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Abstract 

Background: A study was undertaken to determine

 gastrointestinal (GI) parasites commonly found in Malaysia’s non- human 

primates (NHP) living in three different types of populations (wild, urban, and captive) and 

the basis of major GI parasites of zoonotic importance. 

Methods: A total of 308 samples was collected

 and microscopically screened from the NHP in the wild (n = 163), 

urban (n = 76), and captive (n = 69) populations. The samples were taken from 12 species of 

local NHPs. 

Results: At least, 44 species of GI parasites comprising

 of protozoans (seven species), nematodes (26 species), 

cestodes (five species), trematodes (five species), and pentastomida (one species) were 

detected. There were no significant differences for the overall prevalence and no great 

differences in GI parasite species among the wild, urban, and captive NHP populations. 

Conclusion: The most common GI parasite was Ascaris spp. (49.7%), followed by 

Oesophagostomum spp. (26.9%), and 31 species discovered in this study are of known public 

health importance. 
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1 | INTRODUCTION 

Parasitisms in non- human primates (NHP) are influenced by both biotic and 

abiotic factors as well as the biology and ecology of the parasites.1 Many 

studies have shown that parasites are frequently transmitted from wild 

NHP or those in captivity to humans in a shared habitat.2-4 Recent 

anthropogenic developments have caused habitat destruction for human 

settlements and urbanization, forest fragmentation, isolated protected 

areas, and altered NHP natural habitat.5,6 Thus, these factors increase the 

connectivity between humans and NHP.7,8 Tourists, researchers, animal 

keepers, rangers, guides, and unintentional human contacts such as 

poachers, loggers, and villagers are important sources of parasite exposure 

when they are exposed with captive, wild, and urban NHP.9 

Because of increasing human connectivity and the potential for disease 

transmission between humans and NHP, further detailed investigations of 

parasite ecology in NHP are warranted, especially at the sites that currently 

do not have information regarding the diversity and prevalence of 

parasites.10 Understanding the evolutionary and ecological linkage between 

NHP and their parasites has to be considered because some parasites can 

be viewed as indicators of species that are potentially of imminent threats 

to NHP conservation.11,12 

Detailed studies on gastrointestinal (GI) parasites in the wild,13-19 

urban,20,21 and captive15,17,18,22-24 populations of NHP worldwide have been 

conducted from previous researches. One similar study based on the 

intestinal parasites of free- ranging, semi- captive, and captive Pongo abelli 

in Sumatera, Indonesia, has been conducted but  

J Med Primatol. 2018;1–10. wileyonlinelibrary.com/journal/jmp © 2018 John Wiley & Sons A/S. 
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none in Malaysia.25 Besides that, little information is known on the 

prevalence of GI parasites in the NHP in Malaysia.26-28 There is a grave lack 

of similar studies related to the survey and the prevalence of GI parasites in 

different NHP populations, and most were reported on the captivity26-28 and 

wild populations of NHP.29-31 None of the studies were related directly with 

GI parasites on urban cases except for individual case reports in 

Malaysia.32,33 Although some basic data on the 

diversity and prevalence of parasites are available, a limited number of NHP 

species and/or GI species was investigated.26-31 Such studies will not only 

benefit preventive medicine, but also in captive NHP management and 

conservation of the wild population. 

In order to obtain more information on the influence of GI parasites on 

NHP in Malaysia and possible cross- transmission of these parasites, the 

determination of parasite prevalence of wild, urban, and captive NHP was 

investigated as a main objective of this study. We hypothesized that there 

are differences for the overall prevalence of GI parasites of NHP and there 

are great differences in the GI parasite species among the wild, urban, and 

captive populations. This study also presents checklist on the taxonomic 

identity of the GI parasites, number of individuals of a host species infected 

with a particular parasite species, number of hosts examined, and the 

prevalence of GI parasites in the host species of NHP. 

2 | MATERIALS AND METHODS 

2.1 | Humane care guidelines 

All sampling procedures and methods

 conducted complied with the rules, regulations, and ethical 

standards in the treatment of the animals as laid down by all the relevant 

wildlife authorities in Malaysia as well as the

 guidelines by the Institutional Animal Care

 and Use Committee (IACUC), University of

 California, Davis, USA, as adopted by the PREDICT 

Project (No. 16048) Program in Malaysia and under collaboration between 

Department of Wildlife and National Park (DWNP),

 Malaysia, and Eco- Health Alliance. All

 procedures were reviewed and permitted by Malaysian national laws. For 

fecal collection, the rules and regulations on wildlife and animal welfare was 

taken into consideration. 

http://www.wileyonlinelibrary.com/journal/jmp
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2.2 | Study areas and subjects 

This study was conducted in nine locations throughout Peninsular Malaysia 

and Malaysian Borneo (Sabah and Sarawak) from February 2012 to June 

2013. Each three locations were represented and selected based on three 

different targeted types of NHP populations. The NHP populations were 

categorized as wild, urban, and in captivity. The localities were

 Penang National Park, Kinabatangan Wildlife Sanctuary, 

and Bako National Park (wild population); Langkawi Island, Perak

 State, and Selangor State (urban population);

 and Taiping Zoo, National Zoo, and Melaka Zoo (captive population; Figure 

1). The study sites were selected based on accessibility and initial efforts to 

investigate possible interaction of wildlife and potential zoonotic disease 

transmission near the study areas especially for the wild

 and captive NHP population. As for

 the urban NHP population, the study sites were selected 

based on conflict management of human- monkey programs in 

collaboration with the DWNP, Malaysia. All samples from

 all three types of population were

 collected throughout time period, and the samples were not collected 

based on each season, whereas in Malaysia, there are wet and dry in a year 

because the main objective of this study did not include the different 

seasonality. 

2.3 | Sample collection and parasitological analysis 

Fecal samples of live NHP and GI tract (stomach, small intestine, and large 

intestine) of dead NHP were collected and examined for GI parasites, and 

the field parasitology techniques were following a standard method by 

Gardner.34 Fecal samples in wild populations were randomly collected 

opportunistically by following the NHP until defecation occurred. In general, 

the movements of free- ranging NHP were followed twice a day, starting 

from 0600 to 1130 in the morning and from 1600 in the afternoon until night 

fall. Upon observing that a NHP has defecated, a sample of the feces was 

immediately collected and placed in labeled plastic vials or ziplock plastic 

bags. Each sample was labeled with the date of collection, location, name 

of collector, and NHP species. Precautions were taken when collecting fecal 

samples in that only distinct droppings were collected. Each dropping would 

therefore represent a single sample from a NHP. To prevent the eggs from 

hatching, samples collected on the field were

 either placed in the refrigerator at

 −40°C or preserved in 10% buffered formalin. Fecal samples were 

subsequently transported to the

 Invertebrate and Parasitology Laboratory in

 Universiti Malaysia Sarawak (UNIMAS), Kota Samarahan,

 for the identification of GI parasites. 

For the urban population, samples were collected by trapping NHP using 

large steel cages (2.5 m [height] × 2.5 m [length] × 2.5 m [width]) that were 

placed and set up near human settlements in urban areas that received 

complaints on monkey disturbance. The traps, set up for a month, were 

baited either with banana or bread and checked once a day. Once a group 

of NHP was trapped inside the cage, the animals were transferred to small 

cage traps (0.5 m [height] × 1.0 m [length] × 0.5 m [width]) and brought to 

the DWNP laboratory for sedation process. Only NHP that cause serious 

damage to properties and imposed a threat to human safety were 

euthanized during this study. The culling procedure followed approved 

animal ethics by DWNP and was done by highly trained personnel in human- 

NHP conflict in Malaysia. The animals were anesthetized using excessive 

intravenous injections of sodium pentobarbital (Dorminal®) within doses 40- 

50 mg/kg, however, before that they were tranquilized using injections of 

ketamine (doses 10 mg/kg) individually for starting and maintaining 

anesthesia. The trapped NHP were confirmed dead first by ensuring no 

heartbeat on the animal and then were identified individually, and body part 

measurement such as tail, ear, hind foot, total length, body weight, and sex 

 

FIGURE 1 Map of nine localities of the study sites in Malaysia 
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was recorded. Blood, fecal, small and large intestines, stomach, and 

mesenteric vessels were collected. The sample was shared between the 

DWNP research unit and for this study. Samples such as the stomach, small 

intestine, and large intestine were placed separately in ziplock plastic bags, 

labeled, and stored in the DWNP laboratory refrigerator at

 −40°C for further studies. 

Meanwhile, collection of fecal samples from the captive population was 

carried out in the morning with the assistance of the animal’s handler 

(keepers). Fecal samples were collected randomly from the groups of NHP 

in same cage if the number of NHP more than 10 individuals while if the NHP 

in cages for each species was <10, each fecal was

 collected individually. Approximately 10- 15

 g of fresh fecal samples was collected and stored in 

sterile plastic vial or ziplock plastic bags from each individual NHP in each 

zoo. The samples were labeled indicating its name, sex, species, and date of 

collection. Then, all samples were kept inside an ice cooler and transported 

to the Invertebrate and Parasitology

 Laboratory in UNIMAS, Kota Samarahan, for the 

examination of GI parasites. Only fecal samples of Malaysian NHP species 

were collected in this study. 

Three standard parasitological analyses were included in this GI parasite 

examination. The analyses were fecal floatation and sedimentation (for 

fecal samples) and opportunistic necropsy (for GI tract samples) following 

Gillespie.11 The fecal samples were processed via sodium nitrate floatation 

and fecal sedimentation techniques. Slides were prepared for both methods 

with three slides per fecal sample and examined with compound 

microscope under the magnifications of 40×, 100×, 400×, and 1000×. The 

presence of parasites (helminth eggs, larvae, and protozoan cysts) was 

identified based on their morphological characteristics and parameters such 

as color, size, shape of ova, cysts, phases (larvae or adult), and the contents 

in the eggs. Each parasite species per sample was quantified, and the 

representatives were then measured at 400× magnification to the nearest 

0.1 μm. If necessary, a drop of iodine or methyl blue was added onto the 

slide to confirm the presence or absence of protozoan cysts. Images of 

unknown and representative parasite species were captured for later 

identification and comparison. GI parasites were identified to genera and 

species levels when possible using available keys, published taxonomic 

drawing, and references.35-38 

For the opportunistic necropsy method, the GI tract was cut, opened, 

washed thoroughly with water, and the mucous membrane carefully

 rubbed to remove any worms. A small

 amount of yield from the wash was slowly poured onto 

wire- mesh stackable sieves (top screen 0.15 mm (covering adult worms) 

and bottom screen 0.038 mm (covering immature worms). The material was 

washed on the screen until clear water passed

 through. After washing all the material in a similar 

way, each screen was inverted and washed with any adhering material 

deposited into a separate container. The surface of the GI tract was carefully 

examined using a dissecting microscope for parasites that

 remain attached. Any helminth collected from the GI tract 

was washed with 1% saline. Each helminth such as nematode, trematode, 

and cestode was preserved in 75% ethanol. All GI

 parasites were identified until the species level

 using available keys, published taxonomic drawings, and 

references.39-41 

2.4 | Statistical analysis 

Non- parametric test for statistical analysis was used in this study because 

the data were not normally distributed. The data were not normally 

distributed because based on the normality test, Shapiro- Wilk test (N < 

2000) showed a P- value > 0.05. The parasite infections were described as 

prevalence, intensity of infection (or abundance), richness, and multiple 

infections. Prevalence was referred to as the number of hosts infected 

(NHP) with one or more individuals of a particular parasite species (or 

taxonomic group) relative to the number of hosts examined.42 Multiple- 

species infections were measured as the proportion of individuals in the 

population with more than one species of parasites. GI parasites species 

richness was measured from the number of unique GI species recorded 

from the hosts’ (NHP) fecal samples.7 The frequencies of multiple- species 

infections in individuals were useful as indicators to impact the host 

population because multiple- species infections were associated with a 

greater potential for morbidity and mortality.43 The comparison of the 

overall prevalence of GI parasites from the wild, urban, and captive

 NHP populations was done using Kruskal-

 Wallis and Friedman test.44 Then, for individual prevalence of 

all parasites, chi- square (χ2) test was applied for non- parametric data. 

These analyses were conducted using SPSS Statsistic V21 software (United 

States) to determine the significant differences in relation between the 

species of NHP and among wild, urban, and captive NHP populations,44 and 

the level of significance was at P- value < 0.05. 

3 | RESULTS 

A total of 308 fecal samples and

 GI tract from 77 individuals from 12 species of 

NHP were obtained. The Nycticebus coucang (Lorisidae), Macaca 

arctoides, M. fascicularis, M. nemestrina, Nasalis larvatus, Presbytis 

rubicunda, Trachypithecus cristatus, T. obscurus (Cercopithecidae), 

Hylobates agilis, H. lar, Symphalangus syndactylus (Hylobatidae), and Pongo 

pygmaeus (Hominidae) were collected and examined for GI parasites. There 

are five species of NHP fecal hosts (M. fascicularis, N. larvatus, P. rubicunda, 

T. cristatus, and T. obscurus) from wild populations; two species of NHP fecal 

hosts (M. fascicularis and M. nemestrina) from urban populations and eight 

species of NHP fecal hosts (N. coucang, M. arctoides, M. fascicularis, M. 

nemestrina, H. agilis, H. lar, S. syndactylus, and P. pygmaeus) from captive 

populations have been obtained and examined for GI parasites detection. 

Fecal samples of 163 individuals were collected from the wild NHP 

population while for the urban and captive NHP populations, a total of 76 
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and 69 individual fecal samples were collected and examined for GI 

parasites, respectively (Table 1). Meanwhile, for the GI tract samples, the GI 

tracts of 76 individuals were collected from the urban population and only 

one from the wild population which was in Bako National Park. The highest 

number of individual samples collected in this study was from M. 

fascicularis, with a total sample of 106, followed by N. larvatus (79 individual 

samples) and T. obscurus (32 individual samples). The lowest individual 

sample collected was H. agilis with only three individual samples. 

Out of 308 samples of NHP examined, 276 (89.6%) of them were 

infected by at least one species of GI parasite. Two major groups were 

recognized in this study namely protozoans and helminths. The helminths 

were divided into four major classes: nematodes, cestodes, trematodes, and 

pentastomida. Nematode class (helminths) formed the most

 commonly found GI parasites on NHP. A

 total of 29 genera and 44 species of GI parasites 

were identified in the feces of the 12 species of NHP sampled. They 

consisted of seven protozoans, 26 nematodes, five cestodes, five 

trematodes, and one pentastomida species. 

Most species of GI parasites identified were nematodes with a majority 

of them observed and detected as parasite eggs through 

coproparasitological technique where only a few were adults. The adults 

were detected in 39 out of 77 individuals (50.6%) of NHP, they belonged to 

11 species (Table 1), and they are detected through opportunistic necropsy 

technique. Only Armillifer sp. was found and detected in the mesenteric 

vessels while other species were found and detected in the GI alimentary 

tract such as the stomach, small and large intestines, and colon. Throughout 

both parasitological technique (fecal and opportunistic necropsy 

techniques), a total of 34 species of GI parasites have been detected through 

coproparasitological technique; meanwhile, for opportunistic necropsy 

technique, only 11 species of GI parasites were identified (Table 1). 

The most prevalent GI parasite infection was Ascaris spp. (49.7%), 

followed by Oesophagostomum sp. (26.9%), Trichuris trichiura (25.0%), and 

Strongyloides sp. (23.4%). Excluding H. agilis host, Ascaris spp. was recorded 

in all NHP species. There was no significant difference for the overall 

prevalence of GI parasites among the wild, urban, and captive

 populations of NHP. The results of

 the Kruskal- Wallis test indicated that there was no 

significant difference in the medians, χ2 (df = 2, N = 132) = 1.001, P = 0.606. 

Meanwhile, the results of the Friedman test also indicated that there was 

no statistically significant difference between the mean of the related 

populations χ2 (df = 2, N = 44) = 4.23, P = 0.120. In addition, all individual 

species of GI parasites prevalence showed no significant differences among 

the wild, urban, and captive NHP populations. 

In general findings related to taxonomic groups of GI parasite infection 

to the number of samples examined, the highest total protozoan infections 

were in the wild NHP population (N = 11). The wild NHP population was 

mainly infected by nematodes (N = 149) and cestodes (N = 3). The total 

trematode and pentastomida infections were higher in the urban 

population with 7.9% (N = 6) and 11.8% (N = 9), respectively (Table 1). Thirty- 

one species out of 44 species of GI parasites identified were known as 

medical importance. 

Out of 163 individual samples collected in the wild population, 149 

(91.4%) samples were positive for one or more parasites. Similarly, out of 

76 individuals’ samples collected from the urban population and examined 

for different GI parasites, 73 (96.1%) samples were positive for one or more 

parasites. Meanwhile for the captive population, out of 69 individual 

samples collected and examined, only 54 (78.3%) samples were positive for 

one or more parasites (Table 1). In the wild population, the highest multiple 

infections per individual were two parasites (30.1%)

 (Table 2). As for comparison between the 

urban and captive populations, the highest multiple infections per individual 

in urban were one and two parasites’ infection per individual with 27.6% 

infection while for captive, one parasite infection per individual was the 

highest percentage of infections recorded during this study with 39.1% 

infections (Table 2). 

TABLE 1 Comparison of GI parasite prevalence in wild, urban, and captive NHP populations through coproparasitological and opportunistic necropsy 

technique in Malaysia 

Prevalence of GI parasite (%) 

 

Wild NHP  

 population  Urban NHP  Captive NHP  

GI parasites species (n = 163) population (n = 76) population (n = 69) χ2 df P- value 

(a) Coproparasitological technique 

Protozoa       

Balantidium sp.a 0 0 1 (1.4) 0.33 1 0.56 

Blastocystis spp.a 4 (2.5) 0 1 (1.4) 0 2 1 

Cryptosporidium spp.a 2 (1.2) 0 0 0.33 1 0.56 

Cyclospora spp.a 3 (1.8) 4 (5.3) 0 0 2 1 

Entamoeba histolytica/dispara 0 0 1 (1.4) 0.33 1 0.56 

Entamoeba spp.a 2 (1.2) 1 (1.3) 7 (10.1) 0 2 1 



6  |     ADRUS et Al. 

Isospora spp.a 0 2 (2.6) 0 0.33 1 0.56 

Nematodes       

Anatrichosoma sp.a 0 0 1 (1.4) 0.33 1 0.56 

Ascaris spp.a 82 (50.3) 61 (80.3) 28 (40.6) 0 2 1 

Capillaria spp.a 5 (3.1) 0 0 0.33 1 0.56 

Enterobius spp.a 2 (1.2) 0 0 0.33 1 0.56 

Heterakis spp. 0 4 (5.3) 0 0.33 1 0.56 

Hookworma 41 (25.2) 13 (17.1) 7 (10.1) 0 2 1 

Meloidogyne spp. 0 0 9 (13.0) 0.33 1 0.56 

Oesophagostomum spp.a 56 (34.4) 17 (22.4) 10 (14.5) 0 2 1 

Oxyuris spp. 1 (0.6) 0 1 (1.4) 0.33 1 0.56 

Parascaris spp.a 0 1 (1.3) 2 (2.9) 0 2 1 

Physaloptera spp.a 2 (1.2) 1 (1.3) 3 (4.3) 0 2 1 

Rhabditis sp. 1 (0.6) 0 0 0.33 1 0.56 

Strongyloides stercoralisa 3 (1.8) 0 0 0.33 1 0.56 

Strongyloides spp.a 28 (17.2) 27 (35.5) 17 (24.6) 0 2 1 

Trichostrongylus spp.a 10 (6.1) 1 (1.3) 5 (7.2) 0 2 1 

Trichuris trichiuraa 65 (39.9) 3 (3.9) 3 (4.3) 0 2 1 

Trichuris spp.a 24 (14.7) 1 (1.3) 2 (2.9) 0 2 1 

Unidentified nematode 1 0 1 (1.3) 0 0.33 1 0.56 

Unidentified nematode 3 1 (0.6) 0 0 0.33 1 0.56 

Cestodes       

Bertiella sp.a 0 0 1 (1.4) 0.33 1 0.56 

Diphyllobothrium sp.a 1 (0.6) 0 0 0.33 1 0.56 

Hymenolepis spp.a 2 (1.2) 0 1 (1.4) 0 2 1 

Trematodes       

Clonorchis spp.a 0 6 (7.9) 0 0.33 1 0.56 

Fasciola sp.a 1 (0.6) 0 0 0.33 1 0.56 

Schistosoma japonicuma 0 0 1 (1.4) 0.33 1 0.56 

Schistosoma spp.a 4 (2.5) 0 2 (2.9) 0 2 1 

 Stellantchasmus sp.a 0 0 1 (1.4) 0.33 1 0.56 

(Continues) 

TABLE 1 (Continued) 
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Prevalence of GI parasite (%) 

 

Wild NHP  

 population  Urban NHP  Captive NHP  

GI parasites species (n = 163) population (n = 76) population (n = 69) χ2 df P- value 

(b) Opportunistic necropsy technique    

Nematodes 

Enterobius (Colobenterobius) serratus 1 (0.6) 0 0 0.33 1 0.56 

Enterobius vermicularisa 0 3 (3.9) 0 0.33 1 0.56 

Oesophagostomum apiostomuma 0 25 (32.9) 0 0.33 1 0.56 

Strongylus sp. 1 (0.6) 0 0 0.33 1 0.56 

Trichuris trichiuraa 1 (0.6) 5 (6.6) 3 (4.3) 0 2 1 

Unidentified nematode 2 0 1 (1.3) 0 0.33 1 0.56 

Unidentified nematode 4 0 1 (1.3) 0 0.33 1 0.56 

Unidentified nematode 5 0 1 (1.3) 0 0.33 1 0.56 

Cestodes       

Unidentified cestode 1 0 1 (1.3) 0 0.33 1 0.56 

Unidentified cestode 2 0 1 (1.3) 0 0.33 1 0.56 

Pentastomida       

Armillifer spp.a 0 9 (11.8) 0 0.33 1 0.56 

Total protozoan infection 11 (6.7) 7 (9.2) 10 (14.5) — — — 

Total class nematode infection 149 (91.4) 70 (92.1) 52 (75.4) — — — 

Total class cestode infection 3 (1.8) 2 (2.6) 2 (2.9) — — — 

Total class trematode infection 5 (3.1) 6 (7.9) 4 (5.8) — — — 

Total class pentastomida infection 0 (0) 9 (11.8) 0 (0) — — — 

Total GI species 24 23 21 — — — 

Total infections 149 (91.4) 73 (96.1) 54 (78.3) — — — 

GI, gastrointestinal; NHP, non- human primates. 

a Zoonotic GI parasites.  

(Not significant). 

Gastrointestinal parasite multiple infections ranged between one and 

seven per individual, and the highest score for multiple infections per 

individual was seven species of GI parasites per individual recorded in the 

wild population with two individuals infected. In the captive and 

populations, the maximum number of GI parasite species per

 individual samples was six (Table 2). Among

 the individual samples examined, the captive population showed 

the maximum number of negative or no parasites recorded during this study 

with a total of 15 (21.7%) individual samples compared to the wild and 

urban populations with only 8.6% and 3.9%, respectively. In terms of GI 

parasite species richness, the highest recorded was the wild population with 

a total of 24 species, followed by the urban population (N = 23) and the 

captive population (N = 21) (Table 2). 

4 | DISCUSSION 

To our knowledge, this study was the first to report on GI parasites’ 

comparison in the wild, urban, and captive populations of NHP in Malaysia. 

The main aim was to investigate whether there are variations in the overall 

prevalence of GI parasites and whether there are differences in GI parasite 

species occurrence among the three types of NHP populations in tropical 

rainforests. Based on the results, there was no significant difference for the 

overall prevalence of GI parasites of NHP and there were no great 
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differences in the GI parasite species among the wild, urban, and captive 

populations. 

Gastrointestinal parasites have been reported in previous studies, 

among them NHP species, N. coucang, M. arctoides, M. fascicularis, M. 

nemestrina, N. larvatus, T. cristatus, T. obscurus, H. lar,  

S. syndactylus, and P. pygmaeus,28-31,45,46 except for P. rubicunda and H. 

agilis. Thus, this study showed the first report on the examination for GI 

parasites for P. rubicunda and H. agilis. 

Two major groups (protozoan and helminths) and four classes from the 

helminths group, namely nematodes, cestodes, trematodes, and 

pentastomida were major taxa groups of GI parasites that infect NHP during 

this study. This current finding is consistent with those reported as infecting 

NHP species in Malaysia26-31 and asites, 6 = six parasites and 7 = seven parasites. 

worldwide.13,25,41,47 Thus, all taxa groups recorded in this study were 

common groups infecting NHP and other animals including humans. 

Nematodes were the highest prevalence group recorded as infecting NHP in 

this study. This finding was congruent with previous studies because this 

group was reportedly the highest group to infect NHP worldwide compared 

with other groups of parasites.28-31,46,48 Furthermore, nematodes (helminth) 

were known as a group of parasites that are commonly found in the GI tract 

apart from the protozoan group.49 Among the groups

 of GI parasites, nematode, cestode, and trematode 

classes are known as medically important helminths.49,50 

Most of the GI parasite species collected in this study were found and 

reported infected NHP in previous studies in Malaysia.28-31,51 However, 

except for Cyclospora spp. and Isospora spp. (Protozoa), Capillaria spp., 

Heterakis spp., Meloidogyne spp. Parascaris spp., Physaloptera spp. and 

Strongylus sp. (nematodes), Diphyllobothrium sp. (cestode), 

Stellantchasmus sp. (trematode), and Armillifer spp. (pentastomida) were 

the first to be reported on NHP in Malaysia. This is because various and 

diverse species of GI parasites may exist and they may not have been 

discovered yet. Malaysia was recognized as a hot spot for diversity;52 

therefore, there are probabilities why some species were not covered in 

previous studies. It could either be the species were under- represented or 

the species appeared as new additions recorded in present studies. In 

addition, there are also protozoa parasite groups such as Cyclospora spp. 

and Isospora spp. has been recorded in this study, and this finding is possible 

because this protozoan genus is known as a parasite that transmitted by 

food and water.50,53 Hence, the NHP in the study area is most likely to be 

infected by the parasite through eating and drinking contaminated by both 

protozoan parasites. Other GI parasites such as Capillaria spp., Heterakis 

spp., Parascaris spp., Physaloptera spp., and Strongylus sp., it is also likely 

to be reported in this study because as we know the transmission of most 

GI parasites can be transmitted to the host which in this contact is NHP in 

the event of direct or indirect transmission to the soil that has been 

contaminated by these kinds of GI parasites. 

A total of 21 species of GI

 parasite of NHP were recorded and

 represented in the captive population during this study. Compared to a 

study at a zoo in Malaysia, from 16 species of NHP examined, only six species 

of intestinal parasites were recorded.28 All GI parasite species 

in this study were previously described in the captive population of NHP in 

Malaysian zoos, namely, hookworms, Balantidium sp., Ascaris spp., Trichuris 

spp., and Blastocytis sp. except Cryptosporidium sp.28 Meanwhile, the rest 

of the species are the first to be reported in the captive population of 

Malaysia. 

Based on previous studies on GI parasites of NHP in the wild population 

in Malaysia, only nematode infection was prevalent in their survey.29-31 In 

this study, 24 species of GI parasites were identified. This is in comparison 

with previous studies; only 12 species,29 three species,30 and 14 species31 of 

GI parasites were recorded and identified. Other GI parasites found in this 

study corresponded with previous studies,29-31 with the exception of some 

parasites not found in this study. Interestingly, the previous presence of new 

species of Pongobius foitovae (Nematode: Oxyuridae) in wild population 

was reported.30 However, in this study, this new species was not found. In 

addition, the presence of plural species of non- Enterobius pinworm 

(Pongobius foitovae) was a remarkable feature of orangutan- pinworm 

relationship. The finding may reflect the speciation process of the 

orangutans’ GI parasites (meaning this parasite may be host specific to 

orangutans).30 

In the urban population, a total of 23 species of GI parasites was 

recorded in this population during this study. This is the first report on 23 

species of GI parasites in the urban population of NHP in Malaysia. No 

similar surveys on GI parasites of NHP in the urban population had been 

done except for individual case reports in Malaysia.32,33 Compared to a 

similar survey on the urban population of NHP in human settlements of 

Mole National Park, Ghana, where a survey on GI parasites of Olive Baboons 

(Papio anubis) was conducted, only eight species of GI parasites were 

reported in their study.20 The differences in GI parasites reported may be 

TABLE 2 Comparison of prevalence of single and multiple infections of GI parasites in wild, urban, and captive populations of NHP 

NHP population N 

Prevalence of multiple infection score 

(%) 

0 1 2 

 

3 4 5 6 7 

GI parasite 

species 

richness 

Wild 163 14 (8.6) 45 (27.6) 49 (30.1) 34 (20.9) 17 (10.4) 1 (0.6) 1 (0.6) 2 (1.2) 24 

Urban 76 3 (3.9) 21 (27.6) 22 (28.9) 11 (14.5) 13 (17.1) 5 (6.6) 1 (1.3) 0 (0) 23 

Captive 69 15 (21.7) 27 (39.1) 13 (18.8) 11 (15.9) 2 (2.9) 0 (0) 1 (1.4) 0 (0) 21 

GI, gastrointestinal; NHP, non- human primates. 

Score value: n = Total no of samples examined, 0 = no parasite, 1 = one parasite, 2 = two parasites, 3 = three parasites, 4 = four parasites, 5 = five par- 
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caused by different sample sizes covered and the difference in climate and 

habitat of the area studied. However, among the GI parasites recorded in 

the present study compared with a study by Ryan et al,20 only two genera of 

the GI parasite species were recorded similarly in both studies, namely, 

Strongyloides sp. and Oesophagostomum sp. Both genera were known as 

common nematode infection reported in NHP worldwide;53 thus, the 

species finding was significant in this study. Interestingly, adult Armillifer sp. 

(pentastomida) was only found in this population. This species was found in 

the mesenteric vessel of nine individuals of dead NHP. This species, 

however, commonly live in the respiratory tract of snakes and other 

reptiles.54 Conversely, this species had infected the NHP species, M. 

fascicularis in this study. This infection in NHP could occur after accidental 

ingestion of infective ova, which were shed into the environment by snake 

secretions and feces.55 Moreover, this species was also known as zoonotic 

parasites which were reported to infect humans in Malaysia.55 

The captive population of this study showed 15 individuals out of 69 

individuals of sampled examined are with negative result of GI parasites 

present. This finding was consistent because in captive population, the 

animals are subjected to preventive medicine that their hygienic and 

diseases are controlled by their keeper either in their diet or in the safety of 

their cages.18,22,25,28 Thus, that is why in the captive population, it was 

predicted that the prevalence of GI parasites was lower

 compared to the other populations.

 Additionally, the apparent species’ vulnerability to various species 

of GI parasite infections in this study could be due to the fact that some 

species of NHP were kept in the same cage at all three zoos and therefore 

making them prone to sharing infections and thereby giving a wrong 

impression of the species’ vulnerability. 

Of all the parasites found, 31 species discovered in this study are of 

known public health importance.56-60 The species have been recognized as 

zoonotic parasites and have been found to infect humans and other 

animals.16,53,57-60 Some species collected in this study were also known to be 

of medical importance to humans.53,58 Some species of GI parasites 

identified have been known as non- pathogenic parasites such as 

Entamoeba sp. and Blastocystis sp.25,61 However, this finding cannot be 

exclusive for measures to be taken with regard to host health monitoring in 

the conservation of NHP. This is because all other parasites can become 

pathogenic when the host defense mechanism fails as a result of pregnancy, 

stress, old age, poor physical condition, or disease.25 On the other hand, 

since NHP and humans are susceptible to many of the same generalist 

parasites which are capable of infecting more than one host species, there 

is a possibility for the pathogenic parasites in this study to infect humans 

that come in contact with NHP.62 

Even though there are no death statistic cases or transmission of 

diseases caused by zoonotic GI parasites between humans and NHP in 

Malaysia, there is a need to take precautions when handling or interacting 

with those species of NHP in Malaysia. The presence of zoonotic GI parasites 

in this study was only an indication of potential risks to humans who interact 

directly or indirectly to NHP and probably exposed to those potential 

implications. To confirm the actual risk, there is a need to determine 

whether humans or vice versa in the area have been reported to be infected 

with any diseases caused by zoonotic GI parasites and the capability of the 

parasites to cause severe or death to humans in Malaysia. Further surveys 

need to be carried out for a long period in order to build up an extensive 

wealth of information on various aspects such as trend of host- parasite 

relationship, changing patterns of habitat distribution, climate change, and 

species composition through time. 

5 | CONCLUSIONS 

In conclusion, all 12 species of NHP in the three contrasting populations had 

GI parasite infections. Forty- four species of GI parasites were identified, 

there was no significant difference for the overall prevalence of GI parasites 

of NHP, and there were no great differences in the GI parasite species 

among the wild, urban, and captive populations. This study produced the 

first report and list of GI parasites and their host NHP in nine selected areas 

representing three different groups of populations. This knowledge and 

information could contribute further to the existing knowledge on GI 

parasites and their preferred population in the Malaysian region. 
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