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Abstract

This review investigates the utilization of the One Health approach to advance sustainable development and enhance
health in the Hainan tropical rainforest, which is a unique ecosystem with significant biodiversity and environ-

mental value. The region is confronted with threats arising from human activities and climate change, impact-

ing both the health of the inhabitants and the ecosystem. The Hainan tropical rainforests create an ideal habitat

for the transmission of mosquito-borne diseases, such as dengue fever and malaria, between humans and animals.
The hot and humid climate creates favorable conditions for mosquito proliferation, while increased human encroach-
ment into forested areas escalates the risk of contact with wildlife reservoirs of these diseases. Proactive surveillance
of emerging infectious diseases in the forests and animal populations of Hainan is crucial for early detection and swift
response to potential public health hazards. By embracing the interdisciplinary and collaborative principles of the One
Health approach, this review aims to safeguard the ecosystem while fostering development. The introduction

offers insights into the significance of the One Health concept, its relevance to environmental conservation, human
health, and animal health. Subsequently, the paper delves into the practical application of the One Health approach
in the Hainan tropical rainforest, using it as a case study. This application entails raising awareness of ecosystem health
through educational initiatives and public outreach, implementing effective ecological conservation measures,
promoting wildlife conservation efforts, and monitoring and preventing potential disease outbreaks. Furthermore,

the paper highlights the importance of the One Health approach in achieving sustainable development in the Hainan
tropical rainforest. It also explores potential research directions and associated challenges. By prioritizing the collective
well-being of humans, animals, and the environment, the One Health approach offers a means to balance ecosystem
conservation and human welfare.
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Introduction
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is confronted with the prevalence and transmission of
diseases such as Dengue Fever, which is propagated by
the rapid proliferation of Aedes aegypti mosquitoes, and
Malaria, facilitated by favorable breeding conditions for
Anopheles mosquitoes in the humid rainforest envi-
ronment [3-5]. There are also concerns regarding the
transmission of the COVID-19 virus, as interactions
between humans and wildlife, along with unhygienic
market conditions, can facilitate zoonotic spillover
events [6, 7]. Environmental factors, including climate,
ecosystem changes, and human activities, can influ-
ence the prevalence and spread of these diseases in the
Hainan tropical rainforest [8]. Therefore, it is crucial to
maintain ecological balance and implement preventive
measures to not only reduce the transmission of these
diseases but also safeguard human health and promote
sustainable development in the region. In response to
these challenges, the One Health approach emerges as
an interdisciplinary strategy to address these complex
issues. By acknowledging the intricate interconnections
between human, animal, and environmental health,
researchers and policymakers can develop comprehen-
sive strategies to mitigate risks and foster harmonious
coexistence among these components [9].

The concept of One Health is a comprehensive approach
that recognizes the interconnections among human health,
animal health, and the environment [10, 11]. It emphasizes
the collaborative efforts of multiple disciplines to address
complex health challenges at the interface of humans,
animals, and ecosystems. This approach originated in
the early 2000s in response to emerging infectious dis-
eases, with the recognition that many of these diseases are
zoonotic, meaning they can be transmitted between ani-
mals and humans [12]. The term “One Health” was coined
to describe the need for a unified approach that encom-
passes human and animal health, as well as environmen-
tal health [13]. Since its inception, One Health has gained
significant recognition and has been endorsed by inter-
national organizations such as the World Health Organi-
zation (WHO), the Food and Agriculture Organization
(FAO), and the World Organization for Animal Health
(OIE) [14]. These organizations highlight the importance
of interdisciplinary collaboration and the integration of
human, animal, and environmental health to achieve
optimal health outcomes for all [15]. The implementation
of the One Health approach has been widespread. For
example, the U.S. Agency for International Development
(USAID) initiated the PREDICT project in 2009 as part
of the Emerging Pandemic Threats (EPT) program [11].
PREDICT adopts the One Health approach and focuses
on early detection and response to potential zoonotic
virus threats. It promotes cross-sectoral monitoring and
laboratory networks, open data sharing, coordinated
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disease outbreak responses, and contributes to national
One Health platforms [11]. Initiatives like the “Reinvent
the Toilet Challenge,” supported by the Bill and Melinda
Gates Foundation, also embrace the One Health perspec-
tive [16]. They aim to provide sustainable sanitation solu-
tions for the millions of people worldwide who lack access
to safe and affordable sanitation facilities, reducing the
risks of zoonotic diseases caused by untreated fecal mat-
ter in low- and middle-income countries [17]. One Health
has gained recognition in Europe as well, with countries
like Austria, Belgium, and France conducting research and
educational activities in the field of One Health to combat
zoonotic diseases and antimicrobial resistance (AMR) [18,
19]. In Ethiopia, which has a large human and livestock
population, multiple sectors have identified the five most
important zoonotic diseases from a One Health perspec-
tive [20]. This approach aims to strengthen monitoring,
develop prevention and control strategies, and conduct
joint outbreak investigations for humans and animals [20].
The One Health philosophy acknowledges the intricate
connections between human, animal, and environmental
health, underscoring the necessity for multidisciplinary
collaboration [21]. This holistic approach brings together
professionals from diverse fields such as medicine, veteri-
nary science, ecology, epidemiology, and social sciences
[22]. Through this collaboration, a deeper understanding
of the interwoven relationships between human health,
animal health, and the environment can be achieved.
By adopting the One Health approach, researchers and
policymakers can develop effective strategies for disease
prevention, biodiversity preservation, and sustainable
development [23].

The Hainan tropical rainforest, renowned for its unpar-
alleled biodiversity and unique ecological characteristics,
represents a significant global biodiversity hotspot. This
ecosystem is home to numerous endemic and endan-
gered species, thriving under favorable climatic condi-
tions characterized by high temperatures, humidity, and
continuous rainfall. Its exceptional species richness and
endemism are attributed to these persistent environmen-
tal factors. In addition to its ecological significance, the
Hainan tropical rainforest plays a vital role in providing
essential ecosystem services that support human well-
being, including carbon sequestration, water regula-
tion, soil erosion control, and the provisioning of crucial
resources [1]. Furthermore, the forest acts as a pivotal
carbon sink, contributing significantly to climate change
mitigation.

Given the rapid urbanization and economic growth
occurring on Hainan Island, it is imperative to prioritize
the preservation and sustainable management of the
Hainan tropical rainforest [24]. The application of the
One Health concept has gained widespread recognition
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Fig. 1 An overview of the interaction among the main plants, animals, and humans in the Hainan tropical rainforest, as well as the potential spread

of zoonotic diseases

and implementation in tropical rainforests conserva-
tion. For example, the Maderas Rainforest Conserv-
ancy (MRC) has effectively embraced the One Health
approach in the Maderas Rainforest demonstrating a
steadfast commitment to promoting diversified commu-
nity service, environmental protection, and conserva-
tion education at all levels [25]. Their objectives include
safeguarding the forest ecosystem, enhancing the health
of local communities and wildlife, and implementing
conservation education programs to achieve a sustain-
able coexistence between the local community and the
Maderas Rainforest [25]. Smout et al. recommended
the adoption of a One Health approach to manage Aus-
tralian rainforests as a means reduce the incidence of
Ancylostoma ceylanicum infections in humans and dogs
[26]. In the renowned Amazon rainforest, Lowe et al.
observed that rainforest degradation, extreme weather
events, and climate change contribute to the prolifera-
tion of mosquito-borne diseases such as dengue, chi-
kungunya, and Zika [27]. Additionally, Ellwanger et al.
discovered that deforestation in the Amazon rainforest
has a significant impact on zoonotic diseases and public
health [28]. These researchers strongly advocate for the
application of the “One Health” concept to address the
challenges faced by the Amazon rainforest. These exam-
ples serve as reliable references for implementing the
One Health approach in Hainan’s tropical rainforests.

It is crucial to apply the principles and methodologies
of the One Health approach to identify and mitigate
potential health risks resulting from environmental
deterioration and biodiversity loss. By advocating for
the coexistence of humans, animals, and ecosystems, a
balanced equilibrium can be maintained, ensuring the
long-term survival and prosperity of this invaluable
region (Fig. 1).

Overview of Hainan tropical rainforest

The distribution and ecological environment of the
Hainan tropical rainforest are shaped by its geo-
graphic location, climate, and topography. This region is
renowned for its exceptional biodiversity and endemic
species, encompassing a wide variety of plants and ani-
mals [29]. The intricate ecological interactions within
this rainforest underscore its ecological importance and
emphasize the necessity for conservation and sustainable
management.

Geographical distribution and ecological environment

of the Hainan tropical rainforest

Hainan Island’s geographical location, with its proxim-
ity to the equator and a maritime climate, provides ideal
conditions for the development of the Hainan tropical
rainforest [30]. The average annual temperature ranges
from 21 to 27°C, and the relative humidity remains
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consistently high throughout the year, fostering the
growth and abundance of various flora and fauna. More-
over, the island receives ample precipitation, with an
average annual rainfall of approximately 1800 mm [31].

The Hainan tropical rainforest is located on Hainan
Island, situated in southern China between the South
China Sea and the Gulf of Tonkin. Covering approxi-
mately 4269km?, this region exhibits unique geographi-
cal features and diverse ecosystems [32]. The rainforest
extends across the central and western parts of the island,
encompassing both mountainous terrain and lowland
areas.

Main plant and animal species in tropical rainforests,
including unique flora and fauna

The Hainan tropical rainforest in Hainan Province is
widely recognized for its extensive biodiversity and
distinctive array of plant and animal species [1]. This
pristine ecosystem serves a vital role in upholding eco-
logical equilibrium and furnishing invaluable ecosystem
services. In this section, we will delve into a discussion
on several noteworthy plant and animal species that
inhabit the Hainan tropical rainforest, highlighting their
distinctiveness and significance (see Fig. 2). The selec-
tion of these specific species is based on their ecological
significance, exclusive presence within the Hainan trop-
ical rainforest, and conservation status as determined
by the National Forestry and Grassland Administration
[1, 33-35].
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Plant communities in the Hainan tropical rainforest

The Hainan tropical rainforest harbors a wide range of
plant species, including several endemic ones that are
exclusive to this region. Cycas hainanensis and Hainan
hopea (Hopea hainanensis) are notable examples of such
endemics [36, 37]. The rainforest’s dense canopy, formed
by towering trees that can exceed 30 m in height, creates
a complex vertical structure, providing diverse microhab-
itats for a variety of organisms. Numerous plant species
contribute to the rich biodiversity of the rainforest.

One prominent tree species in the Hainan tropical
rainforest is the Hainan hopea. Known for its hard and
durable wood, it serves as a keystone species, providing
habitat and contributing to the forest’s structural integ-
rity [38]. The Hainan hopea plays a vital ecological role by
supporting various wildlife species through habitat provi-
sion and resource availability [39]. Due to its slow growth
and limited distribution, it is considered a protected spe-
cies in China. Conservation efforts are in place to ensure
the sustainable management of this iconic plant species
in Hainan.

Another representative plant species found in the
Hainan tropical rainforest and other parts of China is
Alsophila spinulosa, commonly known as the Chinese
tassel fern [40]. Belonging to the family Cyatheaceae, this
large, perennial fern can reach heights of up to 10m. The
delicate and feathery appearance of its fronds, along with
their vibrant green color, distinguishes it. Alsophila spi-
nulosa thrives in moist and shady environments, often
growing in the understory of tropical rainforests [41]. In
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Fig. 2 Main plant and animal species in Hainan tropical rainforests. The picture of Hainan peacock pheasant was provided by Xiwen Chen, taken

in Jianfengling area of National Pack of Hainan Tropical Rainforest
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the forest ecosystem, it plays a crucial ecological role by
providing habitat for various organisms. Additionally, its
fronds contribute to leaf litter, enriching the soil and sup-
porting the growth of other plants. Conservation efforts
are in place to protect Alsophila spinulosa due to habitat
loss and collection for horticultural purposes [42]. The
sustainable management of this beautiful fern species
and the preservation of its natural habitat are vital for its
long-term survival.

Cycas hainanensis, also known as the Hainan cycad or
Hainan sago palm, is a species of cycad plant native to
the tropical rainforests of China. Belonging to the Cyca-
daceae family, it exhibits a slow growth rate and retains
its evergreen foliage. The plant features a robust trunk
and large, pinnate leaves resembling palm fronds. Cycas
hainanensis thrives in the tropical climate of Hainan
Island, particularly in areas with partial shade and well-
drained soil. It is commonly found in lowland forests and
rocky hillsides. This cycad species holds the status of a
living fossil, having existed for millions of years, thus ren-
dering it a significant subject for scientific research and
conservation efforts [43]. However, due to habitat loss
and illegal collection for ornamental purposes, Cycas
hainanensis is now classified as a protected species in
China. To ensure its survival, conservation initiatives
such as habitat preservation, captive breeding, and public
awareness campaigns are being implemented.

Dacrydium pierrei, a coniferous tree belonging to the
Podocarpaceae family, is characterized by its vibrant
green leaves, reminiscent of the plumage of a bird known
as the “Lujun bird” This resemblance has led to its com-
mon name. Native to the mountainous regions of cen-
tral and southern Hainan Island in China [44]. Pierre’s
podocarp possesses a unique attribute: when wounded,
it exudes red resin, earning it nicknames like “Tears-of-
balsam” or “Red pine”. This resinous secretion holds both
cultural and commercial significance. To address conser-
vation concerns, protected areas have been established
in the primary habitats of Dacrydium pierrei, such as
Jianfengling and Bawangling [45]. These protected areas
employ various measures, including artificial regenera-
tion and facilitation of natural regeneration, to restore
and conserve this species.

Animal biodiversity of the Hainan tropical rainforest

The Hainan tropical rainforest harbors a diverse array
of remarkable and endangered animal species, includ-
ing the critically endangered Hainan gibbon (Nomas-
cus hainanus). With an estimated population of fewer
than 40 individuals, the Hainan gibbon’s presence is
crucial for maintaining the ecological equilibrium of
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the rainforest [46, 47]. Another endemic subspecies
found in this region is the Hainan black crested gib-
bon (Nomascus sp. cf. nasutus hainanus), known for
its distinctive vocalizations and significant role in seed
dispersal, which influences forest regeneration [48, 49].

The Hainan tropical rainforest is also home to other
notable animal species such as the Hainan Eld’s deer
(Rucervus eldii hainanus), a critically endangered sub-
species characterized by its light brown or reddish-
brown coat with white spots and a distinctive throat
mane in males. Habitat loss and poaching have led to
its critical endangerment, as recognized by the Interna-
tional Union for Conservation of Nature (IUCN) [50].
Additionally, the Hainan black pig, adapted to the for-
est environment and displaying a smaller body size,
contributes to the rainforest’s unique biodiversity [51].

Among the avian species, the Hainan Partridge
(Arborophila ardens) stands out as a unique bird
endemic to the high-altitude mountainous regions of
the Hainan tropical rainforest [52]. Its dense brown
feathers with speckled patterns aid in camouflage
within the forest environment. While both males and
females share a similar appearance, males possess a
patch of red bare skin on their heads, adding vibrancy
to their overall appearance [53]. Typically observed
in pairs or small groups, the Hainan Partridge faces
endangerment due to habitat destruction and human
disturbance. Consequently, it is assessed as an endan-
gered species by the International Union for Conser-
vation of Nature [1].

The Hainan Peacock Pheasant (Polyplectron kat-
sumatae) is another endemic bird species found exclu-
sively in the Hainan tropical rainforest [54]. This
pheasant species, belonging to the Phasianidae family,
is admired for its striking plumage and elaborate court-
ship displays [55]. However, like many other pheasant
species, the Hainan Peacock Pheasant is vulnerable
to habitat loss and hunting pressures. Therefore, it is
considered a protected species in China, necessitating
conservation efforts through protected areas and rais-
ing awareness about the importance of preserving this
unique bird [34].

The Hainan tropical rainforest encompasses a wealth
of significant plant and animal species, many of which
are endemic and play vital roles in maintaining the eco-
logical balance of the region. Protecting and conserv-
ing these unique species and their habitats is essential
for the sustainable development of the Hainan rainfor-
est ecosystem in the long term. Collaborative efforts
involving scientific research, community engagement,
and policy support are key to preserving and managing
this valuable natural resource.
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Microbial communities and their ecological roles in tropical
rainforests

Microorganisms play a crucial role in tropical rainforest
ecosystems, contributing significantly to vital processes
such as the decomposition of organic matter, nutrient
cycling, and the stability of the ecosystem. Additionally,
microbial communities enhance biodiversity and pro-
mote species adaptability, highlighting their essential
regulatory role within these ecosystems [56].

Recent studies have shed light on the complex inter-
actions between microbial communities and tropical
rainforest ecosystems. For instance, Soong et al. dem-
onstrated that microbial communities are key driv-
ers of carbon cycling in tropical rainforests. Specific
microbial taxa play significant roles in regulating car-
bon storage and release [57]. Furthermore, Deng et al.
found a positive correlation between microbial biodi-
versity in the rhizosphere of tropical plants and plant
health and productivity. This highlights the impor-
tance of plant-microbe interactions in shaping rainfor-
est ecosystems [58].

Moreover, investigations into the impacts of human
activities on microbial communities have yielded valu-
able insights. Adeniyi et al. revealed that slash-and-
burn agriculture leads to a substantial decrease in
microbial diversity and alters community composition.
This could potentially disrupt vital soil processes [59].
Similarly, Hans et al. highlighted the negative effects
of logging on soil microbial communities, resulting in
reduced nutrient availability and impaired ecosystem
functioning [60].

These findings emphasize the intricate relationships
between microbial communities and tropical rainforest
ecosystems. Microbes play a fundamental role in sus-
taining the functionality and resilience of this unique
ecosystem by influencing nutrient cycling, maintaining
biodiversity, and supporting plant health [61]. Contin-
ued research in this field is crucial for further unraveling
the specific mechanisms of microbial contributions and
their responses to human disturbances. This research will
facilitate the development of effective conservation and
management strategies.

Public health issues in the Hainan tropical
rainforest

The Hainan tropical rainforest is widely recognized for
its rich biodiversity and complex ecological interactions,
which make it a significant reservoir of distinctive plant
and animal species. However, these intricate dynam-
ics also raise concerns about the potential risk of public
health issues, including the transmission of diseases. In
this section, we will delve into the scientific literature.
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Potential disease transmission and risk in the tropical
rainforest

To examine and assess the potential health risks associ-
ated with the Hainan tropical rainforest. The Hainan
tropical rainforest is a dynamic environment where vari-
ous species, including humans, coexist in close proximity.
This setting creates opportunities for the emergence and
transmission of infectious diseases. A notable example
of zoonotic transmission was reported by Li et al., who
observed a steady increase in hantavirus infection cases
in Hainan province [62]. The detection of this virus in
small mammals highlights the potential risk to individu-
als venturing into the rainforest. In addition to zoonotic
diseases, the presence of vectors such as mosquitoes and
ticks in the Hainan tropical rainforest poses an addi-
tional risk of vector-borne diseases. Dengue fever, a mos-
quito-borne viral disease, has been reported in Hainan
Province (Fig. 3) [63]. It is primarily spread to humans
through the bites of Aedes mosquitoes, resulting in an
acute infectious illness known as dengue fever [64]. The
dengue virus enters the human body via mosquito bites
and after replicating in endothelial cells and the mono-
nuclear phagocyte system, it enters the bloodstream,
leading to the initial viremia [65]. Common symptoms
include persistent fever, headache, muscle and joint pain,
and in severe cases, it can be fatal [66]. Hainan Island
provides favorable climatic conditions for the breeding
of Aedes mosquitoes and the transmission of dengue
fever [67]. The island has witnessed three major dengue
fever epidemics in the past. The first significant outbreak
occurred in 1979, with a reported 447,499 cases and
a high infection rate of 74% [68]. The second and third
outbreaks were caused by serotype 2 of the dengue virus.
The second outbreak began in 1985, and due to the fail-
ure to sustain control measures, it resulted in a total of
164,244 reported cases by the end of 1988 [68, 69]. Du
et al. documented the presence of multiple dengue virus
serotypes in mosquitoes collected from the region, high-
lighting the risk of transmission to humans [70].

One significant public health concern related to tropi-
cal rainforest animals is the transmission of parasitic
infections. Parasites can be transmitted through various
means, including direct contact, ingestion of contami-
nated food or water, or through vectors. While there have
been fewer reported cases in Hainan, it is important to
consider the prevalence of parasitic infections in other
regions to understand the significance of this issue. A
study conducted by MPA et al. in the Amazon rainfor-
est revealed a high prevalence of parasitic infections
among indigenous communities [71]. The researchers
found that helminths, such as roundworms and tape-
worms, were commonly found in humans who had regu-
lar contact with animals in the rainforest [72, 73]. These
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Fig. 3 Dengue fever and malaria in humans, animals and the environment

parasites can cause diseases such as ascariasis and taenia-
sis, leading to gastrointestinal symptoms and nutritional
deficiencies.

Another example of a parasitic infection is malaria, a
mosquito-borne disease (Fig. 3). Malaria is an insect-
borne infectious disease caused by the transmission of
the malaria parasite through mosquito bites. Clinically,
it is characterized by recurring episodes of chills, fever,
headache, sweating, anemia, and splenomegaly (enlarged
spleen). The age-standardized incidence rate (ASR) of
malaria increased from 3195.32 cases per 100,000 popu-
lation in 2015 to 3247.02 cases per 100,000 population in
2019 [74]. The COVID-19 pandemic has had a direct or
indirect impact on the treatment of other diseases due to
regional lockdowns, medical supply shortages, and social
isolation [75-77]. For instance, Zimbabwe experienced a
significant increase in malaria cases during the COVID-
19 outbreak compared to previous years [78]. From Janu-
ary to June 2020, over 30,000 more malaria cases were
reported compared to the same period in 2017, 2018,
and 2019 while Zimbabwe only reported 605 COVID-
19 cases from March to June 2020 [78]. Regarding recent
malaria cases in Hainan, the last reported cases date
back to 2015, with only five malaria cases [79]. Since
then, Hainan has implemented and adjusted prevention
and control measures, successfully achieving the goal
of eliminating malaria [79]. While malaria is not exclu-
sive to tropical rainforests, these regions often harbor
high mosquito populations, increasing the risk of trans-
mission. The rainforest provides an ideal environment
for the survival, reproduction, and transmission of the
malaria parasite and its mosquito vectors [80]. The high
temperatures, humidity, and abundant water sources cre-
ate favorable conditions for the mosquito life cycle [81].
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Moreover, the rainforest’s vegetation offers ample shelter
for both the malaria parasite and mosquitoes. A study
by Morgan et al. in the Democratic Republic of Congo
highlighted the challenges of malaria control in rainforest
areas due to the complex interactions between humans,
mosquitoes, and the environment [82].

Potential impact of tropical rainforest animals on public
health

Tropical rainforests harbor diverse animal species, but
these animals can pose public health risks by spreading
parasites and viruses to humans. The Hainan tropical
rainforest is located in an area where the wildlife trade
is prevalent [83]. This wildlife trade and consumption,
including non-human primates, reptiles, and bats, may
increase the risk of zoonotic disease transmission to
humans. The emergence of the Severe Acute Respiratory
Syndrome coronavirus (SARS-CoV) in 2002 has been
linked to the wildlife trade [84, 85]. Several documented
cases in Hainan highlight the potential for zoonotic dis-
ease transmission between humans and animals. For
instance, Guan et al. identified SARS-CoV-like coronavi-
ruses in specific bat populations on Hainan Island, indi-
cating a potential reservoir for future outbreaks [86]. In
this section, we will discuss public health issues related
to tropical rainforest animals, focusing on parasite infec-
tions and virus transmission (Fig. 4 and Table 1).

Public health associated with Hainan gibbons

As previously mentioned, the Hainan gibbon is an
endemic primate species found exclusively on Hainan
Island, China. It is considered a rare and endangered
species in the region, playing a vital role in the island’s
ecosystem. Hainan gibbons contribute to the ecological
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Table 1 Potential impacts of tropical rainforest animals on public health
Species Potential Causative Agent Zoonoses References
Mpox virus Mpox [87, 88]
Malaria parasite Malaria [89, 90]
Hendra virus Respiratory symptoms [91]
Nervous system disease
Dengue virus Dengue fever [92]
Japanese encephalitis virus Japanese encephalitis [93]
Nipah virus Fever, headache and cerebral injury [94, 95]
Australian bat lyssavirus Rabies [96, 971
Ebola virus Ebola hemorrhagic fever [98, 99]
Bats SARS-CoV-2 COVID-19 [100-102]
Hendra virus Respiratory symptoms [103]
Nervous system disease
Pangolins SARS-CoV-2 COVID-19 [85, 104-106]

balance of the forest by consuming and dispersing plant
seeds. Protecting their habitat is crucial for maintaining
the overall health of the ecosystem [107]. However, it is
worth noting that Hainan gibbons may also be hosts or
carriers of certain diseases relevant to human health,
such as monkeypox (Mpox) [87, 88]. The Mpox virus

enters the body through oral, nasal, or cutaneous routes
and replicates at the site of infection before spreading to
local lymph nodes [108]. The initial viremia of the virus
facilitates its dissemination and colonization in other
organs. Close contact, such as face-to-face, skin-to-skin,
or oral-to-oral/oral-to-skin contact, including sexual
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contact, plays a primary role in Mpox virus transmission,
especially when individuals present with Mpox virus rash
[108, 109]. In March 2023, a study reported Mpox virus
outbreaks in around 103 countries, with a global total of
confirmed cases exceeding 86,200 and approximately 105
deaths [110]. The simultaneous occurrence of Mpox and
COVID-19 epidemics may contribute to an increased
mortality rate, and co-infections could potentially facili-
tate the emergence of new variants of concern (VOC) of
SARS-CoV-2 [110]. Research indicates that certain gib-
bon populations carry pathogens that may be relevant to
human health, highlighting the importance of monitor-
ing and understanding the health status of Hainan gib-
bons for disease prevention and control [111]. Moreover,
gibbons can become infected with Plasmodium, a para-
site that can potentially transmit malaria [89, 90]. When
gibbons are bitten by mosquitoes carrying Plasmodium,
they become infected with malaria, increasing the risk of
human exposure to infected mosquitoes and subsequent
transmission to humans. The concept of One Health,
which emphasizes the interconnection between human
health, animal health, and ecosystem health, underscores
the significance of protecting the habitat and well-being
of Hainan gibbons for the balanced functioning of the
entire ecosystem, the conservation of natural resources,
and the provision of sustainable ecosystem services.

Public health associated with bats

Bats, which are common mammals in tropical rainfor-
ests, are considered potential hosts for numerous path-
ogens. For instance, the Hendra virus is a highly fatal
infection associated with bats and horses [91]. As far
back as 1998, researchers utilized reverse transcription-
polymerase chain reaction techniques to identify a signif-
icant presence of dengue virus antigen in bats on Hainan
Island. This finding strongly suggests that bats serve as
reservoirs for the dengue virus [92]. In addition, a study
revealed that 88.89% of bats sampled from Hainan tested
positive for anti-Japanese encephalitis virus (JEV) anti-
bodies [93]. Furthermore, researchers successfully iso-
lated a novel totivirus-like virus from bat guano samples
collected in Hainan, highlighting potential risks of dis-
ease transmission [112].

Furthermore, bats are considered to be associated
with the Nipah virus, another zoonotic disease caus-
ing severe illness in humans [94, 95]. Certain bats can
carry the Australian bat lyssavirus, a virus similar to
rabies. Direct contact or bites from infected bats can
potentially result in human infection with Lyssavirus
[96, 97]. These findings emphasizes the importance of
studying bats as potential reservoirs for emerging viral
infections. It is noteworthy that Ebola virus disease
outbreaks in Africa originated from wildlife reservoirs,
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particularly bats [98, 99]. Ebola virus is a highly severe
viral hemorrhagic fever that results in Ebola hemor-
rhagic fever, characterized by high fever, severe weak-
ness, bleeding, and often multiple organ failure within
a few days after infection [113]. Its fatality rate is rel-
atively high, ranging from 50 to 90% [114]. Following
infection, there is an incubation period of approxi-
mately 2 to 21days, followed by the sudden onset of
flu-like symptoms such as high fever, headache, and
muscle pain [113, 115]. The disease then progresses
to organ failure and uncontrolled internal and exter-
nal bleeding [116]. The pathogenic mechanism of
Ebola involves its ability to extensively replicate within
infected monocytes and macrophages, leading to the
disruption of vascular integrity and subsequent bleed-
ing [116]. Additionally, it can directly damage cells in
various organs and suppress immune system func-
tion. While this virus is limited to African rainfor-
ests, it serves as a reminder of the potential for viral
spread within tropical rainforest ecosystems. A study
conducted by Leendertz et al. investigated the associa-
tion between bats and Ebola virus transmission, high-
lighting the role of these animals as natural hosts and
sources of human infection [99].

Furthermore, the recent COVID-19 pandemic has
underscored the risks associated with zoonotic viruses
[117]. SARS-CoV-2, also known as severe acute respira-
tory syndrome coronavirus 2, is the pathogen responsi-
ble for causing COVID-19 [118]. Globally, there have
been a total of 771,150,460 reported cases of COVID-
19. The primary mode of transmission for SARS-CoV-2
is through respiratory droplets [118]. When an infected
individual coughs, sneezes, or talks, they can release
droplets containing the virus, which can then be trans-
mitted to people in close proximity [119]. Additionally,
the virus can spread through direct contact, airborne
aerosols, and by touching surfaces contaminated with
the virus and subsequently touching the face, particu-
larly the mouth, nose, or eyes [120]. Once a person is
infected with SARS-CoV-2, the virus primarily invades
the respiratory epithelial cells, triggering the infection.
The spike protein of the virus binds to ACE2 receptors
on the surface of host cells, facilitating viral entry [121].
Once inside the host cell, the virus replicates and spreads,
causing cell damage and triggering an immune response
[121]. As of October 6, 2023, according to data from the
National Health Commission of China, there have been
a total of 10,436 reported cases of novel coronavirus
pneumonia (COVID-19) in Hainan Province, resulting in
2 deaths. Although the exact origin of the SARS-CoV-2
virus is still under investigation, it is widely believed to
have originated from bats, possibly in tropical rainforest
regions [100-102]. The zoonotic spillover event that led
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to the initial human infections highlights the importance
of studying and understanding the virus ecology within
such environments.

Public health associated with pangolins

Pangolins play important roles in various ecosystems
and are often considered as significant cultural sym-
bols [6]. Although not traditionally practiced, our field
research in Hainan has encountered instances of pango-
lin meat consumption. In recent years, pangolins have
garnered attention due to their potential involvement
in the transmission of zoonotic diseases [122]. Zoonotic
diseases refer to diseases that can be transmitted from
animals to humans, leading to outbreaks and pandem-
ics. Illegal trade and consumption of pangolins have
raised concerns about the potential spread of pathogens
involved in zoonotic diseases. Researchers have recently
identified the presence of Sendai and coronaviruses in
Malayan pangolins through viral macro genomics analy-
sis, highlighting the potential risk of these viruses infect-
ing humans [123]. Field et al. found specific Hendra virus
antibodies in wild-caught pangolins in Australia, suggest-
ing their potential role in the ecology of the virus [103].
Numerous studies have reported the detection of SARS-
CoV-2 in pangolins, indicating the possibility of pango-
lins acting as intermediate hosts or reservoirs, potentially
aiding in the transmission of the virus to humans [85,
104-106]. Xiao et al. (2020) reported the discovery of
coronaviruses closely related to SARS-CoV-2 in Malayan
pangolins, suggesting that pangolins may serve as inter-
mediate hosts or reservoirs, facilitating the transmission
of coronaviruses to humans [85]. While further research
is needed to fully understand the exact role of pangolins
in the COVID-19 pandemic, the aforementioned studies
underscore the importance of monitoring and regulating
the trade and handling of these unique animals. Further-
more, pangolins can harbor various parasites, including
nematodes, trematodes, and parasite eggs [124]. Con-
sumption of pangolin meat or close contact with pango-
lins can increase the risk of human infection with these
parasites.

The unique environmental conditions in Hainan’s trop-
ical rainforest may contribute to the spread and emer-
gence of infectious diseases. The zoonotic transmission of
Hantha virus and the presence of vector-borne diseases
like dengue fever and Lyme disease highlight the poten-
tial risks. Additionally, the wildlife trade and the identifi-
cation of SARS-related coronaviruses in bats emphasize
the importance of active surveillance and disease pre-
vention measures in the region. Continued research and
collaboration are crucial for better understanding and
managing disease transmission and risks within Hainan’s
tropical rainforest.
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Analysis of one health practices in Hainan tropical
rainforest

One health practice cases in Hainan that address public
health problems in the tropical rainforest

One Health practices in addressing public health issues
in Hainan tropical rainforests encompass a multitude
of actions [125]. Hainan actively promotes disease sur-
veillance and early warning systems, collaborating with
experts from the health, veterinary, and environmental
monitoring sectors to monitor pathogens and animal-
borne diseases in the tropical rainforest region [126].
Through information sharing and data analysis, they can
swiftly identify and respond to potential public health
threats.

From September to November 1985, an outbreak of
dengue fever occurred in the Gan Chong area of Dan
County’s northern coastal region. During this three-
month period, there were a total of 12,449 reported
cases, resulting in an incidence rate of 210.68 per 100,000
population and 28 deaths [67]. The incidence fatality
rate was 0.47 per 100,000 population, and the case fatal-
ity rate was 2.25 per 1000. Since 1987, Hainan has been
implementing a comprehensive approach to prevent and
control dengue fever, following the principles of the One
Health concept [67]. The program primarily focuses on
integrated control of the Aedes aegypti mosquito in the
tropical rainforest [127]. Additionally, Hainan has made
efforts to raise public awareness, educate the popula-
tion about disease impacts, accelerate the develop-
ment of sanitary cities, enhance vector surveillance, and
strengthen customs inspection and quarantine measures
[67]. In the third epidemic report of 1991, there were 521
cases, but since then, the transmission and outbreak of
dengue fever have been effectively suppressed. Up until
2019, Haikou City reported 251 local cases, with the out-
break lasting just over a month [128]. During the sub-
sequent COVID-19 pandemic, no cases of dengue fever
have been reported in Hainan, indicating significant suc-
cess in controlling the disease [63]. Recently, due to the
occurrence of imported cases of dengue fever in multi-
ple provinces in China, Hainan Province, known for its
tourism industry, is facing the risk of imported dengue
fever transmission. In response, the Office of the Patriotic
Health Movement Committee of Hainan Province has
implemented comprehensive measures for effective den-
gue fever prevention and control [67]. These measures
include concentrated mosquito eradication campaigns,
a special campaign focusing on mosquito control, and
ongoing patriotic health initiatives.

Hainan Province is currently in the process of build-
ing a comprehensive One Health system, which focuses
on institutional and mechanism innovation, interdisci-
plinary collaborative research, talent development, and
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international cooperation [125]. To achieve this, Hainan
has initiated collaborative projects with domestic and
international universities and established a think tank
composed of more than 100 renowned experts from
around the world. Furthermore, two collaborative organi-
zations for One Health have been formed. The primary
objective of this initiative is to establish research plat-
forms by 2025, particularly in areas such as animal-ori-
gin food safety, antimicrobial resistance throughout the
entire chain, new drug development technologies, and
product research [125]. These platforms will enable the
monitoring of zoonotic diseases and other health threats,
as well as facilitate data collection and exchange. In addi-
tion to research and data management, the initiative aims
to enhance the emergency response capabilities of medi-
cal institutions. This includes establishing mechanisms
for controlling antibiotic use and implementing a com-
prehensive One Health environmental plan to prevent
cross-border transmission of epidemics [67]. By imple-
menting these measures, Hainan Province is actively
working towards a more integrated and collaborative
approach to address health challenges, promote research
and innovation, and safeguard public health.

Hainan places significant emphasis on conserving
the tropical rainforest ecosystem. They establish nature
reserves and implement land rehabilitation projects
to protect and enhance biodiversity [1, 129, 130]. For
instance, when the population of Hainan gibbons expe-
rienced a drastic decline from approximately 2000 indi-
viduals in the early 1950s to fewer than 10 individuals
in the late 1970s, Hainan Province took various conser-
vation measures [47]. These measures included vegeta-
tion restoration, road closures, and the construction of
aerial corridors [131-133]. As a result, the population
of Hainan gibbons has now recovered to 37 individu-
als, making them the only species among the 20 gibbon
species worldwide that has achieved a slow population
growth rate [134]. Similarly, the population of Hainan
Eld’s deer also faced a severe decline due to human
activities [135]. However, prompt actions were taken to
address this issue, including the establishment of pro-
tected areas, the prohibition of poaching, and the plant-
ing of high-quality forage grass [136]. These efforts have
contributed to the gradual recovery of the Hainan Eld’s
deer population from 26 individuals in the 1980s to over
1000 individuals today [136]. Additionally, they regu-
late wildlife to reduce interactions between wildlife and
humans, thereby mitigating the risk of disease transmis-
sion. Hainan has established a coordinated mechanism
among health, veterinary, agricultural, and environmen-
tal sectors. They develop policies and measures together,
promote information sharing, and strengthen outbreak
monitoring and control [137]. For example, in response
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to five cases of malaria reported in Hainan in 2015, the
government implemented an innovative three-layer strat-
egy (TLS) to adjust measures for residents living near the
tropical rainforest in Hainan [79]. Under this strategy, a
city-level classification system was established to for-
mulate prevention and control measures upon detect-
ing cases. It included layered implementation of vector
surveillance, malaria control, and healthcare worker
training. Hainan Province successfully achieved the
goal of malaria elimination in 2019 and obtained WHO
certification for malaria elimination in the field in 2021
[79]. Moreover, Hainan prioritizes public education and
engagement by promoting health knowledge and rais-
ing public health awareness [138]. Through publicity and
educational activities, they enhance public awareness of
potential hazards in the tropical rainforest region and
encourage participation in environmental protection and
public health affairs.

These One Health practice cases demonstrate Hainan’s
commitment to tackling public health issues in the tropi-
cal rainforest. By implementing collaborative mecha-
nisms, ecological conservation measures, and public
engagement, Hainan aims to improve community health
and safeguard the precious ecological environment in the
region.

The inspiring revelations of these cases

One Health practices in Hainan can be attributed to the
implementation of an Enhanced Disease Surveillance and
Early Warning System, strengthened biodiversity con-
servation measures, and improved interdepartmental
cooperation and information sharing [125]. This com-
prehensive system effectively identifies and responds to
public health threats, thereby minimizing the impact of
disease outbreaks. Moreover, Hainan’s commitment to
biodiversity conservation and ecological restoration has
played a significant role in protecting the tropical rain-
forest ecosystem, thereby reducing the risk of zoonotic
disease transmission. The coordination among vari-
ous departments has also improved preparedness and
response to public health emergencies. However, it is
crucial to increase public engagement and awareness
regarding environmental protection and public health.
This can be achieved through targeted campaigns and
partnerships with community organizations, which can
enhance public participation. Additionally, addressing
challenges associated with limited resources is essential
to sustain and expand the impact of One Health interven-
tions. To ensure long-term sustainability, it is necessary
to integrate One Health practices into broader policies
and frameworks, accompanied by continuous evaluation
and adaptation. In conclusion, while One Health prac-
tices in Hainan have been successful, there is a need for
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improvements in public engagement, resource alloca-
tion, and long-term strategies to further enhance their
effectiveness.

Discussion and future perspectives

The application of the One Health approach has demon-
strated its value in addressing public health issues in the
Hainan tropical rainforest region. This paper summarizes
the main points and findings from previous research to
highlight the importance and potential of the One Health
approach in tackling public health problems in this area.

By integrating knowledge from various disciplines,
including human health, animal health, and environ-
mental health, the One Health approach provides a com-
prehensive framework for understanding the complex
interconnections between ecosystem health and human
well-being [12, 139]. It recognizes the interconnected-
ness of human, animal, and environmental health and
emphasizes collaborative efforts among different sec-
tors to prevent and control diseases [140, 141]. Further-
more, the application of the One Health approach in
the Hainan tropical rainforest region can help address
the specific public health challenges unique to this area.
These challenges may include zoonotic diseases, vector-
borne diseases, and the impact of environmental deg-
radation on human health. Through interdisciplinary
collaboration and resource sharing, the One Health
approach can improve disease surveillance, enhance
early warning systems, and facilitate effective response
strategies [142, 143].

In addition to the Hainan tropical rainforest region,
the One Health approach holds significant potential for
application in other biodiverse ecosystems worldwide
that face similar public health challenges. Regions such
as the Amazon rainforest and forests in Sub-Saharan
Africa are characterized by high levels of biodiversity and
serve as habitats for various animal reservoirs of zoonotic
diseases, including malaria, Ebola virus, and Zika virus.
By implementing collaborative One Health strategies in
these regions, we can enhance infectious disease sur-
veillance, strengthen conservation efforts, and promote
sustainable development that prioritizes both human
and environmental health [144—146]. Coordinated data-
sharing and response protocols across the public health,
veterinary, and wildlife sectors, facilitated through the
One Health approach, can ensure the rapid identifica-
tion and mitigation of outbreak threats on a global scale.
For example, the Amazon Tropical Bite Research Initia-
tive (ATBRI) aims to establish a collaborative research
network spanning nine countries in the Amazon basin
(Bolivia, Brazil, Colombia, Ecuador, French Guiana,
Guyana, Peru, Suriname, and Venezuela) [146]. This ini-
tiative focuses on developing diagnostic kits, drugs, and
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vaccines for neglected tropical diseases caused by bites,
such as rabies and South American trypanosomiasis. By
addressing public health security concerns in the Ama-
zon tropical rainforest, the ATBRI program contributes
to safeguarding the region’s biosphere [146].

In conclusion, the One Health approach has proven
effective in addressing public health challenges in the
Hainan tropical rainforest region. Its interdiscipli-
nary nature and collaborative efforts are essential for
understanding and mitigating the complex interactions
between human, animal, and environmental health. By
expanding the application of the One Health approach
to other biodiverse ecosystems, we can enhance global
infectious disease surveillance, conservation efforts, and
sustainable development practices that prioritize the
well-being of both humans and the environment.

In addition to the integrated disciplinary approach for
conserving the tropical rainforest biosphere, another
study aims to develop a tool based on the One Health
concept for government utilization in public health secu-
rity testing [147]. This tool assesses the potential risks of
severe zoonotic diseases associated with wildlife trade,
providing valuable information for the formulation of
stringent regulation and control policies. Furthermore,
several urgent plans are underway to address the changes
occurring in the tropical rainforest, including the United
Nations Decade on Ecosystem Restoration and the
accelerated progress towards the Bonn Challenge [148,
149]. These plans aim to restore 350 million hectares of
degraded and deforested land by 2030, thereby mitigating
the destructive impact of deforestation-induced climate
change on the tropical rainforest. Additionally, commu-
nity participation, outreach, and capacity-building are
vital cross-cutting components of effective One Health
programs [150]. These initiatives equip local popula-
tions with the necessary knowledge and resources to pro-
mote health at both the individual and ecosystem levels.
While specific ecological, cultural, and socioeconomic
contexts may vary, the fundamental principles of One
Health, including interdisciplinary cooperation, scientific
research, and proactive risk mitigation, are broadly appli-
cable across diverse settings worldwide. Integrating One
Health principles into national and global policy agen-
das is crucial for addressing existing and emerging pub-
lic health challenges at the interface of humans, animals,
and the environment on a global scale.

The urgency and importance of addressing public
health issues in the Hainan tropical rainforest region
cannot be overstated. It is crucial to emphasize the
need for increased efforts from the government, aca-
demia, and society at large to promote and support ini-
tiatives aimed at sustainable development and health
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improvement in this region [151]. Multiple studies and
literature reports have highlighted the public health
concerns in the Hainan tropical rainforest region. For
example, researchers investigated the prevalence of
zoonotic diseases in the wildlife of this region, high-
lighting the potential risks for human health [152,
153]. Additionally, scholars conducted research on the
impact of deforestation on vector-borne diseases, dem-
onstrating the close relationship between environmen-
tal changes and human health outcomes [154, 155]. In
recent years, tropical rainforests have witnessed rapid
environmental changes, including deforestation, habi-
tat destruction, and climate change, among others
[156]. These changes have had multifaceted impacts
on human health [157]. As early as 2000, researchers
investigated the correlation between environmental
changes in the Amazon rainforest and human health
[158]. They found that extensive development and
deforestation in the Amazon River basin have led to
the emergence of new diseases and the increased dif-
ficulty of controlling existing diseases. The excessive
exploitation of tropical rainforests can also heighten
human contact with wildlife, thereby increasing the
risk of zoonotic diseases crossing species barriers and
transmitting to humans [159, 160]. Recent outbreaks
of new infectious diseases such as Ebola and Zika virus
have been closely associated with activities in tropical
forest regions [161, 162]. Furthermore, excessive defor-
estation of rainforests can disrupt the activity of vector
organisms like mosquitoes, leading to more frequent
occurrences of diseases such as malaria and dengue
fever [64]. Additionally, climate change is expanding
the geographical distribution range of these diseases.
These findings underscore the necessity of adopting a
comprehensive One Health approach to address the
public health challenges in the Hainan tropical rain-
forest region. However, it is important to acknowledge
that there is still progress to be made in implementing
One Health practices in the Hainan tropical rainforest.
For example, Wang and Zeng, using the Policy Mod-
eling Consistency (PMC) index model, have pointed
out that the policies of the Hainan Tropical Rainforest
National Park are not sufficiently effective in terms of
social and economic outcomes [126]. In comparison to
Hong Kong and Singapore, the policies related to the
Hainan Tropical Rainforest National Park lack adequate
incentives and strategic guidance, primarily due to the
absence of descriptive and predictive macro-strategic
design [126]. This observation provides us with valu-
able recommendations and food for thought. By com-
bining efforts from multiple disciplines, we can develop
strategies that promote sustainable development,
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protect biodiversity, and improve the overall health and
well-being of the local population in Hainan.

Conclusion

The tropical rainforests in Hainan are confronted with
several critical public health issues that demand imme-
diate attention. These issues include emerging infectious
diseases, vector-borne diseases, and the health con-
sequences of environmental degradation. This review
discusses the risks posed to human populations in the
region by zoonotic diseases such as hantavirus and
potential novel coronaviruses originating from wildlife.
Furthermore, the favorable climate in Hainan promotes
the proliferation of disease-transmitting mosquitoes,
which facilitate the transmission of diseases like dengue
fever and malaria between humans and wildlife. Defor-
estation and habitat destruction have also contributed to
the increase in disease vectors.

The implementation of the One Health approach offers
an effective framework to address these interconnected
challenges. As exemplified by the experiences in Hainan,
key components such as enhanced disease surveillance,
interdepartmental coordination, ecological conservation,
and public engagement play vital roles. By adopting a col-
laborative and multidisciplinary strategy, early identifica-
tion of public health threats and their mitigation through
rapid response can be achieved. However, sustained
efforts are necessary to involve local communities more
extensively in environmental and public health initiatives.

The public health issues examined in the Hainan tropi-
cal rainforest underscore the relevance of One Health
approaches in various ecosystems worldwide. Similar
human-animal-environment interfaces, as observed in
regions like the Amazon rainforests, can facilitate the
emergence and transmission of zoonotic diseases. By
implementing integrated surveillance, conservation
measures, and community engagement within a One
Health framework, effective preparedness and response
can be ensured, spanning from remote forests to urban
areas. While specific ecological and socioeconomic con-
texts may differ, the core principles of interdisciplinary
collaboration, research, education, and communication
inherent in One Health are broadly applicable across dif-
ferent settings. At local, national, and global levels, pol-
icy initiatives embracing the One Health approach have
immense potential to cultivate resilient communities and
environments worldwide. Addressing complex health
challenges at the intersection of humans, animals, and
nature necessitates a sustained commitment to cross-
sectoral partnerships and evidence-based interventions.

Overall, this review emphasizes the urgency of pri-
oritizing ecosystem and public health in Hainan’s
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tropical rainforests. While progress has been made in
applying One Health principles, there are opportunities
to strengthen long-term policies and frameworks to pro-
mote sustainability. Future priorities involve conducting
further research on disease ecology, bolstering conser-
vation measures, and improving health infrastructure
and education. The One Health approach will continue
to serve as a comprehensive model for balancing human
welfare, animal health, and ecological well-being in this
unique region.
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