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Introduction
Gastrointestinal parasitism in baboons is fairly well 
documented in desert areas (Murray et al., 2000; 
Hahn et al., 2003; Ocaido et al., 2003; Legesse and 
Erko, 2004). However, research on gastrointestinal 
parasites of baboons in forest areas is quite limited. An 
understanding of the variability in parasite infection 
patterns of baboons in the desert, savanna, and forest 
habitats could improve knowledge of the role of 
climatic variation and habitat structure in determining 
the infection patterns observed in a given geographic 
area. Climate, concurrent infections, and seasonality 
are factors described in previous studies as affecting 
the prevalence, intensity, and severity of parasitic 
infestations in animals (Messager, 2018). Some 
intestinal parasites are among the most important 
parasites of humans, as well as other nonhuman 
primates, particularly the major soil-transmitted 

helminthes, such as Ascaris lumbricoides, Trichuris 
trichiura, Strongyloides stercoralis, and hookworms 
that are members of the strongyles group.
A study of baboons in the Bugwe Forest Reserve in 
Uganda showed a fairly high prevalence of Strongyloides 
sp. (60.7%) and Trichostrongylus sp. (Ocaido et al., 
2003). However, variations in prevalence were noted 
from one geographical region to another. McGrew 
et al. (1989) compared the parasites of the Babouis 
at the level of Mount Assirik in Senegal and those of 
Gombe park in Tanzania. The findings indicated that 
the baboons of Gombe were more often infected than 
those of Mount Assirik. On the contrary, recent studies 
conducted on primates, by N'da et al. (2021) in the 
Bandia Reserve and by Howells et al. (2011) in Fongoli, 
have shown that monkeys and baboons harbor many 
zoonotic parasites, indicating a risk of transmission to 
humans. Indeed, several zoonotic parasites, including 
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Abstract
Background: Primates can harbor parasites that could be pathogenic or not for humans and primates themselves. It is 
necessary to know the parasitological situation of the primates that are under surveillance in the park.
Aim: To estimate the prevalence and diversity of gastrointestinal parasites, including zoonotic potential parasites, in 
baboons in the Niokolo-Koba National Park located in Senegal.
Method: Fecal samples (n = 50) from two groups of baboons (A and B) were collected in October 2019. The samples 
were processed using the flotation technique and the modified Ritchie method. Slides were examined microscopically 
and the parasite identification was based on morphology, color, and parasite content.
Results: A total of seven nematodes (Strongyloides sp., Trichirus sp., Ancylostoma sp., Mammo monogamus, Enterobius 
sp., Strongyloides stercoralis, Strongyle digestif), one cestode (Bertiella sp.), and one trematode (Fasciolopsis sp.) were 
identified. The overall prevalence was 78%, while the prevalence of poly-infected samples was 49%. The parasite with 
zoonotic potential, S. stercoralis, was identified in group B samples. Trichuris sp., which is common and pathogenic to 
humans and primates, was present with prevalence of 52% and of 32% in groups A and B, respectively.
Conclusion: These results suggest that baboons are infested with zoonotic parasites and this situation could expose 
people working in this park to infection. Contact between humans and these baboons or their feces could expose them 
to infection with zoonotic parasites.
Keywords: Niokolo-Koba National Park, Baboons, Gastrointestinal parasites, Zoonoses.
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Entamoeba histolytica are responsible for more than 
55,000 deaths per year (Ghosh et al., 2019). Giardia 
duodenalis is a parasite found in primates and humans 
that can cause serious health problems in humans 
(Dixon, 2021).
Other protozoa, such as Blastocystis hominis and 
Dientamoeba fragilis, also have pathogenicity and can 
be transmitted from primates to humans. Hymenolepis 
nana, Ancylostoma duodenale, and S. stercoralis 
are nematodes, recognized parasites with zoonotic 
potential, which can cause serious digestive disorders 
in humans, if infection with these parasites is not 
treated quickly (WHO, 1987).
Indeed, the similarities in physiology, behavior, and 
genetics between humans and baboons may increase 
susceptibility to interspecific infections by the same 
parasites and could pose a serious threat to humans and 
baboons (Jones-Engel et al., 2004).
Niokolo-Koba National Park in Senegal, like all national 
parks, is a place where ecotourism is allowed and there 
is usually daily contact between tourists, workers, local 
people, and the various animals that serve as attractions. 
It serves as both a conservation site and a tourist 
attraction with interactions between some of the Park’s 
animals and the people living in and around the park, 
as well as tourists. Various studies have been carried 
out on the ecology of baboons in PNNKB; however, 
data on parasite types and prevalence in baboons 
within PNNKB are scarce. There is, therefore, a need 
to generate baseline data on parasitic infections and 
update the study conducted by McGrew et al. (1989) 
to assess the evolution of parasitism in these primates 
in order to effectively maintain ecosystem health and 
also manage the health of the baboons that are a major 
source of attraction in the park. Having this in mind, 
this study was designed to assess the prevalence and 
diversity of gastrointestional parasites in baboons in the 
Niokolo-Koba Park.

Materials and Methods
Study area
Previous papers on baboons in PNNKB indicate a large 
distribution and a population size average of 269,034 
individuals (Rabeil, 2015; Vale et al., 2015). Mount 
Assirik (12° 53′ N, 12°46′W) is an extensive volcanic 
hill area. It is the highest point of PNNKB with an 
altitude of 311 m that is only accessed by a trail. From 
the flattened top of the plateau, ridges and gullies radiate 
out, giving rise to streams that flow into the Gambia 
River. Our research team was based at Assirik camp 
where researchers usually camp with accompanying 
park staff. In fact, two groups of baboons frequent 
the area around the camp within a radius of about 4 
km and frequently spend the night there. In the study 
area, two seasons are noted with a dry season of 9 
months (October–June) and a rainy season of 3 months 
(July–September). The main types of vegetation that 
can be distinguished in the Mount Assirik area are 

five, including the plateaus where a carpet of grasses 
(Danthoniopsis tuberculata) predominates during the 
rainy seasons; the grassland with Andropogon sp. is 
the dominant grass, but there is the presence of palm 
trees such as Raphia sudanica and acacias; the wooded 
savanna is the most frequent vegetation type containing 
tree species (Pterocarpus erinaceus, Adansonia digitata, 
Ficus sp., etc.); climbing plants (Saba senegalensis, 
Landolphia dulcis, and Nauclea latifolia); the bamboo 
grove with Oxytenanthera abyssinica; and the gallery 
forest with the presence of Khaya senegalensis and 
Ceiba pentandra. Mount Assirik is frequented by 
scarce and emblematic species such as the West African 
chimpanzee (Pan troglodytes verus) and derby eland 
(Taurotragus derbianus). There are also other primate 
species that coexist with baboons in the site, including 
the green monkey (Cercopithecus aethiops sabaeus); 
the galago (Galago senegalensis), and the patas 
(Erythrocebus patas). In general, the fauna species 
frequently encountered are the warthog (Phacochoerus 
aethiopicus), the roan antelope (Hippotragus equinus), 
the hartebeest (Alcelaphus buselaphus), and the red-
sided duiker (Cephalophus rufilatus). Nevertheless, the 
existence of some predators is noted. These are lions 
(Panthera leo), hyenas (Crocuta crocuta), leopards 
(Panthera pardus), and wild dogs (Lycaon pictus) 
(Lindshield et al., 2019).
Data collection
Baboon feces were collected in June 2019 and analyzed 
between October and December 2019 (Fig. 1). During 
the study period, baboon’s fresh fecal samples were 
collected during the day. Prior to this collection, 
familiarization with the recognition and identification 
of baboon feces was done. During sampling, 50 fecal 
samples from 2 groups of baboons (a and b) were 
collected. To avoid contamination, fecal samples 
were collected from the center of each fecal mass, 
an average of 10 g of stool per sample. The samples 
were individually placed in sterile 50.0 ml vials and 
preserved in a 10% formalin solution and then the vials 
were stored at room temperature, as recommended 
by several studies (Howells et al., 2011; Kouassi et 
al., 2015; N'da et al., 2021), given that analysis of 
the samples was to be done carried out months after 
collection. 
Sample processing
Each sample was processed in the laboratory using 
a parasite concentration method called the Ritchie 
method. The Ritchie method is a powerful enrichment 
method. It is a biphasic technique that concentrates 
parasitic elements by combining sedimentation using 
centrifugation and the removal of digestion residues by 
the dissolving action of diethyl ether. This method is 
used to diagnose helminths and protozoa (Young et al., 
1979; Erdman, 1981). In addition to the above method, 
we conducted a second analysis of each sample by the 
flotation method. The principle consists of diluting the 
feces in a liquid supersaturated with sodium chloride 
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Fig. 1. Location of baboon dormitories in Assirik camp (PNNKB).
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so that under the action of centrifugation, the parasitic 
elements rise to the surface of the liquid where they 
can be collected. The latter is easy to use and provides 
a useful solution for the detection of nematodes, 
cestodes, and protozoa (Beugnet et al., 2004). Parasites 
were detected with a microscope (Leica DM500 LED) 
equipped with a digital camera control unit. They were 
identified on the basis of shape, size, color, and content. 
Representatives of each parasite were photographed.
Statistical analysis
Data from the coproscopic analysis (coproscopies and 
parasites species) were entered into a Microsoft® Office 
Excel spreadsheet under Windows 2013 and then 
transferred to R software version 3.4.3. to perform the 
prevalence calculation. 
Ethical approval
Our study was noninvasive. All procedures performed 
in this study were in accordance with the legal 
requirements of Senegal.

Results
Identification of parasites and overall infestation
Seven nematodes, one tapeworm, and one trematode 
were identified during the analysis of baboons’ feces 
(Fig. 2). These were Strongyloides sp., Trichirus sp., 
Ancylostoma sp., Mammo monogamus, Enterobius 
sp., S. stercoralis, a digestive strongyle, Bertiella sp 
(cestode), and Fasciolopsis sp. (trematode). Of the 50 
samples analyzed from the baboon groups, 39 were 
positive for at least 1 parasite species, with a prevalence 
of 78%. However, of the positive samples (39), 19 were 
poly-infested, with a prevalence of 49%.
Prevalence of parasite species in baboons
Out of nine parasites detected in all baboons, group A was 
infested by six nematodes (Strongyloides sp., Trichirus 
sp., Ancylostoma sp., M. monogamus, Enterobius sp., 
Strongyle digestif) and 1 cestode (Bertilla sp.). As for 
group B, the baboons were infested by only seven of the 
nine parasites, namely Strongyloides sp., Trichirus sp., 
M. monogamus, Enterobius sp., digestive strongyle, S., 
and Fasciolopsis sp. The prevalence of the different 
parasites found in the two groups is summarized in 
Table 1.

Discsussion
The results of this work provide important information 
on the study of baboon parasitism in PNNKB. The 
analyses performed revealed a fairly high prevalence 
(78%) of gastrointestinal parasites with the presence of 
nine parasitic species (seven nematodes, one trematode, 
and one cestode). The study conducted by McGrew et 
al. (1989) revealed the presence of 10 species with the 
existence of species of protozoan parasites that we did 
not find in our samples. One tapeworm (Bertiella sp.) 
was found in our samples, which was not the case in 
the study by McGrew et al. (1989). In short, we noted 
an evolution of parasitic species over time with the 
presence of species with zoonotic potential.

In general, previous studies conducted on baboons 
report a relatively varied number of parasites; 18 
parasites were found in Fongoli in Senegal (Howells et 
al., 2011); 13 were found in Gombe Park in Tanzania 
(Müller-Graf et al., 1996); 12 parasites in the central 
desert of Namibia (Appleton and Brain, 1995); 11 
parasites were found in Kibale National Park in 
Uganda (Bezjian et al., 2008); and 8 parasites were 
found in the Shai Reserve in Ghana (Larbi et al., 2020). 
The variation in the number and species of parasites 
between study sites may be explained by the variation in 
ecological factors (biotic and abiotic) between different 
eco-geographic regions. The example of parasites 
pathogenic to humans, such as Entamoeba hystolitica 
and G. duodenalis, are destroyed at a temperature 
above 50 degrees. Other abiotic factors such as the 
physicochemical conditions of the environment and 
ultraviolet rays can vary the infesting power of certain 
parasites.
According to various research studies on baboon 
parasitism (McGrew et al., 1989; Appleton and Brain, 
1995; Müller-graf et al., 1996; Murray et al., 2000; 
Bezjian et al., 2008; Howells et al., 2011; Ryan et 
al., 2012; Larbi et al., 2020), there is an overall high 
prevalence, as shown in our study. The high prevalence 
observed in the present study could be attributed to the 
foraging behavior and high mobility of baboons that 
predispose them to frequent contact with pathogens 
that may be intestinal parasites disseminated in the 
environment. This could also be due to a more frequent 
human presence in and around Assirik camp, which 
results in baboons having more routine contact with 
humans during their foraging. Larbi et al. (2020) 
described a similar situation in Ghana. According to 
Hahn et al. (2003), baboons are susceptible to most 
human pathogens, such as parasites and diarrhea-
causing bacteria; thus, baboon behavior coupled with 
anthropogenic changes provide opportunities for 
parasite exchange between baboons and with humans. 
This has been confirmed by the presence of Trichuris 
sp. in baboon feces. Trichuris sp. was the most 
prevalent species in our two groups (A and B). This 
nematode causes an identical pathology (Trichuriasis) 
in animals and humans. This similarity could suggest 
the possibility of a zoonotic transmission. It has been 
found in other studies including the zoo in Ibadan, 
Nigeria, where its prevalence was 47.2% (Adetunji, 
2014); the Kibale National Park in Uganda, with a 
prevalence of 46% (Bezjian et al., 2008); the Gombe 
National Park in Tanzania, with a prevalence of 66% 
(Murray et al., 2000); and the Tai National Park in Côte 
d'Ivoire, with a prevalence of 93.02% (Kouassi et al., 
2015).
Strongyles come second in terms of representativeness 
in both groups with a nonsignificant distribution 
between the two groups. These parasites are frequently 
found in domestic animals, especially in cattle (Barré 
and Moutou, 1982). However, they are found in 
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the different studies mentioned above of intestinal 
parasitism in baboons. Strongyloides stercoralis is 
encountered in many studies where it is sometimes the 
most encountered species (Kwigonda et al., 2015) in 
Kahuzi-Biega National Park, South Kivu, DR Congo. 

Indeed, several similar studies on primates show the 
presence of these zoonotic parasites in primate feces 
(Gillespie et al., 2010; N'da et al., 2021). Nonhuman 
primates are known to be the primary hosts of S. 
stercoralis and, in particular, Strongyloides fuelleborni. 

Fig. 2. (a) Strongyloides sp.; (b) Trichirus sp.; (c) Ancylostoma sp.; (d) Digestive strongle; (e) M. monogamus sp.; (f) Entérobius 
sp.; (g) Bertiella sp.; (h) Fasciolopsis sp.; and (i) S. stercoralis (larverhabditoide). Scale bar a–h = 17.8 µm.

Table 1. Prevalence (%) of gastrointestinal parasites in baboons in Niokolo-Koba Park.

Group A (n = 25) Group B (n = 25)
Nb infected Prevalence (%) Nb infected Prevalence (%)

Nematodes

Ancylostoma sp. 4 16 0 0
Digestive strongyle 10 40 14 56
Entérobius sp. 1 4 2 8
Mammo monogamus 2 8 1 4
Strongyloides sp. 4 16 4 16
Strongyloides stercoralis 0 0 2 8
Trichirus sp. 13 52 8 32

Cestode Bertiella sp. 2 8 0 0
Trematode Fasciolopsis sp. 0 0 2 8
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Monkeys become infected by ingestion of parasite-
contaminated food or water or by skin penetration of 
infective third-stage larvae (Gillespie and Chapman, 
2006). During massive infestation with Strongyloides, 
severe gastroenteritis, hepatitis, pneumonia, and 
myocarditis occur in both primates and humans 
(Toma et al., 2000). Mortality can occur if adequate 
treatment is not provided. Little attention has been 
paid to the risk of zoonotic transmission posing a 
public health threat (Thompson and Smit, 2011). In 
environments where animals and humans may interact, 
it is critical to understand the risk of zoonotic diseases 
transmission (Bowden and Drake, 2013). Changes in 
an anthropogenic habitat will result in frequent contact 
between humans and nonhuman primates, increasing 
the risk of diseases transmission (Nunn et al., 2016).
Entreobius sp. and M. monogamus were found in both 
groups. This result suggests that these groups patronize 
common spaces. Enterobius sp. was found in guenons 
in Kibale National Park, Uganda (Bezjian et al., 2008). 
This result is qualified by the fact that guenons are 
arboreal in nature, whereas baboons are much more 
terrestrial. The high prevalence of Trichuris sp. found 
in this study is evidence of this. Mammo monogamus 
is an unusual parasite of baboons. It has been found in 
the mandrill, a cousin of the baboon, in Gabon (Allela, 
2005; Setchell et al., 2007). This respiratory tract 
parasite is still relatively unknown and has been found 
in a variety of animal species, including ruminants, 
deer, cats, and humans (Wang, 2009). 
Ancylostoma sp. is a common host in the digestive tract 
of nonhuman primates. Its presence with significant 
difference between the two groups could be related to 
the season. Indeed, the eggs have a low resistance in a 
dry environment (Herbert, 2009). The parasite is also 
common to carnivores, notably in the spotted hyena 
in Ethiopia (Graber et al., 1980). It has been found in 
carnivores in the Hann zoological garden in Senegal 
(Dahourou et al., 2017) where its prevalence was 
higher than those found in free-ranging animals. This 
resistance of free-ranging animals can be explained by 
the development of a stronger immunity (Luffau et al., 
1972).
This study revealed the presence of cestodes (Bertiella 
sp.) and trematodes (Fasciolapsis sp.). These two 
groups of parasites differ from the first in that their 
cycles require the presence of intermediate hosts 
to be complete. Bertiella sp. is a typical parasite 
of nonhuman primates (Servián et al., 2020). The 
different levels of infestation of hosts are related to the 
interactions between parasites and hosts (Anderson and 
Gordon, 1982). The presence of cestode and trematode, 
respectively, in groups A and B characterizes this 
heterogeneity that could be explained by the habitat, 
exposure level, and physiological characteristics of 
the host (Bundy et al., 1987; Anderson and May, 1991; 
Schmid-Hempel and Koella, 1994).

Nematodes are the most numerous species in the animal 
kingdom, according to Otero-Abad et al. (2017). This 
explains their relative importance in the number of 
parasites found (seven out of nine). Indeed, in the study 
by McGrew et al. (1989), the same observation was 
made. They found 10 species of nematodes in the 2 study 
sites combined, namely Mount Assirik and Gombe 
Park. However, by comparing their study carried out 
at Mount Assirik to ours, we found significantly more 
species of nematodes (seven species) than in their 
historical study (five species).
The absence of protozoan parasites may be attributed 
to the dry conditions and the time of sampling at 
PNNKB (June 2019) that favor the transmission and 
development of nematodes more than protozoa (Bliss, 
2009). It is likely that these protozoa are not able to 
withstand the harsh environmental conditions and may 
die quickly if they are not able to encyst. It may also 
be low because of the preservation and identification 
methods used, which may have killed the cysts and 
trophozoites (Hausfater and Watson, 1976). Intestinal 
parasites in baboons could be permanent with 
significant morbidity. However, some of the plants 
consumed by baboons as food may be medicinal with 
active ingredients against some of the parasites (Larbi 
et al., 2020); thus, although baboons may harbor these 
parasites, they may not suffer serious complications. 
Adult baboons use their fingers to uproot plants and 
feed them to juveniles in addition to what they would 
eat, making them more vulnerable to these soil-borne 
infections. In addition, susceptibility to infections is 
one of the costs associated with dominance (Larbi et 
al., 2020). In short, we have noted an evolution over 
time with regard to the parasitic species found in these 
primates. However, the presence of zoonotic parasites 
capable of infecting humans remains constant. This 
study, considered as a pilot study, provided us with 
results that open up new avenues of research. However, 
other studies will be considered in order to conduct 
large-scale research on baboons.

Conclusion
This study identified nine species of intestinal parasites, 
showing diversity in baboons. The overall prevalence 
of 78% was high. It will also be important to educate 
people and tourists on standard hygiene practices in 
the park to prevent infections as some of the parasites 
revealed by the study are zoonotic or common to both 
humans and animals. In the current context of re-
emergence of diseases, caution remains necessary. 
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