalis, Cercocebus torquatus, Cercopithecus

nictitans, Atherurus africanus, Cricetomys gambianus, Nan-

dinia binotata and Genetta servalina). Of the eight stocks

isolated, only SitaBip1 was characterized as T. brucei non-

gambiense. The other stocks did not belong to the T. brucei s.l.

complex.

In the Bipindi sleeping sickness focus, a decrease in T. b.

gambiense group 1 prevalence was observed on wild animals:
T. b. non-gambiense group 1 T. b. gambiense group 1

Positive (%) Positive (%)

37 (7.4) 15 (3)

4 (2.6) 1 (0.6)

3 (1.7) 2 (1.1)

44 (5.3) 18 (2.2)

12 (3.9) 0 (0)

56 (4.9) 18 (1.6)
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10.4% in July 1999, 4.3% in October 1999, 0.7% in July 2000,

0% in January 2001, and 0.8% in July 2001 (Fig. 1). This

decrease seems to be the result of medical surveys and vector

controls before and during the sampling.
Table 3

Prevalence of T. b. non-gambiense group 1 and T. b. gambiense group 1 on wild a

Common names Scientific names Number of positiv

Endemic zone

N Tbng

White-eyelid mangabey Cercocebus torquatus 5 �
Crested mangabey Cercocebus galeritus 2 �
Cloaked mangabey Cercocebus albigena 2 1

De Brazza’s monkey Cercopithecus neglectus 1 �
Guereza white colobus Colobus guereza 0 ND

G. white-nosed monkey Cercopithecus nictitans 80 4

Mandrill Mandrilus sphinx 5 �
Mona monkey Cercopithecus mona 21 1

Moustached monkey Cercopithecus cephus 73 3

Dwarf guenon Miopithecus talapoin 55 5

Bosman potto Perodicticus potto 6 2

Golden potto Arctocebus calabarensis 3 1

Primates ST 253 17

Water chevrotain Hyemoschus aquaticus 1 �
Royal antelope Neotragus pygmaeus 5 �
Blackstriped duiker Cephalophus dorsalis 16 3

Yellow-backed duiker Cephalophus silvicultor 3 �
Blue duiker Cephalophus monticola 200 7

Ogilby’s duiker Cephalophus ogilbyi 1 �
Peter’ s duiker Cephalophus callipygus 3 �
Sitatunga Tragelaphus spekei 5 1

Artiodactyls ST 234 11

Brush-tailed porcupine Atherurus africanus 100 11

Greater cane rat Thryonomys sp. 7 �
Giant forest squirrel Protoxerus stangeri 1 �
Red-legged sun squirrel Heliosciurus rufobrachium 4 1

Giant rat Cricetomys gambianus 125 2

Rodents ST 237 12

Golden cat Profelis aurata 0 ND

Black legged mangoose Bdeogale nigripes 0 ND

Dark mangoose Crossarchus obscurus 6 �
Small-spotted genet Genetta servalina 8 �
African civet Viverra civetta 2 �
Two-spotted palm civet Nandinia binotata 29 1

Carnivores ST 45 1

Long-tailed pangolin Manis tetradactyla 32 2

Tree pangolin Manis tricuspis 17 1

Pangolins ST 49 3

Crocodile Crocodylus niloticus 3 �
Monitor lizard Varanus ornatus 6 �

Saurians and crocodil. ST 9 �

Tree dassie Dendrohyrax arboreus 5 �

Hyraxes ST 5 �

Total 832 44

Rate of infection (%) 5.2

The negative sign (�) means PCR was not positive, and ND means that no PCR

gambiense group 1; Tbg = Trypanosoma brucei gambiense group 1; N = number of
4. Discussion

In this study, the presence of trypanosomes was confirmed in

different species of wild animals, as has been already described
nimals using specific PCR

e PCR

Control zone Both zones

Tbg N Tbng Tbg N Tbng Tbg

1 0 ND ND 5 1 1

� 0 ND ND 2 � �
� 10 1 � 12 2 �
� 0 ND ND 1 1 �

ND 14 1 � 14 1 �
4 75 2 � 155 10 4

� 0 ND ND 5 � �
� 25 � � 46 1 �
� 28 1 � 101 4 �
� 0 ND ND 55 5 �
� 2 � 8 2 �
� 0 ND ND 3 � �

5 154 5 � 407 27 5

� 0 ND ND 1 � �
� 0 ND ND 5 � �
1 21 � � 37 4 1

� 0 ND ND 3 � �
4 90 3 � 290 14 4

� 0 ND ND 1 � �
� 2 � � 5 � �
� 0 ND ND 5 1 �

5 113 3 � 347 19 5

2 7 � � 107 11 2

� 8 2 � 15 2 �
� 0 ND ND 1 � �
� 2 � � 6 1 �
3 11 1 � 136 6 3

5 28 3 � 265 20 5

ND 1 � � 1 � �
ND 1 � � 1 � �
� 2 1 � 8 1 �
1 0 ND ND 8 1 1

� 1 � � 3 � �
2 3 � � 32 3 2

3 8 1 � 53 5 3

� 2 � � 34 2 �
� 3 � � 20 � �

� 5 � � 54 3 �

� 0 ND ND 3 � �
� 2 � 8 � �

� 2 � � 11 � �

� 0 ND ND 5 � �

� 0 ND ND 5 � �

18 310 12 0 1142 56 18

2.2 3.8 0 4.9 1.6

was performed for the species in the zone. Tbng = Trypanosoma brucei non-

animals analysed; ST = order sub-total; Crocodil. ST = Crocodilian sub-total.
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Fig. 1. Follow-up of Trypanosoma brucei gambiense group 1 infection rate in wild animals. (A) Dates of medical surveys and vector control; (B) decrease in the

prevalence of T. b. gambiense group 1 in Bipindi.
in West Africa (Komoin-Oka et al., 1994; Truc et al., 1997a). The

low prevalence (1.7%) revealed by QBC1 was probably due to

its poor sensitivity, but also to the time lapsed between when the

animal was caught and the blood puncture done for the test (2–

6 h). The KIVI method was more sensitive because it revealed the

presence of trypanosomes in 43 (18.4%) animals. The low

success rate (8/43) of the cultures in Cunningham medium was

probably due to either the contamination caused by the difficulty

in collecting sterile blood from wild animals or the Cunningham

medium, which was developed specifically forT. brucei s.l. and is

poorly adapted to other trypanosome species.

PCR results revealed T. brucei s.l. DNA in a large range of

wild animals, as recently reported by Herder et al. (2002) on a

smaller sample size in Bipindi. Some of these hosts were

already known, whereas others had not yet been reported. For

example, the presence of T. brucei non-gambiense group 1 in

5.4% of wild artiodactyls confirmed previous observations from

West Africa (Mehlitz, 1982; Truc et al., 1997b), whereas, its

detection on primates, rodents and small carnivores was

surprising. An explanation may be that West Africa studies

were carried out mostly on big ungulates (kob, hartebeest,

bushbuck, waterbuck, etc.), whereas, our sampling was more

exhaustive and involved numerous wild animals (36 species)

from the forest area, captured by hunters. The same reasons

may explain why T. b. gambiense group 1, which so far has been

revealed only in one ungulate in West Africa by isoenzymes

(Truc et al., 1997b), was detected in eight wild animal species

(two artiodactyls, two small carnivores, two rodents and two

primates) in this study. Some uncommon hosts found here

might also be explained by the fact that the PCR can also reveal

transient infections (Herder et al., 2002). A positive PCR only

indicates the presence of trypanosome DNA and not necessarily

an active infection. These results need to be confirmed by
isolating these trypanosomes in appropriate medium, culturing

them and characterising them. Unfortunately in this study,

many samples positive for T. brucei s.l. and T. b. gambiense

were not isolated. However, two important remarks supported a

real contact between wild animals and these trypanosomes:

firstly, most of the wild animals found positive for T. b.

gambiense group 1 previously appeared to be suitable hosts for

this parasite during experimental infections. This was the case

of Cercocebus and Cercopithecus (Van Hoof, 1947; Yesufu,

1971), duikers (Mehlitz, 1986), giant rat (Larrivière, 1957) and

porcupines (Van den Berghes et al., 1963). Secondly, T. b.

gambiense group 1 was found on wild animals only in sleeping

sickness foci and was absent from all animals sampled in the

control zone, despite the similar composition of the wild fauna

in the two zones. In addition, T. brucei non-gambiense group 1

was detected in both endemic and nonendemic zones with

comparable infection rates, indicating that transmission of

these trypanosomes occurs. Moreover, studies on the origins of

tsetse flies’ blood meal confirmed that Glossina palpalis

palpalis feeds on humans and domestic and wild animals

(Laveissiere et al., 1985; Njiokou et al., 2004) and could carry

trypanosomes from one host to another.

The results obtained in this study confirmed those previously

reported in Bipindi (Herder et al., 2002), which were based on a

smaller sample size (164 instead of 832). Despite an increase in

the samples in this focus, T. b. gambiense group 1 was identified

in the same animal species with comparable prevalence.

Similar results were obtained when we extended the study to

other sleeping sickness foci of southern Cameroon (Doumé and

Campo). These observations suggest a potential role of wild

animals in the transmission of sleeping sickness in forest areas.

Even if the presence of T. b. gambiense strains in a particular

animal does not mean that this animal is an important reservoir
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host, it could play a role in the maintenance and the circulation

of the parasite at a low level. This could explain the periodical

resurgence of sleeping sickness in the same forest areas

(historical foci).

The decrease in T. b. gambiense group 1 prevalence observed

in the Bipindi focus may be explained by the two vector control

campaigns that have significantly reduced the tsetse fly

populations and further, wild animal/fly/human contact. These

observations also seem to be related to the two medical surveys

(December 1998 and February 1999), where 44 human cases

were diagnosed and systematically treated. The exhaustive

treatment of these human carriers reduced the transmission of T.

b. gambiense group 1 and probably has an impact on the

prevalence of this parasite in wild animals. T. b. gambiense

group 1 reappeared in wild animals in July 2001. At the same

time, few human cases were detected. These observations show

that despite numerous control operations, a residual human and

animal reservoir of T. b. gambiense group 1 still remains and

that transmission probably still occurs.

In this study, the parasitological tests confirmed the presence

of numerous trypanosomes in wild fauna. PCR identified T. b.

gambiense group 1 DNA in eight wild animal species,

particularly blue duikers and whited-nosed monkeys found to

be infected in all three sleeping sickness endemic foci. Further

studies should be conducted in order to complete these results.

Especially wild animal stocks of T. b. gambiense group 1 should

be isolated and tested for their sensitivity to human serum

(Mehlitz et al., 1982) to ensure that they could infect humans.
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Tait, A., Eldirdiri, A.B., Le Ray, D., 1984. Enzyme variation in Trypanosoma

brucei ssp. I. Evidence for the sub-speciation of T. brucei gambiense.

Parasitology 89, 311–326.

Truc, P., Formenty, P., Duvalet, G., Komoin-Oka, C., Diallo, P.B., Lauginie, F.,

1997a. Identification of trypanosomes isolated by KIVI from wild mammals
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