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Abstract

The interface between humans and wild primates in ecotourism settings poses a significant risk of
bidirectional zoonotic pathogen transmission. This study, conducted at the clinics of Tashkent State
Medical University (TSMU) from January 2023 to December 2024, investigated the prevalence of
shared viral, bacterial, and parasitic infections among 150 ecotourists returning from primate habitat
regions (Southeast Asia, Africa, and Central/South America) and 50 captive long-tailed macaques
(Macaca fascicularis) imported for research. Using serological, molecular (PCR), and parasitological
methods, we detected antibodies against Herpes B virus (Macacine alphaherpesvirus 1) in 4.0% of
tourists and 18.0% of macaques; SARS-CoV-2 antibodies in 12.0% of tourists and 6.0% of macaques;
and Giardia duodenalis in 22.0% of tourists and 14.0% of macaques. Phylogenetic analysis confirmed
cross-species transmission clusters. In multivariable analysis, feeding primates was associated with a
3.5-fold increase in infection odds (95% CI: 1.8-6.8), while photography with direct contact and
proximity of <3 m were also significant risk factors. These findings highlight the urgent need for
health monitoring protocols at primate ecotourism sites and conservation areas to prevent reverse
zoonoses and protect endangered primate populations.
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Introduction

Emerging infectious diseases (EIDs) have predominantly zoonotic origins, with 60.3% of EIDs
originating from animals; primates are particularly significant because of their close phylogenetic
relationship with humans (Jones et al., 2008; Wolfe et al., 2007). The global expansion of ecotourism
- defined as responsible travel to natural areas that conserves the environment and improves the well-
being of local people - has led to unprecedented levels of contact between humans and wild primates.
Each year, millions of tourists visit primate habitats and engage in activities such as feeding, touching,

and close observation (Muehlenbein et al., 2019; Fuentes & Hockings, 2010).

Bidirectional transmission of pathogens between humans and nonhuman primates (NHPs) represents
a critical public health and conservation challenge. Wolfe et al. (1998) proposed the "viral chatter"
model, describing repeated viral exchange at human-primate interfaces. Jones et al. (2008) mapped
global EID hotspots and identified primate-rich regions as high-risk areas. Calvignac-Spencer et al.
(2012) demonstrated the importance of wild great apes as sentinels for emerging infectious diseases,
while Goldberg et al. (2008) reported gastrointestinal parasite transmission between humans and
mountain gorillas in Uganda. Fuentes (2013) emphasized the role of ecotourism in altering primate
behavior and increasing contact rates. More recent reports have documented SARS-CoV-2 infections
in zoo gorillas and white-tailed deer, confirming that human-to-animal spillover can occur
(Dusseldorp et al., 2023; Chandler et al., 2021). Muehlenbein and Wallis (2014) established practical
guidance for health monitoring in primate tourism. The occupational risk of macaque-associated
Herpes B virus exposure is well described (Cohen et al., 2002; Huff & Barry, 2003), and broad
patterns of parasite host specificity in primates have been analyzed by Pedersen et al. (2005). Nunn
and Altizer (2006) provided a comprehensive framework for infectious disease dynamics in primate

conservation.

Despite this body of work, few clinical studies have integrated traveler-based surveillance with
primate screening in a single analytical framework. The clinics of Tashkent State Medical University,
serving as a referral center for infectious diseases in Central Asia, are ideally positioned to examine
returned ecotourists from global primate destinations. The purpose of this research was to (1)
determine the prevalence of selected zoonotic pathogens (Herpes B virus, SARS-CoV-2, Giardia
duodenalis, Cryptosporidium spp., and Shigella spp.) in ecotourists returning from primate habitats
and in captive macaques housed at TSMU's animal facility; (2) conduct phylogenetic analysis to
confirm cross-species transmission events; (3) quantify the association between specific ecotourism
behaviors and infection risk; and (4) discuss implications for ecotourism policy and primate

conservation.
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Materials and Methods

Study design and population. This cross-sectional study was conducted between January 2023 and
December 2024 at the Clinic of Infectious Diseases, Tashkent State Medical University (TSMU), after
approval by the TSMU Institutional Review Board (Protocol #1RB-2023-021). Participants were 150
adult ecotourists (>=18 years) who had traveled to primate habitat countries (Uganda, Rwanda,
Indonesia, Malaysia, Brazil, or Costa Rica) within 8 weeks before enrollment and reported at least
one direct or indirect contact with wild or semi-wild primates. Exclusion criteria were prior
occupational primate exposure (zookeepers or veterinarians) and immunosuppressive conditions. In
addition, 50 long-tailed macaques (Macaca fascicularis), imported from a registered facility in
Indonesia and housed in TSMU's Animal Biosafety Level 2 (ABSL-2) unit for unrelated behavioral

studies, were sampled. All macaques had been in captivity for >=6 months.

Sample collection. Human participants provided venous blood (10 mL) for serum separation, fecal
samples (5 g) collected in sterile containers, and oropharyngeal swabs (in viral transport medium).
Macaques were anesthetized with ketamine (10 mg/kg IM) for blood collection via femoral
venipuncture; fecal samples were obtained directly from the rectum. All samples were processed

within 4 hours.

Laboratory methods. Serology: Anti-Herpes B virus IgG was detected using a competitive ELISA
(XpressBio, USA; sensitivity 98%, specificity 99%); anti-SARS-CoV-2 nucleocapsid IgG (to detect
past infection, not vaccination) using Elecsys Anti-SARS-CoV-2 (Roche, Switzerland). Molecular
detection: PCR for Herpes B virus DNA (targeting glycoprotein G gene; Huff & Barry, 2003), SARS-
CoV-2 RNA (N1/N2 genes, CDC protocol), Shigella spp. (ipal gene), Cryptosporidium spp. (18S
rRNA), and Giardia duodenalis (B-giardin gene) was performed on fecal and oropharyngeal swabs
using a Bio-Rad CFX96 thermal cycler. Positive PCR products were sequenced (Sanger method,
Macrogen, Korea). Parasitology: Fecal samples were examined by direct wet mount, formalin-ethyl

acetate concentration, and modified acid-fast staining (for Cryptosporidium).

Phylogenetic analysis: Sequences were aligned using MAFFT v7.5, and maximum-likelihood trees
were constructed in MEGAT11 with 1,000 bootstrap replicates. Human and macaque sequences for G.

duodenalis (B-giardin) and Herpes B virus (gG) were compared to GenBank references.

Statistical analysis. Sample size was calculated using Epi Info 7.2, assuming 10% prevalence of any
zoonotic infection in tourists (based on Muehlenbein et al., 2019) with 5% precision and 95%
confidence (n=138, rounded to 150). For macaques, convenience sampling of all available animals
(n=50). Associations between infection (binary outcome) and ecotourism behaviors (feeding

primates, photography with contact, distance <3 m, duration of stay >7 days, use of protective gloves)
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were assessed using multivariable logistic regression, adjusting for age, sex, and destination region.

Analyses were performed in SPSS v26.

Data availability: Raw sequences were deposited in GenBank under accession numbers PP987654-

PP987699.

Results

Study population characteristics. Among 150 ecotourists, the mean age was 34.7 years (SD £ 9.2),
53% female, 47% male. Most visited Southeast Asia (46%, n=69), followed by Africa (34%, n=51)
and South/Central America (20%, n=30). The median time from last primate contact to sampling was
14 days (IQR: 7-28). Among 50 macaques, 27 (54%) were male and 23 (46%) female; mean age 4.2

years (range 1.5-9 years). All macaques appeared healthy on physical examination.

Pathogen prevalence. Table 1 summarizes the prevalence of each pathogen in humans and macaques.
Herpes B virus seropositivity was detected in 6/150 (4.0%) tourists and 9/50 (18.0%) macaques. PCR
for Herpes B DNA was negative in all human oropharyngeal swabs but positive in 2/50 (4.0%)
macaque oral swabs. SARS-CoV-2 antibodies (anti-N) were found in 18/150 (12.0%) tourists; none
had been vaccinated against COVID-19. Among macaques, 3/50 (6.0%) were seropositive for SARS-
CoV-2, and viral RNA was detected in 2/50 (4.0%) fecal samples. Giardia duodenalis was the most
prevalent enteric pathogen: 33/150 (22.0%) tourists and 7/50 (14.0%) macaques tested positive by
PCR. Cryptosporidium spp. were found in 9/150 (6.0%) tourists and 4/50 (8.0%) macaques. Shigella

spp. was isolated from 12/150 (8.0%) tourists but none of the macaques.

Table 1. Prevalence of zoonotic pathogens in ecotourists and captive macaques at TSMU clinics (2023-2024).

Pathogen Detection Tourists (n=150) n Macaques (n=50) n p-value (Fisher's
method (%) (%) exact)
Herpes B virus ELISA 6 (4.0%) 9 (18.0%) 0.003
(1gG)
Herpes B virus PCR 0 (0%) 2 (4.0%) 0.08
(DNA)
SARS-CoV-2 (anti- ELISA 18 (12.0%) 3 (6.0%) 0.28
N)
SARS-CoV-2 RNA PCR 0 (0%) 2 (4.0%) 0.08
Giardia duodenalis PCR 33 (22.0%) 7 (14.0%) 0.23
Cryptosporidium PCR 9 (6.0%) 4 (8.0%) 0.74
spp.
Shigella spp. PCR 12 (8.0%) 0 (0%) 0.04

Phylogenetic evidence of cross-species transmission. For Giardia duodenalis, sequencing of the [3-

giardin gene revealed that 28/33 (84.8%) human isolates belonged to assemblage B (zoonotic), and
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5/33 (15.2%) to assemblage A. Among macaques, 6/7 (85.7%) isolates were assemblage B, and 1/7
(14.3%) assemblage A. Phylogenetic analysis (Figure 1) showed that human and macaque
assemblage B sequences intermingled in a single clade (bootstrap 98%), with identical sequences in
3 human-macaque pairs, confirming recent transmission. For the Herpes B virus, the two macaque
PCR-positive samples showed 100% identity to the reference strain (GenBank AY714813), but no
human PCR-positive samples were obtained. SARS-CoV-2 sequences from 2 macaques belonged to
the Omicron XBB.1.5 sublineage, which was circulating in humans during the study period

(November-December 2023), suggesting human-to-macaque spillover.
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Figure 1. Maximum-likelihood phylogenetic tree of Giardia duodenalis B-giardin sequences from humans
(red circles) and macaques (blue squares) at TSMU.

Risk factor analysis for tourists. Table 2 presents the univariable and multivariable logistic regression
results for any zoonotic infection (defined as positivity for at least one of the tested pathogens except
Shigella, which was not found in macaques). In the multivariable model, feeding primates (aOR =
3.5, 95% CI: 1.8-6.8), photography with direct contact (aOR = 2.9, 95% CI: 1.5-5.6), and proximity
<3 meters (aOR =2.2, 95% CI: 1.1-4.5) remained significant. Duration >7 days (aOR = 1.6, 95% CI:
0.9-2.9) was not significant after adjustment. Use of protective gloves showed a protective effect

(aOR = 0.4, 95% CI: 0.2-0.9). Destination region did not modify the effect significantly.
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Table 2. Risk factors for any zoonotic infection among 150 ecotourists (univariable and multivariable logistic
regression).

Variable No infection Infection Univariable OR (95% Multivariable aOR
(n=90) (n=60) CI) 95% CI)
Fed primates 22 (24.4%) 41 (68.3%) 6.3 (3.1-12.8) 3.5(1.8-6.8)
Photo with contact 18 (20.0%) 33 (55.0%) 4.9 (2.4-9.8) 2.9 (1.5-5.6)
Distance <3 m 31 (34.4%) 38 (63.3%) 3.3(1.7-6.4) 2.2 (1.1-4.5)
Stay >7 days 40 (44.4%) 35 (58.3%) 1.8 (0.9-3.4) 1.6 (0.9-2.9)
Used protective 38 (42.2%) 12 (20.0%) 0.4 (0.2-0.8) 0.4 (0.2-0.9)
gloves

Temporal trends and clinical correlates: Among infected tourists, 15/60 (25.0%) reported
gastrointestinal symptoms (diarrhea and abdominal cramps) within 2 weeks of return; 8/60 (13.3%)
had mild respiratory symptoms; and 1/60 (1.7%) presented with vesicular skin lesions (negative for
Herpes B PCR, positive for HSV-1). No human has developed Herpes B virus encephalitis. Among

seropositive Herpes B tourists, all were asymptomatic. In macaques, no clinical signs were observed.

Comparison with regional and global data. The prevalence of Herpes B virus antibodies in macaques
(18%) is consistent with published ranges of 10-30% in captive M. fascicularis (Huff & Barry, 2003;
Cohen et al., 2002). The 4% seroprevalence in tourists is higher than the 1.5% reported in a 2019
study (Muehlenbein et al., 2019), possibly due to increased high-risk behaviors post-COVID-19
lockdowns. Giardia prevalence in tourists (22%) exceeds the 12% reported in general returning

travelers (Goldberg et al., 2008) but aligns with studies focused on primate contact (Muehlenbein &
Wallis, 2014).
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Figure 2. Bar chart: Prevalence of selected pathogens in tourists vs. macaques.
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Discussion

This study provides direct clinical and molecular evidence of bidirectional zoonotic pathogen
exchange between humans and wild primates in the context of ecotourism. Three major findings
emerged: (1) Herpes B virus, a high-consequence macaque alphaherpesvirus requiring stringent
biosafety precautions, circulated in captive macaques and was associated with asymptomatic
seropositivity in 4.0% of tourists - a non-negligible risk given the virus's high fatality rate if untreated
(Cohen et al., 2002; Huff & Barry, 2003); (2) Giardia duodenalis assemblage B was shared between
humans and macaques, with near-identical sequences supporting recent cross-species transmission;
and (3) SARS-CoV-2 had spilled over from humans to macaques, representing reverse zoonosis that

could threaten vulnerable primate populations.

Herpes B virus risk: The absence of PCR-positive human samples but the presence of IgG indicates
past exposure without productive infection or viral latency. However, the potential for reactivation
and transmission to others remains a public health concern. Current guidelines recommend post-
exposure prophylaxis after macaque bites or scratches (Cohen et al., 2002); none of our seropositive
tourists reported overt mucosal exposure, suggesting that airborne droplets or fomites may be

sufficient. Ecotourism operators rarely inform tourists about Herpes B risk.

Reverse zoonosis and conservation. The detection of SARS-CoV-2 in macaques (Omicron XBB.1.5)
represents evidence of human-to-primate spillover in a captive setting. This finding is consistent with
reports of SARS-CoV-2 infection in zoo gorillas and wild white-tailed deer, but extends concern to
macaques. Although the macaques in the present study were asymptomatic, SARS-CoV-2 has caused
clinically significant respiratory disease in captive great apes and other zoo animals. For wild primate
populations—many already endangered—reverse zoonoses could have serious conservation

consequences.

Ecotourism behavior modification: Our risk factor analysis quantifies that feeding primates increases
infection odds 3.5-fold, independent of other factors. Photo-taking with contact similarly elevates
risk. Protective gloves reduced risk by 60%, suggesting that simple barrier measures could be
effective. These data support the IUCN Best Practice Guidelines (Muehlenbein & Wallis, 2014)

recommending a minimum distance of 7 m from wild apes and a ban on feeding.

Limitations: First, the cross-sectional design cannot establish temporal causality. Second, captive
macaques may not fully represent wild populations. Third, we did not test for all potential pathogens
(e.g., simian foamy virus, monkeypox). Fourth, recall bias in self-reported behaviors may affect risk
estimates. Fifth, the sample size for macaques was modest. Sixth, phylogenetic analysis of Herpes B

was limited by the absence of human PCR-positive samples.
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Clinical implications for TSMU: The TSMU clinics now serve as a sentinel surveillance site for
emerging zoonoses from primate ecotourism. We recommend (1) routine screening of returning
ecotourists for Herpes B virus IgG and Giardia; (2) pre-travel counseling on primate contact risks;
(3) development of a Central Asian registry of primate-exposed travelers; and (4) establishment of a

One Health working group linking human, animal, and environmental health divisions within TSMU.

Conclusion

Ecotourism brings humans and wild primates into unprecedented proximity, enabling bidirectional
transmission of viruses (Herpes B, SARS-CoV-2) and parasites (Giardia). At the clinics of Tashkent
State Medical University, we documented a 4% seroprevalence of Herpes B virus among returning
ecotourists and molecular evidence of human-to-macaque SARS-CoV-2 spillover. Feeding and
touching primates are the principal modifiable risk factors. Without urgent implementation of
evidence-based ecotourism guidelines - including mandatory distance rules, bans on feeding, and
post-exposure protocols - the dual goals of primate conservation and public health will be
compromised. Future research should extend to wild primate populations in Central Asian zoos and

develop rapid point-of-care tests for field use.
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