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Abstract

Background and Aim: Parasitic and infectious diseases are ubiquitous threats to primate and human populations. This
study was carried out to study the diversity and frequency of gastrointestinal parasites with zoonotic potential in green
monkeys in the Bandia Reserve located in Senegal.

Materials and Methods: For this study, 164 stool samples of Chlorocebus aethiops sabaeus (green monkey) were collected
from October to November 2018 from Bandia Reserve. Stool samples were processed using the merthiolate-iodine-formalin
staining technique and the modified Ritchie method. The slides were examined under a microscope and the identification
of parasites was based on the morphology of protozoan cysts and helminth eggs. The analysis of data was conducted using
R version 3.4.3 with p=0.05.

Results: A total of six species of parasites were found, including five protozoa (Entamoeba coli, Entamoeba histolytica/
dispar, Entamoeba hartmanni, Endolimax nana, and lodamoeba butschlii) and one nematode (Strongyloides spp.). The
overall prevalence of gastrointestinal parasite was 76.2% (95% CI: 69.7%-82.7%). Two parasites with zoonotic potential,
mainly E. histolytica/dispar with a prevalence of 13.4% (95% CI: 8.2%-18.6%) and Strongyloides spp. with a prevalence of
6.7% (95% CI: 2.9%-10.5%), were found.

Conclusion: This study indicated that the monkeys of the Bandia Reserve are infested by zoonotic parasites and can,
therefore, ensure transmission to visitors to the Reserve. The parasitological data that we report are the first available for
these species of monkeys in the Bandia Reserve.
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Introduction role of these reserves is to promote the sustainable
development of fauna and to ensure the conservation
of these species and their genetic heritage. This is
the case with the largest private reserve in Senegal,
namely, the Bandia Reserve, which plays a key role in
species conservation.

However, this reserve has a restaurant which fre-
quently attracts groups of green monkeys (Chlorocebus
aethiops sabaeus) of the reserve. These monkeys often
have close contact with tourists, workers, and other
visitors to the reserve. Sometimes, monkeys steal visi-
tors’ food during their meals by introducing their hands
in plates and also leave their stool on the catering table.
This situation can be lead to transmission of gastroin-
testinal parasites to human as it is known that monkeys
frequently harbor numerous pathogenic gastrointesti-
nal parasites, often asymptomatically [4]. Entamoeba
histolytica infection is estimated to kill more than
55,000 people each year. Globally, diarrheal disease

Primates play an extremely important role in
the balance of ecosystems as pollinators and also
as seed dispersers. Likewise, primates are involved
in the development of new drugs and treatments in
human medicine. They are predators for some ani-
mal species and are also used as prey for wild carni-
vores [1]. Despite their important role in ecosystems,
primates are increasingly threatened by human activ-
ities such as habitat modification, hunting, and illegal
trade [2]. Current information shows the existence
of 504 species and ~60% of primate species are now
threatened with extinction and ~75% have declining
populations [3]. To mitigate this extinction, other
conservation alternatives have been considered and
among them ex situ conservation through zoological
parks and private reserves play an important role. The
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is the third leading cause of death in children under 5
years of age with amebic colitis being a leading cause
of severe diarrhea in low-income countries [5] and also
Giardia duodenalis could cause serious health disor-
ders in human. Other protozoa such as Blastocystis
hominis and Dientamoeba fragilis also have

International Journal of One Health, EISSN: 2455-8931

65


https://orcid.org/0000-0001-6061-1346
https://orcid.org/0000-0002-5340-1057
https://orcid.org/0000-0002-0533-6000
https://orcid.org/0000-0003-0773-2389

Available at www.onehealthjournal.org/Vol.7/No.1/8.pdf

pathogenicity and can be transmitted from primates to
humans. Hymenolepis nana, Ancylostoma duodenale,
and Strongyloides stercoralis are nematodes recog-
nized parasites with zoonotic potential which can cause
serious digestive disorders in humans if infection with
these parasites is not treated quickly [6]. However, in
the Bandia Reserve, no study has been implemented to
study parasite of these monkeys.

This study aimed to study the diversity and fre-
quency of gastrointestinal parasites with zoonotic
potential in green monkeys in the Bandia Reserve,
located in Senegal.

Materials and Methods

Ethical approval

The protocol of our study was examined and
had the favorable approval of the Research Ethics
Committee (CER) of the University Cheikh Anta
Diop of Dakar.

Study location and period

The present study took place in the Bandia
Reserve located in West Senegal (N 14° 33°539 and W
17 °00 ‘637). The reserve is located 65 km from Dakar
between the new international airport and Saly Portudal,
near the department of Mbour (Figure-1). Created in
1990 on the territory of the pre-existing classified for-
est of Bandia, this reserve covers 1500 hectares with a
project to extend to 3500 hectares. It is a small jewel
of ecological success with the regeneration of its flora
and the reintroduction of large African mammals some
of which have been extinct for centuries. Most of the
animals are kept in semi-freedom mode. Apart from the
large predators, some African mammals such as white
rhinos (Ceratotherium simum), zebras (Equus zebra),
giraftes (Giraffa camelopardalis), buffaloes (Syncerus

caffer), Derby elands (Taurotragus derbianus), Cape
elands (Taurotragus oryx), oryx (Oryx dammah), roan
hippotragus (Hippotragus equinus), nyala (Tragelaphus
angasii), defassa cobs (Kobus ellipsiprymnus defassa),
Buffon cobs (Kobus kob), large kudu (Tragelaphus
strepsiceros), impalas (Aepyceros melampus), dama
gazelles (Nanger dama), red-fronted gazelles (Eudorcas
rufifrons), warthogs (Phacochoerus africanus), jack-
als (Canis aureus), mongooses (Herpestes edwardsii),
patas monkeys (Erythrocebus patas), green monkeys
(C. aethiops sabaeus) and also crocodiles (Crocodylus
porosus), giant tortoises (Chelonoidis nigra), ostriches
(Struthio camelus), as well as more than 120 species
of birds are found in this reserve. The green monkeys
divided into different groups which are living free and
with the possibility outside the reserve. The study was
conducted from October to November 2018.

Sampling

Our work consisted of collecting stools from
green monkeys in the Bandia Reserve for a coprolog-
ical examination for helminths and possible amoebae.
Based on the literature and the presence of gastroin-
testinal parasites in the feces of primates, the sampling
was calculated with an expected prevalence of 90%.

The following sample size calculation formula
was used: n=t> xp (1 - p)/m>.

not=Sample size required; t=95% confidence
level (typical value of 1.96).

p=Estimated prevalence (90%); m=precision of 5%.

Thus, a minimum sample of 138 stools was
required for this study. To increase the precision of our
results, a total of 164 stool samples from green mon-
keys were taken. Stool samples were collected in each
group of green monkeys only once during our stay.
For each group, stools sample were collected from
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Figure-1: Geographical location of the Bandia Reserve [Source: Map generated by Kacou Martial N'da with the help of

ArcGIS software].
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most of the group individuals and we ensured that the
sample was taken from each individual only 1 time.

Field and laboratory procedure

During the study period, fecal samples from the
monkeys were collected between 8§ a.m. and 6 p.m.
During the sampling, 164 fecal samples were col-
lected from these primates. To avoid contamination,
fecal samples were taken from the center of each fecal
mass immediately after defecation of the animals and
then placed individually in sterile 60.0 mL vials with
10% formalin solution for storage. Each sample was
analyzed by a parasite concentration method called
the Ritchie method. This method is helpful to diag-
nose helminths and protozoa [7]. In addition to the
previous method, we carried out a second analysis of
each sample by the merthiolate-iodine-formal (MIF)
staining method. This last method is easy to use and
provides an enriching solution for all parasites, as well
as it is very suitable for the amoeba diagnosis [7]. Eggs
and cysts were detected under a microscope (Leica
DM500 LED) equipped with a digital camera con-
trol unit. The parasites were identified on the basis of
shape, size, color, content, and cysts. Representatives
of each parasite were photographed.

Statistical analysis

The data from the coproscopic analyses were
entered into a Microsoft® Office Excel spreadsheet under
Windows 2013 then transferred to R software version
3.4.3 (https://www.r-project.org/Licenses/) to perform
statistical analyzes and calculate confidence intervals.
The Chi-square test was used to compare the infection
status obtained after using the Ritchie method and the
MIF staining technique. The chosen materiality thresh-
old is set at 5%. The result was significant if p<0.05.

Results

Identification of pests and global infestation
After analysis of the 164 samples, a total of six
species of parasites were found in the green monkeys

of the Bandia Reserve. These are Strongyloides spp.,
E. histolytica/dispar, Entamoeba coli, lodamoeba
butschlii, Endolimax nana, and Entamoeba hart-
manni (Figure-2). Of the 164 samples analyzed, 125
were positive for at least one parasitic species with
a prevalence of 76.2% (95% CI: 69.7%-82.7%).
However, among the positive samples, 44 were
polyinfested with a prevalence of 32.5% (95% CI:
25.4%-39.6%).

Prevalence of parasites with zoonotic potential
After treatment of the stool samples of the green
monkeys by the Ritchie method and staining with
MIF, two zoonotic parasites were found in their stool.
These are the protozoan E. histolytical/dispar with
a prevalence of 13.41% (95% CI: 8.21%-18.61%)
+ 5.2% and the helminth Strongyloides spp. with a
prevalence of 6.7%+3.8% (95% CI: 2.9%-10.5%).

Parasitic indices of non-pathogenic parasites

The study noted the presence of other non-zoo-
notic parasites in the samples after analysis. Itis E. coli,
L butschlii, E. nana, and E. hartmanni with preva-
lences of 54.27% (95% CI: 46.67%-61.87%)+7.6%;
16.46% (95% CI: 10.86%-22.06%)%5.6%; 12.19%
(95% CI: 7.19%-17.19)£5.0%; and 10.98% (95%
CI: 6.28%-15.68%)+4.7%, respectively, as shown in
Table-1.

Comparison of the coprological methods used

The use of the two coproscopic methods, that is,
Ritchie method and MIF staining, made it possible to
adjust the overall result of the study (Table-2). For this

Table-1: Prevalence of low pathogenic protozoa identified
in the green monkeys of the Bandia Reserve.

Parasites Positive Prevalence (%)
samples and 95% CI
Entamoeba coli 89 54.3 (46.7-61.9)
Iodamoeba butschlii 27 16.5 (10.9-22.1)
Endolimax nana 20 12.2 (7.2-17.2)
Entamoeba hartmanni 18 11.0 (6.3-15.7)

Figure-2: Parasites found in the monkeys of the Bandia Reserve: (a) Strongyloides spp., (b) Entamoeba histolytica/dispar,
(c) Entamoeba coli, (d) Iodamoeba butschlii, (e) Endolimax nana, and (f) Entamoeba hartmanni (40x).
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Table-2: Comparison of data obtained by the two analysis techniques.

Parasites Ritchie method Merthiolate-iodine-formal method p-value
Prevalence and 95% CI

Protozoan
Entamoeba coli 37.19+£7.3 39.02+7.4 5.3x107°
E. histolytica/dispar 5.49+1.7 9.15+4.4 0.16
Iodamoeba butschlii 4.26+3.09 15.24+5.5 2.3x107°
Endolimax nana 5.49+1.7 7.93+£4.1 0.1
Entamoeba hartmanni 6.1+£3.6 5.49+1.7 0.03

Helminth
Strongyloides spp. 6.71+3.8 0 <2.2e-16

study, the helminth parasite has not been found using
MIF technique. However, except for E. hartmanni, the
prevalence of all other protozoan parasites was signifi-
cantly higher using MIF than Richie method (p<0.05).

Discussion

Our results provide valuable information for the
study of parasites in green monkeys in Senegal. We
found zoonotic parasites which could potentially be
shared between monkeys and human. Our analyses
reveal a high prevalence and gastrointestinal parasites
in the green monkeys of the Bandia Reserve. Out of
164 samples from green monkeys, 125 were positive,
with an overall prevalence of 76.2%. This high prev-
alence could be linked to the social structure of green
monkeys and interactions with other groups of mam-
mals, encounters especially in feeding areas and risky
behaviors such as delousing accompanied by ingestion
of parasites taken from the genital are [8]. A similar
study carried in Tai National Park (Céte d’Ivoire) on
seven Cercopithecidae, shows a fairly high prevalence
of infestations of these different species of primates
which varies between 65.22% and 86.96% [7]. This
high prevalence compared with our findings could be
linked to the climatic conditions of the study area, and
particularly the temperature and humidity, favorable
to the development of free infesting stages, especially
since the samples were taken at the end of the rainy
season in Bandia.

A total of six species of parasites have been
found in animals, unlike other studies carried out by
some authors in primates who found 12 species of par-
asites in Rubondo National Park (PN) in Tanzania [9].
Thirteen species of parasites have been identified in
Mahale NP in Tanzania [10], and 14 species of para-
sites have been found in monkeys of the Kibale Forest
in Uganda [11,12]. In these studies, species of trem-
atodes and cestodes were also found. This is most
likely linked to the fact that the trematodes and the
majority of cestodes, with the exception of H. nana,
need intermediate hosts, absent in the Bandia Reserve.

Among the six species of parasites, two
were zoonotic, which are E. histolytica/dispar and
Strongyloides spp., respectively, with a prevalence
of 13.41%+5.2% and 6.7%+3.8%. Indeed, sev-
eral similar studies carried out in primates show the

presence of these zoonotic parasites in the stools of
primates [13-15]. Non-human primates are known to
be the main hosts of S. stercoralis and, in particular,
Strongyloides fuelleborni. Monkeys become infected
by ingestion of food or water contaminated by para-
sites or by skin penetration by infectious third instar
larvae [16,17]. During a massive infestation with
Strongyloides, severe gastroenteritis, hepatitis, pneu-
monia, and myocarditis appear in both primates and
humans [18]. Mortalities can be observed if adequate
treatment is not carried out. As regards E. histolytica/
dispar, contamination is only carried out orally, fol-
lowing ingestion of cysts which have retained their
infectivity potential. In the event of an infestation, it
is possible to observe chronic colitis which is some-
times bloody, the course of which is generally fatal
in primates than in humans [19]. In Céte d’Ivoire, the
previous studies recorded a high prevalence of intesti-
nal parasitic infestations during research on intestinal
parasites in rural populations living near Tai National
Park. Indeed, this study demonstrated presence of
21 parasites, including 10 with zoonotic potential
[20]. These are among others certain parasites such as
E. histolytica/dispar, S. fuelleborni, S. stercoralis, and
G. duodenalis.

As monkeys share space with human in this
reserve, mainly in the restaurant, this situation could
be risky for visitor as parasite transmission could
occur.

In the study, the other parasites found were
amoeba and E. coli, I. butschlii, E. nana, and E. hart-
manni have been identified in monkey stool. Amoeba
is common in non-human primates which are a well-
known reservoir [8]. Protozoa, in particular amoeba,
are parasites which most often infest primates [15].
E. coli had the highest rate among the parasites diag-
nosed with a prevalence of 54.27%+7.6%. In fact,
E. coli is the usual and most widespread parasite in
primates [4]. However, the description of these par-
asitic agents should not be neglected even if they are
qualified as low pathogenic. They could, nevertheless,
be shared between primates and humans.

Conclusion

Our study provides basic data on gastrointestinal
parasites of green monkeys living in freedom in the
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Bandia Reserve. More specifically, we are providing
firsthand information on these populations of pri-
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