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Introduction

The exhibits of captive primates (i.e., non-human pri-
mates, NHPs) are an important highlight for visitors to
zoological gardens. Captive primates, however, are sus-
ceptible to gastrointestinal (GIT) parasitic infections,
which are often zoonotic [2, 8, 21]. Severe GIT helminth
and protozoan infections can lead to blood loss, tissue
damage, spontaneous abortion, congenital malforma-
tions, and death [24]. Numerous studies of GIT para-
sites in both wild and captive primates worldwide [11,
22] report that GIT helminth and protozoa parasites
infect all major NHP groups, including captive animals,
and cause high morbidity and mortality rates [9, 12, 24,
26]. Yet few studies have quantified prevalence data of
GIT parasites in zoos [5, 15, 16, 20], and existing studies
have limited their focus to specific primate species, spe-
cific parasite species, or specific zoos [18, 20]. To date,
little is known about the prevalence of GIT parasitic
infections in captive primates in Chinese zoos [10, 25,

ity. Fecal samples were examined by the means of direct smear, fecal
flotation, fecal sedimentation, and fecal cultures. Of 26.51% (317/1196) of
the captive primates were diagnosed gastrointestinal parasitic infections.
Trichuris spp. were the most predominant in the primates, while Entamoeba
spp. were the most prevalent in Old World monkeys (P < 0.05). These preli-
minary data will improve the management of captive primates and the safety
of animal keepers and visitors.

27]. Systematical studies on GIT parasitic infection in
captive NHPs housed in a larger range of representative
Chinese zoological gardens are demanded for the man-
agement of primates and the safety of animal keepers
and visitors.

Materials and methods

Ethics statement

All procedures were reviewed and approved by the
Wildlife Management and Animal Welfare Committee
of China. During fecal collection, animal welfare was
taken into consideration.

Fecal sample collection and examination

From April 2010 to October 2012, 1196 fresh fecal sam-
ples were collected from twenty-four zoological gardens
for three consecutive days in the morning. The sampled
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feces belonged to 57 primate species within nine families
[3, 9]. The animals were housed either individually or in
groups but species separately. Before fecal collection, the
animals were all separated. Detailed information (i.e.,
sampling times, species, age, sex) was gathered using
double labeling method, which means using a label paper
inside and outside the plastic bags, during the sample
collection. Fecal samples were transferred to plastic bags
and stored at 4°C prior to laboratory analyses.

Fecal samples were examined for the presence of
helminth eggs, larvae, and protozoan cysts by different
methods: direct smear, fecal flotation, fecal sedimenta-
tion, and fecal cultures [7]. Direct smear staining with
Lugol’s iodine solution (0.3% iodine) was firstly used
to detect trophozoites of amoebae and flagellates in
all fecal samples [17]. Eggs, larvae, and cysts were
then scanned under microscope with 10 times and 40
times objectives with the methods of fecal flotation
and fecal sedimentation technique on the basis of their
morphology, shape, color, size, and other visible struc-
tures [19, 26]. Given the sampling collection method
and the detection threshold, McMaster’s technique
was only employed to assess the intensity of Trichuris
spp. infection, with results were expressed as egg
count per gram (EPG) [23]. Analysis of variance (ANo-
vA) test, Duncan’s multiple range test, and Student’s
t-test were conducted using sas software (SAS Insti-
tute, Cary, ND, USA). Statistical significance was set
at P <0.05.
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Results

GIT parasitic infections in NHPs in zoological gardens

Of 1196 fecal samples, 317 (26.51%) were infected
with at least one parasite taxon. Prevalence of GIT
parasitic infections differed amongst the zoos from
3.77% to 100% (Fig. 1A). We detected five nematode
species, one tapeworm species, and three protozoan
species, of which the Trichuris spp. nematodes were
the most abundant clade of parasites (16.30%;
Table 1).

GIT parasitic infections in NHP species

We found that GIT parasites species vary greatly
amongst primate clades (Fig. 1B). For example,
H. nana was the most common parasite infection
amongst the prosimians, while Trichuris spp. were
most prevalent in Old World (OW) monkeys. OW
monkeys also exhibited a higher prevalence of Ent-
amoeba spp. infections than did other primate clades.
Indeed, the prevalence rates of GIT parasitic infec-
tions differed greatly from species to species, with no
parasites in the feces of 22 of the 57 primate species
represented in our collection. We found that Colobus
guereza harbored a significantly higher prevalence of
GIT parasitic infections than other primate species
(P < 0.05).
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Fig. 1 (A). Number of feces sampled and the prevalence of gastrointestinal parasites in captive primates in twenty-four zoological gardens of
China, 2010-2012. Key to zoo name abbreviations: BJ: Beijing, CD: Chengdu, GZ: Guangzhou, SHZ: Shanghai zoo, SHW: Shanghai wild zoo,
CQ: Chongging, LZ: Lanzhou, TY: Taiyuan, XA: Xi'an, JN: Jinan, ZH: Zhengzhou, GY: Guiyang, QL: Qianning, ZY: Zunyi, NN: Nanning, KM: Kun-
ming, KY: Kunming wild zoo, KD: Kunming institute of zoology, NJ: Nanjing, XJ: Xinjiang, CS: Changsha, WH: Wuhan, DL: Dalian, YA: Ya'an.
(B). The prevalence of GIT parasites within four primate clades based on feces obtained from 57 species of primates held captive in twenty-four
zoological gardens of China.
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food, water, and hands. The GIT parasites detected
in this study are amongst those known to represent

human public health concerns (7richuris spp. [8], Ent-

amoeba spp. [8], and G. duodenalis [21]). Hence, our
results highlight that proper precautions should be
taken by the zoological gardens with large number of
animals to mitigate against parasite transmission. This
includes adhering to basic hygiene standards, under-
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