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ABSTRACT: Fecal samples from 55 free-ranging olive baboons (Papio
anubis) in Mole National Park, Ghana, were collected 22 June–7 July 2008
and analyzed for gastrointestinal parasites. This is the first survey of
baboon gastrointestinal parasites in Ghana and provides baseline data for
this area. Ninety-three percent of samples were infected, leaving 7% with
no parasites observed. Of those infected, there was a 76% prevalence
of strongyles, 53% Strongyloides spp., 11% Abbreviata caucasica, 62%
prevalence of Balantidium coli (trophozoites and cysts identified), 4%
Entomeba hystolytica/dispar, and 47% unidentified protozoan parasites.
Of the strongyle infections, 9% were identified as Oesophagostamum sp.
One sample contained an unidentified spirurid nematode that resembled
Gongylonema sp. Mole has a mixed forest-savanna habitat, and baboons
frequently range into human areas, which makes them subject to parasites
from each habitat and multiple sources of exposure. We found a high
prevalence of nematode parasites, consistent with a wet or cooler forest
environment, or high rates of fecal contamination. The presence of
Strongyloides sp., E. hystolitica/dispar, and B. coli suggest potential public
health risk from baboons, but molecular identification of these parasites,
and documentation of their presence in local human populations, would
be necessary to confirm zoonotic transmission.

baboons are thought to depend on a combination of climate and habitat;
i.e., high aridity is unfavorable to parasites with free-living, exposed
stages, while human contact, potential interspecific exposure, and
concurrent infections augment parasite levels (Bezjian et al., 2008).
Mole is an open woodland savanna, with patches of riparian forests and
substantial tree cover in middle and upslope savanna (Bowell and Ansah,
1994). While largely unstudied, the fauna of Mole represents a
combination of forest and savanna characteristics (Eggert et al., 2002),
which may, in turn, influence the suite of parasites they harbor. The
baboons range throughout the park and into human-use areas both inside
(staff village, school) and on the park’s edge. We observed them in trash
piles (Fig. 1a), kitchens, local water supplies, and feeding with warthogs,
elephants, and domesticated turkeys (Fig. 1b). Thus, they experience a
range of habitats, and potential mixed-species parasite exposure, both
domestic and wild.
We surveyed parasites in baboon fecal samples to provide insight into
the diversity of parasites in a population of free-ranging baboons in Mole
and draw attention to the potential spillover and spillback disease vector
they represent. It is important to note that without genetic analyses, we
cannot assess zoonotic or reverse transmission, as humans and nonhuman primates may be infected with closely related parasites that are
morphologically similar and not shared (de Gruijter et al., 2005).
Mole National Park is the largest park (4,840 km2) in Ghana, situated in
the Northern (Damongo) Region (9u119–10u69N, 01u229–02u169W, 150 m
a.s.l; Fig. 2). It is classified as Guinea savanna or open woodland savanna,
with patches of savanna, rich forested riparian areas, and substantial tree
cover. During a single wet season (May–October), Mole receives 950–
1,100 mm of annual rainfall (Lawson et al., 1968; Jachmann, 2008; Burton
et al., 2010). Baboon troops were followed in the south of Mole, on the
park’s edge, around the village, school, and forested areas from 22 June to
7 July 2008, between 500 and 1800 hr, from troop resting location to troop
resting location. This ensured that we could identify separate individuals
in separate troops on sequential days. We collected fecal samples from
individuals identified to sex (n 5 55). All samples were collected
immediately after defecation to avoid contamination. Samples were stored
individually in 5.0-ml sterile vials in a 10% formalin solution.
Preserved samples were examined for helminth eggs, larvae, and large
protozoan cysts using fecal sedimentation. To identify small protozoans,
staining was used, with the stained slide examined at 1003 under oil
immersion. Half or one-quarter of a gram (depending on size of the
original sample) of fecal material was processed per Greiner and
MacIntosh (2009), and all the processed material was examined, with up
to 10 slides per sample. Parasites were morphologically identified and
photographed. Measurements were made to the nearest 0.1 mm ± SD
using an ocular micrometer fitted to a compound microscope; parasites
were photographed for further identification and documentation (see
Chapman et al., 2006, for further methodological detail). The presence of
larvae was recorded, but we could not determine whether worms were
free-living; accordingly, larvae were excluded from the analysis. Detailed,
species-level taxonomic accounts of gastrointestinal parasites of most wild
primates are unavailable, so we largely identified parasites to the genus
level. Entamoeba histolytica and Entamoeba dispar have cysts that are
morphologically indistinguishable, so we refer to these as the E.
histolytica/dispar complex.
Of the 55 samples, 51 (93%) were positive for GIPs; 42 (76%) were
infected with strongyles, 29 (53%) with Strongyloides spp., 6 (11%) with
Abbreviata caucasica (5Physaloptera caucasica), 2 (4%) with E. histolytica/
dispar, and 26 (47%) with unidentified protozoan parasites. Strongyle,

The widespread expansion of mesopredators, i.e., predators of
intermediate body size, has resulted in dramatic changes to a variety of
ecosystems (Crooks and Soule, 1999; Prugh et al., 2009). However,
surprisingly little work has considered how the changes in trophic
structure and species interactions created by mesopredator eruptions
may alter the ecology and dynamics of wildlife disease (Dobson et al.,
2006; Keesing et al., 2011). The first step in such an assessment is
surveying the diseases common to rapidly expanding mesopredator
populations, such as baboons (Papio spp.). In Mole National Park
(Mole), Ghana, and many other parks in Ghana and other African
countries, populations of large predators have sharply declined, but
baboons, able to exploit human-altered landscapes, are increasing in
number, increasing in crop-raiding intensity, and even becoming top
predators in their ecosystem (Brashares, 2003; Brashares et al., 2010; Estes
et al., 2011). Here we undertook a survey of the gastrointestinal parasites
(GIPs) of olive baboons (Papio anubis) in Mole National Park (Mole),
Ghana.
An increase in both the abundance and distribution of olive baboons
has been linked to intensified human-baboon interaction and conflict
across much of sub-Saharan Africa (Naughton-Treves et al., 1998;
Webber et al., 2007) and higher levels of intestinal parasites in baboons
and humans living near them (Brashares et al., 2010; Estes et al., 2011).
Baboons are omnivorous and may feed on smaller animals, including
smaller livestock, possibly exposing themselves to novel pathogens (Strum,
1975). Thus, it is important to assess the potential role of baboons as
disease vectors in the spillover and spillback context, particularly along the
edges of protected areas where human-wildlife contact is highest, and the
dynamics of wildlife populations may impact public health (Daszak et al.,
2000; Dobson and Foufopoulos, 2001; Chapman et al., 2005; Wolfe et al.,
2005; Jones et al., 2008; Keesing et al., 2011).
The GIPs of savanna and desert baboons are well documented from
necropsy and fecal surveys, while those of forest baboons are still largely
unknown (Bezjian et al., 2008). Yet forest baboons often interact with
high-density human populations. The type and prevalence of GIPs in
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FIGURE 2. The location of Mole National Park in the north of Ghana,
with an inset of Mole National Park, showing sampling locations in the
south and on the park boundary (black circles).

FIGURE 1. (a) Baboons in a trash pile, Mole National Park, Ghana. (b)
Baboons and warthogs eating kitchen scraps in the staff village, Mole
National Park, Ghana.
Strongyloides sp., and A. caucasica samples were quantified for parasite
burden (eggs/g) and show classic over-dispersion in their frequency
distributions (Fig. 3). Thirty-four of the samples (62%) contained
Balantidium coli (identified from trophozoites and cysts), which is
pathogenic to humans. Five of the samples (9%) contained Oesophagostamum sp., and 1 contained an a nematode resembling Gongylonema sp.
To test for gender effects on parasite prevalence (Fig. 4), we used 2tailed x2 tests. In each test, we had 22 females and 31 males (2 of the 55
individuals were of unknown sex). There was no significant effect of
gender on parasite prevalence for strongyles (x2 5 0.82, df 5 1, P 5 0.37),
Strongyloides sp. (x2 5 3.07, df 5 1, P 5 0.08), B. coli (x2 5 0.16, df 5 1, P
5 0.69), or the unidentified protozoa (x2 5 0.003, df 5 1, P 5 0.96); there
were too few A. caucasica-positive samples for analysis.
We found that 93.0% of the olive baboon fecal samples (n 5 55) were
positive for parasites. There was a moderately high prevalence of
nematodes and protozoans, suggesting relatively high rates of parasite

recruitment. The high prevalence of nematode parasites is consistent with
a wet, or cooler, forest environment, rather than a drier savanna (Bezjian
et al., 2008), or with high rates of fecal contamination, which is possible in
high-use human areas. The prevalence of Strongyloides (53.0%) in this
study was higher than the mean prevalence in P. anubis populations in a
synthetic review of studies of GIPs in Papio spp. (43.1 ± 5.72%; x̄ ± SE.)
(Bezjian et al., 2008, Table II), and the prevalence of A. caucasica in our
sample (11.0%) was lower than observed in P. anubis elsewhere
(Abbreviata 5 Physaloptera sp., observed in P. anubis; 44.0 ± 8.7%; x̄
± SE), (Bezjian et al., 2008). The high protozoan prevalence, particularly
B. coli, suggests potential frequent contact with a domestic environment,
although with a low sample size, we are cautious about interpretation of
comparative prevalence (Jovani and Tella, 2006). Genetic analysis of the
protozoan population in baboons, humans, and domestic animals would
be necessary to determine if zoonotic transmission is occurring.
While B. coli is known to infect olive baboons and other human and
non-human primates (Ash and Orihel, 1997), Weyher et al. (2006) found
much higher levels in crop-raiding baboons than in wild-ranging baboons
in Nigeria. They attributed this to higher anthropogenic exposure and
elevated nutritional status of crop-raiding baboons. Sixty-two percent of
our individuals had B. coli infections, suggesting that these baboons,
known to range into human areas, may be experiencing moderately high
levels of exposure and taking advantage of available nutrition. In addition,
B. coli is known to infect pigs (Schuster and Ramirez-Avila, 2008) and has
been recorded in the north of Ghana (Permin et al., 1999), but, for
religious reasons, pigs are not a common domestic livestock animal at our
site. However, warthogs are in high abundance and frequent contact in
this area.
Over half of the baboons were infected with Strongyloides spp., a
rhabditoid nematode that is relatively common in wild and domestic
animals and has been found in many previous baboon parasite surveys
(McGrew et al., 1989; Munene et al., 1998; Bronsdon et al., 1999; Hahn
et al., 2003; Legesse and Erko, 2004; Weyher et al., 2006; Bezjian et al.,
2008). One concern with Strongyloides spp. is the possibility of infecting
humans. While there are approximately 50 recognized species, and most
are thought to be quite host-specific, an artifact of the study location, i.e.,
isolated hosts, not interacting with alternate potential hosts (Speare,
1989). Two species, Strongyloides fulleborni and Strongyloides stercoralis,
are known to infect humans; the former species occurs in African primates
and is shared with humans (Hira and Patel, 1980). Since we did not
identify the parasite to the species level, we cannot determine if we found
a high prevalence of S. fulleborni, or a mixed infection of Strongyloides,
possibly acquired from multiple sources. Clearly, further research,
including genetic analysis of individual eggs, larvae, or adults, is needed
to determine whether this parasite is a potential public health risk in this
area, and whether this is a single, or multi-, species infection.
We found 1 sample infected with what appears to be Gongylonema sp.
(‘‘Gullet Worm’’), a spirurid nematode that is associated with infection of
the esophagus or rumen of wild, or domestic, ruminants, and has an
indirect life cycle with a beetle as an intermediate host. The species
Gonglyonema macrogubernaculum has been found in non-human primates
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FIGURE 3. Parasite burdens (eggs per g) of strongyles, Strongyloides sp.
and Abbreviata caucasica, showing classic overdispersion curves.
of African origin in captivity (Lubimov, 1931; Craig et al., 1998), but we
have found no previous reports of it in free-ranging baboons. It is possible
that this is a cross-specific infection, picked up from a ruminant through
fecal contamination of food, either in the wild or in a domestic setting.
Entamoeba histolytica is the causative agent of amoebic dysentery and
colitis in humans. It is the second most common parasite infection in
humans for morbidity worldwide (Laughlin and Temesvari, 2005), and
causes 40,000–100,000 human deaths annually (Ackers and Mirelman,
2006). Of an estimated 500 million new amoeba infections annually,
approximately 90% are thought to be due to E. dispar, a morphologically
identical, but non-pathogenic, species (Ackers and Mirelman, 2006).
Entamoeba histolytica has been found to infect many captive primates, but
pathogenicity in wild primates is essentially unknown (Gillespie et al.,
2010). This calls for research into identification techniques for pathogenic
versus non-pathogenic species, and attention to the symptoms and signs of
amoebic dysentery in humans and baboons in shared areas. Given that
baboons in the Mole region are frequently found sharing water sources
and agricultural areas with humans, the transmission of pathogenic
parasites between host species is not just plausible, but likely. While we
identified E. histolytica/dispar in only 4% of the samples, it will be
important to monitor this potential reservoir of dysentery.
In conclusion, we conducted the first survey of gastrointestinal parasites
of olive baboons in Ghana. We found that baboons had moderately high
levels of nematode and protozoan parasites, common to other sites,
suggestive of a mixed forest and savanna habitat. We identified
Strongyloides sp., E. hystolitica/dispar, and B. coli, which may represent
public health concerns for the human areas used by these baboons,
although further research using genetic identification is needed to properly
evaluate this concern. We also found a possible Gongylonema sp.,
suggesting potential cross-species contamination either with domestic or
wild ruminants, the normal hosts. This points to potential wildlife health
concerns as well, as baboon populations continue to increase in number
and range.
This initial gastrointestinal parasite survey highlights a need for further
investigation into (1) more in-depth parasite species identification,
including genetic analyses to assess the risk to local human populations
of baboon fecal contamination; (2) behavioral research into the ranging
behavior of baboons in, and out of, the park, to understand the spatial
extent of spillover and spillback potential; and (3) examination of the
intestinal parasites in alternate wildlife host species in the area.
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FIGURE 4. Prevalence by baboon gender of strongyles, Balantidium
coli, Strongyloides sp., unidentified protozoans, and A. caucasica.
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