JoMMID

ISSN: 2345-5349
elSSN: 2345-5330

and Infectious Diseases

.‘ Journal of Medical Microbiology

Potential Zoonotic Disease Transmission from Macaques to Human in Ecotourism
Areas: A Systematic Review

Sepriyoga Virdana!'¥, Rizaldi**"*, Rita Maliza*
1Department of Biology, Faculty of Mathematics and Natural Sciences, Andalas University, Padang, 25163, Indonesia

ARTICLE INFO ABSTRACT

Systematic Review Intr'oductiop: Zoonot_ic diseases pose a significant public heglth thr'eat,

particularly in ecotourism areas where frequent human-macaque interactions
increase the risk of pathogen transmission between species. Understanding
these dynamics is crucial for safeguarding both human and animal health.
This systematic review synthesizes research on the prevalence and
transmission of zoonotic pathogens from macaques to humans in ecotourism
settings. Methods: The review adhered to PRISMA guidelines, and a
comprehensive literature search was conducted across PubMed, Web of
Science, Scopus, Google Scholar, and Semantic Scholar to identify relevant
publications. Seventeen studies published between 2000 and 2024 were
rigorously evaluated. These studies investigated zoonotic disease
transmission between macaques and humans in diverse ecotourism settings
across eight countries. Results: The analysis revealed that viruses (42%)
were the most frequently reported zoonotic pathogens transmitted from
macaques to humans, followed by helminths (28%) and protozoa (26%).
Transmission occurred through both direct and indirect pathways, including
bites, scratches, physical contact, and exposure to contaminated surfaces or
objects. Conclusions: The findings underscore the need for robust public
health interventions, such as enhanced surveillance, vaccination programs,
and hygiene protocols. Effective ecotourism management strategies should
also incorporate educational programs for visitors on zoonotic risks,
improved hygiene infrastructure, and strict regulations on human-macaque
interactions, including maintaining safe distances and prohibiting feeding, to
protect both human and animal health.
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INTRODUCTION
Emerging infectious diseases represent a significant
threat to global conservation efforts, particularly for

Furthermore, their propensity for close social
interactions significantly facilitates pathogen
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vulnerable wildlife populations. An estimated 70-75% of
these diseases originate in wildlife [1-3], with a
substantial proportion, exceeding 60%, being zoonotic in
nature [1, 4]. Non-human primates, particularly
macaques, constitute a significant reservoir for zoonotic
disease transmission. The increasing human population
and the concomitant intensification of anthropogenic
activities, such as deforestation, agriculture, and
urbanization, within primate habitats elevate the
probability of zoonotic pathogen spillover from primates
to humans [5]. These primates represent significant
reservoirs of pathogens that pose a notable risk to human
health. This heightened risk is largely attributable to their
considerable overlap with humans in genetic,
physiological, and behavioral characteristics, including
susceptibility to a range of shared pathogens.

http://jommid.pasteur.ac.ir

transmission [6]. Importantly, approximately 25% of
emerging infectious diseases in humans are estimated to
have originated in primates, underscoring their critical
role in zoonotic disease dynamics [7]. Ecotourism,
characterized by close human-wildlife interactions,
facilitates the transmission of zoonotic diseases.
Macaques, owing to their high adaptability and frequent
proximity to humans in ecotourism areas, represent a
focal point of concern regarding potential zoonotic
transmission. By way of illustration, African tick-bite
fever (Rickettsia africae), the most prevalent tick-borne
rickettsiosis, is a leading cause of post-travel fever in
individuals returning from sub-Saharan Africa, second
only to malaria [8]. Additionally, rabies transmission
from non-human primates has been confirmed [9].
Conversely, research has demonstrated the bidirectional
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nature of pathogen transmission, with diseases also
capable of being transmitted from humans to wildlife, a
phenomenon termed reverse Zoonosis or
zooanthroponosis [10]. This phenomenon affects various
vertebrate groups, with non-human primates being
particularly susceptible [11]. Notable viral pathogens
implicated in such reverse zoonotic transmission include
rubella and measles [6].

Tourism-related  activities, encompassing close
encounters and physical interactions with macaques
(e.g., feeding or provocation), significantly elevate the
risk of interspecies pathogen transmission [12-15].
Ecotourists, particularly  those  originating from
international or distant locales, pose a potential risk of
introducing novel pathogens to macaques [11, 16].
Beyond rabies, a spectrum of other zoonotic pathogens
have been identified in macaques and present a
recognized risk to human health, notably including
simian foamy virus (SFV), which has been identified in
long-tailed macaques [16, 17]. SFV, though currently
non-pathogenic in humans, has the potential to evolve
into pathogenic variants, similar to the evolution of
simian immunodeficiency virus (SIV) into HIV. While
naturally acquired SFV infections in humans are
currently considered non-pathogenic, a latent potential
exists for SFV variants to evolve and acquire pathogenic
properties in humans, paralleling the established
evolutionary  pathway of SIV  to  human
immunodeficiency virus (HIV) [18]. Yong et al. (2013)
provided compelling serological evidence of pathogen
transmission from Tibetan macaques (Macaca thibetana)
to humans. Their study was conducted at an ecotourism
site on Mount Huangshan [19]. Serological analysis of
16 blood samples revealed the presence of antibodies
against a panel of six viruses, with the following
seroprevalence: Herpes B virus (6.3%), Hepatitis B virus
(HBV; 12.5%), Simian foamy virus (SFV; 18.8%),
Simian poxvirus (12.5%), Simian retrovirus (18.8%),
and Simian T-cell lymphotrophic virus-1 (6.3%). This
study unequivocally underscores the tangible potential
for zoonotic pathogen spillover from macaques to
humans within ecotourism environments.

The expansion of ecotourism, particularly activities
involving close interactions with macaques, such as
feeding, touching, or close proximity, significantly
elevates the potential for zoonotic disease transmission.
Macaques are recognized reservoirs for a range of
zoonotic pathogens, including SIV, Mycobacterium
tuberculosis (TB), and Herpes B virus (Cercopithecine
herpesvirus 1). Transmission can occur via direct
contact, such as bites and scratches, or through exposure
to infected bodily fluids. Furthermore, the incidence of
malaria caused by Plasmodium knowlesi, a zoonotic
pathogen transmitted from macaques, has been notably
increased in certain regions [20]. Additionally,
enteroparasites and other gastrointestinal pathogens
harbored by macaques represent a significant public
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health concern [21]. Collectively, these pathogens
underscore the salient health risks inherent in close
human-macaque interactions within ecotourism settings.
Crucially, a comprehensive understanding  of
transmission dynamics is not only essential for
mitigating human health risks but also for informing and
implementing effective management strategies aimed at
safeguarding the health and well-being of both human
communities and macaques. However, while numerous
studies have explored zoonotic disease transmission
from diverse wildlife species within ecotourism settings,
a comprehensive systematic review specifically focusing
on macaque-to-human transmission in these contexts
remains absent. Such a review is crucial for generating
evidence-based recommendations for policymakers and
ecotourism managers, offering actionable guidance on
optimizing visitor behavior, enhancing hygiene
protocols, and implementing effective macaque
population  management  strategies to  mitigate
transmission risks. Consequently, this systematic review
aims to synthesize and critically analyze the existing
literature on the transmission of zoonotic diseases from
macaques to humans within ecotourism environments.
The findings of this review will significantly contribute
to our understanding of the specific risks associated with
human-macaque interactions in ecotourism and will
inform the development and implementation of
evidence-based strategies to minimize zoonotic disease
transmission.

METHODS

Search strategy. A systematic literature search was
conducted from March 7 to April 3, 2024, to identify
relevant studies on zoonotic disease transmission from
macaques to humans within ecotourism settings. The
following electronic databases were searched: PubMed,
Web of Science (Clarivate Analytics), Scopus (Elsevier),
ScienceDirect (Elsevier), Google Scholar, and Semantic
Scholar. The search strategy incorporated the following
keywords and their combinations: ‘zoonotic disease
transmission from macaques to humans’ AND ‘human-
macaque interface in ecotourism areas'. This review
followed the PRISMA 2020 guidelines, including the use
of a PRISMA flow diagram to document study selection
and adherence to the four-phase process (identification,
screening, eligibility, and inclusion) [22].

Eligibility criteria. The eligibility criteria for this
systematic review were clearly defined to ensure the
inclusion of studies specifically addressing zoonotic
disease transmission between macaques and humans
within ecotourism contexts. Studies were included if
they were published between January 1, 2000, and
December 31, 2024, and investigated zoonotic
pathogens, including viruses, protozoa, helminths, and
bacteria. Additionally, included studies employed
observational or experimental research methodologies
focusing on direct interactions (e.g., physical contact) or
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indirect interactions (e.g., shared environments) between
macaques and humans and were published in English.
The geographical scope encompassed regions with
macaque populations in ecotourism settings, such as
Southeast Asia, South Asia, and other areas where
macaques are present in national parks, nature reserves,
zoological parks, urban areas with frequent human-
macaque interactions (e.g., temple complexes or city
parks), and cultural heritage sites.

Studies were excluded if they were conducted in
laboratory settings without ecotourism-related contexts,
involved captive macaques in settings unrelated to
ecotourism  (e.g., research facilities or private
collections), or were non-primary research studies, such
as reviews, opinions, or editorials. Studies not published
in English were also excluded due to resource constraints
and the widespread use of English in scientific literature.

Data extraction. All articles identified through the
systematic search were imported into and subsequently
de-duplicated within Microsoft Excel (version 2016). A
standardized data extraction form was utilized to
systematically extract the following information from
each included study: study characteristics (author(s),
publication year, article title, journal title, geographic
location of the study, study design, data collection
methods, sample size, sample type, and study period);
the specific ecotourism context (e.g., type of protected
area, level of human-macaque interaction, and
implemented management practices); exposure variables,
including the nature of human-macaque interactions
(e.g., direct physical contact, bites, scratches, and
potential environmental exposure routes); primary and
secondary outcome measures, such as the type of
zoonotic disease(s) identified, specific pathogens
detected, reported incidence or prevalence rates, and
other relevant epidemiological parameters; study quality
assessment, including the specific quality assessment
tool employed; and information regarding preventive
measures, explicitly stating whether these measures were
reported within the included studies or identified from
external sources, along with detailed descriptions of the
documented measures.

Data analysis. Descriptive statistical analyses were
performed using Microsoft Excel based on the extracted
data from the included studies. Data were extracted using
a standardized form, including study design, sample size,
geographical location, types of human-macaque
interactions (e.g., feeding, touching), and prevalence of
zoonotic diseases in both macaque and human
populations. Study characteristics, such as study design,
sample size, and geographical location, were
summarized to contextualize the findings and identify
patterns across studies. Extracted data were cross-
checked by a second reviewer to ensure accuracy and
consistency. A qualitative synthesis was conducted to
categorize and summarize the identified zoonotic
pathogens in macaques across Vvarious ecotourism
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settings, using thematic analysis. Ecotourism settings
were defined as areas where tourism focuses on wildlife
observation and conservation, including national parks,
nature reserves, and cultural heritage sites.
Visualizations, including bar charts and heat maps, were
generated using Flourish Studio for its advanced data
visualization capabilities, enabling the creation of
interactive and publication-quality charts to illustrate the
distribution and prevalence of zoonotic pathogens.

Ethics statement. This systematic review involved the
analysis of publicly available, peer-reviewed literature
and did not entail the collection of primary data from
human participants or animals. Consequently, formal
ethical approval was not deemed necessary for this
study.

RESULTS

Study selection process and characteristics. The
initial database searches yielded a total of 1902 records,
which were screened for relevance based on title and
abstract. Of these, 1000 were retrieved from CrossRef,
565 from Google Scholar, 141 from PubMed, 136 from
Web of Science, 56 from ScienceDirect, and 4 from
Semantic Scholar. Duplicates were identified and
removed using reference management software, resulting
in 213 unique articles for screening. After title and
abstract screening, 213 articles were retained for further
evaluation, of which 29 progressed to full-text review. A
further six articles were excluded as they focused
exclusively on behavioral interactions  without
identifying specific zoonotic pathogens (as detailed in
Figure 1, PRISMA flow diagram). Comprehensive data
on the types and prevalence of pathogens detected in
each macaque species can be found in Table 1, which
provide a detailed overview of the geographical
distribution and pathogen diversity. Ultimately, 17
articles satisfied all inclusion criteria and were included
in the final data extraction (see Table 2). This rigorous
selection process ensured that only studies directly
addressing zoonotic disease transmission between
macaques and humans in ecotourism settings were
included.

Description of included studies. A total of 17 studies
met the inclusion criteria and were incorporated into the
qualitative synthesis. The publication dates spanned from
2000 to 2024, with a distribution of three studies
published between 2000 and 2010 and the remaining 14
published between 2011 and 2024, reflecting growing
awareness of zoonotic risks in ecotourism areas. These
17 studies were conducted across eight countries,
representing  diverse  ecological  settings  and
anthropogenic settings (e.g., temples, national parks)
with varying intensities of human-macaque interaction,
ranging from occasional encounters to frequent physical
contact. Thailand accounted for the highest number of
studies (n=5), with research conducted in various
settings, including temple complexes, national parks, and
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urban areas, which are hotspots for close human-
macaque interactions and potential pathogen spillover.
China contributed four studies, predominantly focusing
on national parks and zoological parks. Indonesia (n=2)
and Nepal (n=2) each contributed studies conducted in
national parks and prominent monkey temples, which
attract large numbers of tourists and facilitate frequent
human-macaque interactions. The remaining four

countries each contributed a single study: Bangladesh
(encompassing a sacred site frequented by tourists and
an urban area with high human-macaque interaction), the
Philippines (within a national park), Malaysia (at a
cultural heritage site with high tourist visitation), and
India (in a natural habitat adjacent to human settlements,
where close interactions increase the risk of zoonotic
spillover).

[ Identification of studies via databases and registers ]

Records removed before screening:

=  Duplicate records removed (n = 85)

= Records removed article review (n = 44)

= Records removed no disease and other
reason (n = 59)

= Records removed for other than
macaques (n = 1104)

Records excluded

(n=397)

Reports not retrieved

(n=184)

Reports excluded:

= Does not address the specific pathogens
present in macaques (n = 1)

=  Behavioral Implications of Pathogen
Transmission (n= 5)

Records identified from:
_5 Google Scholar (n = 565)
IS
) PubMed (n = 141) >
5 CrossRef (n = 1000)
=
Semantic Scholar (n = 4)
— '
)
Records screened
—>
(n=213)
o
= Reports sought for retrieval
[}
—_—
(&)
= (n=29)
: !
Reports assessed for eligibility
(n=23)
—
A
(3]
€ Studies included in review
| | n=17
—

Fig. 1. PRISMA flow diagram illustrating the systematic literature search and study selection process for this systematic review

The research designs employed within the 17 included
studies  were  diverse, including  cross-sectional,
observational, and experimental designs. Nine studies
(53%) utilized a cross-sectional design to determine the
prevalence of zoonotic pathogens in specific macaque
species or populations through serological or molecular
testing (see Table 2 for details). Two studies (12%) adopted
observational designs to investigate macaque behavior
related to human interactions and pathogen transmission in
ecotourism  settings, where close human-macaque
interactions increase the risk of zoonotic spillover. The
remaining six studies employed experimental or
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longitudinal designs to explore pathogen transmission
dynamics. These diverse research designs provide a
comprehensive  understanding of  zoonotic  disease
transmission risks in ecotourism areas.

The included studies encompassed research on nine distinct
species within the genus Macaca: M. fascicularis (long-
tailed macaque), M. mulatta (rhesus macaque), M. thibetana
(Tibetan macaque), M. nemestrina (pig-tailed macaque), M.
fuscata (Japanese macaque), M. maura (Moorish macaque),
M. assamensis (Assamese macaque), M. arctoides (stump-
tailed macaque), and M. cyclopis (Formosan rock macaque).
Studies focusing on non-macaque primate species,
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such as apes and lemurs, were excluded to maintain
specificity. One study was excluded due to its focus on
aspects unrelated to zoonotic disease transmission, such
as behavioral ecology or conservation genetics, aligning
with the defined scope of this review. While the primary
focus of this review is on macaques, other primate taxa,
such as apes, were acknowledged as potential reservoirs
for zoonotic disease transmission but were excluded to
maintain focus on macaques. For instance, a study
conducted in Hlawga National Park, a site with high
human-primate interaction, investigated behavioral
patterns in apes, such as close proximity to humans that
could facilitate zoonatic pathogen transmission [23].

The sample sizes across the included studies varied
widely, reflecting differences in study design and
logistical constraints. For macaque subjects, the sample
sizes ranged from 16 to 649 individuals, while human
subject sample sizes ranged from 11 to 82 participants.
Biological samples, including blood, feces, rectal swabs,
oropharyngeal swabs, and occasionally carcasses, were
collected to identify zoonotic pathogens in macaques and
humans. These samples were analyzed to identify a
spectrum of potential zoonotic pathogens relevant to
human health within ecotourism areas (Table 2). Nucleic
acid amplification tests, such as polymerase chain
reaction (PCR), were used to detect viral and bacterial
pathogens with high sensitivity. Serological assays,
including enzyme-linked immunosorbent assay (ELISA),
were employed to detect antibodies against viral and
bacterial pathogens. Microscopic analysis was utilized to
identify helminth eggs and protozoan parasites in fecal
samples. Furthermore, ELISA was used to detect
antibodies against specific protozoan pathogens [24- 30].

Macaca asamensis

Macaca thibetana

Macaca fuscata

Macaca mulatta

Macaca fascicularis

Macaca arctoides
Macaca maura
Macaca nemestrina
Macaca cyclopis

Zoonotic disease risks from macaques in ecotourism

The integration of multiple diagnostic methodologies,
such as PCR, ELISA, and microscopic analysis,
enhanced the accuracy and comprehensiveness of
pathogen detection, providing a more robust
understanding of pathogen prevalence and potential
transmission pathways within these ecotourism settings.
These findings provide critical insights into the
prevalence and transmission dynamics of zoonotic
pathogens in ecotourism areas, informing the
development of mitigation strategies.

Prevalence of pathogens in macaques. The detection
rates of the four primary pathogen categories-viruses,
helminths, protozoa, and bacteria-varied across the
included studies due to differences in sampling methods,
diagnostic techniques, and geographical locations. Viral
pathogens were the most frequently detected, identified
in seven studies (42%), likely due to their high
transmission rates and adaptability to diverse hosts.
Protozoan infections were reported in five studies (28%)
[21, 29-35]. Helminth infections were detected in four
studies  (26%). Bacterial infections, including
Mycobacterium tuberculosis, were reported in only one
study (6%) [28, 36]. These findings highlight the
diversity of pathogens present in macaques, with notable
variations in prevalence influenced by factors such as
macaque species, geographical location, and human-
macaque interaction intensity (Figure 2). The spectrum
of pathogen types observed across different macaque
species and geographical locations underscores the need
for region-specific zoonotic disease management
strategies.

Virus

Helminth

Protozoans

Bacterium

Fig. 2. Distribution of pathogen diversity, including viral, helminth, protozoan, and bacterial pathogens, across nine macaque species
(Macaca fascicularis, Macaca mulatta, Macaca thibetana, etc.) examined in the included studies
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As illustrated in Figure 2, which shows the distribution
of pathogen diversity across macaque species, the types
and prevalence of detected pathogens varied. Macaca
fascicularis had the broadest range of pathogens, with
evidence of viral, protozoan, helminth, and bacterial
infections, as detected through molecular, serological,
and microscopic techniques. M. mulatta, M. fuscata, M.
thibetana, and M. arctoides harbored viruses, helminths,
and protozoa. Both M. nemestrina and M. maura, which
are commonly found in ecotourism areas, presented with
protozoan and helminth infections. In M. assamensis,
only viral pathogens, such as Simian foamy virus, were
detected, while M. cyclopis, a species with limited
human interaction, was found to harbor only protozoan
pathogens.

Human-macaque interactions and potential
transmission pathways. Zoonotic pathogen
transmission, including viruses, bacteria, and parasites,
from macaques to humans can occur via direct contact
(e.g., physical interaction) and indirect contact (e.g.,
exposure to contaminated environments). The most
frequently reported modes of direct contact were feeding
(64.29%), scratching (14.29%), biting (14.29%), and
touching (7.14%). Feeding, the most prevalent form of
direct interaction, often leads to closer proximity and
increased risk of aggressive behaviors such as biting or
scratching, thus facilitating pathogen transmission
through direct exposure to macaque saliva or feces, or
through the contamination of shared environments, such
as picnic areas or temple grounds, where food items and
surfaces may be contaminated with macaque feces [19,
24-25, 29, 30-33, 34-37].

Indirect contact was also identified as a relevant

transmission pathway in several studies. Close proximity
to macaques, which increases the risk of exposure to
airborne pathogens or contaminated surfaces, was
reported in 57.14% of the studies. Environmental
contact, such as touching picnic tables, temple surfaces,
or food items contaminated with macaque saliva or
feces, was reported in 42.86% of the studies. These
indirect interactions represent viable routes for pathogen
transmission due to the persistence of pathogens in the
environment and frequent human-macaque interactions.
Several studies, including Kosoltanapiwat et al. (2022),
have provided evidence supporting indirect transmission
through contaminated environments [26]. For example,
the sharing of water sources or foraging areas, where
macaque feces or saliva can contaminate resources used
by humans, and the handling of macaque feces during
cleaning activities or objects contaminated with macaque
saliva, such as food containers or toys, have been
identified as potential mechanisms for indirect pathogen
transmission (Table 2).

Geographical distribution of studies and pathogen
detection in macaques. The majority of the included
studies were conducted in Thailand (n=5; [24-28]) and
China (n=4; [19, 29-31]), which are hotspots for
ecotourism and human-macaque interactions. Research
was also conducted in Indonesia [32, 33], Nepal [34, 35],
Malaysia [36], India [37], Bangladesh [38], and the
Philippines [21], regions with significant macaque
populations and ecotourism activities. In Thailand,
across the studies, four macaque species were found to
harbor viruses, helminths, and bacteria [24-28]. In China,
across the studies, seven macaque species were found to
harbor viruses, helminths, and protozoa [19, 29-31].

Table 1. Distribution of pathogens detected in different macaque species across countries

Country Macaque species studied Pathogen type References
M. fascicularis Virus [27]
M. assamensis, M. fascicularis, M. mulatta Virus [24]
Thailand M. fascicularis, M. nemestrina, M. arctoides Virus [26]
M. fascicularis Helminths [25]
M. fascicularis Bacterium [28]
M. thibetana, M. fuscata, M. mulatta Virus [31]
M. thibetana Virus [19]

China M. thibetana, M. fascicularis, M. arctoides, M. .

mulatta, M. nemestrina, M. fuscata Protozoans and Helminths [29]
M. cyclopis Protozoans [30]
Indonesia M. fascicularis Virus [32]
M. maura Protozoans and Helminths [33]
Nepal M. mulatta Protozoans and Helminths [35]
M. mulatta Virus [34]
Malaysia M. fascicularis Bacterium [36]
India M. mulatta Virus [37]
Bangladesh M. mulatta Virus [40]
Philippines M. fascicularis Protozoans and Helminths [21]

Pathogen diversity across macaque species. Across
the reviewed studies, a total of 14 distinct viral species,
14 protozoan species, 13 helminth species, and 2
bacterial species were identified as infecting agents in
macaques. M. mulatta, a species commonly found in
ecotourism areas, exhibited the highest viral diversity,
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with 11 distinct viral species detected, suggesting a
greater potential for zoonotic transmission. In contrast,
M. arctoides and M. assamensis, species with limited
human interaction, each harbored only a single detected
viral species. No viral pathogens were detected in M.
nemestrina, M. maura, or M. cyclopis within the scope of
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these studies, suggesting lower zoonotic risk in these
species. A comparative analysis of pathogen species
richness across macaque species is illustrated in Figure

Zoonotic disease risks from macaques in ecotourism
3, highlighting the variability in pathogen diversity
among the studied species. Figure 4 represents the global
distribution of studies included in the systematic review.

Virus Protozoans Helminths Bacterium
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Fig 3. Comparative analysis of pathogen species richness across different macaque species included in this systematic review
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Fig 4. Global distribution of studies included in this systematic review investigating potential zoonotic pathogen transmission from
macaques to humans in ecotourism areas

M. fascicularis exhibited the highest diversity of protozoan
species, with six distinct species detected, while only a single
protozoan species was identified in M. assamensis. Both M.
fascicularis and M. mulatta harbored the highest number of
helminth species, with nine species detected in each. No
helminth pathogens were detected in M. cyclopis or M.
assamensis, suggesting lower zoonotic risk in these species.
Bacterial pathogens were exclusively found in M. fascicularis,
with two species reported. These findings suggest that

J Med Microbiol Infect Dis 249

interactions with humans, such as feeding or physical contact,
which increase the risk of pathogen spillover, are a significant
factor contributing to the transmission of pathogens from
macaques to humans. A comprehensive understanding of
pathogen transmission, which requires evaluating ecological
variables (e.g., habitat type), behavioral variables (e.g., human
feeding practices), and sampling methodologies (e.g.,
molecular, serological, and microscopic techniques), is
essential for developing effective mitigation strategies.
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Table 2. Potential zoonotic pathogen transmission from macaques to humans in ecotourism areas: a synthesis of findings from

reviewed studies

Human-
Study area Ecotourism setting Macague Study design S‘a e Sample type macaque Pathogen(s) detected References
species size (n) . -
interaction
Diverse settings [40]
Bangladesh (wild, urban,_shrines, Macaca Cross-sgctional Macaque: Blood Indirec_t: c_lose Measles virus
performing mulatta design 56 proximity
environments)
Huangshan Valley of Macaca Viruses: Herpes B virus (HBV), [31]
the Wild Monkeys, thibetana, Direct: feeding, Hepatitis A virus (HAV), Simian
China Hefei Wildlife Zoo, Macaca Cross-sectional Macaque: Blood scratching; poxvirus (SPV), Simian foamy virus
Qimen Laboratory fuscata, design 46 Indirect: close (SFV), Simian retrovirus (SRV),
Rhesus Macaque Macaca proximity Simian T-cell lymphotropic virus 1
Center mulatta (STLV-1)
Protozoa: Entamoeba coli, [21]
Entamoeba spp., lodamoeba
butschlii, Endolimax nana,
Blastocystis sp., Chilomastix mesnili,
Puerto Princesa Macaca Cross-sectional Macaque: Indirect: Entamoeba polecki, Giardia
Philippines Subterranean River fascicularis design 35 . Fecal environmental intestinalis
National Park contact Helminths: Hookworm larvae,
hookworm vs. strongylid eggs,
Strongyloides sp. larva, Trichuris
trichiura, Ascaris sp., Hymenolepis
nana, Enterobius vermicularis
. Humans: A Viruses: Herpes B virus, Hepatitis A [19]
China Mt. Huangshan Macaca (:Org:-r::;:?onr?alli 282, Behavioral sc?alt::ehcitr;g virus, Simian foamy virus, Simian
National Reserve thibetana desi Macaque: observation, blood o ! poxvirus, Simian retrovirus, Simian
lesign biting S
16 T-cell lymphotropic virus 1
Macaca [24]
assamensis, . . Direct: feeding;
Thailand Monkey temples fasMciiicct?l(;is Crosds-esé?g:]mnal Maﬁgue. Blood Indirec_t: (_:Iose Viruses: Simian Foamy Virus (SFV)
proximity
and Macaca
mulatta
Macaca [26]
fascicularis,
Thailand Monkey temples Macac_a Cross-sgctlonal Macaque: Fecal, Rectal swab Indlrec_t. (_:Iose Viruses: Simian adenovirus
nemestrina design 203 proximity
and Macaca
arctoides
. r\_latural habitat Macaca Cross-sectional Data not Direct: touching, Viruses: Simian foamy virus (SFV), [37]
India adjacent to human mulatta design available Blood biting Influenza A virus (IAV)
settlements
Macaque: [25]
Thailand Kosumpee Forest Mgcaca_ Cross-sgctional 102, . Fecal Direct: feeding Helmint_hs: Strong_yloid_es spp.,
Park fascicularis design Human: Ascaris spp., Trichuris sp.
115
Indirect: close . o . 27
n . Macaca Cross-sectional Macaque: Blood, proximity, Viruses: 3"?’."’*” fogmy virus (SFV), 2]
Thailand Various urban areas fascicularis design 649 oropharyngeal environmental Hepatitis B virus (HBV)
swabs Protozoa: Plasmodium spp.
contact
Protozoa: Entamoeba spp., [33]
Bantimurung . ) Indirect: Balantidium coli
Indonesia Bulusaraung National ’\:Inzﬁga Cros;;z?cgunal Maclegque Fecal environmental Helminths: Strongyloides spp.,
Park 9 contact Trichuris spp., Unidentified
helminths
Macaca [29]
thibetana
Macaca
fascicularis
Macaca Direct: feeding;
China Zoological gardens arctoides Cross-sgctional Macaque: Fecal I_ndirect: Protozoa: Trichuris spp., Entamoeba
(n=24) Macaca design 152 environmental spp.
mulatta contact
Macaca
nemestrina
Macaca
fuscata
Humans: [32]
Indonesia Monsl(aer;g$'2mple fa’svcl?(ii(;?'is Crosgess?ggonal Magzique: Blood Direct: feeding Viruses: Simian foamy virus (SFV)
38
. . | Protozoa: Entamoeba coli, [30]
China Shoﬁlzrt]jpe ’\Fl’?rll? nal 2/|:;1|c:cia Crosds-s?c::onal Mac3a7que. Fecal Direct: feeding Entamoeba chattoni, Entamoeba
yclopis eslg hartmanni, Entamoeba nuttalli
Malaysia W&ggrgirt'gge Macaca Cross-sectional Macaque: Tissue sample from Dlrl:dei?:cft?i?g;g’ Bacteria: Mycobacterium avium [36]
e fascicularis design 42 carcasses P complex (MAC)
Malaysia proximity
Indirect: close [28]
Thailand Kosumpee Forest Mgcaca_ Cross-sgctional Macaque: Blood pr_oximity, Bacteria: Leptospira spp.
Park fascicularis design 30 environmental
contact
Direct: feeding; [35]
Kathmandu Macaca Cross-sectional ~ Macaque: Indirect: close Protazoa: 5 unspecified species
Nepal ¥ Fecal proximity, Coccidia: 1 unspecified species
Valley mulatta design 121 . N A e N
environmental Helminths: 8 unspecified species
contact
Viruses: Rhesus cytomegalovirus, [34]
Swoyambhu Temple Macaca Cross-sectional Macaque: I . Simian virus 40, Cercopithecine
Nepal in Kathmandu mulatta design 39 Blood Direct: feeding herpesvirus 1, Simian foamy virus
(SFV)
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The prevalence of zoonotic diseases in ecotourism
areas. This systematic review demonstrated a variable
prevalence of zoonotic pathogens within macaques
inhabiting ecotourism areas. While not all studies
explicitly investigated zoonotic transmission, multiple
studies identified the presence of pathogens with well-
established zoonotic potential. Significant variability in
pathogen prevalence was observed across different
geographical regions and macaque species, with some

Zoonotic disease risks from macaques in ecotourism

exhibiting higher infection rates than others. The
presence of viruses, protozoa, and helminths was
commonly reported in the reviewed studies. However,
the methodological approaches used to investigate and
confirm  zoonotic transmission  pathways varied
significantly. These discrepancies highlight the need for
more focused research on elucidating the direct and
indirect risks associated with zoonotic transmission in
these specific ecotourism areas.

Table 3. Prevalence of pathogens in macaques and humans in ecotourism areas: findings from reviewed studies

Study area Sample size (n)
Measles virus:

Pathogen prevalence (%) References

e  Performing environment: 50.00

Bangladesh Macaques: n = 56 ®  Urban area: 5.88

®  Shrine: 4.76

e  Wild area: 0.00

Viruses:

[38]

®  Herpes B virus (HBV):
O  Macaca thibetana: 6.30
O  Macaca fuscata: 37.50
O  Macaca mulatta: 27.30
e  Hepatitis A virus (HAV):
O  Macaca thibetana: 12.50
O  Macaca fuscata: 0.00
O  Macaca mulatta: 13.60
e Simian poxvirus (SPV):
O  Macaca thibetana: 12.50
O  Macaca fuscata: 12.50
China Macaques: n = 46 O  Macaca mulatta: 27.30 [30]
e  Simian foamy virus (SFV):
O  Macaca thibetana: 18.80
O  Macaca fuscata: 0.00
O  Macaca mulatta: 9.10
e  Simian retrovirus (SRV):
O  Macaca thibetana: 18.80
O  Macaca fuscata: 25.00
O  Macaca mulatta: 4.50
e  Simian T-cell lymphotropic virus-1 (STLV-1):
O  Macaca thibetana: 6.30
O  Macaca fuscata: 0.00
O  Macaca mulatta: 0.00

Enteroparasites: 85.71
Protozoa:

. Entamoeba coli: 34.29

Philippines Macaques: n = 35

Helminths:

Entamoeba spp.: 31.43
lodamoeba butschlii: 31.43
Endolimax nana: 28.57
Blastocystis sp.: 22.86
Chilomastix mesnili: 20.00
Entamoeba polecki: 20.00
e  Giardia intestinalis: 8.57

[21]

(] Hookworm larva: 40.00

Hookworm vs. strongylids ova: 34.29
Strongyloides sp. larva: 28.57
Trichuris trichiura: 20.00

Ascaris sp.: 11.43

Hymenolepis nana: 2.86

Enterobius vermicularis: 2.86
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China

Thailand
Thailand

India

Thailand

Thailand

Indonesia

China

Indonesia

China

Malaysia
Thailand

Nepal

Nepal

Humans: n = 282,
Macaques: n = 16

Macaques: n =118
Macaques: n = 203

Not reported

Macaques: n = 102,
Human: n = 115

Macaques: n = 649

Macaques: n =18

Macaques: n = 152

Human: n = 82,
Macaques: n = 38

Macaques: n = 37

Macaques: n = 42
Macaques: n = 30

Macaques: n = 121

Macaques: n = 39

Viruses (Macaques):

®  Herpes B virus: 6.30
Hepatitis A virus: 12.50
Simian foamy virus: 18.80
Simian poxvirus: 12.50
Simian retrovirus: 18.80

e  Simian T-cell lymphotropic virus-1: 6.30

Simian foamy virus (SFV): 92.00
Simian adenovirus: 33.30

Simian foamy virus (SFV): Data not available
Influenza A virus (IAV): Data not available
Gastrointestinal parasites:

®  Macaques: 44.00

(] Humans: 12.00
Viruses:

e  Simian foamy virus (SFV): 56.50

®  Hepatitis B virus (HBV): 0.30
Protozoa:

e  Plasmodium spp.: 2.20
Gastrointestinal parasites: 56.30
Protozoa:

®  Trichuris spp.: 31.75

e  Entamoeba spp.: 4.76
Protozoa:

e Trichuris spp.: 3.70

e  Entamoeba spp.: 66.67
Protozoa:

e  Entamoeba spp.: 3.13
Protozoa:

®  Trichuris spp.: 23.08
Protozoa:

e Trichuris spp.: 66.67
Viruses: Simian foamy virus (SFV):

(] Macaques: 89.00

e  Humans: 1.00
Gastrointestinal parasites: 100.00
Protozoa:

(] Entamoeba coli: 19.00
(] Entamoeba chattoni: 50.00
(] Entamoeba hartmanni: 11.00

e  Entamoeba nuttalli: 20.00
Mycobacterium avium complex (MAC): 33.30

Leptospira spp.: 13.33
Gastrointestinal parasites: 87.60

Rhesus cytomegalovirus (RhCMV): 94.90
Simian virus 40 (SV40): 89.70
Cercopithecine herpesvirus 1 (CHV-1): 64.10
Simian foamy virus (SFV): 97.40

[19]

[24]
[26]

[37]

[25]

[27]

[33]

[29]

[32]

[30]

[36]
[28]

[35]

[34]

Table 3 unequivocally demonstrates that viruses
constitute the most frequently detected category of
pathogens in macaque blood samples, with Simian
foamy virus (SFV) exhibiting the highest prevalence.
SFV was identified in seven of the reviewed studies,
with prevalence in macaques ranging from 9.1% to 92%.
Notably, evidence of zoonotic transmission was
observed through the detection of SFV in humans, with a
1% prevalence observed in a cohort of 82 individuals
[32]. The prevalence of Hepatitis A virus (HAV) ranged

J Med Microbiol Infect Dis 252

from 12.5% to 13.6% across the studies where it was
detected [19, 30]. Hepatitis B virus (HBV) was detected
at a lower prevalence of 0.3%. The prevalence of HBV
showed considerable variation, ranging from 6.3% to
64.1% [19, 30, 34]. Measles virus was detected in one
study, exhibiting a prevalence of 5% [38]. Rhesus
cytomegalovirus (RhCMV) showed a high prevalence of
94.9% in the study where it was identified. Finally,
Simian adenovirus was detected with a prevalence of
33.3% in one study [26]. Simian pox virus (SPV) had a
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prevalence of 12.5% in the study where it was detected
[19, 30]. Simian retrovirus (SRV) prevalence varied
from 4.5% to 25% across the studies where it was
detected. Simian T-cell lymphotropic virus 1 (STLV-1)
was found at a prevalence of 6.3%. Simian virus 40
(SV40) exhibited a prevalence of 89.7% in one study.
The prevalence of Influenza A virus was not reported in
the studies included in this review. Furthermore, analysis
of blood samples revealed the presence of bacteria,
specifically Leptospira spp., at a prevalence of 13.33%
[19, 28, 30, 34, 37]. The protozoan parasite Plasmodium
spp. was also identified in macaques, with a prevalence
of 2.2% [27, 28]. Helminths and protozoa, detected in
fecal or rectal samples, had prevalence rates in macaques
ranging from 44% to 100%. In a separate study
examining human fecal samples, gastrointestinal
parasites were identified with a prevalence of 12% (14
out of 115 samples) [25].

DISCUSSION

This systematic review synthesizes and analyzes the
potential for zoonotic pathogen transmission from
macaques to humans within ecotourism settings globally,
based on an analysis of 17 publications spanning the
period from 2000 to 2024. The findings unequivocally
highlight that direct physical interactions, such as
feeding, touching, and handling, represent significant
risk factors for pathogen transmission. Behaviors such as
feeding, touching, handling, and close proximity for
photographic purposes are consistently reported as high-
risk activities. The documented presence of viral,
protozoan, and helminth pathogens within macaques
provides strong evidence for zoonotic spillover through
these interactions [31]. A prevalent observation across
multiple studies was the engagement of tourists in direct
physical interactions with macaques, most notably
feeding. Tourists frequently utilized food as a means to
attract macaques for closer encounters, often to facilitate
photographic opportunities. Instances of tourists directly
hand-feeding macaques or placing food items into the
mouths of macaques have been reported [25, 32, 39].
This practice constitutes a significant route for pathogen
transmission, as direct contact with macaque saliva or
food items contaminated with macaque saliva can readily
facilitate the dissemination of zoonotic agents.

It is crucial to acknowledge the inconsistencies
observed across the reviewed studies. For example,
while some studies reported high prevalence rates of
specific viruses within M. fascicularis populations in
Thailand  [24-28], studies employing  similar
methodologies in Indonesia did not detect these viruses
in the same macaque species [32]. These discrepancies
may be attributed to several factors. Firstly, ecological
differences, including habitat structure, climate patterns,
and other environmental factors, could significantly
influence pathogen prevalence within macaques.
Secondly, the frequency and type of human-macaque
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interactions across different ecotourism sites could
influence pathogen transmission dynamics. Finally,
methodological differences, such as the choice of sample
types (e.g., blood vs. fecal samples) and the sensitivity of
detection techniques (e.g., PCR-based methods vs.
serological assays), could contribute to the observed
variations. For instance, certain viral pathogens may be
more readily detectable in blood samples, whereas others
may exhibit higher prevalence in fecal samples.
Similarly, PCR-based methods may offer superior
sensitivity compared to serological assays for the
detection of specific pathogens [19, 21, 24-35, 37, 40].
The adoption of standardized sampling and detection
protocols across future studies is paramount to address
these discrepancies and to facilitate a more robust and
reliable understanding of pathogen prevalence and
associated zoonotic disease risks across diverse
geographical regions and macaque populations. This, in
turn, will contribute to the development of more
effective strategies for the prevention and management
of zoonotic disease transmission within ecotourism
areas.

Furthermore, the manifestation of aggressive
behaviors by macaques towards humans was
documented in several studies [19, 31, 37],
encompassing instances of food snatching, chasing, and
biting. This behavior is frequently attributed to human
activities that disrupt macaque behavior, such as
disregarding established guidelines and regulations of
ecotourism sites. For instance, tourists who engage in
feeding macaques, approach them at excessively close
distances, or attempt to interact with infant macaques
may inadvertently elicit aggressive responses. Such
interactions can lead to physical injuries, including bites
and scratches, which inherently present a risk of zoonotic
disease transmission. Reports of bites and scratches
sufficiently severe to induce bleeding among both
tourists and workers within ecotourism areas have been
documented [32]. These injuries create a direct pathway
for pathogens to enter the human bloodstream, thereby
elevating the risk of infection. Therefore, educating
tourists about appropriate behavior around macaques and
rigorously enforcing regulations to minimize aggressive
interactions are essential measures. In the event of bites
or scratches, the provision of prompt medical attention
and appropriate post-exposure prophylaxis is crucial for
the prevention of potential zoonotic infections.

The hands and feet of macaques may be contaminated
with fecal matter, urine, or other substances that harbor a
diverse array of microorganisms, including bacterial
pathogens. While direct contact with macaques presents
a potential route for the transmission of these pathogens,
viral transmission frequently occurs through distinct
mechanisms. For instance, viruses such as Herpesvirus
simiae (Herpes B virus) and Simian Foamy Virus readily
transmit through mucosal contact, including bites,
scratches, or exposure to saliva or respiratory droplets [28].
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These findings underscore the critical importance of
educating tourists regarding the potential risks associated
with close proximity to macaques and of promoting
hygiene practices, such as thorough handwashing with
soap and water, for effectively minimizing the risk of
pathogen transmission within ecotourism areas.

Intestinal parasites, such as helminths and protozoans,
are frequently detected within the digestive tracts of
macaques and are subsequently shed in their feces [21,
25, 26, 30]. Tourists may accidentally contact
contaminated feces, leading to the transfer of these
parasites to their footwear and hands. Subsequent hand-
to-mouth contact or contact with other mucous
membranes can then result in pathogen transmission.
This issue is not exclusive to macaque ecotourism sites
and has been documented in multiple ecotourism and
wildlife settings involving non-human  primates,
including Singapore, Indonesia, Bali, and Gibraltar [32,
34, 39, 40]. These findings underscore the importance of
implementing  robust hygiene measures  within
ecotourism areas to minimize the risk of fecal
contamination and subsequent pathogen transmission.
Ecotourism operators should provide readily accessible
handwashing facilities and educate tourists about the
importance of avoiding contact with macaque feces and
practicing thorough handwashing with soap and water to
mitigate these risks.

Moreover, the reviewed studies exhibited variations in
their assessment of indirect transmission routes, such as
environmental contamination [21, 27-29, 33, 35]. While
some studies highlighted contaminated water sources or
surfaces soiled with macaque feces as potential sources
of zoonotic risk, others primarily focused on direct
contact through bites, scratches, or handling as the
predominant transmission route. Several factors may
explain these discrepancies. Firstly, tourist activity
levels, including visitor density and engagement in high-
risk behaviors, as well as the presence of infrastructure
and waste management practices, can influence the
extent of environmental contamination and the potential
for indirect transmission. Secondly, differences in tourist
behavior, such as adherence to hygiene guidelines,
feeding practices, and the frequency of close interactions
with macaques, can also impact the risk of both direct
and indirect transmission. Finally, ecological and
infrastructural factors, such as the presence of natural
water sources, macaque population density, and hygiene
standards, can contribute to variations in transmission
dynamics. While indirect transmission may be reported
less frequently compared to direct contact, it still poses a
significant risk, particularly in environments where
humans and macaques share spaces and resources [24-
28, 30-31, 34-36, 40]. Therefore, effective prevention
strategies for zoonotic diseases in ecotourism areas must
address both direct and indirect transmission routes by
promoting responsible tourist behavior, implementing
appropriate  hygiene  measures, and  managing
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environmental contamination.

Environmental conditions, such as sanitation and
water quality, exert a significant influence on the
elevated risk of pathogen transmission within ecotourism
areas. Poor sanitation and waste management, along with
the presence of contaminated water sources, can create
conducive conditions for the persistence and
dissemination of pathogens, thereby increasing the risk
of exposure for both humans and animals [21, 37, 40].
Consequently, maintaining environmental hygiene is
crucial for mitigating the risk of zoonotic disease
transmission. Proper sanitation and effective waste
management practices can reduce the environmental
burden of pathogens, minimizing the likelihood of
human exposure. These findings underscore the
necessity for targeted environmental management
strategies within ecotourism areas to protect the health of
both tourists and wildlife. Such strategies should
encompass measures to enhance sanitation infrastructure,
manage waste effectively, and protect water sources
from contamination.

Effective management of ecotourism sites is
paramount for minimizing the risk of pathogen
transmission within these areas. Management authorities
must strictly enforce regulations and address violations
by tourists. For example, regulations prohibiting the
feeding of macaques, approaching them at excessively
close distances, or entering restricted areas should be
strictly enforced through measures such as fines,
warnings, or an increased presence of park rangers [31].
While strict enforcement of regulations, such as
prohibiting feeding or close proximity to macaques, can
contribute to risk mitigation, it is important to
acknowledge that ecotourism environments generally
present an increased likelihood of zoonotic pathogen
transmission compared to settings with limited human-
wildlife interactions. Studies conducted in pristine
wilderness areas, where human contact with macaques is
minimal, have reported lower prevalence rates of certain
zoonatic pathogens [38]. However, the risk of pathogen
transmission in other non-ecotourism environments, such
as urban or rural areas where macaques may be present,
varies considerably depending on the frequency and type
of contact between humans and macaques.

Despite the growing awareness of the potential for
zoonotic pathogen transmission in ecotourism settings
characterized by direct human-macaque interactions, the
volume of research conducted over the past two decades
has remained comparatively limited. A total of seventeen
articles met the eligibility criteria for inclusion in this
review. This relative scarcity of research may be
partially attributed to the inherent challenges associated
with invasive sampling methods, such as blood
collection from macaques. Acquiring blood samples
require safe and effective trapping techniques and
specialized expertise in animal handling, which often
involve logistical challenges and potential stress for the
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animals. Consequently, several studies have adopted
non-invasive specimen collection methods as alternatives
to blood sampling, including the analysis of fecal
samples and carcasses [21, 25, 30, 33, 35-36]. Fecal
samples offer a relatively straightforward and non-
invasive approach for the detection of certain pathogens,
although they may not be suitable for the detection of all
zoonotic agents [21, 25-26, 29, 30, 33, 35]. Analysis of
carcasses, while limited by the availability of deceased
animals, can provide valuable insights into the cause of
mortality and the presence of pathogens [36]. These
alternative methods have demonstrated the feasibility of
detecting zoonotic pathogens in ecotourism areas
without the need for invasive blood collection.

While blood samples are frequently considered as the
preferred sample type for many diagnostic assays and
may Yyield more comprehensive or specific information
regarding  pathogen  presence, their  collection
necessitates invasive procedures that can induce stress in
animals. In addition to blood samples, other biological
specimens, such as saliva, buccal fluid, urine, and oral
swabs, can also be collected for pathogen detection [28,
41-43]. The adoption of these alternative sampling
approaches is a critical consideration for several key
reasons. Firstly, they minimize stress and discomfort for
the animals, thereby promoting ethical research
practices. Secondly, they often facilitate easier and more
efficient sample collection, particularly in challenging
field environments. Finally, non-invasive methods have
the potential to be applied to a broader range of animal
species and in diverse contexts, thus expanding the scope
of zoonotic disease surveillance. Beyond individual
animal diagnostics, assessing environmental conditions
in ecotourism areas, such as water quality and sanitation
practices, is essential for a comprehensive understanding
and mitigation of broader zoonotic disease risks. This
includes evaluating critical factors such as water quality,
sanitation practices, and waste management protocols to
identify potential sources of contamination and
implement  targeted interventions  to  reduce
contamination risks [44]. By integrating non-invasive
sampling methods with comprehensive environmental
health assessments, researchers can achieve a more
holistic understanding of zoonotic disease dynamics,
facilitating the development of effective strategies to
protect both animal and human health in ecotourism
settings.

It is important to acknowledge the inherent limitations
of this systematic review. A significant limitation is the
relatively small number of studies that comprehensively
examined ecological and behavioral factors, such as
macaque population density, habitat fragmentation, and
human activities like feeding and waste disposal, which
influence pathogen transmission. Furthermore, small
sample sizes and narrow geographical coverage in
several individual studies may limit the generalizability
of their findings to other regions and macaque species.
Despite these limitations, the available studies provide a

J Med Microbiol Infect Dis 255

Zoonotic disease risks from macaques in ecotourism

valuable preliminary assessment of the geographic
distribution of risks associated with zoonotic pathogen
transmission, as illustrated in Figure 4. The map
highlights areas of elevated risk, particularly within
Southeast Asia, where interactions between humans and
macaques are most prevalent. Notably, countries such as
Thailand, Indonesia, and Malaysia exhibit heightened
transmission risks, primarily due to the high frequency of
direct interactions observed in popular ecotourism sites.
This underscores the critical need for targeted
interventions, such as educational campaigns,
vaccination programs, and improved sanitation
infrastructure, in these high-risk regions to mitigate the
risk of zoonotic disease transmission. Such measures
could encompass educational campaigns to promote
responsible tourist behavior, vaccination programs for
both humans and macaques (where applicable and
feasible), improved sanitation and waste management
infrastructure, and stricter enforcement of regulations
governing interactions between humans and macaques in
ecotourism settings.

Our review clearly demonstrates the significant risk of
zoonotic disease transmission associated with human-
macaque interactions  within  ecotourism  areas,
underscoring the imperative for effective public health
and wildlife management strategies. We recommend the
implementation of strict regulations on human-macaque
interactions, including explicit guidelines on feeding and
direct physical contact. Authorities must consistently
enforce these regulations to minimize the risk of close
encounters that can facilitate pathogen transmission.
Educating both the local community and tourists about
zoonotic diseases and the regulations governing
ecotourism areas represents a crucial strategy for
mitigating transmission risks [25, 27, 30, 32, 33, 36].
Educational programs should emphasize the importance
of maintaining a safe distance from macaques and
avoiding practices such as feeding, which can
significantly increase the risk of pathogen exposure.
While we acknowledge that local traditions, such as
feeding monkeys, may present challenges to the
implementation of these recommendations, it is essential
to explore and promote alternative forms of engagement
with macaques that minimize health risks for both
human and animal populations [17]. Structural changes,
such as physical barriers, elevated walkways, or
designated viewing platforms, can effectively prevent
direct contact and minimize opportunities for pathogen
transmission. Specific attention should be directed
towards preventing close physical proximity, such as
posing for photographs with macaques or directly
placing food into their mouths. Furthermore, the
potential consequences of these interactions, such as
bites and scratches, should be addressed through the
implementation of appropriate protocols for wound
management and post-exposure prophylaxis. These
protocols should be integrated into the overarching
management plans for ecotourism areas to ensure prompt
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and effective responses to potential zoonotic exposures.

This systematic review provides strong evidence of the
significant public health risks posed by zoonotic disease
transmission from macaques to humans within
ecotourism areas. While direct interactions, such as
feeding and touching macaques, are primary drivers of
zoonotic pathogen transmission, this review underscores
the heterogeneity of pathogen prevalence across
geographic regions and macaque species. The
identification of viral, protozoan, and helminth
pathogens in several high-risk locations, particularly in
Southeast Asia, necessitates targeted public health
interventions. Authorities must implement educational
campaigns to inform both tourists and local communities
about the risks associated with feeding and handling
macaques, and the importance of maintaining a safe
distance from these animals. Equally crucial is the
meticulous adherence to hygiene measures, such as
regular handwashing with soap and water after visiting
ecotourism areas and avoiding contact with potentially
contaminated surfaces, to minimize the risk of indirect
transmission. These individual actions, when combined
with integrated management approaches that address
environmental sanitation, effective waste management,
and the regulation of human-macaque interactions, are
essential for effectively mitigating zoonotic disease risks
in ecotourism settings.

Strict and enforceable regulations are essential for
governing  human-macaque interactions  within
ecotourism areas. These regulations should include clear
policies that prohibit the feeding of macaques and
restrict access to areas where close contact is highly
probable. Effective enforcement of these regulations is
paramount to minimize the risk of zoonotic disease
transmission. Regular surveillance of ecotourism
activities is also crucial to identify and prevent harmful
behaviors that could elevate transmission risks. This
surveillance can generate valuable data on the dynamics
of human-macaque interactions, enabling timely
interventions and the implementation of adaptive
management strategies. Prioritizing research efforts
aimed at elucidating the ecological and behavioral
drivers of pathogen transmission across diverse
environmental contexts is crucial for the development of
targeted interventions. Future research should focus on
gathering more comprehensive data regarding
environmental contamination and other indirect exposure
routes to develop holistic strategies that address both
direct and indirect transmission risks. Expanding
research to underrepresented regions and macaque
species will further enhance our understanding of
zoonaotic risks, providing more effective guidance for
public health interventions.
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