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Abstract---Background: Emerging infectious diseases (EIDs) often
originate from wildlife, with zoonotic transmissions, such as those
causing pandemic influenza, Ebola, and COVID-19. Ecological
disruptions, including deforestation and land-use changes, have
heightened the risk of these diseases by increasing human contact
with wildlife. Aim: The aim of this article is to examine emergency
medical services (EMS), paramedics, and nursing preparedness and
intervention strategies during infectious disease outbreaks. Methods:
Methods include analyzing zoonotic spillover factors and reviewing
prevention strategies under the One Health framework. Results: The
findings reveal that efforts to prevent zoonotic spillover are minimal,
with most attention focused on post-spillover measures like vaccine
development and healthcare response. Results suggest that a
comprehensive approach, including forest conservation, biosecurity in
animal husbandry, and regulating wildlife markets, can reduce the
risk of future outbreaks. Conclusion: It concludes that true
prevention requires addressing the root causes of zoonotic
transmission, enhancing community-driven initiatives, and improving
biosecurity to mitigate spillover risk.

Keywords---infectious diseases, zoonotic transmission, EMS
response, One Health, pandemic preparedness.

Introduction

Most emerging infectious diseases in humans originate from animal species,
particularly wildlife, before crossing over to humans. Diseases such as pandemic
influenza, Ebola, mpox, and HIV/AIDS have had significant impacts on human
populations, with many of these diseases emerging through zoonotic transmission
[1]. SARS-CoV-2, responsible for the COVID-19 pandemic, likely followed a similar
spillover process [2,3]. Factors such as land-use changes, animal husbandry
practices, and the commercial trade of wildlife create conditions conducive to
zoonotic spillover, with climate change further exacerbating the risk of emerging
infectious diseases [4].

Ecological disruption, particularly when intact ecosystems are transformed for
agricultural purposes, increases interactions between humans, domestic animals,
and wildlife, facilitating the transfer of pathogens. Among different ecosystems,
the clearing and degradation of tropical and subtropical forests likely pose the
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greatest risk for zoonotic spillover [5,6]. This process brings humans closer to
forest edges, enhancing contact with wildlife and domestic animals, thereby
increasing the risk of pathogen transmission [6-9]. Additionally, the loss of
biodiversity associated with forest degradation disrupts natural species
communities, often favoring animals like bats and rodents that thrive near
human settlements and are linked to zoonotic diseases [10]. Wildlife species
affected by habitat disruption may also experience physiological stress,
heightening their susceptibility to viral infection and shedding [8]. Furthermore,
commercial exploitation of wildlife increases when previously undisturbed forests
are accessed, creating additional opportunities for pathogen spillover and the
potential for viral recombination [11].

As spillover events occur more frequently, the interconnected nature of the
modern world accelerates the spread of outbreaks, epidemics, and pandemics
unless the root causes of spillover are addressed [12]. However, efforts to prevent
spillover have largely been neglected in the discussions on pandemic
preparedness following the COVID-19 pandemic [13]. Instead, much of the focus,
labeled as prevention, has been on postspillover measures such as outbreak
response, strengthening healthcare systems, and vaccine development [14,15].
Although these interventions are critical, they do not constitute true prevention.
Relying solely on postspillover strategies is inadequate to protect against the
severe threats posed by pandemics. Even when outbreaks are promptly identified,
postspillover interventions may fail, and effective vaccines or treatments may not
be available for every emerging disease. Moreover, challenges related to vaccine
supply, distribution, and public uptake, particularly in low-income regions, as
well as the influence of misinformation and personal beliefs, can limit the
effectiveness of such measures at the population level [16].

These challenges underscore the urgent need for investment in interventions
aimed at preventing spillover and controlling early disease transmission between
domestic animals and humans. This approach aligns with the One Health
framework, which promotes an integrated and sustainable strategy for optimizing
the health of humans, animals, and ecosystems [17]. We provide a summary of
expert recommendations on how to reduce the risk of spillover and control early
disease spread. The proposed interventions are categorized into five areas: halting
the clearing and degradation of tropical and subtropical forests, improving the
health and economic stability of communities in emerging infectious disease
hotspots, enhancing biosecurity in animal husbandry, strictly regulating or
closing wildlife markets and trade, and expanding pathogen surveillance at the
interfaces between humans, domestic animals, and wildlife.

Mitigating Tropical and Subtropical Forest Clearing and Degradation

Various strategies can be employed to mitigate the risk of pathogen spillover
linked to the deforestation and degradation of tropical and subtropical forests.
Integrated policy frameworks, with enhanced enforcement, aim to reduce
deforestation incentives while upholding the rights of Indigenous Peoples and
local communities (IPLCs). A successful example of this approach occurred in
Brazil's Amazon Basin. In 2004, Brazil, with the support of international donors,
implemented policies that led to a 70% reduction in deforestation annually.
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However, after 2012, weakened enforcement led to a resurgence of deforestation,
highlighting the importance of sustained commitment. Notably, during the period
of reduced deforestation, agricultural output continued to rise, indicating that
economic development was not hindered [18-20]. Approximately 50% of the intact
forests in the Amazon Basin are situated in Indigenous territories, where
deforestation rates are considerably lower [21].

Regulatory and market-driven interventions can also set international standards
to reduce deforestation by influencing supply and demand for commodities. For
example, Europe is considering restrictions on imports of products like soybeans,
beef, cocoa, and palm oil if their production contributes to deforestation [22].
Furthermore, more than 30 financial institutions, managing trillions of dollars,
have pledged to cease investment in activities associated with deforestation [23].
Providing financial incentives for ecosystem services can motivate landowners to
preserve or enhance forest cover, thereby increasing ecosystem services. However,
the effectiveness of this approach varies across different implementation sites.
Greater success could be achieved by targeting local or regional levels, offering in-
kind contributions rather than direct cash payments, and emphasizing equity
[24].

Community-led initiatives offer an alternative approach by delivering essential
services, such as healthcare, to IPLCs living near forests, reducing their
dependence on deforestation for income. In Indonesian Borneo, for instance,
illegal logging was partly driven by high healthcare costs. When local communities
were empowered to devise their own solutions, they chose to build a medical
center and establish alternative livelihood programs. Over a decade, at a total cost
of US $5.2 million, illegal logging decreased by 90%, forest regrowth covered
21,000 hectares, and US $65 million in carbon loss was prevented [25]. Similar
initiatives have been successfully implemented in Madagascar and Brazil.

Enhancing Health and Economic Security in Emerging Infectious Disease
Hotspots

In many emerging infectious disease hotspots, limited intact forests remain, and
the risk of spillover is heightened by the proximity of dense human and domestic
animal populations to wildlife. These regions constitute only 4% of the global land
area (10% of the tropical area), yet account for 60% of global spillover risk [26].
Consequently, community-designed interventions to reduce interactions between
humans, domestic animals, and wildlife are likely the most effective strategies for
decreasing the risk of virus spillover in these areas. Many communities in these
hotspots face challenges such as limited access to healthcare, sustainable
livelihoods, food security, and education [27]. Improving health and economic
security aligns with both local priorities and global pandemic prevention goals.

Some measures to reduce zoonotic disease risk can be relatively simple. For
instance, the risk of Nipah virus transmission can be reduced by covering shaved
areas of palm tree trunks and sap vessels, thereby preventing contamination by
bat excrement [28]. In cases where contact with wildlife cannot be completely
avoided, improved sanitary practices, such as safer methods of butchering
wildlife, can help mitigate spillover risks [29]. While community-driven
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interventions to reduce human-wildlife contact and spillover risks have not been
widely implemented, several projects demonstrate their potential. In Indonesia
and Uganda, for example, such projects have successfully altered relationships
between communities, forests, and wildlife [25,30]. Another project in
Madagascar’s Manombo Rainforest aims to implement community-designed
conservation initiatives and collect data over a decade to assess impacts on
biodiversity, wildlife, and human health (A. Emerson et al., unpub. data). More
initiatives focused on spillover risk in disease hotspots are needed to provide proof
of concept [31]. These projects should include the measurement of spillover within
target communities to allow for comprehensive evaluations of their outcomes [32].

Enhancing Biosecurity in Animal Husbandry

The World Organisation for Animal Health (WOAH) defines biosecurity in animal
husbandry as a set of management and physical measures aimed at reducing the
introduction, spread, and establishment of diseases within animal populations.
This is crucial, as several zoonotic viruses—such as avian influenza A(HSN1),
pandemic influenza A(HIN1), Nipah virus, and MERS-CoV—have emerged from
wildlife reservoirs into humans via commercial animal industries (5, 34-36). To
improve biosecurity in animal husbandry, both management and physical
measures are essential. Management measures include practices like
quarantining newly introduced animals and vaccinating livestock against endemic
diseases. Physical measures involve creating enclosures that separate farm
animals from each other and from wildlife, reducing cross-species transmission
risks (37). However, biosecurity challenges persist, particularly in backyard flocks
and large-scale commercial systems. Implementing biosecurity protocols is
difficult in resource-limited settings due to the lack of tailored solutions for these
contexts and the need to communicate them effectively in local languages (37,
38).

Commercial industrial systems pose additional biosecurity challenges due to the
density of genetically similar, single-age animals, which increases disease
transmission risks. Addressing these risks often requires significant investments,
particularly when animal welfare is not optimal (39). Moreover, ineffective
livestock disease surveillance, driven by underfunded animal health services, and
chronic household food insecurity also contribute to risky husbandry practices,
such as consuming sick or dead animals (40, 41). To address these issues, global
organizations such as the Food and Agriculture Organization of the United
Nations (FAO) and WOAH have acknowledged the challenges and are working
collaboratively with the World Health Organization and the United Nations
Environment Program. This collaboration aims to optimize human, animal, plant,
and environmental health through the One Health Joint Plan of Action, launched
in 2022. The plan emphasizes improving prevention, detection, and response to
health threats and requires the engagement of national and local agencies (42,
43).

Investing in public and private animal health services and improving the
identification of animal illnesses that pose public health concerns can
significantly enhance biosecurity. Such investments would not only reduce
pathogen transmission between wildlife and domestic animals but also improve
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disease surveillance and food security (37, 40, 45). These initiatives can be
integrated with community-designed interventions to reduce costs and enhance
their impact, particularly in emerging infectious disease hotspots. A key
component of improving biosecurity is controlling vaccine-preventable diseases in
livestock. Vaccination reduces illness and mortality among domestic animals and
decreases the spread of emerging infectious diseases by preventing delays in
diagnosis due to overlapping clinical signs. For instance, outbreaks of highly
pathogenic avian influenza can go undetected in areas with low vaccination rates
for Newcastle disease, which presents similar symptoms (45, 47). Similarly,
controlling African swine fever (ASF) is challenging when classical swine fever
(CSF) vaccination rates are low, as the two diseases share clinical signs (48). A
notable example is China's 2019 pork shortage caused by ASF, which likely led to
increased consumer demand for wildlife products, raising the risk of pathogen
spillover (2).

Shutting Down or Strictly Regulating Wildlife Markets and Trade

Both legal and illegal wildlife markets pose significant risks for zoonotic pathogen
transmission, as seen with mpox virus, SARS-CoV-1, and likely SARS-CoV-2 (2,
3, 5). The wildlife trade, driven by demand for animals as food, pets, and for use
in traditional medicine and ornaments, creates opportunities for pathogen
spillover. Live and freshly butchered wild birds and mammals represent the
highest risk. Efforts to prevent zoonotic spillover should target commercial wildlife
markets and trade while prioritizing the rights of Indigenous Peoples and Local
Communities (IPLCs), who depend on wildlife for food and livelihoods. Addressing
these risks requires investments in four key areas. First, policy reform is essential
to restrict or close legal commercial wildlife markets and trade. This includes
introducing new legislation and amending existing laws to ban the sale of live and
freshly butchered wild birds and mammals for commercial purposes, aligning
with the World Health Organization's 2021 recommendations (49). Several
countries have already taken action. For instance, in February 2020, China
banned farming, hunting, trading, and consuming terrestrial wildlife in response
to the COVID-19 pandemic (50). Similarly, Gabon prohibited the sale and
consumption of pangolins and bats in March 2020 (51).

Second, stronger legislation and enforcement are needed to combat illegal wildlife
markets and trade. Law enforcement agencies, judicial bodies, and other
mandated institutions must be adequately resourced, with sufficient budgets for
staffing, training, equipment, and enforcement. These agencies must also have
the legal authority to employ all available investigative approaches and maintain
high integrity standards to prevent corruption. Although the legality of wildlife in
trade does not influence pathogen spillover, efforts to tackle wildlife trafficking are
crucial to mitigating risk. Third, programs aimed at local communities and the
rural poor are necessary to reduce their dependence on wildlife trade for income.
Partnerships between local communities and governments can help create
sustainable income alternatives, reducing reliance on wildlife markets. These
partnerships are vital in providing viable economic options that do not involve the
exploitation of wildlife.
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Fourth, government leaders and experts must spearhead efforts to change
consumer behavior to reduce the demand for live wild birds and mammals.
Applying principles from behavioral science, psychology, economics, and social
marketing can help shift public perceptions and reduce the desirability of wildlife
products. Public institutions, in collaboration with civil society and academia,
should lead large-scale behavior change initiatives. In many countries, wildlife
consumption in urban areas is not driven by food security concerns but by
luxury, status, or perceived health benefits. For instance, in China, wildlife prices
are two to five times higher than pork, the most common source of animal
protein, with prices even higher for exotic or endangered species (52, 353).
Reducing urban demand for wildlife can alleviate pressure on IPLCs by reducing
economic incentives to supply the trade, ensuring that more wildlife is available
for subsistence needs. To ensure the success of these strategies, it is critical to
recognize and support IPLC rights while preventing these rights from being
exploited as a pretext for continuing commercial wildlife trade.

Expanding Pathogen Surveillance at Human-Domestic Animal-Wildlife
Interfaces

Effective pathogen surveillance at the interfaces between humans, domestic
animals, and wildlife relies on coordinated multisectoral efforts. Surveillance
platforms for monitoring pathogen emergence involve both active and passive data
collection systems that track exposures and infections across human and animal
populations, observe the severity of diseases, and detect evolving microbes in
natural reservoirs and additional hosts (54, 55). These integrated systems offer
valuable insights into zoonotic pathogens like Ebola virus in their ever-changing
reservoirs and provide crucial data on spillovers into domestic animals and
humans, informing pandemic prevention, preparedness, and response strategies
(56, 57). For instance, over 25 years of data on Hendra virus spillovers from bats
to horses revealed that such events increase during times of environmental
stress, suggesting that forest restoration could serve as an ecological
countermeasure to reduce future spillovers (58).

Implementing systematic wildlife surveillance will require a robust veterinary
medical capacity and a significant strengthening of multisectoral and
decentralized laboratory networks to support molecular and serologic testing of
both animal and human samples. These laboratory networks should be equipped
with pathogen-specific diagnostic assays and wunbiased high-throughput
screening technologies (59, 60). With the growing availability of whole-genome
sequencing platforms and near real-time genomic sequencing, investments in
bioinformatics for analyzing genomic data will be increasingly important in
tracking viral evolution and epidemiology.

Human pathogen surveillance can be enhanced by extracting data from primary
sources such as health information systems, sentinel surveillance sites, and
repeated household surveys. Extending these systems to include wild and
domestic animal populations will provide a broader understanding of pathogen
emergence. In many low-income countries, febrile illnesses often go undiagnosed
because they do not reach the healthcare system, resulting in many viral
infections never being properly evaluated (61, 62). Improving routine diagnostic
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systems, especially for traditionally undiagnosed illnesses, could be achieved by
expanding pathogen libraries from wild and domestic animal populations.

Diagnostic testing limitations are not exclusive to low-income countries. For
example, the United States faced significant challenges during the COVID-19
pandemic and mpox epidemic due to testing shortages (63, 64). This
demonstrates the global need for more accessible diagnostic testing to enhance
pathogen detection and response capabilities. Mounting evidence suggests that
zoonotic spillovers happen more frequently than previously understood. A study
on batborne SARS-related coronaviruses estimated that approximately 66,000
people are infected with SARS-related coronaviruses annually in South and
Southeast Asia (65). Similar high rates of pre-COVID-19 SARS-related
coronavirus exposure have been observed in Sierra Leone (66). These findings
highlight the urgent need to strengthen surveillance systems for zoonotic
pathogens with pandemic potential. Expanding pathogen surveillance across
human, domestic animal, and wildlife interfaces is a crucial step in mitigating
future pandemics.

Discussion

COVID-19 and mpox have starkly revealed the inadequacies in current domestic
and global pandemic approaches, exposing significant gaps in prevention efforts.
A narrow window for reform exists before the next zoonotic-origin pandemic takes
hold (14, 15). Historical trends suggest that future pandemics will most likely
result from the spillover of novel viruses from wildlife to humans or through
domestic animals (1). Therefore, it is imperative to address the underlying drivers
of pathogen spillover to prevent outbreaks. We propose a non-exhaustive set of
interventions to reduce spillover risks, emphasizing the global imperative of
pandemic prevention. While high-income countries continue to fund bilateral aid
programs, no single nation should bear the cost of global pandemic prevention
alone. Programs such as the US Agency for International Development (USAID)
Emerging Pandemic Threats PREDICT program (2009-2020) have played a crucial
role in transforming zoonotic disease prevention by strengthening local capacities
to detect and respond to known and unknown viral threats (67). Currently, USAID
is investing in spillover prevention in priority countries, focusing on building a
One Health workforce through university networks in Asia and Africa and
developing interventions to mitigate spillover at high-risk human-animal
interfaces.

Despite these efforts, such programs remain vulnerable to changes in government
priorities and lack the necessary funding to fully address the global threat. An
integrated global pandemic prevention (prespillover) and preparedness
(postspillover) strategy would require approximately $20-$50 billion annually, a
small fraction of the trillions of dollars lost and millions of lives impacted by
COVID-19 (14, 68, 30). Research indicates that prespillover initiatives alone can
be achieved for approximately $20 billion per year globally, a cost far outweighed
by the savings in both human lives and financial resources. Addressing the
drivers of zoonotic spillover will yield broader benefits beyond pandemic
prevention, including mitigating climate change, preventing biodiversity loss,
enhancing human health, upholding human rights, and promoting sustainable
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development (10). As international initiatives such as the World Bank Pandemic
Fund and the World Health Assembly pandemic accord take shape, these
interventions must be incorporated (13). Additionally, the UN’s commitment to
ending deforestation in more than 100 countries by 2030 presents a promising
opportunity, with health outcomes prioritized to ensure impactful results.

On-the-ground compliance and community engagement are critical for the
success of these initiatives. Communities must believe that the proposed
measures will positively affect their lives. In practice, the One Health approach,
often applied reactively after spillover events, needs to be expanded. To prevent
future waves of outbreaks and pandemics, the global community must broaden
its use of One Health strategies and embrace preventive measures (69). A
comprehensive One Health approach to pandemic prevention requires
coordination, collaboration, and significant new resources distributed across
human health, animal health, environmental, and food safety agencies (70).
Preventing spillover is also a matter of equity. Focusing only on postspillover
interventions sends the message that the global community is willing to tolerate
outbreaks in resource-limited settings as long as they do not escalate into
epidemics or pandemics. Prioritizing preventive measures will save lives in the
most vulnerable regions and ensure equitable health benefits.

A robust research agenda is needed to examine the causal links between the
proposed interventions and reductions in spillover events. While current evidence
suggests these interventions can meaningfully reduce spillover risks (5), few large-
scale programs have focused on evaluating their effectiveness. Scaling up these
programs will help build a stronger evidence base to demonstrate the impact of
addressing spillover drivers. Nevertheless, the Precautionary Principle dictates
that we must act now, given what we already know about the risks and solutions
(https:/ /unesdoc.unesco.org/ark: /48223 /pf0000139578). Humanity’s broken
relationship with nature heightens the risk of zoonotic pandemics. The actions
outlined in this proposal will not only reduce spillover risks but also address
pandemics, climate change, biodiversity loss, and inequity. The evidence for these
actions existed before COVID-19, yet little action was taken. As we emerge from
the current pandemic, we have a responsibility to act decisively to prevent the
next one. While we cannot undo the past, we must learn from it and do better in
the future.

Preventive Techniques:

Infectious diseases can be effectively controlled and prevented through a variety of
strategies that target both the pathogen and its means of transmission. One of the
most critical techniques is vaccination, which strengthens the immune system by
providing immunity against specific pathogens before exposure occurs.
Widespread immunization programs have dramatically reduced the incidence of
many life-threatening diseases, such as measles, polio, and influenza. Vaccines
work by introducing a weakened or inactive form of the pathogen into the body,
prompting the immune system to develop antibodies and prepare for future
encounters with the actual pathogen. Ensuring high vaccination coverage in
populations, especially for children and at-risk groups, is a cornerstone in
preventing outbreaks and safeguarding public health.
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Another important method for preventing infectious diseases is practicing good
hygiene, particularly handwashing with soap and water. Many infectious
diseases, including respiratory infections and gastrointestinal illnesses, are
transmitted through contact with contaminated surfaces or direct person-to-
person contact. Proper hand hygiene, especially after using the restroom, before
eating, and after coughing or sneezing, can greatly reduce the spread of germs. In
healthcare settings, strict adherence to infection control protocols, including the
use of personal protective equipment (PPE) and regular sanitization of surfaces,
helps prevent healthcare-associated infections. Similarly, safe food handling
practices and proper sanitation systems are essential in reducing the spread of
waterborne diseases.

Environmental control measures also play a vital role in the prevention of
infectious diseases. Vector control, such as mosquito management, is crucial in
limiting the spread of vector-borne diseases like malaria, dengue, and Zika virus.
These measures include eliminating breeding grounds for mosquitoes, using
insecticides, and promoting the use of insecticide-treated bed nets in affected
areas. Additionally, promoting clean water access and improving waste
management systems help prevent diseases like cholera and typhoid, which thrive
in unsanitary conditions. Addressing environmental factors that contribute to the
spread of infectious diseases can significantly reduce their incidence, especially in
low-resource settings.

Public health surveillance and early detection systems are another key element of
infectious disease prevention. These systems monitor for signs of emerging
infectious threats and facilitate rapid responses to contain outbreaks before they
escalate. Effective surveillance relies on coordinated efforts between governments,
healthcare systems, and international organizations, allowing for timely
identification of new diseases, tracking of known pathogens, and assessment of
potential risks. When outbreaks do occur, quarantine measures, isolation of
affected individuals, and contact tracing are employed to limit the spread of the
disease. These interventions, along with public health campaigns that raise
awareness about disease symptoms, prevention, and treatment, ensure a swift
and organized response to infectious threats.

Role of Paramedics, Nursing, and Health Informatics:

In the context of controlling and preventing infectious diseases, paramedics,
nurses, and health informatics professionals play vital and collaborative roles,
each contributing uniquely to mitigating the spread and managing outbreaks.

Paramedics are often the first point of contact with patients suffering from
infectious diseases, especially in emergency situations. Their ability to quickly
assess, isolate, and provide pre-hospital care for patients with infectious diseases
like COVID-19, influenza, or emerging diseases is crucial in preventing
transmission. Paramedics are trained in infection control protocols, including the
use of personal protective equipment (PPE), decontamination processes, and the
safe transport of contagious patients. They also play a role in early detection and
reporting of potential outbreaks by communicating signs and symptoms to
healthcare facilities, allowing for timely intervention.
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Nurses are central to infection prevention and control (IPC) efforts within
healthcare settings. They educate patients on hygiene practices, administer
vaccines, and are often responsible for implementing and monitoring infection
control procedures such as hand hygiene, sterilization, and isolation protocols. In
outbreak scenarios, nurses lead efforts in patient care and prevention measures,
including the use of PPE, proper waste disposal, and ensuring that infection
control guidelines are followed in hospitals and clinics. Nurses also engage in
public health education, promoting community awareness about disease
prevention practices like vaccination, handwashing, and proper sanitation. Their
role is particularly significant in controlling healthcare-associated infections
(HAIs), reducing transmission within healthcare facilities.

Health informatics professionals enhance infectious disease control by
leveraging technology to track, analyze, and predict disease patterns. They
develop and maintain surveillance systems that collect and analyze data on
infectious disease outbreaks, helping public health officials and healthcare
providers respond more effectively. Health informatics can assist in the early
detection of emerging diseases by integrating data from multiple sources, such as
hospitals, labs, and public health agencies. These systems enable real-time
reporting and monitoring, providing essential information for decision-making
during outbreaks. Informatics also supports telemedicine, electronic health
records (EHRs), and digital communication platforms that facilitate remote
consultations, reducing the risk of infection in healthcare settings.

Together, paramedics, nurses, and health informatics professionals form an
essential network in the early detection, prevention, and control of infectious
diseases. Their collaboration ensures timely responses, reduces the spread of
infections, and enhances the overall capacity of healthcare systems to handle
epidemics and pandemics.

Conclusion

Preventing the next pandemic requires a shift from reactive, post-spillover
strategies to proactive approaches that address the root causes of zoonotic
disease transmission. The EMS response to infectious disease outbreaks should
not only focus on managing post-exposure scenarios but also include preemptive
interventions that mitigate the risk of spillover. The interconnectedness of human,
animal, and ecosystem health—embodied in the One Health framework—
demands that we view pandemics through a broader lens, where forest
conservation, community health, and biosecurity play pivotal roles. Deforestation
and habitat degradation, particularly in tropical and subtropical regions, bring
humans, domestic animals, and wildlife into closer contact, increasing the
likelihood of pathogen transmission. Reducing deforestation incentives, improving
the health and economic security of communities in disease hotspots, and
enhancing biosecurity measures in animal husbandry are critical interventions
that could significantly lower the risk of new zoonotic diseases emerging.
Furthermore, the regulation or closure of wildlife markets—especially those
involved in the sale of live wild birds and mammals—can prevent the direct
transmission of zoonotic pathogens to humans. The lessons learned from recent
pandemics, such as COVID-19, demonstrate that relying solely on vaccine
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development and healthcare system strengthening is inadequate. Vaccine
shortages, logistical challenges, and public misinformation can severely limit the
effectiveness of post-spillover interventions. Instead, a combination of preemptive
measures, community-based initiatives, and stronger legislative frameworks are
necessary to address both the environmental and socioeconomic factors driving
spillover events. By adopting these integrated strategies, we can improve
pandemic preparedness and create more resilient systems to prevent future
infectious disease outbreaks.
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