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Abstract

Gastrointestinal (GI) parasites are the most common infectious agents in both humans and
non-human animals. The interaction among humans and a wide variety of animals
including wildlife, companion animals and avian species increases the likelihood of
transmitting GI parasitic infections across different groups. They pose a significant but
often neglected threat to public health, especially in developing countries. This study aimed
to investigate the prevalence and diversity of GI parasites in humans, macaques, dogs and
pigeons and to determine the risk of cross-species transmission. A cross-sectional study
was performed from February 2023 to February 2024 at Swayambhunath Mahachaitya. A
total of 200 fresh fecal samples were collected non-invasively comprising 50 from humans,
50 from macaques, 50 from dogs and 50 from pigeons. The samples were carefully labeled,
preserved in 2.5% potassium dichromate and then transported to the laboratory at the CDZ.
The samples were analyzed via iodine wet mount, floatation and sedimentation under the
microscope at total magnifications of 100x and 400%. Data interpretation was carried out
using venn diagram, tables and bar diagrams while statistical analysis was performed using
R studio (version 4.3.2). The current study revealed an overall prevalence rate of 67% with
specific rates of 16% in humans, 96% in macaques, 72% in dogs and 84% in pigeons
respectively. Major GI parasites detected included Ascaris lumbricoides and Entamoeba
spp. in humans. In macaques, Balantidium coli, Hookworm and Strongyle spp. were
detected, while in dogs Strongyloides spp., Hookworm and Strongyle spp. were commonly
found. Pigeons exhibited a higher prevalence of Eimeria spp., Ascaridia spp. and
Heterophyes spp. Given the diverse range of parasites found across the study populations,
this area presents a significant risk of cross-species transmission. Humans are susceptible
to contracting parasitic infections from these animal populations, emphasizing the
importance of implementing proper hygiene practices and parasite control measures.
Further molecular studies will help characterization of parasite species and genotypes

providing deeper insights into the potential for zoonotic cross transmission of parasites.
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1. Introduction

1.1 Background

Gastrointestinal (GI) parasites are the most prevalent infectious agents of both humans and
non-human animals including livestock, companion animals and wildlife particularly in
rural Southeast Asian regions (Odermatt et al., 2010). Various GI parasites such as Trichuris
spp., Strongyloides spp., Ascaris spp., Schistosoma spp. and hookworm often infect both
humans and animals. Although the majority of people are asymptomatically colonized with
parasites, the clinical presentation can range from mild abdominal discomfort or diarrhoea
to serious complications such as perforation or bleeding (Hechenbleikner & McQuade,
2015). Domestic animals and wildlife play crucial roles as reservoirs that maintain zoonotic
parasites under natural conditions from which humans might become infected (Youssef &
Uga, 2014). These animal reservoirs frequently shed zoonotic parasites such as oocysts,
eggs and larvae into the environment through their faeces (Ayinmode et al., 2016). In Nepal,
diseases like taeniasis, leptospirosis, hydatidosis, brucellosis, toxoplasmosis and avian
influenza have been recognized as priority zoonotic diseases due to their epidemic potential
(Gautam et al., 2021). Parasitic zoonoses pose a significant yet often overlooked threat to

public health, especially in developing countries (Devleesschauwer et al., 2014).

The term “Zoonoses” is derived from the Greek word “Zoon”, which means animal and
“nosos”, which means illness. According to the World Health Organization (WHO), any
disease or infection that is naturally transmissible from vertebrate animals to humans or
from humans to animals is classified as a zoonosis (WHO, 2020). Zoonotic diseases may
be bacterial, viral, parasitic, protozoan and fungal or they may involve unconventional
agents that can cause a variety of illnesses in both humans and animals (Gautam et al.,
2021). Infectious diseases have always been a part of human-animal interaction throughout
history and almost half of all infectious diseases that affect humans have zoonotic roots
(Rabinowitz et al., 2010). Around 60% of the emerging human infections are zoonotic in
origin with over 70% of these pathogens originating from wildlife species (Esposito et al.,
2023). Zoonoses pose a significant public health risk and directly threaten human

wellbeing, potentially leading to death (Teichroeb et al., 2009).

Parasites are known to affect every group of organisms so, macaques, dogs and pigeons of
Swayambhunath Mahachaitya are no exception because of their feeding and dwelling

habits. Rhesus macaques, (Macaca mulatta, “Rato Bander” in Nepali) are distributed



widely across Nepal including the whole Terai region and Churia range. They are among
the most widespread and evolutionary successful nonhuman primates (Xue et al., 2016).
They often reside in close proximity to humans, forming probably the most intense
relationship between human and non-human primates (Fuentes & Gamerl, 2005). Rhesus
macaques often harbor a variety of parasites, some of which can be lethal depending on
their type or the severity of infestation (Munene et al., 1998; Muriuki et al., 1998). Due to
the close phylogenetic relationship between humans and macaques, there is considerable
evidence of parasitic exchange between the two species (Chapman et al., 2005; Pedersen
& Davies, 2009). Protozoan parasites such as Giardia lamblia, Balantidium coli,
Entamoeba histolytica and Cryptosporidium spp. are frequently found in rhesus macaques
along with helminth parasites like Schistosoma mansoni, Oesophagostomum spp.,
Enterobius vermicularis, Strongyloides spp., Trichostrongylus, Trichuris, Ascaris,
Chabertia, hookworm and Taenia. These parasitic infections can lead to diarrhoea,
hemorrhage, tissue damage, pulmonary abnormalities, abdominal issues, miscarriages,

birth defects and mortality (Despommier et al., 2017) .

Dogs (Canis lupus familiaris) are the most widely distributed larger mammals in the world
(Wynne, 2021). It is believed that dogs were among the first mammals to be domesticated,
coexisting with humans across various eras and cultures since ancient times, including
those of cave dwellers (Guedes et al., 2021). Therefore, they are known to regularly interact
with humans, developing complex and multidirectional interspecific relationships
(Bhattacharjee & Bhadra, 2020). GI parasites pose a significant concern for dogs, with a
variety of species infecting them including Giardia spp., Cystoisospora spp., Taenia spp.,
Echinococcus spp., Dipylidium spp., Toxocara spp., Ancylostoma spp., Capillaria spp. and
Trichuris spp. (Sukupayo & Tamang, 2023). These parasites are a source of several
zoonotic diseases and the close proximity of dogs to humans can increase the risk of
zoonotic disease transmission, especially when dogs are allowed to roam freely (Ortega-

Pacheco et al., 2015).

Pigeons (Columba livia) are widely distributed avian species. Throughout history, humans
have adopted pigeons as symbols of deities, peace, messengers, companionship, food and
spiritual offerings. They are frequently seen in and around religious sites such as temples,
gumbas, monasteries and urban areas all over the world (Adhikari et al., 2022). They are
mucky birds responsible for disease and damage. They are a major source of infection and

can transmit several diseases to humans and other animals (Patel et al., 2000). Among the

2



reviewed literature, Ascarid, Capillaria sp., Raillietina sp., Echinostoma sp., Eimeria sp.,
Heterakis sp., Hymenolepis sp., Syngamus sp. and Tetrameres sp. were commonly found
GI parasites in pigeons (Gurung & Subedi, 2018). Pigeons have been positively identified

as carriers of various diseases that can be transmitted to humans (Sukupayo, 2019).

The Swayambhunath area is characterized by frequent interactions between humans and
animals including macaques, dogs and pigeons. These animals often inhabit religious sites
and parklands close to human habitats, sharing community water sources which increases
the likelihood of zoonotic disease transmission. The risk of such transmission may be
particularly high in this area due to factors such as low levels of hygiene, overcrowded
conditions, inadequate veterinary care and limited awareness of zoonotic diseases. These
factors could contribute to the formation of new parasite-host relationships and new
ecological niches in the disease transmission chain. Previous research has primarily focused
on individual species and lacked comprehensive analysis of pathogen transmission risk
between humans and animals that share the same environment. To address this gap, this
study aims to explore parasitic infection among humans, macaques, dogs and pigeons at
the popular UNESCO World Heritage Site, Swayambhunath Mahachaitya in Kathmandu,
Nepal. The study seeks to establish baseline data on fecal parasites which will guide future
research and help in the development of effective health strategies to prevent and control

diseases.
1.2 Statement of the problem

Pathogens such as parasites can be transmitted between humans and animals, leading
infectious diseases. Urban population growth and increased mobility of humans are two
key factors that enhance the risk of parasite transfer by bringing humans and animals into
close proximity. However, while urban wildlife and stray animals can serve as vectors of
pathogens, the risks of transmission between wild-to-stray animal and animals-to-humans
have often been overlooked. Previous research may have focused primarily on individual
species and lacked a comprehensive analysis of potential cross-species transmission
dynamics. Additionally, there may be limited data available on the prevalence of GI
parasites present in the study area across different host species. Therefore, to date, there is
limited understanding of the risk of pathogen transmission between humans, wildlife and
stray animals that share the same environment. To address this gap, this study aims to

explore the risk of parasitic infection among humans, macaques, dogs and pigeons at the



popular UNESCO World Heritage Site, Swayambhunath Mahachaitya in Kathmandu,
Nepal.

1.3 Objectives
1.3.1 General objective

Gastrointestinal parasitic infection among humans, macaques, dogs and pigeons at

Swayambhunath Mahachaitya, Kathmandu, Nepal.
1.3.2 Specific objectives

» To determine the overall prevalence of GI parasites among humans, macaques, dogs
and pigeons.

» To identify the diverse GI parasites present within each study group.

» To identify the common GI parasites of zoonotic importance across different study

groups.
1.4 Research questions

» What is the overall prevalence of GI parasites among humans, macaques, dogs and
pigeons in the Swayambhunath area?

» What are the various types of GI parasites found in each species?

» Are there any common zoonotic GI parasites among the species identified in the study

area?
1.5 Significance of the study

The study “Gastrointestinal parasitic infection among humans, macaques, dogs and pigeons
at Swayambhunath Mahachaitya, Kathmandu, Nepal”, holds significant implications for
public health and wildlife conservation efforts. Firstly, understanding the prevalence and
diversity of parasitic infections in multiple species residing in close proximity can provide
valuable insights into the transmission pathways of these parasites, potentially shedding
light on cross-species transmission and zoonotic risks. Such knowledge is crucial for
developing targeted intervention strategies aimed at controlling parasite spread and
minimizing the risk of human infections. The Swayambhunath area is culturally and
religiously important and attracts many visitors from both within the country and
internationally. Investigating GI parasite co-infections in this region is important for
protecting public health. Furthermore, the study also holds relevance for wildlife

conservation efforts as it can help identify parasitic threats to the local animal populations,
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inform conservation strategies and contribute to the overall health and well-being of the
ecosystem. Thus, this research has far-reaching implications for both human and animal
health, as well as for the preservation of biodiversity in the Swayambhunath area and

beyond.
1.6 Limitations of the study

» Though the study focuses on a specific area (Swayambhunath Mahachaitya), it would
be interesting to see if the study and methodology could be replicated in other regions
or specific eras.

» Fecal samples were collected from only a limited section of the population within the
study area. This suggests the possibility of expanding sample collection to broaden the
scope of further research.

» The study provides the groundwork for future research to employ molecular techniques,

enabling species-level identification of eggs.



2. Literature review

Parasites are organisms that depend on other hosts for their survival. Certain parasites may
not produce observable symptoms in their hosts whereas others can proliferate, reproduce
or invade their host’s organ system, causing illness and ultimately resulting in a parasitic
infection (Kinman, 2018). GI or gut infection is mainly caused by various species of
protozoa and helminth parasites (Suntaravitun & Dokmaikaw, 2018). GI parasitic infection
widespread globally and constitute a major public health challenge. It is responsible for
causing significant morbidity and mortality all over the world particularly in developing
countries. Nepal is small improvised country in South-Asia, where 70% of morbidity and
mortality are associated with infectious diseases. Among the various types of infectious
diseases, GI parasitic infection alone constitutes one of the major causes of health problems
(Agrawal et al., 2012). Human acquisition of GI parasites is estimated to occur with greater
prevalence ranging up to 50% in developed and up to 95% in developing and

underdeveloped countries throughout the world (Baral et al., 2017).

Approximately 3.5 billion peoples are infected with intestinal parasites and around 450
million children suffer from these infections (WHO, 1998). Intestinal parasites are widely
prevalent in developing countries, likely due to poor sanitation and inadequate personal
hygiene. It is estimated that up to 60% of the world’s population is infected with intestinal
parasites (Ragunathan et al., 2010). Adhikari et al. (2021) in his study, "Prevalence and risk
factors of GI parasites in the Chepangs in Nepal” collected fecal samples from 100
indigenous Chepangs. They found that 97% humans harbored 14 different species of GI
parasites including eight protozoan parasites (Balantidium coli, Blastocystis hominis,
Cryptosporidium sp., Cyclospora cayetanensis, Entamoeba coli, Entamoeba histolytica,
Giardia lamblia and Ilodamoeba buetschlii) and six helminth parasites (Ascaris
lumbricoides, hookworm, Hymenolepis nana, Strongyloides stercoralis, Trichostrongylus
and Trichuris trichiura). Yadav (2023) examined GI parasites in the Musahar community
in Balan Bihul, Saptari, Nepal. They observed a total prevalence of 81% with nine different
parasite species including Ancylostoma sp. (41.5%), Ascaris lumbricoides (29%),
Entamoeba sp. (31.5%), Entamoeba coli (21.5%), Trichuris trichuria (16%), Strongyloides
stercoralis (8.5%), Giardia sp. (7%), Hymenolepis nana (14%) and Balantidium coli (2%).
A study conducted to determine the GI parasitoses among the Chepang and Musahar
community people of Makwanpur and Nawalparasi districts of Nepal revealed 36.6% with

similar prevalence among Chepangs (39.8%) and Musahars (33.3%). The most
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predominant helminth was Ascaris lumbricoides (15.6%), while the most prevalent
protozoan was Entamoeba histolyticaldispar (5.4%). The study also found a significant
association between parasite prevalence and socio-demographic factors, types of drinking
water consumption and sanitation habits (Khadka et al., 2021). In Rupandehi district,
Subedi et al. (2020) reported a 18.66% positive rate for the presence of at least one GI
parasites. The prevalence rate was considerably higher in public school children (22.66%)
compared to private school (14.66%). Four genera of parasites were identified, with Ascaris
lumbricoides being the most common, followed by Trichuris trichiura, hookworm and

Taenia sp.

In 2007, two separate studies were conducted on the prevalence of helminth infections
among Rhesus macaques in the Kathmandu Valley. Dhoubhadel (2007), in the Swayambhu
and Nilbarahi areas revealed a prevalence of 63.5%, with Strongyloides fulleborni being
the most prevalent at 42.5%. Other identified parasites included Dictyocaulus sp. (7.87%),
Taenia sp. (7.08%) and Oesophagostomum sp. (6.29%). Concurrently, Malla (2007) in the
Pashupati and Nilbarahi areas reported a slightly lower prevalence of 61.38%. Here,
Strongyloides fulleborni remained the dominant parasite at 51.61%, followed by Oxyuris
sp. (11.29%) and Ascaris lumbricoides (10.48%). Interestingly, while some parasites
appeared in both studies, their prevalence rates varied. Malla (2007) and Dhoubhadel
(2007) documented Dictyocaulus sp., Taenia sp., Ostertagia sp., Cooperia sp.,
Prosthenorchis elegans, Dicrocoelium sp., Oxyuris sp. and Chabertia sp. for the first time
in Rhesus macaques from Nepal whereas Prosthenorchis elegans was reported for the first
time in Nepal. Furthermore, Nepal (2010) recorded overall prevalence rate of 85% among
Rhesus macaques in the Swayambhu area of Kathmandu. The study identified 15 nematode
species including Strongyloides sp. (27.06%), Toxocara sp. (12.94%), Trichostrongylus sp.
(11.37%), Oesophagostomum sp. (10.59%), Trichuris sp. (9.80%), Chabertia sp. (8.63%),
Dictyocaulus sp. (7.45%), Ascaris sp. (7.45%), Capillaria sp. (6.27%), Ostertagia sp.
(5.88%), Cooperia sp. (4.31%), Haemonchus sp. (4.31%), Oxyuris sp. (3.14%),
Ancylostoma sp. (2.75%) and Bunostomum sp. (1.96%). Additionally, three trematodes
were identified including Schistosoma sp. (18.04%), Dicrocoelium sp. (9.80%) and
Fasciola sp. (9.80%) along with two cestodes, Dipylidium sp. (21.57%) and Taenia sp.
(9.80%). Bunostomum sp., Dipylidium sp. and Schistosoma sp., were reported for the first
time in Nepal in Rhesus macaques. Additionally, Jha et al. (2011) detected three protozoan
species: Balantidium coli (32.23%), Entamoeba histolytica (26.4%), Entamoeba coli



(21.49%) and 10 species of helminths: Oesophagostomum being highest (35.54%),
followed by Strongyloides (28.92%), Trichuris (14.05%), Trichostrongylus (11.57%),
Toxocara (4.96%), Trichurid and four unknown species in the temple of Kathmandu valley
and showed an overall infection rate of 76.86% for all GI parasites with 53.72% for
protozoan and 59.5% for helminthic parasites. Likewise, Sharma et al. (2013) recorded a
prevalence rate of 59.32% in Rhesus macaques of Himachal Pradesh, India. A total of five
different species of parasites were found to be distributed among Rhesus macaques
including Strongyle spp. (55.42%), Strongyloides sp. (17.23%), Trichuris sp. (11.52%),
Coccidia (8.78%) and Ascaris sp. (7.43%). Similarly, the study conducted in Namakkal,
Tamil Nadu, India, revealed a 43% prevalence of endoparasitic infections among Rhesus
macaques. It highlighted a high prevalence of Strongyle spp. (33%), followed by Ascaris
spp. (5%) and Eimeria spp. (3%) in single infections. In cases of mixed infection,
combinations of Strongyle sp. and Ascarids (1.7%), as well as Strongyle sp. and Coccidia
(3%), were observed. Interestingly, none of the samples tested positive for multiple
infections (Arunachalam et al., 2015). A similar study conducted on captive Rhesus
macaques at Bangladesh National Zoo reported an overall parasitic prevalence of 100%.
Six different types of helminth parasites were recorded with Ascaris spp. showing the
highest infection rate in Rhesus macaques (Tabasshum et al., 2018). In the same year,
another study on Rhesus macaques and Hanuman langur in Devghat, Chitwan, showed the
highest infection of Balantidium coli (27.95%), followed by Trichuris sp. (23.65%),
Eimeria sp. (16.12%), Entamoeba sp. (13.97%), Ascaris sp. (11.82%), Strongyloides sp.
(10.75%), Oesophagostomum sp. (5.37%), hookorm sp. (3.22%), Trichostrongylus sp.
(3.22%) and Hymenolepis sp. (1.07%) with an overall parasitic prevalence rate of 74.20%
(Adhikari & Dhakal, 2018). A similar study conducted on Rhesus macaques in Chitwan-
Annapurna landscape reported an overall parasitic prevalence of 80%. A total of 16
different types of parasites were recorded with the highest infection of Cryptosporidium in
Rhesus macaques (Dhakal et al., 2018). However, in a study of Rhesus macaques inhabiting
Bajrabarahee temple, 100% prevalence rate of parasites were observed with the highest
infection of Entamoeba spp. (66.7%) followed by Balantidium coli (59.5%), Entamoeba
coli (57.1%), Ascarid spp. (21.4%), Strongyloides sp. (21.4%), hookworm (19%), Trichuris
sp. (14.3%), Cryptosporidium sp. (11.9%), Strongylid spp. (9.5%), Eimeria sp. (7.1%),
Giardia sp. (4.8%) and Trichomonas sp. (2.4%). Most of them were zoonotically significant
and can cause a serious harm to humans (Sapkota et al., 2020). In contrast, a study of

Rhesus macaques at Dharan recorded a prevalence rate of 54.03%, with the most
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commonly detected parasites being Entamoeba coli (25.37%), Ascaris sp. (34.32%) and
Ancylostoma sp. (17.91%) (Thakuri et al., 2021). In a study of parasitic infestation in free
ranging and captive Rhesus macaques in Bangladesh, Dhaka, Muznebin et al. (2022)
identified parasites belonging to 30 species. Among these were six species of protozoa
(Entamoeba coli, Eimeria sp., Isospora sp., Toxoplasma gondii, Chilomastix mesnili and
Gregarina sp.), five species of cestodes (Zaenia sp., Moniezia sp., Reillietina sp., Bertiella
sp. and Amoebataenia sp.), 11 species of nematodes (Ascaris lumbricoides, Toxocara sp.,
Trichuris trichiura, Strongyloides sp., Ancylostoma sp., Ascarops sp., Gongylonema sp.,
Gnathostoma sp., Subulura sp., Enterobius sp. and Capillaria sp.) and seven species of
trematodes (Neoglyphe sp., Watsonius watsoni, Schistosoma mansoni, Paragonimus sp.,
Clonorchis sinensis, Brachylaemus sp. and Gastrothylax sp.). Finally, one species of
pentastomida, Linguatula sp., was identified. Chhetala (2022) recorded a prevalence rate
of 13% in humans and 81% in Rhesus macaques in the Nilbarahi area, Bhaktapur, Nepal.
The study in humans identified three species of parasites including Cryptosporidium sp.
(7%), Taenia sp. (2%) and Ascaris lumbricoides (5%). In contrast, in Rhesus macaques, 15
species of GI parasites were detected among which eight species being protozoa and seven
species being helminths. The most common protozoan infections were Entamoeba spp.
followed by Entamoeba coli, Balantidium coli and Cryptosporidium sp., while the most
common helminthic infections were Ascarid spp. and Strongyle sp. In contrast, a study
conducted on free ranging Rhesus macaques in Bangladesh reported an overall parasitic
prevalence of 54.4%. The study identified a total of six nematodes (7oxocara spp.,
Trichuris spp., Strongyloides spp., Trichostrongylus spp., Dictyocaulus spp. and Ascaris
spp.), four cestodes (Hymenolepis nana, Moniezia spp., Diphylobothrium spp., Taenia
spp.), one trematode (Fasciolopsis buski) and three protozoa (Balantidium coli, Entamoeba
spp., Coccidia spp.) in the macaques (Islam et al., 2022). Adhikari et al. (2023) examined
the prevalence and intensity of GI parasites in urban Rhesus macaques in the Kathmandu
Valley. A total prevalence of 87.6% was observed with 14 different parasite species,
comprising five protozoans, one coccidian and eight helminths. Notably, Entamoeba coli
(54.71%) and Balantidium coli (44.33%) were the most prevalent protozoans while
Trichuris spp. and Strongyloides spp. (both 31.13%) dominated among helminths.
Additionally, lodamoeba buetschlii was identified for the first time in Nepalese non-human
primates (NHPs) with a prevalence of 10% across multiple sampled locations including
Pashupatinath temple, Swayambhunath stupa and Tripureshwor Mahadev temple. Another

similar study was conducted by Jain & Maharjan (2023) in Rhesus macaques of Shivapuri
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Nagarjun National Park and temple areas of Kathmandu valley. A total five species of
protozoan parasites and eight species of helminth parasites, indicating 100% prevalence
rate where Entamoeba coli (67.14%) showed the highest prevalence followed by
Trichostrongylus spp. (1.43%) with the lowest prevalence. Nematodirus spp. was identified
for the first time from the samples of Rhesus macaques in Nepal. Tandan (2023) recorded
a prevalence rate of 11.3% in humans and 39.2% in Rhesus macaques in the Daunne,
Nawalpur, Nepal. Only one parasite species Ascaris sp. were detected in human samples.
A total of four different species of helminths parasites were found to be distributed among
Rhesus macaques including Strongyloides sp., Ascaris sp., hookworm and Trichuris sp.
Sharma et al. (2023) conducted a study revealing 71.15% prevalence of parasitic infections
among Rhesus macaques in Uttarakhand, India. The research identified seven genera of
parasites including Trichuris spp. (23.07%), Hymenolepis spp. (5.76%), Strongyloides spp.
(13.46%), Ancylostoma spp. (19.23%), Entamoeba cysts (26.92%), Ascaris spp. (7.69%),
Strongyle eggs (13.46%) and unidentified cestode eggs (17.30%).

Traub et al. (2002), in his study, "The role of dogs in transmission of GI parasites in
Northeast India" collected fecal sample from 101 dogs and 328 humans from the three tea
estates over a three-month period. Nearly all, 99% dogs harbored one or more zoonotic
species of GI parasites, with hookworm infection being most common (94%). Parasitic
stages presumed to be host-specific for humans such as Ascaris spp. (31%), Trichuris
trichiura (25%) and Isospora belli (2%) were also recovered from dog feces. Satyal et al.
(2013) examined the prevalence of zoonotic GI helminths in dogs of Kathmandu, Nepal. A
total prevalence of 46.7% was observed with five different parasite species including
Ancylostoma spp. (52.0%), Toxocara canis (41.8%), Taenia spp. (15.3%), Dipylidium
caninum (9.2%) and Trichuris vulpis (5.1%). The study conducted to investigate, "Zoonotic
GI parasite burden of local dogs in Zaria, Northern Nigeria", revealed that zoonotic GI
parasites of dogs are endemic in Zaria and the general public in the area are at high risk of
being infected with these parasites. Out of 224 fecal samples analyzed, 76 (33.9%) were
positive of at least one of the parasites. Of the 101 samples from streets and residential
quarters of ABU, Zaria, Isospora spp. (11.9%) recorded the highest prevalence rate
followed by Taenia spp. (5.9%), then Toxocara canis, Ancylostoma caninum and
Dipylidium caninum were 5.0%, 4.0% and 1.0%, respectively (Ogbaje et al., 2015). In
Rupandehi district, Yadav and Shrestha (2017) reported 58.75% positive samples for the

presence of at least one of the zoonotic helminths. In that study, stray dogs had a
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considerably greater prevalence of helminth parasites (78.5%) than pet dogs (39%) did.
The common parasites observed in present study were Ancylostoma spp. (46.81%),
Toxocara canis (37.87%), Taenia spp. (9.36%), Dipylidium caninum (22.98%), Trichuris
vulpis (5.73%) and Diphyllobothrium spp. (2.98%). Bhattarai (2022) study revealed 27.5%
prevalence of helminth infections, considerably higher prevalence in stray dogs (41.33%)
than in pet dogs (13.33%). Ancylostoma sp. (39.39%) showed the highest prevalence
among the five helminth parasites that were identified in this study, followed by 7aenia sp.
(24.24%), Ascaris sp. (15.15%), Toxocara sp. (12.12%) and Trichostrongylus sp. (9.09%).
In a study conducted by Adhikari et al. (2023), among street dogs of Lalitpur had an overall
prevalence of 95.7% with 23 diverse species of GI parasites (10 protozoa and 13
helminths). Among them, five protozoa (Cryptosporidium sp., Entamoeba sp., Giardia sp.,
Sarcocystis spp. and Balantidium coli) and 11 helminths (4Ancylostoma caninum,
Ancylostoma braziliense, Taeniid, Toxocara canis, Trichuris vulpis, Strongyloides sp.,
Dipylidium caninum, Strongyle, Troglotrema salmincola, Capillaria plica and Capillaria
aerophila) possessed zoonotic potential and their overall prevalence was 92.5%. Since most
of the reported parasites are zoonotic, dog density and parasitic richness indicate a greater
spillover risk to humans and domestic animals. In contrast, Sukupayo and Tamang (2023)
study revealed 59.50% prevalence of helminth infections, with a significantly higher
prevalence in stray dogs (70%) than that in pet dogs (49%). Ancylostoma spp., Toxocara
spp., Trichuris spp., Capillaria spp., Dipylidium caninum and Taenia spp. were six different
zoonotic species found in the current study. The study showed the highest prevalence of
Ancylostoma spp. (49.16%) and the least prevalence of Capillaria spp. (0.84%). The study
highlighted the severe environmental contamination shed by dogs, causing a higher risk of
zoonotic transmission. Bastakoti et al. (2023) investigated the prevalence of zoonotic
helminths among street dogs in the Madi valley of Chitwan, Nepal. They found a high
overall prevalence of 81.86%, identifying nine different parasite species including
Acylostoma sp., Toxocara sp., Taenia spp., Diphyllobothrium sp., Spirocera sp.,
Strongyloides sp., Spirometra sp., Dipylidium sp. and Echinococcus sp. Also, 77.24% of
these parasites, were identified as zoonotically significant, emphasizing the potential risk

posed by these parasites to human health.

A study by Sukupayo (2018) investigated the prevalence of GI parasites among pigeons in
Suryabinayak, Bhaktapur. A total prevalence of 53.24% was observed with various

protozoan and helminth parasites. Protozoa such as Eimeria spp. (22.08%), along with
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nematodes like Ascaridia columbae (27.27%) and Capillaria spp. (11.68%) and cestodes
like Raillietina spp. (5.19%), were observed. In three temples of Pokhara valley, Gurung
and Subedi (2018) reported 69.16% prevalence rate of parasitic infection in pigeons. Total
of seven GI parasites that includes one subclass of protozoan: Coccidia (19.16%) and six
genera of helminths: Capillaria sp. (31.67%), Ascaridia sp. (21.66%), Echinostoma sp.
(7.50%), Syangamus sp. (5.83%), Hymenolepis sp. (3.33%) and Hetarakis sp. (2.50%) were
identified and reported first time in Nepal. The higher prevalence of GI parasites was in
Bhadrakali temple with (77.50%) followed by Tal Barahi temple (72.50%) and lowest in
Bindhyabasini temple (57.50%). The study indicates that pigeons in three temples of
Pokhara valley were highly susceptible to GI parasites. Adhikari et al. (2022) conducted a
study showing a prevalence rate of 87.1% among pigeons found in Ratnanagar
Municipality, Chitwan, including FEimeria columbae (46.5%), Capillaria columbae
(29.7%), Eimeria columbarum (23.2%), Ascaridia sp. (22.6%), Entamoeba sp. (14.2%),
Eimeria labbeana (10.3%), Echinostoma sp. (8.5%), Heterophyes sp. (7.7%), Eimeria
kapotei (7.7%), Isospora sp. (7.1%), Heterakis sp. (7.1%), Capillaria annulata (5.8%),
Strongyle (5.2%), Caryospora sp. (3.9%), Cryptosporidium sp. (3.9%) and Hymenolepis
sp. (1.9%). They found that temple pigeons exhibited a higher prevalence rate and greater
parasitic richness compared to household pigeons. According to the study conducted in
Kerala by Thankachan et al. (2022), out of 91 pigeons tested, 79 were found positive for
ova of GI parasites with a prevalence of 86.8%. Ascaridia spp. (59.3%) and Capillaria spp.
(19.7%) were the most common nematodes observed. Oocysts of Eimeria spp. was
observed in 39.5% of pigeons screened. This study depicts a very high occurrence of GI
parasites among pigeons of Kerala. Jha et al. (2023) examined the prevalence of GI
parasites of feral pigeon of Kathmandu, Nepal. A total prevalence of 90.83% was observed
with six different parasite species including one genera of protozoa: Eimeria sp. (43.34%)
and five genera of helminths: Capillaria sp. (51.67%) followed by Ascaridia sp. (27.50%),
Heterakis sp. (19.17%), Syngamus sp. (4.17%) and Tetrameres sp. (1.70%). The prevalence
rate of helminths (83.34%) was higher than prevalence rate of protozoan parasites
(43.34%). The current study revealed heavy infection in feral pigeons at two temples of

Kathmandu valley.

Various parasites that infect humans require animals in some stage of their life cycle
(Devleesschauwer et al., 2014). Devleesschauwer et al. (2014) in a systematic review found

that a large number of parasitic zoonoses are present in Nepal and are imposing an impact
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higher than that of malaria and comparable to that of HIV/AIDS. In a study conducted by
Zanetti et al. (2021) in different class of animal hosts, domestic and wild, from Brazil
during 2019, an overall prevalence of 79.64% was recorded. Blastocystis sp. emerged as
the predominant protozoan while Ascaris sp. was prevalent among helminths. Due to the
great diversity of parasites found in the animal host, they can play an important role in the
transmission and maintenance of the infection to other mammals, including humans.
Similarly, Schér et al. (2014) in his study to determine the GI parasitic infections in humans
and domestic animals including dogs in a rural Cambodian village, 87.2% humans and
81.9% dogs had at least one or more GI parasitic infections respectively. In total, 14
different parasite species were diagnosed, including eight helminthic and six protozoan
parasites. Major GI parasitic infections found in humans included hookworms (63.3%),
Entamoeba spp. (27.1%) and Strongyloides stercoralis (24.3%). In dogs, hookworm
(80.8%), Spirometra spp. (21.3%) and Strongyloides spp. (14.9%) were most commonly
detected. Eleven parasite species were detected in dogs (eight helminths and three
protozoa), seven of which have zoonotic potential, including hookworm, Strongyloides
spp., Trichuris spp., Toxocara canis, Echinostoma spp., Giardia duodenalis and Entamoeba
spp. In a study to evaluate the risk of GI protozoan infection among laboratory macaques,
animal facility workers and nearby villagers, Li et al. (2021) recorded an overall prevalence
of 37.2% including 36.4% in macaques, 56% in facility workers and 28% in villagers
respectively infected with one or more protozoa (Enterocytozoan bieneusi, Cyclospora
cayetanensis, Cryptosporidium spp. and Giardia intestinalis). These results warrant the
workers to limit contact with infected animals in order to minimize related health risks.
Using an evolutionary framework, Pedersen and Davies (2009) identified Central Africa
and Amazonia as hotspots for disease transmission among wild primates due to their high
diversity of closely related species. Furthermore, regions in Central and Western Africa
pose a higher risk of pathogen spillover to humans due to frequent interaction with wild
primate populations, which is made worse by rapid human population growth, close
proximity to apes and high-density population centres that promote increased contact rates
among individuals. In between July 2017 to June 2018, the study was conducted in North-
Eastern region of India to identify different GI parasites in various captive NHPs. Out of
145 NHPs examined, 32 (22.06%) were found positive with different parasites such as eggs
of hookworms, Trichuris sp., Ascarid, cysts of Balantidium coli and Giardia sp. (Patra et
al., 2018). In Bali, Indonesia, where agricultural-religious temples host long-tailed

macaques near human communities, a study by Lane-deGraaf et al. (2014) examines
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people's willingness to engage in behaviors risking exposure to GI parasites. Factors like
age, education and occupation influence this willingness. The study highlights that certain
activities like direct macaque contact and pet ownership may pose significant infection
risks depending on local contexts. The study conducted to determine the prevalence of GI
parasites of humans and dogs in Amazah District of Jos North, Nigeria recorded an overall
prevalence of 41% and 52% respectively. Humans harbored hookworm, Schistosoma spp.,
Giardia lamblia, Taenia spp., Strongyloides spp., Trichuris trichiura and Vampirolepis
nana whereas dogs harbored Ancylostoma caninum, Isospora spp., Taenia spp., Dipylidium
caninum and Toxocara spp. (Golshang et al., 2023). A study was conducted to evaluate the
prevalence of GI parasites in primates and their keepers from zoological gardens in Ibadan,
by Adetunji (2014) which recorded the prevalence of 61.1% among NHPs. A total of four
parasites were identified consisting of three nematodes species and one protozoa. The most
prevalent GI helminths were Trichuris trichiura (47.2%), followed by Strongyle spp.
(13.9%) and Strongyloides spp. (5.6%). Entamoeba spp is the only protozoa detected in
13.9% of the NHP’s. Only one of the 19 zoo keepers screened was infested with Ascaris
lumbricoides and two (15.4%) of the 13 members of control group were infested with
Ancylostoma duodenale. There was no evidence of cross transmission of GI helminths
between the NHP and the zoo keepers. Taylor et al. (2001) in his review identified 1415
species of infectious organism known to be pathogenic to humans including 66 protozoa
and 287 helminths. Out of the identified species, 868 (61%) are zoonotic in nature. This
study was conducted to determine the prevalence of potentially zoonotic GI parasites in
domestic dogs and cats in Moscow (Russia). The total parasitic prevalence in dogs was;
Giardia spp. (10.2%), Cryptosporidium spp. (2.7%), Toxocara canis (2%), Strongyloides
stercoralis larvae (1.1%) (Kurnosova et al., 2023). For the detection of potentially zoonotic
GI parasites in long-tailed macaques, dogs and cattle at Kosamphi forest park, Maha
Sarakham, the study was conducted during November 2015 to April 2016. Parasites were
found in 42 out of 67 long-tailed macaques (62.69%), 14 out of 32 dogs (43.69%) and 23
out of 35 cattles (65.71%). Three species of parasitic helminths including Strongyloides
spp., Trichuris spp. and hookworm eggs which have been reported to be potentially
zoonotic helminths were identified in all three animal species (Pumipuntu, 2018). In a study
conducted by Schurer et al. (2019), fecal samples from 102 macaques and 115 people were
analyzed to assess the presence of zoonotic parasites. The findings revealed that 44% of
macaques and 12% of people were infected with GI helminths including Strongyloides spp.,

Ascaris spp. and Trichuris sp. These results highlight the potential for zoonotic
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transmission of parasites between macaques and humans. According to the study conducted
in Bangkok by Inpankaew et al. (2007), dogs in temple communities posed a potential
zoonotic risk to humans and other animals for transmission of hookworms, Giardia
(especially Assemblage A genotypes) and Toxocara canis. Out of 204 humans and 229
dog’s fecal sample from 20 different temples, hookworms were the most common parasite
in dogs (58.1%) followed by Trichuris (20.5%), Isospora (10%), Giardia (7.9%), Toxocara
(7.4%), Dipylidium caninum (4.4%) and Spirometra (3.1%) whereas Blastocystis hominis
(5.9%) was the most common parasite in humans followed by hookworms (3.4%), Giardia

(2.5%), Strongyloides (2%) and Cryptosporidium (1.5%).
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3. Materials and methods
3.1 Study area

Swayambhunath Mahachaitya is an ancient religious site situated atop a hillock in the
Kathmandu Valley of Nepal. The temple sits at an elevation of 1524 m above sea level and
76.2 m above the Kathmandu Valley. The site is located in a region between 27.76-27.77
latitude North and 85.28-85.29 longitude East. It covers an area of 37 hectares (Figure 1),
much of which is influenced by human settlement. Swayambhunath is surrounded by shops
and houses while the parkland is bordered with timber-sized trees, small stupas and
chaityas. Due to its religious significance, the temple attracts religious devotees, tourists
and local residents, facilitating frequent interactions between humans and the diverse

wildlife found in the area.
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Figure 1. Map illustrating the geographic location of Swayambhunath Mahachaitya
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3.2 Methods

3.2.1 Study design

Selection of study area (Swayambhunath Mahachaitya, Kathmandu)

g

Collection of fecal samples from study population (Humans, macaques,
dogs and pigeons)

g

Preservation of samples in 2.5% potassium dichromate solution and
transport to laboratory

g

Microscopic examination of samples

1) Iodine wet mount method
2) Floatation technique
3) Sedimentation technique

U

Morphological identification of parasite (cyst, egg, larva, adult form)

using taxonomy and literature review.

U

Result, statistical analysis and discussion.

Figure 2. Research design of the study.

3.2.2 Ethical consideration

Ethical clearance for this study was obtained from the Institutional Review Committee
(IRC) of the Institute of Science and Technology (IOST), Tribhuvan University (TU) with
the approval number IRCIOST-23-0072. Additionally, an official permit (reference number
785/078-079) was acquired from the Department of Forest and Soil Conservation,
Government of Nepal, ensuring compliance with ethical and legal regulations set by the

government.

Participation of human subjects in the study was voluntary. Verbal and written informed
consent were obtained from each participant. Prior to their participation, the detailed

purpose and procedures of the study were explained. Those who expressed willingness to
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participate in the research and completed written consent forms were enrolled. Moreover,

to protect participant anonymity, no personal identifiers were associated with the samples.
3.2.3 Preliminary field survey

A preliminary field survey was conducted in February 2023 to understand the study area
and it’s population. Additional information regarding the identification of rhesus macaques

and dogs inhabiting the Swayambhunath area was gathered during this survey.
3.2.4 Sample size and criteria for sample selection

A total of 200 fecal samples (50 from humans, 50 from macaques, 50 from dogs and 50
from pigeons) were collected non-invasively from June to October 2023. The decision to
collect 50 samples from each species was made considering the considerably low
population of dogs residing within one km of the Swayambhunath Mahachaitya area. This
sample size was mirrored for humans, macaques and pigeons to ensure a balanced

representation of the different populations in the study area.
3.2.4.1 Inclusion criteria

» Human participants must reside near Swayambhunath temple or visit at least three times

a week.
» Only humans who were able to provide informed consent were included.

» To maintain the homogeneity of the sample, only macaques and dogs residing within

Swayambhunath Mahachaitya temple were selected.
» Pigeons that visit the Swayambhunath temple were included in the research.
3.2.4.2 Exclusion criteria

» Human participants who were unable or unwilling to sign written consent were not

included.
» Children (below 18 years of age) are excluded.
3.2.5 Sample collection, preservation and transportation
3.2.5.1 Humans

A total of 50 fresh fecal samples were collected from humans using a purposive sampling
technique to ensure non-invasiveness. Prior to sample collection, participants were

provided with brief instructions on how to collect fecal samples. A fecal collection
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procedure sheet was prepared for human participants. They were given gloves, labeled
collection vials, cotton, application sticks and zip lock bags for sample collection.
Participants were instructed to collect approximately five grams of fecal sample. Fecal
samples were collected the next morning and then placed in an icebox containing a 2.5%

potassium dichromate solution and transported to the laboratory at the CDZ.
3.2.5.2 Macaques and dogs

Fecal samples from adult macaques and adult dogs were collected during both early
morning and evening. Collection procedures ensured no harm or disturbance to the animals
or their habitat. Using gloves and masks, approximately five grams of fecal material was
carefully gathered and preserved in sterile vials containing 2.5% potassium dichromate,

each labeled for proper identification. It was then transported to the laboratory at the CDZ.
3.2.5.3 Pigeons

A total of 50 fresh fecal samples were collected non-invasively from pigeons. The
methodology involved a pooling approach, wherein temple pigeon samples were obtained
by strategically placing clean plastics beneath roosting sites to efficiently capture fecal
matter. Care was taken to avoid contamination of the fecal samples with droppings from
other bird species in the temple. Using gloves and masks, approximately five grams of fecal
material were collected, carefully preserved in sterile vials containing 2.5% potassium
dichromate and labeled for proper identification. It was then transported to the laboratory

at the CDZ.
3.2.6 Sample examination

All samples were tested in the CDZ laboratory at T.U, Kirtipur. The cysts, trophozoites,
eggs and larvae of various parasites were identified using morphology and quantitative
estimation employing the iodine wet mount method and the concentration technique

(flotation and sedimentation).
3.2.7 Laboratory procedure and microscopic examination

The preserved fecal samples were initially examined macroscopically for the presence of
mucus, segments of cestodes and dead adult nematodes. Then, microscopic examination
was conducted using iodine wet mount and concentration techniques following the

procedure outlined by (Zajac et al., 2012).
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3.2.7.1 Iodine wet mount

Two to three drops of fecal sample was taken in the glass slide to which a drop of Lugol’s
iodine was added and mixed. Then, a cover slip was placed and excess fluid was removed
using cotton filter paper. The smear was observed under the microscope with 10x and 40x
magnifications. This technique helps in studying the internal structure of protozoans and

their identification (Zajac et al., 2012).
3.2.7.2 Floatation method

This technique is used to float the less dense parasite on a fluid flotation medium with high
density. A saturated salt solution serves as the fluid floatation medium. Two grams of the
filtered sample were mixed with normal saline in a 15 ml centrifuge tube and then
centrifuged at 1200 rpm for five minutes. The supernatant was discarded, leaving the
sediment at the bottom of the tube, which was thoroughly mixed. Further, concentrated
NaCl solution was added to fill the tube up to 13 ml and the mixture was centrifuged again
at 1200 rpm for five minutes. Additional concentrated NaCl was added until a convex
surface formed at the top of the tube. A clean coverslip was placed over the top of the tube,
avoiding any bubbles and left undisturbed for at least 10 minutes. The coverslip was then
gently removed, ensuring no sample was dropped and placed over a clean glass slide. The
slide was examined under a microscope at 10x and 40x magnifications, with or without

Lugol’s iodine (Zajac et al., 2012).
3.2.7.3 Sedimentation method

This method is used to detect eggs of flukes, tapeworms and nematodes whose eggs do not
float in common flotation solutions. Firstly, about two grams of the sample was filtered
thoroughly and mixed with normal saline in a 15 ml centrifuge tube. At 1200 rpm, the
sample was centrifuged for five minutes. The supernatant was discarded and the sediment
was mixed well. To this sediment, 10 ml formalin and three ml of ethyl acetate were added
in the tube and again centrifuged. Three layers of ethyl acetate containing the upper layer
of ethyl acetate and plug of debris, the middle layer of 10% formalin and the bottom layer
of sediment were formed. An applicator stick was used to free the plug of debris and then
all the supernatant fluid was decanted and discarded. At last, only the bottom sediment was
remained in the tube. If sediments were too dry, one to two drops of 10% formalin were

added and mixed well. A drop of sediment was kept on a clean slide, covered by a coverslip
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and observed under microscope at 10x and 40x magnification with Lugol’s iodine (Zajac

etal., 2012).
3.2.8 Identification of eggs/cysts/larvae

The identification of eggs, cysts and larva was confirmed by comparing their morphology

and color with those published literature, journals and books (Zajac et al., 2012).
3.2.9 Data analysis

The prevalence of parasites was calculated by dividing the number of fecal samples
infected with at least one parasite by the total number of fecal samples examined (Saville
& Wittum, 2004). The collected data were coded and entered into Microsoft Excel (version
2013). Interpretation of the data was conducted using venn diagrams, tables and bar
diagrams. Statistical analysis of the data was performed using R studio (version 4.3.2).
Pearson’s chi-square test was utilized for statistical analysis. In all cases, a 95% confidence
interval and p-value < 0.05 were considered indicative of a statistically significant

difference.
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4. Results

4.1 Overall prevalence of GI parasites

The examination of 200 fecal samples indicated an overall prevalence rate of 96% in
macaques, 84% in pigeons, 72% in dogs and 16% in humans (Figure 3). A significant
difference in the prevalence of Gl parasites among humans, macaques, dogs and pigeons
was observed (¥?=84.93, p-value < 0.001).

100%
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Figure 3. Overall prevalence of GI parasites among different study populations.

4.2 Diversity of GI parasites among the study population
4.2.1 Diversity of GI parasites in humans

Out of the eight positive samples, four different genera of parasites were observed. Among
them, three (75%) genera tested positive for protozoa while one (25%) genus tested positive
for nematodes (Table 1). The findings suggest that the highest prevalence of infection was

observed within the phylum protozoa followed by nematodes.

Table 1. Diversity of parasites with prevalence rates in humans

Class S.N. Name of the species Positive samples
No. %
Protozoa 1 Entamoeba spp. 3 37.50
2 Giardia lamblia. 2 25
3 lodamoeba buetschlii 1 12.50
Nematodes 1 Ascaris lumbricoides 4 50
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4.2.2 Diversity of GI parasites in macaques

The analysis of fecal samples from macaques revealed a diverse range of parasite species.
Out of the 48 positive samples, 16 different genera of parasites were observed. Among
them, nine (56.25%) were found to be positive for protozoa, one (6.67%) for cestodes and
six (37.5%) genera were found to be positive for nematodes (Table 2). The results of the
study indicate that the maximum infection was found in the class protozoa followed by

nematodes and cestodes.

Table 2. Diversity of parasites with prevalence rates in macaques

Class S.N. Name of the species Positive samples
No. %
Protozoa 1 Balantidium coli 32 66.67
2 Entamoeba spp. 19 39.58
3 Entamoeba histolytica 16 33.33
4 Entamoeba coli 8 16.67
5 lodamoeba buetschlii 6 12.50
6 Chilomastix spp. 3 6.25
7 Endolimax spp. 2 4.17
8 Isospora spp. 1 2.08
9 Giardia spp. 1 2.08
Cestodes 1 Bertiella spp. 1 2.08
Nematodes 1 Hookworm 28 58.33
2 Strongyle spp. 27 56.25
3 Strongyloides spp. 25 52.08
4 Trichuris spp. 9 18.75
5 Physaloptera spp. 4 8.33
6 Enterobius spp. 2 4.17
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4.2.3 Diversity of GI parasites in dogs

Out of 36 positive samples, nine different genera of parasites were observed. Among them,
one (11.11%) tested positive for protozoa, one (11.11%) for cestodes and seven (77.78%)
genera were positive for nematodes (Table 3). The results of the study indicate that

maximum infection was found in class nematodes followed by protozoa and cestodes.

Table 3. Diversity of parasites with prevalence rates in dogs

Class S.N. Name of the species  Positive samples
No. %
Protozoa 1 Entamoeba spp. 2 5.56
Cestodes 1 Dipylidium caninum 5 13.89
Nematodes 1 Strongyloides spp. 24 66.67
2 Hookworm 19 52.78
3 Strongyle spp. 17 47.22
4 Toxocara canis 9 25
5 Trichuris spp. 6 16.67
6 Capillaria spp. 3 8.33
7 Ascaris spp. 3 8.33

4.2.4 Diversity of GI parasites in pigeons

Out of 42 positive samples, six different genera of parasites were observed. Among them,
two (33.33%) tested positive for protozoa, one (16.67%) for trematodes and three (50%)
genera were positive for nematodes (Table 4). The findings suggest that the maximum

infection was found in the class nematodes followed by protozoa and trematodes.

Table 4. Diversity of parasites with prevalence rates in pigeons

Class S.N. Name of the species Positive samples
No. %
Protozoa 1 Eimeria spp. 32 76.19
2 Coccidian oocyst 11 26.19
Trematodes 1 Heterophyes spp. 16 38.10
Nematodes 1 Ascaridia spp. 18 42.86
2 Capillaria spp. 13 30.95
3 Spirocerca spp. | 2.38
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4.3 Common GI parasites found in different study groups

Common GI parasites found in humans, macaques, dogs and pigeons are illustrated in the
venn diagram (Figure 4). Entamoeba spp. are common to humans, macaques and dogs.
Hookworm, Trichuris spp., Strongyloides spp. and Strongyle spp. are common in both
macaques and dogs, posing a zoonotic risk to humans. Capillaria spp. are shared by dogs

and pigeons. Ascaris spp. are common to both humans and dogs.

Balantidium coli
Macaques
Entamoeba histolytica

Entamoeba coli

Chilomastix spp.
Endolimax spp. Eimeria spp.
I‘msf’_ ora Spp- Hookworm Coccidian oocyst
Bertiella spp. Trichuris spp. Heterophyes spp.
Ph_ymlo{;tem spp- Strongyloides spp. Ascaridia
Enterobius spp. Strongyle spp. oy . Spirocerca spp.
£y¢e Spp Capillaria spp. P [
Entamoeba spp.
Gtardia spp. PP
I .
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sz_yk'dium caninum
Dogs
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Figure 4. Venn-diagram showing common GI parasites in different study populations
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5. Discussion

The current study revealed considerable prevalence rates of GI parasites among different
species in the vicinity of Swayambhunath Mahachaitya, Kathmandu, Nepal; 16% in
humans, 96% in macaques, 72% in dogs and 84% in pigeons. The prevalence rate observed
in humans is comparable to the findings reported in school children from Rupandehi
(18.66%; n=150) (Subedi et al., 2020), higher than those documented in humans from the
Nilbarahi area (13%; n=100) (Chhetala, 2022), yet lower than rates recorded among the
Chepangs of Central Nepal (97%; n=100) (Adhikari et al., 2021), the Musahar community
in Saptari (81%, n=200) (Yadav, 2023), the Chepang and Musahar communities of
Makwanpur and Nawalparasi (36.6%; n=205) (Khadka et al., 2021), South (24.1%; n=166)
(Wood, 1912), the people of the Deula community from Kirtipur (68%, n=150) (Subedi et
al., 2021) and children of Nepal (50.5%; n=305) (Das et al., 2019). Differences in
prevalence rates in humans could be attributed to variations in climate and topography or
better hygiene practices and healthcare access. The lower prevalence in humans might be
due to very low parasitic burdens resulting in low parasitic output or they could be truly
parasitic-free; this remains unclear because the study was based only on fecal examination,
not necroscopy. The prevalence of Entamoeba spp. was the highest among protozoa, similar
to the findings of (Yadav, 2023) and (Khadka et al., 2021). Notably, the study reported
lodamoeba buetschlii, a large intestinal commensal, in 12.50% of the fecal samples, a rate
lower than that found by (Adhikari et al., 2021) but higher than reported by (Nevin et al.,
2024). Regarding flagellates, the prevalence rate of Giardia lamblia was 25% which is
higher than the rates reported by (Adhikari et al., 2021) (Yadav, 2023) (Khadka et al., 2021)
(Tharu, 2006) (Nevin et al., 2024) and (Sah et al., 2013). People will suffer from repeated
severe diarrhoeal episodes that can be fatal. Giardia cysts are highly resistant to
environmental conditions, being able to survive in cold mountain streams, stomach acid,
chlorine and even in ultra violet-treated wastewater. The most predominant helminth was
Ascaris lumbricoides (15.6%) which is similar to (Adhikari et al., 2021), (Khadka et al.,
2021) (Tharu, 2006).

The overall parasite prevalence in Rhesus macaques (96%) is considerably higher than
reported from other temple sites and cities in Nepal (54% - 88%) (Nepal, 2010; Adhikari
et al., 2023; Malla, 2007; Jha et al., 2011; Dhoubhadel, 2007; Chhetala, 2022; Adhikari and
Dhakal, 2018; Thakuri et al., 2021; Dhakal et al., 2018), yet lower than the rates recorded

in rhesus macaques at Shivapuri Nagarjun National Park (100%; n=70) (Jain and Maharjan,
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2023) and Bajrabarahee, Lalitpur (100%; n=42) (Sapkota et al., 2020). The present study
reveals considerable diversity of GI parasites in rhesus macaques at Swayambhunath
Mabhachaitya, identifying 16 species in total. These include nine species of protozoa
(Balantidium coli, Entamoeba spp., Entamoeba histolytica, Entamoeba coli, lodamoeba
buetschlii, Chilomastix spp., Endolimax spp., Isospora spp. and Giardia spp.), one species
of cestode (Bertiella spp.) and six species of nematodes (Hookworm, Strongyle spp.,
Strongyloides spp., Trichuris spp., Physaloptera spp. and Enterobius spp.). The study
shows a higher prevalence rate of protozoans compared to helminths, consistent with the
findings of Sapkota et al. (2020) and Jain and Maharjan (2023). Among the protozoans,
Balantidium coli (66.67%) showed the highest prevalence followed by Entamoeba spp.
(39.59%) and Entamoeba histolytica (33.33%). Balantidium coli, the only ciliated
protozoan commonly affecting humans and various animals, can cause balantidiasis,
leading to dysentery and diarrhoea in both macaques and humans. The presence of
lodamoeba buetschlii aligns with previous studies from Nepal (Adhikari et al., 2023; Jain
& Mabharjan, 2023) and other regions (Levecke et al., 2007; Cordon et al., 2008; Kouassi
et al., 2015). This parasite may be transmitted to rhesus macaques from infected humans or
livestock, especially from swine farming around Kathmandu (Adhikari et al., 2023).
Among the helminths, Hookworm (58.33%) showed the highest prevalence noted for it’s
zoonotic nature. The prevalence of Trichuris spp. (18.75%) is higher than reported by Nepal
(2010), Jha et al. (2011), Sharma et al. (2013) and Sapkota et al. (2020) but lower than
findings by Adhikari and Dhakal (2018), Sharma et al. (2023) and Adetunji (2014). The
high prevalence of Trichuris spp. in this study may suggest changing climatic conditions in
the Kathmandu Valley, as this parasite thrives in warm, moist environments with low light
and wet soil. Notably, this study documents the presence of the cestode, Bertiella spp. in
Nepal for the first time, though it has been reported in Bangladesh by Muznebin et al.
(2022). In Swayambhunath, increasing soil and water pollution due to waste food and
garbage, especially during festive and picnic programs, along with occasional open
defecation by visitors and outsiders in the forest areas and nearby water sources has created
a conductive environment for GI parasite transmission. Macaques, often in contact with
contaminated soil and water and consuming garbage are at a high risk of acquiring GI
parasites. These macaques depend on food brought by people, which can also be
contaminated. Additionally, the favorable climatic conditions support the flourishing of

these parasites. The high prevalence of GI parasites in macaques observed in this study is
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likely due to these factors, with the densely populated environment and regular human-

monkey interactions playing a crucial role in the natural and high rate of transmission.

Likewise, the prevalence rate (72%) observed in dogs in the current study was comparable
with earlier studies conducted in South Africa (76%; n=63) (Minnaar et al., 2002), in stray
dogs of Rupandehi, Nepal (78.5%; n=78) (Yadav & Shrestha, 2017) and Catalonia, Spain
(71.6%; n=88) (Ortuilo et al., 2014). However, the prevalence in the present study was
lower than previous studies conducted in Lalitpur, Nepal (95.7%; n=332) (Adhikari et al.,
2023), Chitwan, Nepal (81.86%; n=204) (Bastakoti et al., 2023) and Bangladesh (95%;
n=60) (Das et al., 2012) whereas it was higher than in Mazandaran, Iran (59.50%; n =58)
(Amouei et al., 2018), only in stray dogs of Kathmandu, Nepal (41.33%; n=60) (Bhattarai,
2022) only stray dogs of Kathmandu, Nepal (56.2%; n=105) (Satyal et al., 2013) and
Bhaktapur, Nepal (59.5%, n=400) (Sukupayo & Tamang, 2023). The prevalence rate of GI
parasites in dogs varies across different countries, influenced by geo-climatic factors,
sample size, breed, sampling season, treatment strategies, and methodological differences.
Noticeably, helminth parasites had a higher prevalence and a wider variety than protozoa.
A higher prevalence of helminth parasite in stray dogs has already been reported by
Adhikari et al. (2023). These regions exhibit subtropical to tropical climatic conditions
which favor the egg hatching and larval development of helminths such as Strongyloides
spp., the most prevalent parasite in this study, followed by hookworm. Hookworm induces
threatening anaemia in canids and causes eosinophilic enteritis and larval migrans
syndromes in humans. Toxocara canis found in the current study can easily cross the host
barrier, infecting a wide range of hosts like cats, wild canids and humans. Similarly, Ascaris
spp. found in this study can cause infections in humans and Capillaria spp. detected here
have a history of human infection. Additionally, a few clinical cases have been attributed
to Trichuris spp., indicating zoonotic transmission in endemic regions. The only cestode
found in the study, Dipylidium caninum is also zoonotic. Regarding protozoa, only
Entamoeba spp. was found, indicating zoonotic possibilities in nearby humans and animals.
In Swayambhunath, the high prevalence of GI parasites in dogs can be attributed to their
scavenging feeding habits and close association with humans, macaques and pigeons in the
area. Dogs often consume animal carcasses, leftover foods, garbage, animal dung and
human faeces and they drink water from contaminated sources, contributing to parasitosis.
Despite the efforts of a few organizations working for the welfare of street dogs in Nepal,

vaccination, deworming and castration are not optimal, leading to increased susceptibility
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to parasitism. The availability of food in garbage, human waste and indiscriminate feeding,
combined with the gathering of dogs near food sources, plays a significant role in parasitic

infection.

The prevalence rate (84%) observed in pigeons in the current study was comparable to
tumbler pigeons raised in Kirikkale (82.9%; n=105) (Gokpinar et al., 2023) but lower than
the findings from previous studies among feral pigeons from Bangladesh (100%; n=60)
(Begum & Sehrin, 2013), household and temple pigeons in Central Nepal (87.1%; n=155)
(Adhikari et al., 2022), Kerala, India (86.8%; n=91) (Thankachan et al., 2022) and two
temples in Kathmandu valley (90.83%; n=109) (Jha et al., 2023). In contrast, the prevalence
rate in this study was higher than in Suryabinayak, Bhaktapur (53.24%; n=77) (Sukupayo,
2019), Iraq (76%; n=50) (Issa et al., 2021) and three temples in Pokhara valley (69.16%;
n=120) (Gurung & Subedi, 2018). The variation in these results can be attributed to
differences in sampling techniques, sample sizes, examination methods and the types of
parasites detected and the ecological characteristics of the sampling locations. For example,
the study from Bangladesh, which reported a 100% parasite detection rate (Begum &
Sehrin, 2013), used histopathologic findings, whereas, the current study utilized faecal
sampling and potentially less sensitive microscopic techniques, although both iodine wet
mount and concentrated methods were employed for each sample. The high rate of parasitic
infection observed in the present study might be due to factors such as a constant source of
infested droppings or infested intermediate hosts in the study area. Additionally, parasitic
infection in pigeons can be influenced by food sources, geographic location, climatic
conditions and the availability of intermediate hosts. In the present study, two genera of
protozoa, one genus of trematodes and three genera of nematodes were observed. The two
genera of protozoa found were Eimeria spp. and coccidian oocysts. Similarly, the one genus
of trematodes found was Heterophyes spp. and the three genera of nematodes found were
Ascaridia spp., Capillaria spp. and Spirocerca spp. This was the first record of Spirocerca
spp. in pigeons in Nepal. The prevalence rate of Eimera spp. was found to be the highest
in pigeons (76.19%) which is similar to reports by Adhikari et al. (2022) and Parsani et al.
(2014) , while the least prevalence was shown by Spirocerca spp. (2.38%) out of the total
84% total prevalence of GI parasites. The high detection of Eimeria spp. in pigeons
suggests water and food contamination in Swayambunath Mahachaitya. The prevalence of
Heterophyes spp. (38.10%) is higher than reported by Adhikari et al. (2022). The
prevalence of Ascaridia spp. (42.86%) is higher than reported by Adhikari et al. (2022) and
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Jha et al. (2023) and comparable to that reported by Gokpinar et al. (2023), Gurung and
Subedi (2018), Mohammed et al. (2019) and Mehmood et al. (2019). The prevalence of
Capillaria spp. (30.95%) is comparable to that reported by Gokpinar et al. (2023), Marques
et al. (2007) and Mehmood et al. (2019) but higher than that reported by Mohammed et al.
(2019). The prevalence of helminths was higher than protozoan parasites in the present
study, a finding consistent with previous reports by Patel et al. (2000), Jha et al. (2023),
Gurung and Subedi (2018) and Parsani et al. (2014). The high prevalence of helminth
infections recorded in this study could indicate a high incidence of the infective stages and
intermediate hosts of the parasites in Swayambhunath Mahachaitya. The pigeon’s
scavenging behavior, traveling long distances and consuming whatever food is available,
enhances their exposure to diverse environmental conditions including contact with other

avian species, consequently increasing the acquisition of various parasites.

Due to the great diversity of parasites found in macaques, dogs and pigeons, these animals
play an important role in the transmission and maintenance of infection to humans. For
instance, Giardia spp. and lodamoeba spp. are found in both humans and macaques
suggesting a transmission flow between these species. Adhikari et al. (2023) reported that
lodamoeba buetschlii might be transmitted to rhesus macaques from infected humans or
livestock, which can severely damage the macaque’s GI tract, causing symptoms like
diarrhoea and rectal prolapse. Li et al. (2021) confirmed that NHPs serve as reservoirs for
Giardia spp., highlighting the potential for interspecies transmission between humans and
macaques. Similarly, Balantidium coli found only in macaques is zoonotic and can cause
clinical side effects such as dysentery and diarrhoea in both macaques and humans (Jain &
Maharjan, 2023). Entamoeba histolytica, though non-pathogenic to humans, is found in
macaques, whereas Entamoeba spp. found in humans, macaques and dogs pose a zoonotic
risk due to their simple and direct life cycles (Chhetala, 2022). Although Entamoeba coli
in macaques is typically asymptomatic, other species like Chilomastix spp. and Endolimax
spp. are zoonotic but non-pathogenic. Isospora spp. in macaques is asymptomatic and not
zoonotic while Physaloptera spp. and Enterobius spp. are zoonotic but non-pathogenic.
The lifecycle of Physaloptera spp. in humans remains undistinguished. Li et al. (2021)
identified higher parasite prevalence among workers compared to villagers, attributing this
to greater exposure to risk factors such as direct animal contact and environmental
contamination. Bertiella spp., newly reported in rhesus macaques in Nepal, is zoonotic and

can infect humans. Hookworm, Trichuris spp., Strongyloides spp. and Strongyle spp. found
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in both macaques and dogs pose a zoonotic risk. Schir et al. (2014) identified seven GI
parasites with zoonotic potential in rural Cambodian village dogs, including Hookworm,
Strongyloides spp., Trichuris spp., Toxocara canis, Echinostoma spp., Giardia duodenalis
and Entamoeba spp. Ascaris spp. common in both dogs and humans, is associated with
intestinal pathology and respiratory symptoms in endemic regions (Jain & Maharjan,
2023). Toxocara canis and Dipylidium caninum found only in dogs are zoonotic in nature.
Toxocara canis is non-infectious to humans while Dipylidium caninum is infectious to
humans. Adhikari et al. (2023) reported Toxocara spp. being exchanged between macaques
and stray dogs due to shared food and shelter. Capillaria spp. found in both dogs and
pigeons may exchange between these animals and infect macaques, posing a zoonotic risk
despite being non-infective. Eimeria spp. found only in pigeons can transmit to humans but
is non-pathogenic. Parasites like, Heterophyes and Spirocerca spp. found in pigeons may
also pose zoonotic risks. The interactions among humans, macaques, dogs and pigeons
facilitate the transmission of parasites. Understanding these new relationships is crucial as
approximately 90% of parasites described in humans have domestic and wild animals as

definitive hosts in their life cycles.
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6. Conclusions and recommendations

6.1 Conclusions

The prevalence rates of parasitic infections vary significantly among the different studied
populations. Monkeys exhibit the highest prevalence rate (96%), followed by pigeons
(84%), dogs (72%) and humans (16%). The prevalence rates suggest a host-specific pattern
of parasitic infections. The relatively high prevalence rates observed in monkeys and dogs
raise concerns about the zoonotic potential of certain parasites. Humans may be at risk of
contracting parasitic infections from these animal populations, emphasizing the importance
of proper hygiene practices and parasite control measures, particularly in areas where

humans and animals coexist closely.
6.2 Recommendations

» Initiate comprehensive awareness campaigns targeted towards visitors and locals
about the risks of GI parasitic transmission from close contact with animals such as
macaques, dogs and pigeons.

» Provide regular veterinary care and health screenings for macaques living in the
area to reduce the prevalence of GI parasites among them. This may include
deworming treatments and vaccination campaigns.

» Establish a long-term monitoring program to assess the prevalence of GI parasites

among humans, macaques, dogs and pigeons in the area.
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Appendix 1. Photographs

1. Photo plates of GI parasites in humans

» .
. » T \ t
. g ?
: A
1. Cyst of Entamoeba spp. 2. Cystof Giardia lamblia

3. Cyst of lodamoeba buetschlii |4 Egg of Ascaris lumbricoides

2. Photo plates of GI parasites in rhesus macaques

5. Cyst of Entamoeba histolytica 6. Cyst of Entamoeba coli
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7. Cyst of Entamoeba spp. 8. Cyst of Chilomastix spp.

9. Oocyst of Endolimax spp. 10. Cyst of Giardia spp.

|

11. Cyst of lodamoeba buetschlii

-

13. Cyst of Balantidium coli 14. Trophozoite of Balantidium coli
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16. Egg of Enterobius spp.

S,

21. Egg of Strongyloides spp. 22. Larva of Strongyloides Spp.
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3. Photo plates of GI parasites in dogs

24. Egg of Dipylidium caninum

26. Egg of Hookworm

28. Egg of Toxocara canis

!

30. Egg of Capillaria spp.

29. Egg of Trichuris spp.
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31. Egg of Ascaris spp.

32. Larva of Strongyloides s£)p.

4. Photo plates of GI parasites in pigeons

33. Oocyst of Eimeria spp.

35. Egg of Heterophyes spp.

1ty

Yo

36. E;gg of Ascaridia spp.-

37. Egg of Capillaria spp.

38. Egg of Spirocerca spp.
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5. Photos

39. Macaques consuming food provided

41. Pigeons consuming food provided by

humans water

iy =
i~ G

43. Macaque and pigeons drinking

water from the same water source
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45. Interaction between humans and 46. Fecal sam‘ple collecting in

macaques vials

47. Microscopic examination of fecal samples
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Appendix 2. Materials required

Apparatus required

V V V V V V V V V V V V VY

Gloves and masks
Vials

Tongue depressor
Biohazard zip-lock bag
Beaker

Petri dish

Conical flask
Test tube stand
Glass rod

Tea strainer
Spatula

Glass slides

Dropper

Chemicals required

>

VvV V V V V V

YV V.V VYV V V V V V V V VYV V

Coverslips
Graduated cylinder
Cotton

Fine mesh sieve tube
Centrifuge tube
Labeling tape
Marker

Forceps

Centrifuge machine
Weighing machine
Toothpick

Phase contrast microscope

Ice box

2.5% Potassium dichromate solution (K>Cr,07)

Sodium chloride solution (Nacl)

Lugol’s iodine solution
Distilled water

0.85% Normal saline
10% formalin

Ethyl acetate
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Appendix 4. Sample collection procedure

Procedure to collect stool sample

Step1

If needed, urinate before
starting to avoid
contamination with feces
Flush the toilet

Wash your hands

Put on the gloves provided

Step 2

* Place clean newspaper over
the toilet seat opening under
the lid. Alse, place the toilet
paper over it
If the stool has been watery,
put the paper bowl over the

Step4
+ Using the applicator, collect
small scoop of stool (feces)
+ Make sure no urine, water or
other material gets in the
container

Step5
« Place the specimen container
in the plastic bag provided
» Flush the toilet paper with stool
down the toilet

Step 6
« Wrap the paper bowl or

toilet paper newspaper and gloves in clean
newspaper and dispose it
» Wash hands with soap and warm
water for 20 seconds
Step3
= Defecate siting on the toilet
seat onto the toilet paper or S Step 7
onto the paper b‘_:WI i D Please do not forget to send/give your
. Maketsur_e t;]e“: '_fi:to urine . 3 sample to the researcher as soon as
or water in the toilet paper - 5 )
with the stool possible (within a day)
Y g wgrae T wfshar sy
o ot wim R, Ruwt 4R e
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Appendix 5. Identification sheet of rhesus macaques

Name of the monkey: Smiley

Code: Sm
Sex: Male
Age: Adult

5 : » Black mole is present close to » Three white spot is present
Smiley faced the right eye above right mouth

Name of the monkey: Camel-humped

Code: Ch
Sex: Female
Age: Adult

» Left mammary gland is larger

* Camel hump shaped monkey * Ring like shaped in left
mammary gland

* Matted inner tail
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Appendix 6. Identification sheet of dogs

Name of the dog: Butterfly

Code: Bf
Sex: Female
Age: Adult

» Forelimb = white coloured
* Hind limb = anterior black
* Belly region = all white

¢ Posterior part of the body is

* Body colour = black and white slightly brown
* Tail = 10% black, 90% white

Name of the dog: Kali

Code: Ka
Sex: Female
Age: Adult

» Forelimb = Black, left paw white
coloured

* Hind limb = Black, paw has little
white fur

* Black coloured with 5% burgundy
» Mouth has little white fur posteriorly
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