Journal of Animal, Food and Environmental Sciences (JAFES)
Vol.1, No.1, 2026: May: 16-42, E-ISSN: XXXX-XXXX
https://jafes.org/index.php/journal/index

Climate Change and the Shifting Epidemiology of Infectious Diseases:
Implications for Livestock Health, Food Safety, Ecosystem Resilience, and
One Health Strategies

Muhammad Syakir!*, Raditya Jaya Sentosa?

Undergraduate Program of Veterinary Medicine, Faculty of Veterinary Medicine,
Universitas Syiah Kuala, Indonesia

Email: mhdsykr22@gmail.com

Submission Track:
Received: 09-02-2026, Final Revision: 28-04-2026, Available Online: 01-05-2026
Copyright © 2026 Authors

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International
License.

ABSTRACT

Climate change is increasingly recognized as a major driver of infectious disease emergence,
posing significant challenges to livestock production, food safety, ecosystem stability, and
public health. This review aimed to synthesize current scientific evidence on the mechanisms
through which climate variability influences pathogen ecology, vector dynamics, livestock
health, and the safety of foods of animal origin while evaluating the role of the One Health
framework as an integrated climate adaptation strategy. A narrative literature review was
conducted using peer-reviewed publications retrieved from Google Scholar, PubMed,
ScienceDirect, and the Food and Agriculture Organization Library. Recent studies published
over the past decade were prioritized, while seminal references were included to provide
conceptual foundations. The selected literature was critically synthesized according to major
thematic areas related to climate change, infectious diseases, food safety, ecosystem
dynamics, and One Health. The reviewed evidence consistently demonstrates that increasing
temperatures, altered precipitation patterns, and elevated humidity enhance pathogen
survival, expand the geographical distribution of vectors, and intensify infectious disease
transmission among livestock. Climate-related environmental stress also compromises
animal immunity, increases susceptibility to bacterial and parasitic infections, reduces feed
quality, and adversely affects livestock productivity. Furthermore, climate change elevates
the risk of microbial contamination and mycotoxin exposure in foods of animal origin while
disrupting ecosystem balance through wildlife redistribution, biodiversity loss, and
increased opportunities for cross-species pathogen transmission. Integrated surveillance,
climate-informed risk assessment, improved biosecurity, and ecosystem-based management
emerged as essential components of effective disease mitigation.
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This review highlights One Health as the most comprehensive framework for addressing
climate-sensitive infectious diseases by integrating animal, human, and environmental
health. The findings provide a multidisciplinary scientific foundation for developing
evidence-based policies and sustainable adaptation strategies that strengthen livestock
resilience, protect food security, and improve preparedness for future climate-related
disease threats.
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INTRODUCTION

Climate change has become one of the defining global challenges of the twenty-first
century, profoundly influencing ecological processes, agricultural sustainability, and the
epidemiology of infectious diseases. Increasing global temperatures, altered precipitation
patterns, prolonged droughts, extreme flooding events, and rising atmospheric humidity
have substantially modified the environmental conditions that regulate pathogen survival,
vector ecology, and host-pathogen interactions. These climatic changes have accelerated the
emergence and re-emergence of infectious diseases in both human and animal populations,
making climate change a major determinant of global health security. In the livestock sector,
environmental instability affects disease transmission by enhancing pathogen persistence,
extending vector activity, and increasing the susceptibility of animals to infectious agents.
Tropical countries such as Indonesia are particularly vulnerable because their climatic
conditions naturally favor the survival of numerous pathogens and arthropod vectors, while
ongoing climate variability further amplifies these ecological advantages (Suriani et al,,
2020). Concurrently, increasing temperatures and humidity have been associated with the
expansion of vector-borne diseases into previously unaffected regions, reflecting
fundamental changes in disease ecology (Suryadi et al, 2019). These observations
demonstrate that climate change is no longer solely an environmental concern but rather a
multidimensional phenomenon with profound consequences for veterinary medicine,
agricultural sustainability, ecosystem resilience, and public health. Consequently,
understanding the mechanisms through which climate variability influences infectious
disease dynamics has become an important scientific priority for ensuring sustainable

livestock production and safeguarding animal health.
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The significance of this issue extends beyond the direct effects of infectious diseases
on livestock because climate change simultaneously threatens food production systems,
economic stability, and national food security. Livestock production depends heavily on
environmental conditions that maintain animal welfare, physiological homeostasis, and
productive performance. Elevated ambient temperatures expose livestock to heat stress,
leading to reduced feed intake, impaired immune function, reproductive disorders, and
decreased productivity. Studies conducted in Indonesia have demonstrated that heat stress
significantly increases the susceptibility of cattle to economically important diseases,
including mastitis, pneumonia, and parasitic infections (Nuryadi dan Prasetyo, 2021). In
addition, climate-induced fluctuations in forage availability reduce both the quantity and
nutritional quality of feed resources, thereby compromising immune competence and
increasing vulnerability to secondary infections. These physiological consequences
ultimately reduce livestock productivity and impose considerable economic burdens on
farmers. Climate-related disease emergence also threatens the microbiological safety and
nutritional quality of foods of animal origin. Rising environmental temperatures facilitate
the proliferation of foodborne pathogens, including Salmonella, Escherichia coli, and
Staphylococcus aureus, thereby increasing the risk of contamination in meat, milk, and eggs
throughout the food supply chain (Sukmawati dan Astuti, 2022). Collectively, these
interconnected impacts demonstrate that climate change represents a critical challenge
affecting animal health, food safety, agricultural sustainability, and human well-being,
emphasizing the need for comprehensive scientific assessments capable of supporting
evidence-based adaptation strategies.

Despite growing recognition of climate-related health risks, important scientific
challenges remain in understanding how climatic variability simultaneously influences
pathogen ecology, livestock health, food safety, and ecosystem dynamics. Most previous
investigations have focused on isolated aspects of these relationships, such as specific
pathogens, individual livestock species, vector biology, or production losses, while providing
limited integration across disciplines. Likewise, disease control programs have traditionally

emphasized reactive interventions targeting individual outbreaks rather than addressing
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the environmental drivers responsible for disease emergence. This fragmented
understanding is particularly problematic because infectious disease transmission is
governed by complex interactions among climatic conditions, pathogen adaptation, vector
distribution, wildlife reservoirs, livestock management, and environmental change. As
climate variability continues to intensify, these interconnected processes increase the
frequency of disease emergence while simultaneously reducing the effectiveness of
conventional surveillance and control strategies. Therefore, addressing climate-sensitive
infectious diseases requires broader conceptual frameworks capable of integrating
environmental monitoring, veterinary epidemiology, food safety, and ecosystem health into
coordinated disease prevention and adaptation programs.

To address these challenges, numerous mitigation and adaptation strategies have
been proposed within the scientific literature. Improvements in livestock management
practices, including climate-resilient housing, optimized ventilation, nutritional
supplementation, enhanced biosecurity, vaccination programs, and routine disease
surveillance, have been shown to reduce the adverse impacts of climatic stress on animal
health and productivity. Advances in molecular diagnostics, epidemiological surveillance,
and Geographic Information System-based disease mapping have further strengthened the
capacity to identify emerging disease hotspots and support evidence-based intervention
strategies. Nevertheless, increasing evidence indicates that these measures achieve greater
effectiveness when implemented within integrated multidisciplinary frameworks rather
than as isolated interventions. Consequently, the One Health approach has gained
widespread recognition as the most comprehensive strategy for addressing climate-
sensitive infectious diseases because it acknowledges the inseparable relationships among
human, animal, and environmental health. By promoting collaboration among veterinary
scientists, medical professionals, environmental researchers, ecologists, and policymakers,
One Health strengthens surveillance systems, improves environmental monitoring, and
enhances preparedness for zoonotic and climate-related disease outbreaks. In Indonesia,
this integrated framework has increasingly been incorporated into zoonotic disease

surveillance and environmental health programs, demonstrating its potential to improve
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coordinated responses to emerging infectious diseases (Dewi et al., 2023). However,
although numerous studies have evaluated individual adaptation measures, comprehensive
syntheses integrating pathogen ecology, livestock health, food safety, ecosystem resilience,
and climate adaptation within a unified One Health perspective remain relatively limited.

Therefore, this review aims to synthesize current scientific evidence regarding the
influence of climate change on the epidemiology of infectious diseases affecting livestock,
foods of animal origin, and ecosystem health, with particular emphasis on the Indonesian
context. Specifically, the review examines the mechanisms through which climatic variability
modifies pathogen persistence, vector distribution, host susceptibility, food safety, and
ecosystem dynamics while critically evaluating the contribution of the One Health
framework to climate adaptation and disease mitigation. The novelty of this review lies in its
multidisciplinary synthesis that simultaneously integrates veterinary epidemiology,
environmental science, food safety, ecosystem resilience, and climate adaptation into a
single conceptual framework, rather than addressing these components independently. By
consolidating recent evidence across these interconnected disciplines, this review provides
a comprehensive understanding of climate-driven disease dynamics and highlights the
importance of integrated surveillance, ecosystem-based management, and cross-sectoral
collaboration. The findings are expected to contribute to the growing body of knowledge
supporting climate-resilient livestock production, evidence-based policymaking, sustainable
food security, and strengthened preparedness against emerging infectious diseases under
continuing global climate change.
RESEARCH METHOD
Study Design

This study was conducted as a narrative literature review to synthesize current
scientific evidence regarding the influence of climate change on infectious disease dynamics
in livestock and its implications for food safety and ecosystem health. The review adopted a
structured literature analysis approach to integrate findings from multidisciplinary fields,
including veterinary medicine, epidemiology, environmental science, food safety, and

ecosystem ecology. The primary objective was to provide a comprehensive overview of the
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mechanisms through which climate variability affects pathogen transmission, vector
ecology, livestock health, and ecosystem stability while highlighting the importance of the
One Health approach for disease prevention and mitigation.
Literature Search Strategy

A comprehensive literature search was performed using four major scientific
databases: Google Scholar, PubMed, ScienceDirect, and the FAO Library. These databases
were selected because they provide extensive coverage of peer-reviewed publications in
veterinary science, infectious diseases, environmental health, agriculture, and food safety.
The literature search focused on studies published in English and Indonesian to ensure
adequate representation of both international evidence and regional findings relevant to
Indonesia.

The search strategy employed combinations of controlled vocabulary and free-text

keywords, including "climate change," "infectious disease shift," "livestock health," "food

safety," "ecosystem dynamics," "vector-borne diseases," "zoonotic diseases," "One Health,"
and related terms. Boolean operators (AND, OR) were used to improve search sensitivity and
specificity. Reference lists of relevant review articles and highly cited publications were also
examined to identify additional studies that were not captured during the initial database
search.
Eligibility Criteria

Studies were selected according to predefined inclusion and exclusion criteria to
ensure the quality and relevance of the reviewed evidence. Eligible publications included
original research articles, systematic reviews, review papers, official reports, and
authoritative documents addressing the relationships between climate change, infectious
diseases, livestock production, food safety, ecosystem health, or One Health. Priority was
given to studies published within the last ten years to capture recent scientific developments
and current knowledge regarding climate-driven disease dynamics. However, several
classical references were retained when they provided fundamental theoretical concepts or

established scientific frameworks that remain relevant to the present review.
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Publications were excluded if they lacked direct relevance to the review topic,
contained insufficient methodological information, represented duplicate records, or
primarily discussed climate change without addressing animal health or infectious disease
implications. Editorials, opinion articles without scientific evidence, conference abstracts
lacking complete data, and non-peer-reviewed publications were also excluded from the
synthesis whenever possible.

Literature Selection and Data Synthesis

Retrieved publications were screened based on their titles, abstracts, and full-text
content. The selection process emphasized methodological rigor, scientific relevance, and
the contribution of each study to understanding the interactions among climate change,
pathogen ecology, livestock health, food safety, and ecosystem dynamics. Information
extracted from eligible studies included study objectives, geographical location, livestock
species, climatic variables investigated, disease outcomes, pathogen or vector
characteristics, food safety implications, ecosystem-related findings, and recommended
mitigation strategies.

The selected literature was synthesized using a qualitative narrative approach rather
than quantitative meta-analysis because of the substantial heterogeneity among study
designs, target species, environmental settings, climatic indicators, and reported outcomes.
Evidence from different disciplines was integrated to identify common patterns, emerging
trends, and scientific consensus regarding the influence of climate change on infectious
disease epidemiology and the interconnected risks affecting livestock production systems.
Conceptual Framework

The synthesis was organized according to five major thematic components that
collectively describe the impact of climate change on animal and environmental health.
These components included: (i) the effects of climate change on pathogen survival and vector
distribution; (ii) the consequences for livestock health and productivity; (iii) implications for
the safety and quality of foods of animal origin; (iv) ecosystem alterations that facilitate
pathogen transmission and zoonotic emergence; and (v) mitigation strategies based on the

One Health framework. This thematic organization enabled a comprehensive evaluation of
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the interconnected pathways linking climate variability with infectious disease emergence
while facilitating the identification of current knowledge gaps and future research priorities.
Quality Considerations

Although a formal risk-of-bias assessment was not performed because this review
followed a narrative design, considerable attention was given to the scientific quality and
credibility of the included literature. Greater emphasis was placed on peer-reviewed
publications, studies employing robust methodologies, and reports published by
internationally recognized organizations. The consistency of findings across multiple studies
was also considered during evidence synthesis to strengthen the reliability of the
conclusions. By integrating high-quality evidence from diverse scientific disciplines, this
review provides a comprehensive and balanced perspective on the impacts of climate change
on livestock infectious diseases, food safety, and ecosystem health while supporting the
application of One Health as an integrated framework for disease prevention and climate
adaptation.

RESULTS AND DISCUSSION
Climate Change as a Driver of Pathogen and Vector Dynamics

Climate change has fundamentally altered the epidemiology of infectious diseases by
modifying the environmental conditions that govern pathogen survival, vector ecology, and
host-pathogen interactions. Increasing ambient temperatures, fluctuations in precipitation
patterns, and rising humidity collectively create favorable ecological niches for the
proliferation of microorganisms and arthropod vectors. These climatic variables not only
enhance pathogen replication but also extend the seasonal activity and geographical
distribution of disease vectors, thereby increasing the likelihood of pathogen transmission
to susceptible livestock populations. As climate variability intensifies across tropical regions,
infectious diseases that were once geographically restricted are increasingly reported in
previously unaffected areas, indicating that climate change is reshaping disease ecology at
both local and regional scales (Pradana dan Lestari, 2022).

Temperature is among the most influential climatic factors affecting pathogen
biology. Elevated environmental temperatures accelerate the metabolic activity and

reproductive cycles of numerous bacteria, viruses, fungi, and parasites while simultaneously
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reducing the developmental period of many arthropod vectors. Consequently, pathogens
complete their life cycles more rapidly, increasing their opportunities for transmission
within livestock populations. Moreover, warmer climates prolong vector survival and
expand the duration of transmission seasons, allowing infectious agents to circulate for
extended periods throughout the year. These ecological changes are particularly important
in tropical countries such as Indonesia, where relatively small increases in temperature may
substantially alter the balance between pathogens, vectors, hosts, and the surrounding
environment. Rather than acting independently, climatic variables interact synergistically to
produce conditions that facilitate pathogen persistence and disease emergence.

Among vector-borne diseases, tick-associated infections have become increasingly
important under changing climatic conditions. Recent observations in Indonesia indicate
that increasing temperature and humidity have expanded the distribution of
**Rhipicephalus** and **Haemaphysalis** ticks, two major vectors responsible for
transmitting economically important diseases such as anaplasmosis and babesiosis in
livestock (Wijayanti et al., 2023). These tick species are now reported in ecological zones
where environmental conditions were previously unsuitable for their establishment,
suggesting that climate change is modifying habitat suitability and enabling vector
colonization across wider geographical ranges. Such distributional shifts increase the
probability of livestock exposure to tick-borne pathogens while complicating surveillance
and vector control programs, particularly in production systems that rely extensively on
grazing.

Changes in rainfall patterns further contribute to vector expansion by altering
breeding habitats and water availability. Prolonged rainy seasons and episodes of extreme
precipitation create abundant aquatic environments that favor mosquito development,
especially species belonging to the genera **Culex** and **Aedes**. Increased mosquito
abundance consequently elevates the transmission risk of arboviral diseases affecting both
domestic animals and wildlife. Evidence from Central Java demonstrates that unusually long
rainy seasons have been associated with substantial increases in mosquito populations

compared with previous years (Sutrisno et al,, 2022). These findings suggest that altered
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precipitation regimes directly influence vector population dynamics and may increase the
frequency of arbovirus outbreaks in both intensive and extensive livestock production
systems.

Humidity also plays a critical role in determining pathogen persistence and
environmental survival. High-moisture environments promote the growth of opportunistic
bacteria and fungi capable of causing economically significant diseases in livestock.
Increased environmental humidity has been associated with enhanced proliferation of
bacterial genera such as **Staphylococcus™* and **Streptococcus™*, which are frequently
implicated in mastitis, dermatitis, and other opportunistic infections affecting ruminants
(Hapsari dan Dewantara, 2022). Under favorable climatic conditions, diseases that were
previously sporadic may become endemic because pathogens can survive longer in the
environment and encounter susceptible hosts more frequently. Consequently, climate
change not only increases the abundance of vectors but also creates ecological conditions
that facilitate pathogen persistence outside their hosts.

Beyond its influence on individual pathogens and vectors, climate change modifies
the broader ecological relationships that govern disease transmission. Environmental
disturbances affect biodiversity, alter wildlife migration patterns, and modify interactions
among wildlife, livestock, vectors, and humans. These ecological disruptions increase
opportunities for pathogens to cross species barriers, thereby facilitating the emergence and
re-emergence of infectious diseases. The interconnected nature of these processes highlights
that disease emergence cannot be explained solely by pathogen biology but must also be
understood within the context of ecosystem dynamics influenced by climatic variability.
Such complexity underscores the necessity of integrating ecological principles into
veterinary epidemiology to improve disease prediction and preparedness.

The increasing adaptability of pathogens under changing climatic conditions also
raises important concerns regarding disease surveillance and risk assessment. Conventional
surveillance systems that rely primarily on historical disease distribution may no longer
accurately predict future outbreaks because vector habitats and transmission patterns

continue to shift in response to environmental change. Instead, surveillance strategies
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should incorporate climatic indicators, environmental monitoring, and predictive modeling
to identify emerging high-risk regions before outbreaks occur. Climate-informed
epidemiological surveillance offers opportunities for early detection of vector expansion and
pathogen circulation, thereby supporting more effective intervention measures.

Overall, the available evidence consistently demonstrates that climate change
functions as a major ecological driver influencing pathogen adaptation, vector survival, and
infectious disease transmission. Rising temperatures, irregular precipitation, and elevated
humidity collectively enhance the persistence of pathogens and facilitate the expansion of
disease vectors across Indonesia. These environmental changes increase infection risks in
livestock while simultaneously challenging existing disease prevention and control
strategies. The convergence of climatic and ecological factors therefore reinforces the
conclusion that climate change has become a fundamental determinant of infectious disease
dynamics, necessitating integrated mitigation strategies that combine environmental
monitoring, vector management, veterinary surveillance, and adaptive livestock
management to reduce future disease risks (Rahmadani dan Fathurrahman, 2023).

Risks to Livestock Health

Climate change exerts profound effects on livestock health through a combination of
direct physiological stress and indirect ecological mechanisms that increase pathogen
exposure. Livestock are particularly vulnerable to climatic fluctuations because their
physiological performance depends heavily on environmental conditions. Elevated ambient
temperatures, prolonged heat waves, irregular rainfall, and declining feed availability
collectively compromise animal welfare, immune competence, and disease resistance.
Rather than acting as isolated stressors, these climatic changes interact synergistically to
increase the susceptibility of livestock to a broad spectrum of infectious diseases.
Consequently, climate change should be recognized not only as an environmental
phenomenon but also as a major determinant of animal health and livestock productivity.

Among the direct consequences of climate change, heat stress represents one of the
most significant challenges affecting livestock production worldwide. Heat stress occurs

when environmental temperatures exceed the animal's thermoregulatory capacity, resulting
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in physiological and metabolic disturbances that impair homeostasis. Under these
conditions, animals reduce feed intake, increase respiratory rate, and divert metabolic
energy toward thermoregulation instead of growth, reproduction, or immune function.
Studies conducted in Indonesia have demonstrated that dairy cattle exposed to extreme
temperatures exhibit decreased feed consumption accompanied by elevated respiratory
frequency, indicating substantial physiological stress (Suryaningrum et al.,, 2022). These
responses not only reduce production efficiency but also weaken innate and adaptive
immune defenses, increasing susceptibility to infectious diseases.

Immunosuppression induced by heat stress has important implications for bacterial
diseases affecting dairy and beef cattle. Altered immune function reduces the animal's ability
to eliminate opportunistic pathogens, thereby facilitating infection under otherwise
manageable conditions. One notable example is subclinical mastitis, which has become
increasingly associated with elevated environmental temperatures. Climatic stress alters the
microbial composition of the mammary gland while simultaneously impairing local immune
responses, creating favorable conditions for opportunistic bacteria to proliferate.
Consequently, pathogens that normally exist as commensal microorganisms may become
important disease agents, resulting in increased incidence of intramammary infections and
substantial economic losses due to decreased milk production and treatment costs (Putri
dan Mulyani, 2023). These observations illustrate how climate-induced physiological
disturbances amplify disease risk beyond the direct effects of pathogen exposure.

Climate variability also substantially influences the epidemiology of parasitic
diseases. Rainfall patterns, humidity, and soil moisture determine the development, survival,
and transmission of numerous gastrointestinal parasites affecting ruminants. During
periods of prolonged rainfall, environmental conditions become highly favorable for the
maturation and persistence of nematode larvae on grazing pastures, thereby increasing
infection pressure in grazing livestock. Several studies have reported higher prevalence of
gastrointestinal helminth infections in goats and sheep during rainy seasons characterized
by elevated precipitation, reflecting enhanced environmental survival of infective larval

stages (Hidayat dan Samudra, 2022). Heavy parasitic burdens reduce nutrient absorption,
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impair metabolic efficiency, suppress immune responses, and ultimately contribute to
reduced body weight, poor reproductive performance, and increased mortality. These
findings emphasize that climatic factors directly regulate parasite ecology while indirectly
determining livestock health through increased infection intensity.

In addition to influencing pathogen transmission, climate change compromises
animal health by disrupting feed resources and nutritional status. Extreme droughts reduce
forage biomass and nutritional quality, whereas flooding damages pasturelands and
contaminates feed resources. Such environmental disturbances limit the availability of
essential nutrients required to maintain physiological function and immune competence.
Nutritional deficiencies resulting from poor-quality forage weaken host defenses, making
livestock increasingly vulnerable to both primary and secondary infections. Evidence from
East Nusa Tenggara demonstrates that prolonged drought significantly reduced forage
quality, coinciding with increased incidence of respiratory diseases and diarrhea among
indigenous cattle populations (Setiawan et al.,, 2022). This relationship illustrates the
indirect pathway through which climate change affects disease susceptibility by first
impairing nutritional status and subsequently reducing disease resistance.

The combined influence of thermal stress, nutritional deficiencies, and increased
pathogen exposure creates a cumulative disease burden that extends beyond individual
clinical conditions. Animals simultaneously challenged by environmental stress and
infectious agents often experience more severe disease outcomes than those exposed to
either factor independently. Heat stress suppresses immune responses, inadequate nutrition
limits physiological recovery, and favorable environmental conditions enhance pathogen
transmission, producing a feedback loop that perpetuates poor animal health. This
multifactorial interaction highlights the complexity of climate-related disease dynamics and
demonstrates why conventional disease control measures alone may be insufficient under
rapidly changing climatic conditions.

The consequences of declining livestock health extend beyond individual animals to
influence herd productivity, farm profitability, and national food security. Increased disease

incidence contributes to reduced growth rates, lower reproductive efficiency, decreased
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milk production, higher mortality, and escalating veterinary expenditures. These production
losses are particularly significant for smallholder farming systems, which dominate livestock
production in many regions of Indonesia and often possess limited adaptive capacity to cope
with climatic stress. As climate variability intensifies, economically vulnerable farming
communities may experience disproportionate impacts because reduced productivity
directly threatens household income and the stability of local food systems.

These observations collectively indicate that climate change affects livestock health
through interconnected physiological, nutritional, ecological, and epidemiological pathways.
Heat stress weakens immune function, altered environmental conditions promote pathogen
and parasite transmission, and climate-induced feed shortages exacerbate nutritional
deficiencies that further increase disease susceptibility. Therefore, protecting livestock
health under changing climatic conditions requires integrated adaptation strategies that
combine improved housing design, climate-resilient feeding systems, enhanced biosecurity,
preventive veterinary medicine, and continuous disease surveillance. Such adaptive
livestock management approaches are essential for maintaining animal welfare, sustaining
productivity, and strengthening resilience against climate-driven infectious diseases in the

future (Anggraeni dan Fajar, 2023).

Implications for Food Safety of Animal-Origin Products

Climate change has emerged as a critical determinant of food safety by altering
environmental conditions throughout the livestock production chain. Changes in ambient
temperature, precipitation patterns, humidity, and the frequency of extreme weather events
influence microbial ecology, feed quality, animal health, and post-harvest handling practices,
thereby affecting both the microbiological and nutritional quality of foods of animal origin.
Unlike traditional food safety concerns that primarily focus on processing and storage
conditions, climate-related risks begin at the farm level and continue throughout production,
transportation, processing, and distribution. Consequently, ensuring the safety of meat, milk,
eggs, and other animal-derived products requires a comprehensive understanding of how

climatic variability modifies biological hazards across the entire food supply chain.
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Elevated environmental temperatures represent one of the primary climatic drivers
influencing microbial contamination in animal-derived foods. Warmer conditions accelerate
the growth and metabolic activity of foodborne microorganisms, reducing the time required
for bacterial populations to reach infectious levels. Pathogenic bacteria such as Salmonella,
Escherichia coli, and Staphylococcus aureus proliferate more rapidly under elevated
temperatures, particularly when inadequate refrigeration or poor hygienic practices
coincide with climatic stress. National studies have demonstrated that increased storage
temperatures significantly enhance the proliferation of Salmonella and E. coli in fresh
poultry meat, highlighting the vulnerability of highly perishable animal products to climate-
induced microbial contamination (Ratnaningsih dan Nurhayati, 2022). These findings
indicate that rising temperatures not only increase bacterial growth rates but also shorten
the safe storage period of fresh food products, thereby elevating the risk of foodborne
diseases.

Extreme climatic events further amplify food safety risks by compromising sanitation
throughout livestock production systems. Flooding, heavy rainfall, and waterlogging
frequently contaminate livestock facilities, drinking water sources, and feed storage areas
with pathogenic microorganisms originating from soil, sewage, and surrounding
environments. Such contamination substantially increases the probability of pathogen
transfer from the farm environment to animal-derived food products. Reports from
Indonesia have documented microbial contamination in raw milk following periods of
extreme rainfall, primarily due to deteriorating barn hygiene and reduced sanitation
efficiency during flood events (Rohmah et al.,, 2022). These observations emphasize that
climatic disasters affect food safety indirectly by disrupting environmental hygiene,
increasing microbial exposure, and reducing the effectiveness of routine farm biosecurity
measures.

In addition to bacterial contamination, climate change contributes to the emergence
of chemical hazards through its effects on fungal growth and mycotoxin production. High
humidity and elevated temperatures create favorable conditions for the proliferation of

toxigenic fungi capable of producing aflatoxins in stored feed materials. Once contaminated
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feed is consumed by livestock, aflatoxins may accumulate in edible animal tissues or be
excreted into milk, thereby posing significant health risks to consumers. Investigations
conducted in Java have reported increased aflatoxin concentrations in forage following
periods of prolonged rainfall and elevated humidity, indicating that climatic variability
directly influences feed safety and subsequently affects food safety of animal-origin products
(Karim dan Latifah, 2023). Because aflatoxins are chemically stable and resistant to
conventional food processing, preventing contamination at the feed production stage
remains the most effective strategy for reducing consumer exposure.

Climate-induced deterioration of animal health also influences the nutritional quality
of livestock products. Heat stress, infectious diseases, and nutritional deficiencies reduce the
physiological efficiency of livestock, altering the synthesis and composition of proteins,
lipids, and other essential nutrients in edible products. Dairy cattle exposed to prolonged
heat stress have been reported to produce milk containing lower concentrations of fat and
protein, reflecting impaired mammary gland function and metabolic adaptation to thermal
stress (Sulastri dan Windarti, 2023). Such reductions in nutritional value diminish the
quality of animal-derived foods while potentially affecting consumer nutrition, particularly
in populations that rely heavily on livestock products as major sources of high-quality
protein and essential micronutrients.

The implications of climate change for food safety extend beyond biological
contamination and nutritional quality to encompass broader public health and economic
concerns. Increased prevalence of foodborne pathogens contributes to higher risks of
gastrointestinal disease outbreaks, while declining product quality reduces consumer
confidence and market competitiveness. Simultaneously, contamination-related product
losses, disease-associated production declines, and stricter food safety regulations generate
substantial economic burdens for livestock producers and food industries. These
interconnected consequences demonstrate that food safety should no longer be considered
solely a post-harvest issue but rather an integral component of climate adaptation strategies

within livestock production systems.
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The multidimensional nature of climate-related food safety risks necessitates an
integrated risk management approach. Preventive measures should begin at the farm level
through improved animal health management, optimized nutrition, and strengthened
biosecurity, followed by rigorous hygienic handling during slaughter, milk collection,
processing, storage, and transportation. Climate-responsive surveillance systems capable of
monitoring microbial contamination, environmental conditions, and mycotoxin occurrence
can further enhance early detection of emerging hazards. Incorporating climatic information
into food safety monitoring programs also enables authorities to identify seasonal periods
of elevated risk and implement targeted preventive interventions before contamination
events occur.

Overall, current evidence indicates that climate change influences food safety through
multiple interconnected pathways involving microbial contamination, mycotoxin
accumulation, nutritional deterioration, and environmental sanitation. These mechanisms
collectively threaten the quality, safety, and sustainability of foods of animal origin while
increasing public health risks and economic losses throughout the food production chain.
Therefore, strengthening climate-resilient biosecurity practices, improving post-harvest
management, enhancing feed quality control, and implementing climate-informed food
safety surveillance are essential components of future livestock production systems. Such
integrated measures will be critical for protecting consumer health, maintaining food
quality, and ensuring resilient food security under increasingly variable climatic conditions
(Safitri dan Yuliana, 2023).

Ecosystem Disruption and Biological Balance

Climate change affects infectious disease dynamics not only through its direct
influence on pathogens and livestock but also by altering ecosystem structure and biological
interactions. Ecosystems function as complex networks in which wildlife, domestic animals,
microorganisms, vectors, and environmental factors remain closely interconnected.
Disturbances to these ecological relationships can modify pathogen transmission pathways,
increase opportunities for interspecies contact, and facilitate the emergence of novel

infectious diseases. Consequently, ecosystem degradation resulting from climate change has
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become an important ecological driver of disease emergence, emphasizing that animal
health cannot be separated from the integrity of natural ecosystems.

One of the most evident ecological consequences of climate change is the
redistribution of wildlife populations. Rising temperatures, altered precipitation regimes,
habitat degradation, and declining food availability force many wildlife species to migrate
beyond their historical geographical ranges in search of more suitable habitats. These
distributional shifts frequently introduce wildlife-associated pathogens into ecosystems
where they were previously absent. Studies conducted in Indonesia have demonstrated that
climate-induced habitat changes have altered wildlife movement patterns, increasing
encounters between wildlife and domestic livestock (Wibowo dan Ardiansyah, 2022). Such
interactions create opportunities for pathogen spillover, allowing infectious agents
maintained within wildlife reservoirs to establish transmission cycles among livestock
populations. As climate change continues to reshape habitat suitability, the geographical
boundaries separating wildlife and agricultural systems are expected to become increasingly
indistinct.

Ecological imbalance also influences disease emergence by disrupting predator-prey
relationships that naturally regulate wildlife populations. Climate-related habitat
degradation, resource scarcity, and disease outbreaks may reduce populations of certain
species while enabling others to expand beyond their ecological carrying capacity. These
population shifts alter host community composition and may change the circulation
dynamics of pathogens maintained within wildlife reservoirs. When ecological equilibrium
is disturbed, pathogens previously confined to specific wildlife hosts may increasingly infect
alternative hosts, including domesticated animals (Ramadhani dan Widodo, 2023). Such
host-switching events represent an important mechanism underlying the emergence of
infectious diseases and demonstrate that biodiversity loss may indirectly increase disease
transmission by destabilizing ecological regulation.

Hydrological changes associated with climate variability further contribute to
ecosystem-mediated disease risks. Periods of excessive rainfall and recurrent flooding

modify soil characteristics, water quality, and microbial community composition, creating
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favorable environments for the proliferation of environmental pathogens. Waterlogged soils
and wetlands often support increased populations of bacteria, protozoa, and other
microorganisms capable of infecting livestock either directly or through contaminated water
sources. Environmental investigations have reported elevated concentrations of pathogenic
microorganisms in flood-affected wetlands, suggesting that extreme precipitation events
substantially increase environmental reservoirs of infectious agents (Satriawan dan
Nurazizah, 2022). Because many livestock production systems depend on natural water
sources, deterioration of environmental water quality directly increases opportunities for
disease transmission.

Vegetation dynamics constitute another ecological pathway linking climate change to
infectious disease emergence. Alterations in rainfall patterns, prolonged droughts, and
increasing temperatures affect plant productivity and reduce the availability of natural
forage for both wildlife and domestic herbivores. Declining vegetation cover forces wildlife
species to expand their foraging ranges, frequently bringing them into closer proximity with
livestock farms and human settlements. Increased spatial overlap between wildlife and
livestock substantially elevates opportunities for direct and indirect pathogen transmission,
particularly for zoonotic pathogens capable of infecting multiple host species. Observations
from Indonesia indicate that reduced food availability resulting from climate-induced
vegetation changes has encouraged wildlife to forage near agricultural landscapes, thereby
increasing the probability of pathogen exchange between wildlife reservoirs and domestic
animals (Hidayati dan Kusnadi, 2023). These findings demonstrate that ecosystem
degradation affects disease ecology through changes in animal behavior as much as through
alterations in pathogen biology.

Climate change also influences biodiversity, which plays a fundamental role in
regulating infectious disease dynamics. Healthy ecosystems containing diverse biological
communities often suppress pathogen transmission through complex ecological
interactions, including competition among hosts, natural predation of vectors, and dilution
effects that reduce pathogen amplification. Conversely, biodiversity loss simplifies ecological

networks, allowing competent pathogen hosts or vectors to dominate disturbed habitats.
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Under these circumstances, infectious agents may circulate more efficiently because
ecological barriers that previously limited transmission have been weakened. Although the
precise mechanisms vary among ecosystems, increasing scientific evidence suggests that
preserving biodiversity contributes to reducing the risk of infectious disease emergence by
maintaining ecological resilience.

The ecological consequences of climate change have important implications for
veterinary public health because they facilitate the emergence of zoonotic diseases.
Approximately three-quarters of emerging infectious diseases affecting humans originate
from animal reservoirs, many of which are maintained within wildlife populations. As
climate change increases interactions among wildlife, livestock, humans, and vectors,
opportunities for zoonotic spillover become more frequent. This interconnected
transmission network highlights the limitations of disease control strategies that focus
exclusively on livestock while neglecting environmental and wildlife health. Effective
prevention therefore requires integrated surveillance systems capable of simultaneously
monitoring ecosystem changes, wildlife populations, vector dynamics, and livestock health.

Overall, the available literature indicates that climate change disrupts ecosystem
stability through multiple interconnected mechanisms, including wildlife redistribution,
biodiversity loss, habitat modification, altered hydrological processes, and changes in
vegetation dynamics. These ecological disturbances collectively create favorable conditions
for pathogen persistence, cross-species transmission, and the emergence of infectious
diseases affecting livestock and humans. Maintaining ecosystem integrity should therefore
be regarded as an essential component of infectious disease prevention rather than solely an
environmental conservation objective. Integrating ecosystem management with veterinary
surveillance, biodiversity conservation, and climate adaptation strategies will be crucial for
strengthening ecological resilience and reducing future disease risks under increasingly
variable climatic conditions (Syahrul dan Mawarni, 2023).

One Health as an Integrated Climate Adaptation Strategy
The multifaceted impacts of climate change on infectious diseases require a

comprehensive mitigation framework that recognizes the interdependence of animal,
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human, and environmental health. Conventional disease control strategies have largely
focused on individual sectors, such as veterinary services, livestock management, or public
health, often operating independently with limited interdisciplinary coordination. However,
the complex interactions among climate variability, pathogen ecology, ecosystem dynamics,
food safety, and zoonotic disease transmission demonstrate that fragmented approaches are
insufficient to address emerging health challenges. In this context, the One Health framework
has become an internationally recognized strategy for integrating expertise across multiple
disciplines to improve preparedness, surveillance, and response to climate-sensitive
infectious diseases.

The One Health concept is founded on the principle that the health of humans, animals,
and ecosystems is inseparably linked. Environmental degradation, biodiversity loss, climate
variability, and anthropogenic activities continuously modify the ecological interfaces where
pathogens circulate among wildlife, livestock, and human populations. Consequently,
preventing disease emergence requires coordinated actions that simultaneously address
environmental management, veterinary health, and public health. In Indonesia, the
implementation of One Health has increasingly supported surveillance programs targeting
zoonotic and vector-borne diseases by promoting collaboration among veterinary
authorities, public health institutions, environmental agencies, universities, and research
organizations (Ardani et al, 2022). Such multidisciplinary collaboration enhances the
capacity to identify emerging disease threats before they escalate into widespread
outbreaks.

Integrated disease surveillance represents one of the most important applications of
the One Health approach under changing climatic conditions. Traditional surveillance
systems often rely on passive reporting after disease outbreaks have already occurred,
limiting opportunities for early intervention. In contrast, One Health surveillance combines
epidemiological data from livestock, wildlife, environmental monitoring, and human health
systems to provide a more comprehensive understanding of disease dynamics.
Incorporating climatic variables, such as temperature anomalies, rainfall variability,

humidity, and vegetation indices, further strengthens predictive surveillance by identifying
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environmental conditions favorable for pathogen transmission. National experiences have
demonstrated that integrated surveillance systems improve the early detection of climate-
sensitive diseases, including leptospirosis and rabies, thereby enabling faster
implementation of disease control measures (Jatmiko dan Restu, 2023). The integration of
climatic and epidemiological information therefore represents a critical advancement in
proactive disease prevention.

Strengthening livestock management practices also constitutes an essential
component of climate adaptation within the One Health framework. Livestock producers
represent the first line of defense against climate-related disease emergence because farm
management directly influences animal health, environmental hygiene, and food safety.
Educational programs focusing on climate adaptation, biosecurity, animal welfare, and
preventive herd health management have been shown to improve farmers' capacity to
recognize disease risks and implement effective preventive measures. Community-based
training initiatives conducted in several Indonesian provinces have demonstrated increased
awareness and improved adoption of climate-responsive livestock management practices
following farmer education programs (Susanto dan Hermawan, 2022). These findings
emphasize that successful climate adaptation depends not only on technological innovation
but also on strengthening human capacity through continuous education and knowledge
transfer.

Technological innovation further enhances the effectiveness of One Health
implementation by supporting evidence-based decision-making. Advances in Geographic
Information Systems (GIS), remote sensing, environmental monitoring, and spatial
epidemiological modeling have significantly improved the ability to predict disease
emergence under changing climatic conditions. GIS-based risk mapping enables the
identification of geographical areas with high vulnerability to vector proliferation, pathogen
persistence, and disease outbreaks by integrating climatic, ecological, and epidemiological
data into a unified analytical framework. Such technologies have increasingly been applied
in Indonesia to monitor vector-borne diseases and assess environmental risk factors

associated with infectious disease transmission (Maulana dan Syahril, 2023). When
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combined with real-time surveillance systems, these predictive tools provide valuable
information for prioritizing disease control resources, designing targeted interventions, and
strengthening national preparedness against future climate-related health threats.

Beyond surveillance and technological development, effective climate adaptation
requires supportive governance and long-term policy commitment. Climate-sensitive
infectious diseases cannot be adequately managed through short-term interventions
because environmental changes continue to evolve over extended periods. National
adaptation strategies should therefore integrate climate resilience into veterinary services,
livestock production systems, biodiversity conservation, food safety regulations, and public
health planning. Cross-sectoral policy coordination facilitates efficient resource allocation,
harmonizes surveillance activities, and improves institutional readiness during disease
emergencies. Furthermore, integrating climate adaptation into national livestock
development programs promotes sustainable agricultural systems capable of maintaining
productivity while reducing vulnerability to emerging infectious diseases. Such policy
integration is fundamental for ensuring that scientific knowledge is translated into effective
public health and veterinary practice.

The implementation of One Health also supports the achievement of broader
sustainable development objectives by simultaneously addressing animal welfare,
environmental sustainability, food security, and human health. Healthy livestock
populations contribute to stable food production, while protected ecosystems reduce
opportunities for pathogen emergence and biodiversity loss. Likewise, improved food safety
protects consumer health and enhances public confidence in livestock products. These
interconnected outcomes illustrate that investments in One Health generate multiple
societal benefits extending beyond disease prevention alone. Consequently, One Health
should not be regarded merely as a disease control strategy but rather as a comprehensive
framework for strengthening resilience against the complex challenges posed by climate
change.

Collectively, the available scientific evidence indicates that One Health provides the

most comprehensive and scientifically robust framework for mitigating the impacts of
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climate change on infectious diseases. By integrating environmental surveillance, veterinary
medicine, public health, ecosystem management, technological innovation, community
engagement, and policy development, the One Health approach addresses the
interconnected drivers of disease emergence rather than treating their consequences
independently. Current national experiences further demonstrate that multidisciplinary
collaboration improves surveillance efficiency, strengthens outbreak preparedness, and
supports adaptive decision-making under increasingly variable climatic conditions.
Therefore, the successful implementation of One Health should be considered a strategic
priority for future climate adaptation policies, ensuring the protection of livestock health,
safeguarding food security, preserving ecosystem integrity, and reducing the risk of
emerging infectious diseases in an era of accelerating global climate change (Febrianto dan
Asti, 2022).

CONCLUSION

Climate change has emerged as a major ecological driver reshaping the epidemiology
of infectious diseases affecting livestock, food safety, and ecosystem stability. The evidence
synthesized in this review demonstrates that increasing temperatures, altered precipitation
patterns, and rising humidity facilitate pathogen persistence, expand vector distribution, and
intensify disease transmission, thereby increasing the vulnerability of livestock production
systems. These climatic changes also compromise animal health through heat stress,
nutritional deficiencies, and increased exposure to infectious agents, while simultaneously
threatening the microbiological safety and nutritional quality of foods of animal origin.
Furthermore, ecosystem disturbances, including wildlife redistribution, habitat
modification, and biodiversity loss, create favorable conditions for cross-species pathogen
transmission and the emergence of zoonotic diseases.

The findings highlight that climate-sensitive infectious diseases cannot be effectively
addressed through isolated sectoral interventions. Instead, an integrated One Health
approach provides the most comprehensive framework for strengthening surveillance,
improving biosecurity, enhancing climate-resilient livestock management, and supporting

evidence-based policy development. By synthesizing current knowledge across veterinary
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medicine, food safety, environmental science, and ecosystem health, this review contributes
a multidisciplinary perspective that clarifies the interconnected mechanisms linking climate
change with infectious disease emergence.

Future research should prioritize longitudinal epidemiological studies, predictive
climate-disease modeling, molecular surveillance of emerging pathogens, and quantitative
assessments of climate adaptation strategies. Strengthening interdisciplinary collaboration
and integrating advanced environmental monitoring technologies will be essential for
improving preparedness, protecting livestock production, safeguarding food security, and

enhancing ecosystem resilience under accelerating climate change.
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