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Zoonoses originating from wildlife pose increasing threats to global health, particularly in
biodiversity-rich regions like Southeast Asia. In Vietnam, wildlife farming is a growing
economic sector, yet its role in facilitating interspecies transmission of zoonotic pathogens
remains underexplored. This PhD project applied a One Health approach to assess zoonotic
transmission risks in wildlife farming systems in Vietnam to inform risk-based surveillance
and targeted prevention strategies. The thesis comprises the following studies: (1) a systematic
review of zoonotic pathogens from wildlife in Southeast Asia; (2) field studies in two provinces
in Vietnam, including an assessment of wildlife farmers’ knowledge, attitudes, and practices
(KAP); serological testing and risk factor analyses among farmers; molecular detection of
coronavirus (CoV), hantavirus and hepatitis E virus (HEV) in wildlife and human samples;
and (3) a qualitative risk assessment of transmission at the high-risk node along the wildlife
supply chain. Findings from 108 reviewed publications highlight diverse zoonotic pathogens
from wildlife in Southeast Asia, with transmission driven by interconnected environmental,
animal, human, and human-animal-environment interface factors. Among 210 wildlife farmers,
KAP results showed high knowledge scores (mean 10.1/13), positive attitudes (41.3/50), but
moderate preventive practice (14.1/30). Qualitative findings revealed a gap between farmers’
knowledge and practices, driven by low-risk perception, mistrust of authorities, and concerns
about reporting consequences. Serological analysis identified 8.7% hantavirus IgG, 1.9% IgM,
and 26.7% HEV IgG among farmers. Risk factor analyses showed that hantavirus exposure
was associated with exclusive wildlife farming (OR = 2.7; 95% CI: 1.1 — 6.9), while HEV
exposure was linked to male gender (OR = 3.1; 95% CI: 1.4 —7.3), raw wild meat consumption
(OR =6.8; 95% CI: 1.6 — 31.8), and reported use of protective clothing (OR = 4.0, 95% CI:
1.4 — 11.2), however the correctness of its use were not evaluated. Molecular testing detected
diverse CoVs and HEV in both wildlife and human samples, including porcine, bat, avian
CoVs, SARS-CoV-2 from wildlife samples; HCoV-HKUI, -OC43, SARS-CoV-2 from human
samples, and HEV genotypes 3 and 4 in wild boar faeces, with some detected on the same
farms. Higher practice scores were associated with lower PCR positivity (OR = 0.9; 95% CI:
0.8 — 0.99). Risk assessment identified wildlife farms as the highest-risk node due to frequent
human-wildlife contact, high density, poor biosecurity, and mixed-species rearing. Specifically,
at the farm level, CoV posed a low risk to animals and low-to-high risk to humans, hantavirus
posed a low risk to both animals and humans, and HEV posed a low risk to animals but medium
risk to humans. Overall, this thesis provides evidence and insights to inform zoonotic disease
prevention and supports operationalizing One Health strategies to reduce zoonotic transmission
risks in wildlife farming settings.
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Key definitions

Wild animal: refers to an animal that exhibits a phenotype not influenced by
human selection and lives independently of human control or direct supervi-
sion [1].

Wildlife farming: refers to the commercial practice of breeding and raising
wild animal species for economic purposes, encompassing the production of
animal products for consumption, the trade in live animals as pets, and the
utilization of animal products for profit [2].

Wildlife supply chain: refers to a network of actors and activities involved in
production (farming in some cases), to the processing of wildlife or other wild-
life products until it reaches the end users [3].

Human-adapted zoonotic pathogens: refer to a pathogen that, following a
spillover event, adapts to sustained human-to-human transmission. This leads
to the establishment of the pathogen within the human population (with no or
little zoonotic contribution). These pathogens may represent newly emerging
human diseases and may become endemic within the human population [4].

Spillover: refers to the transmission of a pathogen from its established host
species to a new, previously unexposed host species. This typically refers to
the initial transmission event from a non-human vertebrate host to a human
host [4].

Zoonoses: refer to diseases transmitted from animals to humans. These dis-
eases are maintained in a non-human animal reservoir, which serves as a con-
tinuous source of infection for humans. While initial transmission often occurs
from animals to humans, most zoonoses have limited human-to-human trans-
mission [5].

One Health: refers to a framework that emphasizes interdisciplinary collabora-
tion to improve the health of humans, animals, and their shared environment [6].






Introduction

Zoonoses as a global public health concern

Zoonoses, also known as zoonotic diseases, are infectious diseases that can be
transmitted between animals and humans. They are caused by diverse patho-
gens such as bacteria, viruses, and parasites, and can spread through direct or
indirect contact with infected animals, their secretions, or contaminated envi-
ronments [7]. Approximately 60.3% of emerging infectious disease events are
caused by zoonotic pathogens, with wildlife being the source of at least two-
thirds (71.8%) of these [8], highlighting a critical role of wildlife in the emer-
gence and spread of epidemics and pandemics [9]. Global public health is in-
creasingly threatened by zoonotic diseases linked to wildlife, including infec-
tions caused by Ebola virus [10], hantavirus [11], severe acute respiratory syn-
drome coronavirus (SARS-CoV) [12], and Middle East respiratory syndrome
coronavirus (MERS-CoV) [13], and recently the Nipah virus [14]. Some path-
ogens, such as human immunodeficiency viruses (HIV) and nowadays SARS-
CoV-2, initially emerged as zoonoses before adapting to sustained human-to-
human transmission [15]. It is estimated that zoonotic diseases lead to around
two billion cases of illness and two million deaths annually worldwide [16].
Beyond their impacts on health, zoonotic outbreaks can also cause substantial
socioeconomic consequences, including trade restrictions, loss of livelihoods,
increased healthcare costs, and broader economic disruption [9]. The corona-
virus disease 2019 (COVID-19) pandemic alone resulted in trillions of dollars
in global economic damage [17].

The increasing emergence of zoonoses driven by rapid land-use transfor-
mation, globalization, biodiversity loss, urbanization, climate change, and the
increased demand for animal-source products, all of which intensify interac-
tion among humans, domestic animals, and wildlife, and create new opportu-
nities for pathogen emergence [9,18]. Wildlife farming and trade represent
particularly complex interfaces linking humans and animals. These systems
involve the capture, transport, farming, slaughter, and commercialization of
wild species, often bringing humans into close contact with diverse wild ani-
mals. Such conditions may facilitate pathogen maintenance, cross-species trans-
mission, and environmental exposure, thereby increasing the risk of zoonotic
infection. In this context, understanding how zoonotic risks are generated,
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sustained, and mitigated at specific human-animal interfaces in wildlife farming
and trade systems has become essential for global health security.

Zoonotic diseases associated with wildlife farming
systems

Although wildlife farming has been promoted as a strategy to support biodi-
versity conservation and provide alternative sources of food and income, wild
animals can harbour numerous infectious pathogens, many of which can infect
humans and livestock [19]. Major viruses of zoonotic concern linked to
farmed wild animals, including coronavirus (CoV) in civets, bats, and bamboo
rats; influenza A virus in porcupine, bamboo rats, and ostriches [20—22]; han-
tavirus in rodents [23]; hepatitis E virus (HEV) in wild boars [24]. This study
focuses on CoV, HEV, and hantaviruses due to their zoonotic potential, rapid
emergence, and association with species commonly farmed in Vietnam, such
as bats, civets, bamboo rats, and wild boars [25]. These pathogens represent
different transmission pathways, including respiratory and faecal-oral routes.

CoVs, positive-sense, single-stranded RNA viruses within the Coronaviri-
dae family, infect a wide range of avian and mammalian hosts. Taxonomi-
cally, CoVs are divided into four genera: Alphacoronavirus and Betacorona-
virus, which primarily infect mammals, and Gammacoronavirus and Del-
tacoronavirus, which mainly infect birds [26,27]. Bats are recognized as ma-
jor reservoirs of diverse CoVs. In animals, CoVs cause enteric, respiratory,
and systemic diseases in many species, including livestock, companion ani-
mals, and wildlife. Examples include swine CoVs (e.g., porcine epidemic di-
arrhoea virus (PEDV) and porcine deltacoronavirus (PDCoV)), bovine CoV
(BCoV), and diverse CoVs circulating in bats and other wild mammals [28].
However, infections in many animal hosts are often asymptomatic or mild
[29]. To date, at least seven CoVs infect humans: four are endemic (HCoV-
NL63, -229E, -OC43, -HKU1), causing mild respiratory illness, while three
are highly pathogenic (SARS-CoV, MERS-CoV, and SARS-CoV-2), causing
severe respiratory diseases [30,31]. All human CoVs have zoonotic origins,
often emerging from bats via intermediate hosts like civets (SARS-CoV),
camels (MERS-CoV), or potentially pangolins (SARS-CoV-2) [20], while ro-
dents and cattle are associated with seasonal human CoVs [32]. Human infec-
tion occurs through zoonotic spillover following exposure to infected animals
or their biological fluids [33]. In Vietnam, previous studies have reported the
detection of CoV RNA in 74.8% of bats in bat guano farms, 60.7% of rodents
on wildlife farms, 6.0% of porcupines, 6.3% of bamboo rats raised in wildlife
farms for human consumption [21], and 0.75% of swine workers [34].

16



Molecular characterization further revealed viral diversity, with CoVs belong-
ing to the Alpha-, Beta-, and Gammacoronavirus genera detected [21,34].

HEV is a positive-sense, single-stranded RNA virus within the Hepeviridae
family. It includes two genera: Piscihepevirus, which infects fish, and Or-
thohepevirus, which infects mammals and birds [35]. The genus Or-
thohepevirus includes species A, B, C, and D. Orthohepevirus A contains four
main genotypes that cause human diseases (genotypes 1 —4): genotypes 1 and
2 are human-restricted and mainly transmitted via the faecal-oral route
through contaminated water, while genotypes 3 and 4 are zoonotic and circu-
late widely among domestic and wild animals, such as pigs, wild boars, deer,
and rodents [36—38]. Orthohepevirus B includes avian HEV strains, whereas
Orthohepevirus C includes HEV detected in rats and ferrets, and Or-
thohepevirus D consists only of bat HEV [37,39]. A rat HEV strain belonging
to Orthohepevirus C has been detected in a liver transplant patient with per-
sistent hepatitis, indicating zoonotic potential [40]. In animals, zoonotic HEV
infections are usually asymptomatic, whereas in humans they can cause acute
hepatitis ranging from mild illness to acute liver failure or chronic infection
[41,42]. Human infection occurs through contact with infected animals, occu-
pational exposure, or consumption of contaminated or undercooked meat
[24,43,44]. Previous studies in Vietnam detected zoonotic HEV RNA in 25%
of the farmed wild boars [24], and reported serological evidence of pig farm-
ers' exposure to HEV [45].

Hantaviruses, negative-sense, single-stranded tri-segmented RNA viruses
classified within the Hantaviridae family, are maintained in small mammal
reservoirs, including rodents, shrews, and bats, and are typically asympto-
matic in animals. Rodent-borne hantaviruses can lead to severe diseases in
humans, including haemorrhagic fever with renal syndrome (HFRS) caused
by “Old World” hantaviruses, such as Hantaan virus (HTNV), Seoul virus
(SEOV), Puumala virus (PUUV), and Dobrava-Belgrade virus (DOBV), and
hantavirus pulmonary syndrome (HPS) caused by “New World” hantaviruses,
such as Sin Nombre virus (SNV) and Andes virus (ANDV) [11,46]. Human
infection occurs through inhalation of aerosolized urine, faeces, or saliva from
infected animals, although transmission may also occur through direct contact
with contaminated materials or rodent bites [47,48]. Hantavirus infections
have been documented in both rodents and humans in Vietnam, with studies
reporting hantavirus antibodies and viral RNA in rodent reservoirs and sero-
logical evidence of human exposure to multiple hantaviruses, including SEOV
[23,49].

Given the presence of these zoonotic pathogens in farmed wildlife reser-
voirs and the increasing human-wildlife direct contact in farming systems,
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understanding the occurrence and transmission dynamics of zoonotic patho-
gens in wildlife farming settings becomes critically important.

Wildlife farming in Vietnam

Wildlife farming refers to the captive breeding and raising of wildlife species
for the purpose of producing animals or animal-derived products for commer-
cial sale [50]. Wildlife farming has become a major socioeconomic activity in
Vietnam, given its contributions to income generation, food production, job
creation, economic growth, and poverty alleviation. In many provinces in Vi-
etnam, wildlife farming generates significant incomes for many households
and creates job opportunities in rural areas [51]. As of 2021, the country was
estimated to have approximately 6,744 wildlife farms raising around 1.8 mil-
lion wild animals [25]. Wild animals are usually bred and raised in intensive
production systems for commercial purposes, including meat production, tra-
ditional medicine, and export markets. This thesis focuses on civets, bamboo
rats, and wild boars because these species are among the most commonly
farmed wildlife species in Vietnam [18] (see Figure 1), and known as reser-
voirs of viruses of concern, including CoV, HEV, and hantaviruses.

In addition to captive wildlife production, bat guano collection represents
another wildlife-related livelihood activity. Guano is harvested either from
natural caves inhabited by large bat colonies or from artificial roosts con-
structed to attract free-ranging bats, a practice commonly referred to as “bat
farming” [52,53]. In cave settings, collectors work directly beneath roosting
bats and are exposed to falling droppings while handling accumulated guano,
often with minimal protective equipment. Artificial roosts, typically concrete
pillars topped with coconut palm fronds, are frequently located near house-
holds, gardens, and small-scale livestock areas, creating close contact among
bats, humans, and domestic animals [21,54]. This direct and frequent contact
may facilitate zoonotic spillover, particularly given that bats are recognized as
reservoirs of numerous emerging pathogens. Importantly, bat guano collection
activities often operate with limited regulatory oversight and minimal biose-
curity guidance [55,56].

In Vietnam, wildlife farming is often undertaken as an additional job beside
other primary occupations of wildlife farmers, such as crop cultivation, live-
stock production, trading, or salaried employment. In addition, wildlife farm-
ers commonly participate in multiple stages of the wildlife supply chain, in-
cluding sourcing animals from the wild, trading live or slaughtered wildlife,
processing animal products, and consuming wild meat or other products. This
involvement across the supply chain creates multiple points of contact with
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animals, carcasses, body fluids, and contaminated environments, thereby in-
creasing their potential exposure to zoonotic pathogens. Previous studies have
identified several biosecurity and governance challenges within these systems,
including the introduction of wild-caught animals into farms, weak traceabil-
ity systems, poor hygiene and animal welfare conditions, mixed-species rear-
ing, and unsafe handling and slaughter practices [57—60].

The COVID-19 pandemic has increased attention to the role of wildlife in
disease emergence along the wildlife supply chains. However, knowledge
gaps remain regarding pathogen circulation in farmed wildlife, high-risk be-
haviours, and factors associated with spillover. Addressing these gaps is es-
sential for informing targeted surveillance and evidence-based prevention
strategies in wildlife farming systems.

Regulations related to wildlife farming and zoonotic
disease prevention in Vietnam

To manage wildlife farming and zoonotic diseases, Vietnam has established a
decentralized and multisectoral governance framework (Figure 2). Responsi-
bilities are distributed across central and local levels, with coordination among
public health, animal health, and forestry sectors. Since March 2025, functions
previously held by the Ministry of Agriculture and Rural Development and
the Ministry of Natural Resources and Environment have been consolidated
under the Ministry of Agriculture and Environment (MOAE). Within this
structure, the Department of Forestry Protection (DFP) oversees wildlife farm
management and the Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (CITES) implementation, while the Department
of Animal Health (DAH) is responsible for animal health and zoonotic disease
control. Human disease surveillance and response remain under the Ministry
of Health (MOH) and Center for Disease Control (CDC). Wildlife farms are
required to comply with registration, species classification, and origin verifi-
cation requirements, alongside broader legal provisions on animal health, in-
fectious disease control, food safety, and environmental protection.

Following administrative reforms effective from 01 July 2025 aimed at
streamlining the administrative apparatus and improving local government ef-
ficiency, the system of local government was restructured into two levels only:
provincial and communal (including communes and wards). Responsibilities
and authorities previously assigned to the district level were largely trans-
ferred to the communal level, with some functions reassigned to the provincial
level. This restructuring further shapes implementation and oversight of wild-
life farming and zoonotic risk management at local levels.
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Bamboo rat cages

Mixed-species farming involving domestic animals and wildlife (photo: Ha
Nguyen)

Figure 1. Wildlife farming systems — interfaces for zoonotic disease transmission
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The Government of Vietnam has issued a number of laws, decrees, and
circulars related to wildlife management, veterinary medicine, infectious dis-
ease control, and biodiversity conservation. Key regulations for wildlife man-
agement include the Law on Forestry (2017) in regulates management, pro-
tection, and commercial use of forest resources, including captive breeding
and management of wild animal species, Law on Biodiversity (2008) estab-
lishes principles for conservation and sustainable use of biodiversity, includ-
ing protection of endangered and rare species, Law on Animal Husbandry
(2018) provides the general standards for hygiene and biosecurity in any ani-
mal-raising facility, including those for wildlife, and Decree 06/2019/ND-CP
(amended by Decree 84/2021/ND-CP) and more recently Circular
27/2025/TT-BNNMT on the management of endangered, precious, and rare
forest species, adding certain bat species to Group IIB. According to CITES,
Group IB includes those facing an immediate threat of extinction. These ani-
mals are generally prohibited from commercial exploitation, while Group 11B
animals are considered threatened or rare but may be exploited or farmed com-
mercially under strict state control and specific permitting. Of the four study
species, civets and bats are classified under Group 1IB, whereas wild boars
and bamboo rats are considered common wildlife species. Regarding zoonotic
disease prevention, key regulations are including Law on Veterinary Medicine
(2015) on the prevention, surveillance, and control of animal diseases, includ-
ing zoonoses, Law on Infectious Diseases (2007) regulates surveillance, re-
porting, and response to infectious diseases in humans, including zoonotic in-
fections, and Joint Circular 16/2013/TTLT-BYT-BNNPTNT between MOH
and MOAE provides the main formal mechanism for collaboration between
MOAE and MOH in the prevention and control of zoonotic diseases. Legisla-
tive documents concerning wildlife farming and zoonotic diseases are listed
in the Supplementary Document 1.
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One Health approach to managing health risks in
wildlife farming in Vietnam

The One Health approach is increasingly operationalized worldwide as the
standard approach to manage zoonotic disease risks at human-animal-envi-
ronment interfaces [61-63]. In Vietnam, this approach has been incorporated
into national strategies for zoonotic disease prevention, distributing responsi-
bilities across animal health, public health, and environmental sectors [64].
Wildlife farming systems represent high-risk interfaces where pathogens cir-
culate among wildlife and potentially spill over into domestic livestock or hu-
man populations through occupational exposure and environmental contami-
nation. However, within the current regulation framework, wildlife farm in-
spections have focused on species legality and conservation compliance (e.g.,
CITES permits), while biosecurity assessment and wildlife-origin pathogen
surveillance remain limited. Therefore, addressing zoonotic threats in such
systems requires an approach that goes beyond investigating each domain's
animal health, public health, and environmental health individually, but in-
stead considers these interconnected aspects simultaneously.

Accordingly, this study applied a One Health approach through active col-
laboration with the DFP (forestry and wildlife management), the DAH (animal
health), and the CDC (human health). By engaging local authorities, multidis-
ciplinary experts, and wildlife farmers, the study integrated forestry and wild-
life management, animal, and human health dimensions throughout its design
and implementation. Through the combination of molecular and serological
investigation, assessment of farmers’ knowledge, attitude, and practices to-
ward zoonotic disease transmission, and qualitative risk assessment at the
high-risk nodes along the wildlife supply chains, the study seeks to generate
scientific evidence on what and how zoonotic risks are transmitted and sus-
tained within wildlife farming systems.

This integrated and participatory approach enabled the study to move be-
yond describing pathogen presence or farmer behaviours alone, and instead to
examine the socio-ecological factors and other factors influencing risks, sup-
porting the development of context-sensitive, risk-based interventions that op-
erationalize One Health at the human-wildlife interface.

23



Alms

The overall aim of this thesis is to investigate the risk of zoonotic diseases in
wildlife farming systems in Vietnam. This thesis seeks to generate scientific
evidence that can inform prevention efforts and support the development of
effective interventions and policies to reduce zoonotic transmission in wildlife
farming contexts.

Specific objectives

i.  To review zoonotic pathogens and associated risk factors linked to
wildlife in Southeast Asia.

ii.  To assess the prevalence of selected zoonotic pathogens and identify
associated risk factors that influence exposure.

iii.  To assess the transmission risks of zoonotic diseases at high-risk nodes
along the wildlife supply chain using a risk assessment framework.
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Methods

To address these objectives, three corresponding studies were conducted.
Study 1 consisted of a systematic review synthesizing existing evidence on
zoonotic pathogens and associated risk factors linked to wildlife in Southeast
Asia (Paper I). Study 2 involved field-based investigations to assess the prev-
alence of selected zoonotic pathogens and identify associated risk factors, in-
cluding: (i) a mixed-methods study integrating quantitative and qualitative ap-
proaches to investigate wildlife farmers’ knowledge, attitudes, and practices
(KAP) related to zoonotic disease transmission (Paper II); (ii) serological test-
ing and risk factor analysis among farmers (Paper I1I); and (iii) molecular de-
tection of zoonotic pathogens among farmers and wild animals in wildlife
farming settings (Paper IV). Study 3 applied a risk assessment framework to
analyse zoonotic transmission risks at high-risk nodes along the wildlife sup-
ply chain, following the World Organisation for Animal Health (WOAH)
guidelines [65]. A summary of the methods applied in each study is presented
in Table 1.
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Study sites

Study 2 was conducted in two provinces with contrasting wildlife trade con-
texts: Lao Cai in northern Vietnam and Dong Nai in the south (Figure 3). Lao
Cai is a mountainous border province characterized by small-scale wildlife
farming linked to hunting, household processing, and informal trade, while
Dong Nai is a lowland province with a high concentration of commercial wild-
life farms. Six locations (one city and five districts) in each province were
selected based on the highest numbers of wildlife farms reported by the Pro-
vincial DFP as of 31 December 2022.

Figure 3. Geographical location of the study sites. The left panel presents the Asian
continent with Vietnam highlighted in light blue, while the right panel displays Vi-
etnam with the study provinces, Lao Cai and Dong Nai, indicated in red. The Asia
map was sourced from https://public.opendatasoft.com/ (accessed 26 March 2025; CC
BY 4.0), and the Vietnam administrative boundary data were obtained from
https://data.humdata.org/dataset/cod-ab-vnm (accessed 1 March 2025; CC BY 3.0
IGO) (retrieved from Paper II [66]).

Sample size and sampling

In study 2, a wildlife farmer is defined as an individual (> 18 years old) directly
involved in the captive breeding, raising, and keeping of wild animal species
and/or in harvesting bat guano for commercial or subsistence purposes. This
includes farm owners, co-owners, and hired workers responsible for routine
activities such as feeding animals, cleaning enclosures, handling live animals,
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and harvesting wildlife products. They could also engage in other wildlife-
related activities (e.g., trading, slaughtering, processing, or consuming wild-
life products) and may have had other occupations, but were required to have
at least six months of continuous involvement in wildlife farming to ensure
adequate exposure to zoonotic pathogens.

For the quantitative component, wildlife farms raising four species of bats,
bamboo rats, civets, and wild boars were selected for the study. Farms were
pre-classified by scale as small (<10 animals), medium (10 — 50), or large
(>50). Bat farms, which typically housed hundreds to thousands of individu-
als, were categorized as large-scale. For mixed-species farms, classification
was based on the species with the largest population. One wildlife farmer per
farm, preferably the owner or the person most actively involved in daily farm-
ing activities, was enrolled after providing informed consent. The sample size
for wildlife farmers was calculated assuming that 12% had good knowledge
of zoonoses [67], using a 95% confidence interval (CI) and a 5% margin of
error, resulting in a minimum required sample of 163; a 20% contingency was
added, resulting in a target of 196 participants. Due to the limited number of
farms in Lao Cai, all eligible farms were included, while in Dong Nai a com-
bination of census and purposive sampling was applied, resulting in 210 wild-
life farmers (46 from Lao Cai and 164 from Dong Nai) enrolled in the quanti-
tative study. Human samples (207 blood samples and 209 nasal swabs) were
successfully collected from participating farmers following informed consent.

Animal sampling targeted host-specific pathogens based on prior evidence
[21,45,68-71], and minimum sample sizes were calculated using a standard
prevalence-based formula with a 95% CI and 10% margin of error, with a 10%
buffer for sample loss. In total, samples were collected from 141 bats, 120
bamboo rats, 106 wild boars, and 202 civets. For bamboo rats, civets, and wild
boars, one oral swab sample was collected per animal, while bats were cap-
tured using mist nets and sampled with oral swabs before release. Faecal sam-
ples were collected from roosting and cage areas. One sample was collected
from the floor under the civets, bamboo rat, and wild boar cages, and four to
five samples were collected per bat cave or guano farm. In total, 566 oral
swabs and 505 faecal samples were collected from wild animals (Table 2).

For the qualitative component, purposive sampling was used to select par-
ticipants from the quantitative survey who had relevant experience or insights
for key informant interviews (KIIs) and focus group discussions (FGDs). Se-
lection was based on relevance, availability, and informed consent, resulting
in 50 KlIs involving farmers (n = 30), managers (n = 9), butchers (n = 5),
traders (n = 4), and consumers (n = 2), and seven FGDs: two manager groups,
two farmer groups, one trader and butcher group, and two consumer groups.
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Table 2. Number of collected samples from wild animals and wildlife farmers by
province

Study Sample popu- Sample type
province lation Oral/ nasal Faecal Serum
swab samples samples
Lao Cai Bats 38 16 -
Bamboo rats 17 17 -
Civets 40 40 -
Wild boars 30 30 -
Farmers 46 - 46
Dong Nai  Bats 103 60 -
Bamboo rats 103 104 -
Civets 161 162 -
Wild boars 74 76 -
Farmers 163 - 161
Sub-total 775 505 207
Total 1,487

Study design and data collection

For study 1, data for the systematic literature review were collected following
PRISMA guidelines, involving a multi-stage process of literature search, se-
lection, extraction, and synthesis. Peer-reviewed publications were retrieved
from PubMed, ScienceDirect, and Web of Science using predefined search
terms related to wildlife-associated zoonoses in Southeast Asia in the last dec-
ade, from January 2012 to November 2022. Data were extracted on study char-
acteristics, pathogen types, wildlife hosts, geographic location, sample size,
number of positive samples, diagnostic method, prevalence, and 95% CI, and
reported risk factors to synthesise existing evidence on zoonotic pathogens
linked to wildlife in the region.

Study 2 employed a cross-sectional design conducted at selected wildlife
farms between August 2023 and June 2024. Quantitative data were collected
through face-to-face interviews with wildlife farmers using tablet-based struc-
tured questionnaires administered via KoboToolbox (https://www.ko-
botoolbox.org/). The questionnaire covered sociodemographic characteristics,
wildlife farming and trade activities, KAP related to zoonotic diseases, wild
meat consumption, recent medical history, and awareness of relevant policies
and regulations. Interviews were conducted in Vietnamese and lasted approx-
imately 45 minutes. Qualitative data were collected through semi-structured
KlIs and FGDs, conducted by trained researchers. All interviews and discus-
sions lasted approximately 60 minutes and were audio-recorded with consent.
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Biological samples were also collected from participating wildlife farmers
and farmed wild animals following informed consent. Human samples in-
cluded nasal swabs and venous blood samples, while animal samples included
oral swabs and faecal samples collected from bats, bamboo rats, civets, and
wild boars. Faecal samples were collected from animal housing areas, bat
roost sites, and bat caves. All samples were collected by trained personnel and
transported under cold-chain conditions. Blood samples were processed for
serum separation and sent to the National Institute of Hygiene and Epidemi-
ology (NIHE) for serological analysis. Swab and faecal samples were trans-
ferred to the National Institute of Veterinary Research (NIVR) for analysis.

For study 3, data for the zoonotic risk assessment were integrated in ac-
cordance with the WOAH risk assessment framework [65]. Data inputs in-
cluded molecular detection and serological results from wildlife and human
samples, structured questionnaires capturing farming practices, animal han-
dling, biosecurity, and hygiene behaviours, and qualitative data from KllIs and
FGDs to contextualise risk factors from study 2. In addition, wildlife supply
chain mapping was conducted to identify the entry, key nodes, and interfaces
where interspecies transmission of zoonotic pathogens may occur.

Laboratory analysis

In study 2, the seroprevalence study (paper III), commercial enzyme-linked
immunosorbent assay (ELISA) kits were used to screen human sera. Hanta-
virus infection was assessed using Focus DxSelect™ ELISA kits (Focus Di-
agnostics, USA) to detect hantavirus IgG and IgM antibodies targeting a broad
range of hantavirus strains (SEOV, HTNV, PUUV, DOBV, and SNV). HEV
IgG antibodies were detected using the Wantai HEV IgG ELISA kit (Wantai
Biological Pharmacy Enterprise, China), which targets the Open Reading
Frame 2 (ORF2) capsid protein, allowing detection of prior HEV exposure
across all HEV genotypes. Serological testing was performed at NIHE.

In the molecular study (paper 1V), CoV, hantavirus, and HEV were de-
tected using nested reverse transcription polymerase chain reaction (RT-PCR)
testing. Based on the prior evidence of pathogen circulation in specific host
species, molecular testing was targeted as follows: CoVs in humans and all
four wildlife species; HEV in humans, bamboo rats, and wild boars; and han-
taviruses in humans, bats, and bamboo rats [21,40,73-76].

Viral RNA was extracted from collected samples using the QlAamp Viral
RNA Kit (Qiagen, Hilden, Germany) and reverse-transcribed using the Re-
vertAid First Strand cDNA Synthesis Kit (Thermo Scientific, Waltham, MA,
USA). Nested RT-PCR assays targeting specific genomic regions of CoVs,
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hantaviruses, and HEV were performed using published protocols [77-79],
with all reactions carried out using DreamTaq PCR Master Mix 2x (Thermo
Scientific, Waltham, MA, USA). RT-PCR testing was conducted at NIVR.
All PCR-positive amplicons were purified using the QIAquick PCR Puri-
fication Kit (Qiagen, Hilden, Germany) and sequenced bidirectionally by
Sanger sequencing using inner nested primers to ensure target specificity. Se-
quence chromatograms were quality-checked and trimmed in Geneious Prime
® 2025.2.2, and validated sequences were deposited in the GenBank database
from the National Center for Biotechnology Information (NCBI). Sequencing
was performed at the Phacogen Institute of Technology, Hanoi, Vietnam.
For phylogenetic analysis, study sequences were aligned with reference se-
quences retrieved from NCBI using MAFFT version 7 with default settings
[80], substitution models were selected with ModelFinder [81], and maxi-
mum-likelihood phylogenetic trees were inferred in IQ-TREE version
2.2.2.6-omp-mpi with 1,000 ultrafast bootstrap and 1000 SH-aLRT repli-
cates [82], with final tree visualization performed in FigTree v1.4.4
(http://tree.bio.ed.ac.uk/software/figtree/).

Data analysis

For study 1, extracted data were compiled in Excel and analysed descriptively
to summarise pathogen prevalence with 95% CI, wildlife hosts, study charac-
teristics, and reported risk factors (see Paper I).

For study 2, data collected via KoboToolbox were imported into R (version
4.4.2) for analysis.

In the KAP study, wildlife farmers’ KAP were assessed using a structured
questionnaire comprising 13 knowledge items (scored 0 — 1), 10 attitude items
on a five-point Likert scale (scored 1 — 5), and 18 practice items (scored 0 —
2), generating composite knowledge (0 — 13), attitude (10 — 50), and practice
(0 — 30) scores, with higher scores indicating better outcomes. Descriptive
statistics summarised participant characteristics, and associations were exam-
ined using chi-square or Fisher’s exact tests, Mann-Whitney U, and Kruskal-
Wallis tests, with correlations assessed by Spearman’s rank. Multivariate anal-
ysis used linear mixed-effects models with province as a random effect, and
estimated marginal means (EMM) were derived from adjusted models. Inter-
nal consistency was evaluated using Cronbach’s alpha, and spatial patterns
were mapped in QGIS version. Qualitative data from KlIs and FGDs were
transcribed and analysed thematically using MAXQDA version 24.8.0 to con-
textualise quantitative findings (see Paper II).
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In the seroprevalence study, the apparent prevalences (AP) of hantavirus
and HEV were calculated by dividing the number of positive samples by the
total number tested. True prevalences (TP) and corresponding 95% credible
intervals (Crl) were estimated from the AP by incorporating the diagnostic
sensitivity and specificity of the test kits using a Bayesian approach. Univari-
able generalized linear regression and multivariable logistic regression mod-
els, with province included as a random effect, were performed to identify risk
factors associated with seropositivity (see Paper III).

In the molecular study, the prevalence of CoV, hantavirus, and HEV in
humans and animals was calculated by dividing the number of RT-PCR posi-
tive samples by the total number tested. Farms were classified as positive if
either the farmers or animals on the farm tested PCR-positive. Univariable
generalized linear regression and multivariable logistic regression models,
with province included as a random effect, were performed to identify farm-
level risk factors (see Paper IV).

For study 3, data analysis for risk assessment followed the WOAH frame-
work, which comprises three stages: (i) entry assessment to estimate the like-
lihood of zoonotic pathogen introduction to the farm by considering pathogen
prevalence (P1); (ii) exposure assessment to estimate the likelihood of human
and animal exposure to zoonotic pathogens based on farming practices, animal
handling, biosecurity, and hygiene behaviours that may facilitate transmission
(P2); (ii1) consequence assessment to estimate the potential impacts for human
and animal health, economy, biodiversity and society impacts if transmission
of zoonotic pathogens occurs (C) (see Figure 4). Available data were synthe-
sized to assess the likelihood of pathogen introduction, exposure, and conse-
quences of the transmission at the human-animal interface. Uncertainty and
data gaps were also qualitatively characterised in accordance with WOAH
guidance.

The overall level of risk was categorized as negligible, very low, low, me-
dium, high, or very high by combining the level of entry, the level of exposure,
and the level of consequences (see Table 3). Overall risk was defined qualita-
tively as:

[Overall risk = P1 (Entry) x P2 (Exposure) x C (Consequences)]
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Introduction Pl
of pathogens
to the farm
Transmission Transmission
to animals to humans
-1 P2
\ | \ |
Transmisison Diseases in Disease in Outbreak in
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wildlife animals
| | | |
Consequences on health, economy, biodiversity and society
if transmission of zoonotic pathogens occurs C

Figure 4. Risk assessment framework for zoonotic pathogen transmission risk at
farms (P1 = level of entry; P2 = level of exposure; C = consequences)

Table 3. Matrix used for the multiplication of two qualitative probabilities
from Gale et al., (2010) [83].

Results of Result of the likelihood 1

likelihood 2 Negligible Verylow  Low Medium High Very high
Negligible Negligible Negligible Negligible Negligible Negligible Negligible
Very low Negligible

Low Negligible _ Low Low Low Low
Medium Negligible Low Medium Medium Medium
High Negligible - Low Medium
Very high Negligible _ Low Medium

Ethical statement

The study was approved by the Ethical Review Committee of Hanoi Univer-
sity of Public Health (number 338/2023/YTCC-HD3); the Ethical Review
Committee of International Livestock Research Institute (ILRI) (number
ILRI-IREC2023-49); and the Institutional Animal Care and Use Committee
of ILRI (number ILRI-IACUC2024-01).
For study 2, all participants were informed about the study and provided
written informed consent prior to participation in interviews, discussions, and
biological sample collection. Participation was voluntary, and participants
could withdraw at any time without any consequences. All collected data were
anonymized, and access to research data was restricted to the research team.
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Results and discussion

Zoonotic pathogens and associated risk factors linked to
wildlife in Southeast Asia

Results from our systematic review of 108 publications indicate that research
over the past decade has primarily focused on zoonotic diseases in mammalian
wildlife in Southeast Asia, mainly in Thailand, Malaysia, Vietnam, and Indo-
nesia. Primates, rodents (Rodentia), and bats (Chiroptera) were the most stud-
ied reservoir hosts. A total of 120 distinct pathogens within 108 studies were
identified, with viral pathogens being the most studied (n = 47), followed by
parasitic agents (n = 38) and bacterial pathogens (n = 35). Table 4 presents
most studied zoonotic pathogens, and those with the highest reported preva-
lence by host order. “Most studied pathogens™ refers to pathogens indicated
by the highest number of studies investigating them within a given host group,
reflecting research priorities and surveillance focus. “Highest reported preva-
lence” refers to the pathogen with the greatest proportion of positive detec-
tions in tested samples within a host group, reflecting observed infection lev-
els in studies. However, these estimates should be interpreted cautiously as
they may vary depending on differences in sample size, study design, and di-
agnostic methods. A complete list of zoonotic pathogens associated with dif-
ferent host orders is provided in Paper I.

Table 4. Summary of the most studied zoonotic pathogens and the highest reported
prevalence rates by host order

Host order =~ Most studied pathogens Highest reported sero/active
prevalence rates
Primates Ebola virus, West Nile virus, Plasmodium cynomolgi

Plasmodium spp., Cryptos- (96.1%), Monkeypox virus
poridium spp., Strongyloides  (58.9%), Simian foamy virus
spp. (56.5%)
Rodentia HEV, hantavirus, CoV, Lep-  Strongyloides spp. (81.3%),
tospira spp., Trypanasoma Rickettsia spp. (78.0%), CoV
lewisi (34%), HEV (37.1%)
Chiroptera  CoV, astrovirus, Nipah vi- CoV (74.8%), Picornavirus
rus, West Nile Virus, Bar- (67.0%), Astrovirus (55%), Bar-
tonella tonella (25.1%)
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Host order  Most studied pathogens Highest reported sero/active
prevalence rates

Suidae Mycobacterium spp., Lep- Mycobacterium avium (91.0%),
tospira spp., Anaplasma M. tuberculosis (75.0%), Lepto-
spp., Trichinella spp. spira spp. (48.3%)

Carnivora Avian influenza virus, CoV,  Avian influenza virus (10.2%),
Rickettsia spp., Bartonella Bartonella spp. (6.7%), Rickett-
spp. sia spp. (6.3%)

Beyond pathogen diversity, our systematic literature review also identified
multiple risk factors for zoonotic transmission linked to wildlife in Southeast
Asia, including (i) environmental factors such as environmental changes, ani-
mal habitat disruption, and exposure to contaminated environment; (ii) animal
factors including animal movement, and animal age; (iii) human factors such
as lack of awareness, and unsafe food consumption and poor hygiene; and (iv)
human-animal-environmental interface factors particularly close contact with
animals, visiting wildlife facilities, and the presence of vectors in human hab-
itats. Among those, the most frequently reported driver of the zoonotic trans-
mission was close and frequent contact between wild animals and humans at
the human-wildlife interface, particularly within wildlife farming, wildlife
trade, markets, and hunting. Activities such as handling, feeding, farming,
transporting, and trading wild animals increase opportunities for pathogen
spillover and cross-species transmission. These multiple and interconnected
drivers highlight the complex socio-ecological dynamics underlying zoonotic
transmission in the region, putting its community at risk for infection.

Overall, the review highlights the broad diversity of zoonotic pathogens
and the widespread occurrence of zoonotic diseases from wildlife in Southeast
Asia. Among these pathogens, CoVs have received the greatest research at-
tention due to their recognized spillover potential and their association with
major global outbreaks (SARS, MERS, and SARS-CoV-2); however, evi-
dence on CoV circulation in wildlife farming and trading remains limited. In
contrast, hantaviruses and HEV, both recognized zoonotic pathogens associ-
ated with rodents and wild boars, species that are commonly farmed and
traded in Vietnam, have received limited research attention in the past decade
despite evidence of their circulation and potential public health impact. These
findings highlight knowledge gaps regarding the presence of these zoonotic
pathogens and transmission risks at the human-wildlife interface. This work
provided the scientific rationales for the design of Study 2, where we charac-
terized zoonotic threats and high-risk interactions at the human-wildlife inter-
face, particularly within wildlife farming systems where humans have close
and frequent contact with wild animals, in order to generate evidence for risk-
based surveillance and targeted prevention strategies.
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Who is farming wildlife in Vietham? Socio-demographic
characteristics of the wildlife farmers

Among 210 wildlife farmers who completed the questionnaires, 62.4% were
men, with a mean age of 46.7 years (range: 22 — 77) (Table 5). Most partici-
pants had secondary (39.0%) and high school education (29.5%). In addition
to wildlife farming, common secondary occupations included trading or self-
employment (26.2%), crop farming (24.3%), and livestock production
(11.4%). Civets (41.9%) and wild boars (25.7%) were the most frequently
farmed species. Farm sizes were categorized as small (30.5%), medium
(40.0%), and large (29.5%). Wildlife was primarily raised for breeding
(71.4%) and commercial meat production (55.7%), while 26.2% reported
home consumption. Many farmers also engaged in other wildlife-related ac-
tivities, including wild meat consumption (62.4%), live animal trading
(43.3%), processing (31.4%), and slaughtering (25.2%).

Table 5. Socio-demographic characteristics of wildlife farmers (n = 210) (retrieved
from paper II [66])

Variable Categories n %
Gender Man 131 62.4
Woman 79 37.6
Age (years) Mean (SD) 46.7 (12.3)
Range 22-77
Education No formal education 7 33
Primary school 26 12.4
Secondary school 82 39.0
High school 62 29.5
College or above 33 15.7
Additional oc-  No other occupation 52 24.8
cupations other  Trading or self-employed 55 26.2
than wildlife Plant farming 51 24.3
farming Livestock farming 24 11.4
Government employee 16 7.6
Private company 12 5.7
Main species Civet 88 41.9
farmed Wild boar 54 25.7
Bamboo rat 52 24.8
Bat* 16 7.6
Purposes of Breeding for sale 150 71.4
raising For commercial meat sales 117 55.7
For home consumption 55 26.2
Bat guano collection 15 7.1
Pet 7 3.3
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Variable Categories n %

Farm size Small (< 10 individuals) 64 30.5
Medium (10 — 50 individuals) 84 40.0
Large (> 50 individuals) 62 29.5
Other wildlife Consuming wild meat 131 62.4
activities be- Trading live wild animals 91 433
sides wildlife Processing 66 314
farming Slaughtering 53 25.2
Farming wild animals only 49 233
Trading slaughtered wild animals 20 9.5
Hunting or trapping 15 7.1
Harvesting bat guano 14 6.7
Consuming other wildlife products 10 4.8

*Bat populations in caves in Lao Cai (northern Vietnam) are mainly represented by
Hipposideros spp., Rhinolophus spp., and Myotis chinensis, while bat guano farms in
Dong Nai (southern Vietnam) are mainly the lesser Asiatic yellow bat (Scotophilus
kuhlii).

Knowledge, attitudes, and practices toward zoonotic
disease transmission among wildlife farmers in Vietnam

In paper 11, our quantitative results showed that the wildlife farmers had a rel-
atively high level of knowledge (mean = 10.1/13; standard deviation (SD) =
3.5; range: 0 — 13), positive attitudes (mean = 41.3/50; SD = 5.2; range: 25 —
50), and moderate preventive practice (mean = 14.1/30; SD = 5.2; range: 1 —
27). However, qualitative results indicated low risk perception of zoonotic
disease transmission and gaps between farmers’ knowledge and their preven-
tive practices. Farmers’ KAP were primarily influenced by informal infor-
mation sources, cultural norms, and experiences rather than by formal training
or scientific knowledge. Many farmers perceive wildlife as healthy animals,
naturally resistant to disease, and therefore unlikely to transmit infections.
Risk behaviours, such as rearing mixed wildlife species, unrestricted animal
access, high stocking density, inconsistent use of personal protective equip-
ment (PPE), consumption of sick or undercooked wild meat or wildlife prod-
ucts, absence of quarantine or isolation for new or sick animals, and poor
waste management, were often driven by perceived practicality, economic
constraints, and limited resources. Furthermore, farmers avoided reporting
diseases due to mistrust of veterinary services and concern about negative con-
sequences, even though they acknowledged that timely reporting is important
for disease control.

“Wildlife cannot transmit diseases to humans” (KI1106) “it has a natural
resistance” (KI1126)
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“There's no need to use any type of PPE. I've never heard of any cases
where raising this wild animal causes diseases to humans” (KI107)

“The bamboo rat's blood pudding is the most valuable part; not eating it
would be a waste” (K1101)

“Reporting would just make things more difficult for me... I'd rather let
them all die than deal with the authorities” (KI1121)

Linear mixed-effects regression analyses showed that farmers with college-
level or above education (EMM = 11.8, 95% CI: 10.2 — 12.8) and high school
education (EMM = 11.3, 95% CI: 9.0 — 12.7) had significantly higher
knowledge scores compared to those with no formal education (EMM = 7.8,
95% CI: 4.0 — 11.1). Government-employed farmers reported higher attitude
scores (EMM = 46.1; 95% CI: 43.3 — 48.2) than other occupation groups. Re-
garding practice scores, higher education levels were significantly associated
with higher practice scores. Wildlife farmers with college or above education
had significantly higher scores (EMM = 15.9, 95% CI: 13.4 — 18.4) than those
with no formal education (EMM = 11.6, 95% CI: 7.9 — 15.4). Government-
employed farmers had higher practice scores (EMM = 15.8, 95% CI: 12.6 —
18.8) than farmers in trading or self-employment (EMM = 12.5, 95% CI: 9.8
— 15.2). Scores were significantly lower among bat (EMM = 8.5, 95% CI: 5.8
— 11.4) and wild boar farmers (EMM = 13.9, 95% CI: 11.4 — 16.4) compared
with civet farmers (EMM = 15.8, 95% CI: 13.0 — 18.6). Wild meat consump-
tion was associated with lower scores (EMM = 12.3, 95% CI: 9.5 — 15.2).

Overall, this study identifies important gaps in KAP regarding zoonotic
diseases among wildlife farmers, highlighting the need for targeted risk com-
munication, farmer training, and context-appropriate biosecurity interventions
to address misconceptions, strengthen risk perception, and promote safer prac-
tices that can reduce zoonotic spillover risks at the human-wildlife interface.
Following studies in this thesis further examined evidence of prior exposure
among wildlife farmers through serological analysis (Paper III) and assessed
ongoing pathogen circulation in both wildlife farmers and wild animals in
wildlife farming systems through molecular detection (Paper IV).

Seroprevalence of hantavirus and hepatitis E virus
exposure among wildlife farmers in Vietnam

Of'the 210 wildlife farmers recruited from two provinces, 207 provided serum
samples for analysis in Paper III. Among them, 70 farmers (33.8%) tested
positive for at least one pathogen, yielding a total of 77 positive samples (18
hantavirus IgG, 4 hantavirus IgM, and 55 HEV IgQG). The AP of hantavirus
IgG was 8.7% (95% CI: 5.4 — 13.6), with a TP 0f 4.7% (95% Crl: 0.2 - 11.1),
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exceeding global estimates and previous reports from Vietnam and the region
[23,84-86]. For hantavirus IgM, the AP was 1.9% (95% CI: 0.6 — 5.2), and
the TP was 1.7% (95% Crl: 0.1 — 4.7). All IgM-positive cases were detected
in Dong Nai. However, no outbreaks were reported during the study period,
and the small number of positive cases limits interpretation. Further studies
with larger sample sizes, including environmental and rodent sampling, could
help clarify transmission pathways. HEV IgG showed an AP of 26.7% (95%
CI: 20.8 —33.2) and a TP of 27.1% (95% Crl: 21.3 — 33.4), which was higher
than in many countries in the region [87]. However, the serological assays
used in this study are limited in their ability to distinguish zoonotic HEV gen-
otypes from others, which may lead to potential misclassification of exposure
to zoonotic pathogens. Therefore, future serological studies should consider
combining serological approaches with genotype-specific or molecular assays
to better characterize circulating strains and clarify transmission pathways.

While no farmer tested positive for all three antibodies, one person in Dong
Nai had both hantavirus IgG and IgM, and several showed evidence of multi-
ple infections. Specifically, four individuals in Lao Cai and Dong Nai had
hantavirus and HEV IgG, and two in Dong Nai had hantavirus IgM and HEV
IgG. These findings highlight the risk of concurrent or sequential zoonotic
exposure among wildlife farmers. Figure 5 shows the geographic distribution
of seropositive cases across the two provinces.

Multivariable analyses showed that male gender, consumption of raw meat
or wildlife products, and residence in high altitudes were significantly associ-
ated with seropositivity for either hantavirus or HEV. Men were twice as
likely to test positive for either virus as women (Odds ratio (OR) = 2.0, 95%
CI: 1.0 — 3.9), and farmers consuming raw products faced over five times the
risk (OR = 5.6, 95% CI: 1.4 — 28.7). Those living above 200 meters (m) alti-
tudes were 13.6 times more likely to be seropositive compared to those at <
150 m (OR =13.6, 95% CI: 3.2 — 95.3). For hantavirus infection, farmers who
engaged exclusively in farming wild animals (not involved in other wildlife-
related activities such as hunting, trading, slaughtering, processing, collecting,
or consumption) were associated with higher seropositivity (OR = 2.7, 95%
CL: 1.1 — 6.9). For HEV infection, significant factors included male gender
(OR =3.1,95% CI: 1.4 —7.3), older age (OR =1.03, 95% CI: 1.0 — 1.1), raw
product consumption (OR = 6.8, 95% CI: 1.6 — 31.8), residence at > 200 m
altitudes (OR =31.6, 95% CI: 5.5 —204.4), and always use of protective cloth-
ing (OR =4.0, 95% CI: 1.4 —11.2), however their proper use was not assessed
at the study time. These findings suggest that daily farming activities may pose
significant exposure risks through direct and prolonged contact with infected
animals, contaminated environments, and animal waste (e.g., blood, urine, and
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faeces). Moreover, inadequate biosecurity measures, unhygienic practices,
and improper use of PPE may further increase the risk of exposure. These
results highlight the need for targeted interventions to enhance zoonotic dis-
ease awareness, transmission risks, and promote preventive practices to re-
duce exposure at the human-wildlife interface.

Overall, this study provides serological evidence that wildlife farmers have
been exposed to zoonotic pathogens, specifically hantavirus and HEV.
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Figure 5. Spatial distribution of 77 seropositivity cases in selected districts (yellow)
in two study provinces, with red dots indicating hantavirus IgG, orange dots for HEV
IgG, and yellow stars for hantavirus IgM. Source of Vietnam administrative bound-
ary data: https://data.humdata.org/dataset/cod-ab-vnm, accessed March 01, 2025, 1i-
censed under CC-BY-IGO (adapted from paper III [84])
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Molecular detection of coronavirus, hepatitis E virus,
and hantavirus in wildlife farming systems in Vietnam

In paper IV, among 775 samples screened for pan-CoV via nested RT-PCR
based on the viral genome region encoding RNA-dependent RNA polymerase
(RdRp), 12 samples tested positive (1.5%; 95% CI: 0.8 — 2.8). These included
six human swab samples (2.9%; 95%CI: 1.2 — 6.4) and six animal swab sam-
ples (1.1%; 95% CI: 0.4 — 2.4), from three wild boars, two bats, and one civet.
Results of genetic analysis of all positive samples showed that most belonged
to the Betacoronavirus genus, while some animal-derived strains clustered
within the Alphacoronavirus and Gammacoronavirus genera (Figure 6A). A
bat-derived sequence was closely related to a Nyctacovirus lineage, a lincage
commonly detected in bat hosts [88]. While another bat-derived sequence
showed 96% nucleotide (nt) identity to PEDV, a pathogen responsible for se-
vere enteric disease in pigs, and approximately 98% nt identity to Myotis bat
CoV discovered from Cambodia. Previous studies in China and Vietnam have
also reported bat-derived CoV clustering with PEDV strains, highlighting the
potential for cross-species transmission in mixed farming or overlapping eco-
logical settings. Additionally, three wild boar-derived sequences grouped
within Gammacoronavirus genus and were highly similar to avian CoVs pre-
viously detected in chickens in Vietnam [89], further supporting the possibil-
ity of cross-species transmission or environmental contamination through
shared water sources, feed, faeces, or close proximity between domestic ani-
mals and wildlife. These findings emphasize the need for improved biosecu-
rity and environmental hygiene to reduce the risk of cross-species viral trans-
mission.

The civet-derived sequence clustered with SARS-CoV-2 reference ge-
nomes within the subgenus Sarbecovirus, suggesting a possible human-to-an-
imal transmission event. Similar reverse zoonotic transmission has previously
been documented in farmed mink [90], indicating the importance of genomic
surveillance in wildlife farming systems to detect reverse spillover events.

All six human-derived sequences belonged to Betacoronavirus genus and
were closely related to HCoV-HKU1, HCoV-0OC43, and SARS-CoV-2, sug-
gesting the ongoing circulation of both endemic human CoVs and SARS-
CoV-2 within wildlife farming communities.

For HEV, of 436 samples tested, six faecal samples were positive based on
the partial open reading frame 2 (ORF2) gene (1.4%; 95% CI: 0.6 — 3.1), all
from wild boar faecal samples collected in the southern province (2.6%; 95%
CI: 1.1 — 5.9). Phylogenetic analysis showed that these sequences clustered
within genotypes 3d and 4b and were closely related to previously reported
swine HEV strains in Vietnam [91] (Figure 6B). These genotypes are widely
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reported in domestic pigs and wild boars in Vietnam and other countries in
East and Southeast Asia [91-93]. The presence of zoonotic HEV genotypes in
farmed wild boars highlights a potential occupational exposure risk for farm-
ers, emphasizing the need for improved hygiene, safe animal handling, and
targeted risk-awareness training. The detection of the same HEV genotypes in
animals from the same farms suggests possible transmission at the farm level
or continued circulation of specific strains within shared environments. Future
research incorporating environmental sampling would help clarify the role of
the environment in facilitating viral transmission at the human-animal-envi-
ronment interface.

For hantavirus, no hantavirus RNA was detected in any of the 470 tested
oral swab samples from bats and bamboo rats and nasal swabs from human
samples, with 95% CI: 0.0 — 1.0. The absence of molecular detection may
reflect differences in sample type or sampling outside the acute infection pe-
riod. However, our seroprevalence results showed that 8.7% of farmers had
antibodies against hantavirus, indicating prior exposure (Paper III). Future
studies should combine molecular detection with longer viral sequences or
full-genome sequencing and include animal serology to better characterize in-
fection dynamics and transmission within wildlife populations.

Multivariable analyses showed that higher practice scores were signifi-
cantly associated with lower odds of PCR positivity (OR =0.9; 95% CI: 0.8 —
0.99), suggesting that better farm practices may reduce the risk of infection.
The finding highlights the need to strengthen biosecurity and hygiene
measures at the farm level to limit pathogen transmission and reduce the like-
lihood of zoonotic spillover in wildlife farming systems.

Overall, molecular data confirm that diverse CoV and HEV are actively
circulating within wildlife farms in Vietnam; however, no outbreaks or infec-
tions were reported during the study period. Using the detection of CoV, HEV,
and hantaviruses as the indicators of zoonotic transmission at the wildlife-hu-
man interface, we found wild boar pose a high risk of carrying diverse zoon-
otic pathogens; however, longitudinal studies with a larger sample size are
needed to capture temporal infection patterns and better assess potential trans-
mission links between infected wild boars and human exposure.
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Figure 6. Phylogenetic analysis of CoV and HEV. The trees illustrate 12 CoV se-
quences and 6 HEV sequences generated in this study (highlighted with red dots),
together with reference sequences retrieved from GenBank. Phylogenetic inference
was performed using IQ-TREE, with best-fit substitution models selected by Mod-
elFinder, based on a 599 — 602 bp fragment of the CoV RdRp gene (Tree A) and a
348 bp fragment of the HEV ORF2 region (Tree B). Sequences were named according
to farm, sample type, species, location, and year of collection. Corresponding CoV
and HEV genera or lineage groupings are indicated on the right side of each tree.
Branch support values are shown as SH-aLRT and ultrafast bootstrap (UFBoot), and
scale bars represent nucleotide substitutions per site (retrieved from Paper IV [72])
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Risk assessment of zoonotic disease transmission at
high-risk nodes along the wildlife supply chain

The wildlife supply chain begins with farmers who breed, manage, or capture
animals and sell them live or as slaughtered products (Figure 7). Wildlife kept
on farms is mainly sourced from other breeding farms, some reported from
middlemen and hunters/trappers. Farmed wild animals then move through
middlemen and traders to retailers at the markets/ roadside, restaurants, and
consumers, with transport occurring at multiple stages, either by buyers or
sellers. Slaughtering may occur at farms, markets, restaurants, or households.
Government actors, including forestry, veterinary, and human health authori-
ties, provide oversight but are not directly involved in supply chains.

From a zoonotic risk perspective, exposure is highest at the farm level due
to direct and frequent contact with live wild animals, high stocking densities,
species mixing, and the easy access of pets to wildlife enclosures. Risk is me-
dium to high during trading and retail depending on handling and transport
practices; is high in restaurants where many animals may be kept and slaugh-
tered on-site; and varies at the consumer level depending on slaughtering and
food preparation practices. Molecular detection results from wildlife farming
settings, together with serological evidence among farmers, demonstrate ac-
tive pathogen circulation and occupational exposure. We therefore focused on
risk assessment for CoV, hantavirus, and HEV at the farm level.

At the entry stage (P1), pathogens may be introduced into farms through
animal trading activities involving three main sources: other breeding farms,
hunters/trappers, and middlemen. Hunters/trappers may introduce pathogens
from natural reservoirs; middlemen contribute to risk amplification and redis-
tribution by aggregating animals from multiple origins before resale; and other
breeding farms represent the most regular pathway of pathogen entry, as rou-
tine animal exchanges enable infections present in one farm to spread to other
farms within the trade network. In the absence of health screening and quar-
antine, these movements can lead to the introduction of pathogens into farmed
wildlife populations (animal pathway) and to farmers (human pathway). At
the exposure stage, in the animal pathway (P2a), infected animals may trans-
mit pathogens to other animals through contact at the farm, resulting in cross-
species transmission, infection within farms, or spillback to wildlife. In the
human pathway (P2h), contact between infected animals and farmers may re-
sult in human infection or outbreaks. At the consequences stage, outcomes
differ by pathway: for animals (Ca), infection may lead to economic conse-
quences, animal health impacts, and potential biodiversity losses; for humans
(Ch), infection among farmers and/or outbreaks may result in health impacts
and economic consequences (Figure 8).
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Figure 8. Zoonotic risk pathway for entry, exposure, and consequences assessment in
wildlife farming systems in Vietnam (PI: level of entry; P2a: level of exposure in
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level of consequences in human)
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Coronavirus transmission risk at the farm level

The level of entry was classified as high (P1 = high), supported by the detec-
tion of CoVs in 1.1% of animal samples from multiple species, including wild
boars, bats, and civets, which confirms that CoV's were present and circulating
within farmed wildlife populations.

For the animal pathway, the level of exposure was assessed as high (P2a =
high) due to multi-species detection and farm management practices that may
facilitate transmission, including high stocking densities at the farm, species
mixing, and unrestricted animal access. From a biodiversity perspective,

CoVs circulating in farmed wildlife may spill over back to wild popula-
tions, potentially affecting wildlife health and contributing to wild population
declines [94]. However, CoV infections in wild animals are often asympto-
matic, causing mild symptoms, such as respiratory issues, decreased appetite,
and weight loss [95,96]. Therefore, animal-level consequences were assessed
as low (Ca = low). Taken together, the overall animal health risk = P1 x P2a
x Ca = low.

For the human pathway, the daily and close contact with live wild animals
and their secretions, combined with limited biosecurity and inconsistent use
of PPE, creates opportunities for transmission if a zoonotic strain is present.
Therefore, human exposure was classified as high (P2h = high). Regarding
consequences, CoV infections in humans can lead to a wide range of health
and socio-economic consequences depending on the virus type. Endemic hu-
man CoVs (e.g., 229E, NL63, OC43, and HKU1) typically cause mild respir-
atory illnesses such as the common cold [97]. In contrast, emerging zoonotic
CoVs, such as SARS-CoV, MERS-CoV, and SARS-CoV-2, can cause severe
respiratory disease, pneumonia, and death, particularly among vulnerable pop-
ulations [98]. Outbreaks may also result in substantial economic disruption,
healthcare burden, and social impacts due to hospitalisation, mortality, and
public health control measures [99,100]. Therefore, the human-level conse-
quences were assessed as low to high (Ch = low — high). Taken together, the
overall human health risk = P1 x P2h x Ch = low — high.

Hantavirus transmission risk at the farm level

The level of entry was classified as low (P1 = low) because no hantavirus
RNA was detected in our study. However, this finding should be interpreted
with caution due to the high uncertainty associated with sampling outside the
short viral shedding period and variation in detection sensitivity between dif-
ferent sample types. Moreover, our previous serological study identified 8.7%
IgG and 1.9% IgM positivity among wildlife farmers [64], suggesting past and
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recent exposure to hantavirus, although infections may have originated from
other sources, such as rodents present in the farming environment.

For the animal pathway, the level of exposure was assessed as high (P2a =
high), given the known circulation of hantaviruses in regional rodent reser-
voirs and farm conditions that may facilitate environmental contamination and
indirect transmission, including high stocking densities, improper waste man-
agement, and potential rodent contact. Hantavirus infection in animal reser-
voirs is typically asymptomatic without showing signs of illness, but enables
environmental persistence and spillover risk [11]. Therefore, animal-level
consequences were assessed as low (Ca = low). Taken together, overall animal
health risk = P1 x P2a x Ca = low.

For the human pathway, the level of exposure was assessed as high (P2h =
high) due to frequent contact with animals, animal waste, and potentially con-
taminated environments, combined with limited use of PPE and inconsistent
hygiene practices, although no hantavirus RNA was detected by PCR. Hanta-
viruses can cause severe disease in humans, including HFRS and HPS, which
is associated with high morbidity and may also result in healthcare burden and
economic losses [101]. Therefore, human-level consequences were classified
as high (Ch = high). Taken together, overall human health risk = P1 x P2h x
Ch = low.

Hepatitis E virus transmission risk at the farm level

The level of entry was classified as high (P1 = high) based on molecular de-
tection of HEV RNA in 2.6% of animal samples. Phylogenetic analysis iden-
tified the strains as genotype 3 (GT3d) and genotype 4 (GT4b), sharing 90 —
95% nt similarity with known swine HEV strains in Vietnam [91], confirming
established zoonotic lineages and active viral circulation in farmed wild boars.

For the animal pathway, the level of exposure was assessed as high (P2a =
high) due to faecal-oral transmission dynamics, shared water sources, envi-
ronmental contamination, and high stocking densities within farms. Although
HEYV infection in animals is typically asymptomatic with minimal clinical im-
pact, it sustains viral circulation and zoonotic transmission potential [102].
Therefore, animal-level consequences were assessed as low (Ca =low). Taken
together, overall animal health risk = P1 x P2a x Ca = low.

For the human pathway, the level of exposure was assessed as high (P2h =
high) due to frequent handling of live animals, carcasses, waste, and contam-
inated materials under limited biosecurity conditions, as well as the consump-
tion of raw meat or undercooked animal products, such as blood pudding (tiét
canh). Regarding the level of consequences, HEV genotypes 3 and 4 are rec-
ognized zoonotic strains that can cause acute hepatitis in humans. Although
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infection is typically self-limiting, severe outcomes may occur in vulnerable
groups [103]. Therefore, human-level consequences were classified as me-
dium (Ch = medium). Taken together, overall human health risk = P1 x P2h x
Ch = medium.

Overall, our risk assessment indicates that wildlife farming settings repre-
sent an important interface for zoonotic disease transmission. While the esti-
mated transmission risk of CoV was low for animals and low — high for hu-
mans, the risk associated with hantaviruses was assessed as low for both ani-
mals and humans. For HEV, the estimated transmission risk was low for ani-
mals and medium for humans (Table 6). Notably, low risk does not imply
absence of risk, which still represents the potential for pathogen circulation
and spillover under favourable conditions. In wildlife, infected animals may
not be easily identified during trade or farm introduction because infections
are often mild or asymptomatic, which complicates early detection and limits
the effectiveness of control measures at the point of entry. As a result, infected
animals may enter farms or move along the wildlife trade chain without being
detected, potentially facilitating the silent circulation of the virus within ani-
mal populations. In addition, reverse transmission from humans to animals is
possible, such as COVID-19 has demonstrated the ability to infect multiple
animal species following exposure to infected humans [104,105]. These find-
ings highlight the importance of surveillance and improved biosecurity prac-
tices, and proper use of PPE for farm workers to reduce transmission oppor-
tunities at this human-wild animal interface.

Table 6. Summary of zoonotic transmission risk at the farm level

Virus Pathway Entry  Exposure  Conse- Overall
(P1) (P2) quences (C)  Risk
CoV Animal High High Low Low
Human High Low — High  Low — High
Hanta- Animal Low High Low Low
virus Human High High Low
HEV Animal High High Low Low
Human High Medium Medium

Our thesis suggests that interventions designed to mitigate zoonotic transmis-
sion within wildlife farming systems should primarily target the exposure
stage (P2). Because, firstly, controlling pathogen introduction at the entry
level (P1) presents several challenges. Animals are often sourced from multi-
ple actors along the supply chain, including hunters, middlemen, and other
wildlife farms. Preventing entry would require health screening, quarantine of
incoming animals in separate places, or vaccination programmes for wildlife
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species, which are often impractical, costly, or unavailable for many patho-
gens. Secondly, reducing the level of consequences (C) is also difficult. It de-
pends on the availability of effective treatments, vaccines, or medical inter-
ventions, which often require research, development, and clinical validation
and may not be accessible in small-scale farming contexts. In contrast, inter-
ventions reducing exposure such as improving farm biosecurity, reducing an-
imal crowding and species mixing, strengthening hygiene practices, improv-
ing farm sanitation and waste management, restricting access of domestic,
wild animals and rodents to farms, and promoting consistent and proper use
of PPE can reduce opportunities for pathogen transmission between animals and
from animals to humans, representing more feasible and cost-effective strate-
gies for reducing zoonotic transmission risk at farms. Additionally, further re-
search on viral genetic diversity and evolution is needed to better understand the
potential emergence of zoonotic strains in wildlife farming systems.

Strengths and weaknesses

This thesis has several limitations. The cross-sectional design limits causal
inference and temporal interpretation of infection dynamics. Behavioural data
based on self-reporting may be affected by recall bias and social desirability
bias, and the focus on selected provinces and specific pathogens may limit
generalisability to other settings or zoonotic agents. In addition, the low rate
of molecular detection reduces the statistical power for subgroup compari-
sons. Diagnostic limitations of serological assays may also hinder the clear
differentiation between zoonotic and non-zoonotic genotypes, as well as the
absence of environmental sampling and serological testing in animals may
have led to underestimation of pathogen circulation.

Despite these limitations, this thesis provides important baseline evidence
and establishes a strong foundation for future research on zoonotic disease
risks at the human-wildlife interface within wildlife supply chains. This thesis
applied a One Health approach, integrating perspectives from human health,
animal health, and wildlife and forestry management to investigate zoonotic
risks in wildlife farming systems in Vietnam. Engagement with wildlife farm-
ers and multiple governmental stakeholders further enhances the contextual
relevance and practical applicability of the findings. Additionally, by combin-
ing a systematic literature review with field epidemiological investigations,
molecular detection, serological analyses, and risk assessment, this work of-
fers a comprehensive understanding of zoonotic transmission dynamics and
generates evidence to inform surveillance and prevention strategies.
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Conclusion and future perspectives

Overall, this thesis concludes that wildlife farming systems in Vietnam present
a potential risk for zoonotic disease transmission. Viral pathogens of zoonotic
concern, particularly CoV, HEV, and hantaviruses, were detected through
both serological and molecular evidence, confirming ongoing exposure and
pathogen circulation within wildlife farms. Importantly, our findings indicated
substantial gaps between farmers’ knowledge and their actual preventive prac-
tices, suggesting that zoonotic risk is driven not mainly by awareness but by
normalized risky behaviours, economic constraints, and limited institutional
trust. These results, therefore, highlight the exposure stage as a critical inter-
vention point for reducing zoonotic transmission within wildlife farming sys-
tems. To mitigate the risk, it is important to strengthen One Health implemen-
tation, improve farm-level biosecurity and hygiene practices, enhance risk
communication, and foster greater engagement with wildlife farming commu-
nities. These insights not only support Vietnam’s ongoing efforts to advance
One Health implementation and strengthen preparedness for emerging infec-
tious diseases but also offer relevance to other regions where wildlife is inte-
grated into local livelihoods.

To build upon these findings, future research on One Health surveillance
could benefit from longitudinal or cohort study designs to better establish
causal links between behavioural, environmental, and biological risk factors
and infection outcomes over time. Broadening the analysis to incorporate a
genomic surveillance strategy would enable a more comprehensive under-
standing of viral diversity and evolutionary dynamics during transmission
within farms. In addition, expanding the pathogens studied, examining other
high-risk nodes along wildlife supply chains such as restaurants and markets,
and integrating serological and molecular testing in both animals and humans,
as well as environmental sampling, will further strengthen understanding of
transmission dynamics. In addition, continued application of the One Health
approach in research will be essential for developing targeted, evidence-based
strategies to manage zoonotic disease risks at the wildlife-human interface.
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Supplementary Document 1. Vietnam regulations regarding wildlife farm-

ing and zoonotic diseases

Type
Law

Dated
November
21,2007

November
13,2008

June 19,
2015

November
27,2015

November
15,2017

November
19,2018

Regulations

Law on Infectious
Diseases (No
03/2007/QH12)

Law on Biodiver-
sity (No
20/2008/QH12)

Law on Veteri-
nary

Medicine (No
79/2015/QH13)

Penal Code 2015
(amended in
2017)

Law on Forestry

(No
16/2017/QH14)

Law on Animal
Husbandry

(No
32/2018/QH14)

Important points

Establish a legal framework for pre-
venting and controlling infectious dis-
eases; border quarantine; epidemic
combat; and conditions to assure the
prevention and control of infectious
diseases [106].

Establish the legal framework for the
conservation and sustainable develop-
ment of biodiversity; rights and obli-
gations of organizations, households,
and individuals [107].

Set out the legislative regime for the
prevention, treatment, and fighting
against animal epidemic diseases,
quarantine of animals and animal
products. Defines the agency respon-
sible for the management of zoonotic
diseases [108].

Outline criminal punishments for of-
fenses related to illegal hunting, kill-
ing, rearing, impounding, storing,
transporting, and trading of wild ani-
mals, including endangered and rare
species, in violation of wildlife man-
agement and protection regulations
[109,110].

Determine the principles, regulations,
and measures for the management,
protection, development, and use of
forests; forest products processing and
trade [111].

Establish the legal framework for live-
stock production, animal feed, and the
treatment of animals. Defines the

rights and  responsibilities  of
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Decree

64

November
12,2013

May 15,
2016

November
18,2016

July 31,
2017

March 10,
2019

April 25,
2019

May 13,
2019

Decree
160/2013/ND-CP

Decree
35/2016/ND-CP

Decree
155/2016/ND-CP

Decree
90/2017/ND-CP

Decree
06/2019/ND-CP

Decree
35/2019/ND-CP

Decree
40/2019/ND-CP

individuals and organizations in-
volved in animal husbandry [112].
Define MONRE's conservation re-
sponsibilities regarding Species for
Prioritized Protection. Establishes cri-
teria for identifying and classifying
species within the lists of endangered,
precious, and rare species prioritized
for protection. Authorizes the promul-
gation of these lists [113].

Detail regulations on certain provi-
sions of veterinary law, including the
prevention and control of zoonotic
diseases [114].

Establish regulations on penalties im-
posed on administrative penalties in
respect of environmental protection,
which sets out administrative penal-
ties for certain breaches of Decree
160/2013 [115,116].

Establish regulations on administra-
tive sanctions for veterinary violations
[117].

Outline regulations for the manage-
ment of endangered, precious, and
rare wild fauna and flora, and ensure
the implementation of the Convention
on International Trade in Endangered
Species of Wild Fauna and Flora
(CITES) [118].

Establish administrative penalties for
individuals or entities involved in the
illegal hunting, captive breeding,
transportation, purchase, sale, trade,
storage, or processing of forest prod-
ucts [119].

Amend and supplement Decree
18/2015/ND-CP  on environmental
planning,

strategic  environmental



Circular

July 16,
2019

September
22,2021

January 10,
2022

May 27,
2013

May 31,
2016

November
16,2018

December
24,2019

December
31,2019

June 24,
2025

Decree
64/2019/ND-CP

Decree
84/2021/ND-CP

Decree
07/2022/ND-CP

Joint Circular
16/2013/TTLT-
BYT-BNNPTNT

Circular
07/2016/TT-
BNNPTNT
Circular
27/2018/TT-
BNNPTNT
Circular
24/2019/TT-
BNNPTNT
Circular
29/2019/TT-
BNNPTNT

Circular
27/2025/BNNMT

assessment, environmental impact as-
sessment, and environmental protec-
tion plans [120].

Amend Article 7 of Decree
160/2013/ND-CP to reflect the up-
dated list of rare and threatened spe-
cies requiring prioritized conservation
efforts [121].

Revise specific provisions of Decree
06/2019 on the management of endan-
gered, precious and rare species and
CITES implementation [122].

Amend and supplement certain provi-
sions of Decree 35/2019/ND-CP on
administrative sanctions in forestry,
plant protection and quarantine, veter-
inary, and livestock sectors [123].
Establish guidelines for the coordina-
tion of prevention and control of zoon-
otic diseases between Ministry of
Health and Ministry of Agriculture
and Rural Development [124].
Establish regulations on prevention
and control of terrestrial animal dis-
eases [125].

Establish regulations on the manage-
ment and traceability of forest prod-
ucts that include wild animals [126].
Amend and supplement of certain pro-
visions of Circular No. 07/2016/TT-
BNNPTNT [127].

Outline mandatory procedures for the
handling of confiscated wildlife in ad-
ministrative and criminal cases, in-
cluding preservation, release, or ap-
propriate treatment [128].

Update regulations on the manage-
ment of endangered, precious, and
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Others November

05,2018

July 23,
2020

November
10,2021

February 17,
2023

References
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Resolution
05/2018/NQ-
HDTP

Directive No
29/CT-TTg

Decision
4357a/Qb-BNN-
TCLN

Notice 25/TB-
CTVN

rare species and establish specific
guidelines for farming common forest
animals to ensure environmental
safety and compliance with CITES
[129].

Provide guidance on the application of
Article 234 (violations against wild-
life welfare regulations), Article 244
(violations against endangered and
rare species regulations) of the Penal
Code, and Article 106 of the Criminal
Procedure Code regarding the han-
dling of material evidence during judi-
cial proceedings [130].

Suspend the import of wild animals,
eggs, larvae, parts, and derivatives of
wild animals. It also ordered the clo-
sure of markets selling illegal wildlife
products [131].

Notice on the administrative proce-
dure for amending and supplementing
forestry matters within the manage-
ment scope of the Ministry of Agricul-
ture and Rural Development [132].
Announce of the list of wild fauna and
flora species included in the Appen-
dices of the CITES [133].
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