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Abstract:

More and more, scientists are acknowledging that climate change is a major ecological factor that influences
the spread and transmission of diseases carried by vectors in animals. The habitats of vectors, the length of
the growing season, and the rate of disease growth in arthropod vectors are all being impacted by the changing
climate. The effects of climate change on the disease systems of livestock, wildlife, and companion animals
are summarized in this review, which draws on fifteen important studies. The results show that as
temperatures rise, vectors have a better chance of survival and can spread to higher latitudes and higher
elevations. Notable instances of redistribution caused by climate change include tick-borne diseases, ruminant
bluetongue epidemics, and the extension of mosquito ranges. Estimating the future magnitude of diseases is
fraught with uncertainty because to methodological heterogeneity and a lack of long-term data, even if models
that forecast future weather conditions indicate that climate suitability zones will continue to expand. In order
to protect animal health and ecological stability, it is crucial to implement climate-informed veterinary
surveillance and enhance predictive modeling. The research suggests that climate change amplifies the
transmission of illness in animal vector systems.
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1. INTRODUCTION

One group of viral diseases that affects animals all over the globe and is particularly hard on
the environment is vector-borne diseases (VBDs)!. The intricate web of relationships between
arthropod vectors, vertebrate hosts, and environmental factors is what makes vector-borne
agents unique from directly transmitted infections. Climate plays a significant role in
controlling the biology, reproduction, survival, and pathogen transmission effectiveness of
ectothermic species such biting midges, ticks, and mosquitoes: Changes in the weather, no
matter how little, can have a major impact on the number of vectors and the areas they inhabit.
Consequently, climate change is now a major factor changing the way animal vector-borne
diseases are studied.
Habitats on every continent have changed throughout the last several decades due to ecological
disturbance, altered rainfall patterns, more frequent extreme weather events, and global
warming?. Vector breeding seasons are shifting, vector activity is spreading to new areas that
weren't a good fit before, and host-parasite interactions are changing as a result of these
environmental changes. Increased disease incidence, decreased productivity, and economic
instability could result in cattle systems. Changing patterns of disease in animal populations
have the potential to upset ecological harmony and endanger biodiversity. The expansion of
vector habitats also means that companion animals are getting more and more exposed to new
diseases
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Figure 1: Climate change and vector-borne diseases

The ever-changing character of these ecological shifts is demonstrated by the redistribution of
diseases driven by climate change, such as bluetongue in sheep, ungulate-borne tick infections,
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and viral diseases transmitted by mosquitoes. Crucially, climate is not an independent actor; it
interacts with shifting land uses, migratory patterns of species, development of agriculture, and
international trade. Thus, a multidisciplinary ecological paradigm incorporating environmental
science, veterinary epidemiology, and host-pathogen biology is necessary for comprehending
vector-borne diseases in the context of climate change’.

Climate change has the potential to alter disease severity and host susceptibility in addition to
amplifying transmission intensity. Animals' immune systems can be impacted by heat stress,
which in turn can influence the proliferation of pathogens and the pathological consequences.
A cohesive conceptual framework is necessary to examine vector ecology, pathogenesis,
prediction modeling, and control techniques due to the complexity of these relationships.

1.1.  Background Information and Context
Animals around the world are vulnerable to vector-borne diseases caused by a broad range of
microorganisms, including as viruses, bacteria, protozoa, and helminths. The transfer of these
diseases from one host to another occurs by arthropod vectors. How long a pathogen can
incubate within a vector, how long its life cycle is, how it feeds, and how often it dies are all
affected by its environment*
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Figure 2: Direct effects of climate change on spread of disease vectors and VBDs 4
Disease vector control

There have been quantifiable ecological ramifications of recent climate shifts. Winters that are
warmer allow ticks to survive and prolong their active season. Warmer weather shortens the
incubation periods of infectious diseases and speeds up the growth of mosquitoes. Alterations
or additions to breeding habitats are brought about by shifts in precipitation patterns. Several
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significant animal diseases that were previously absent have emerged or re-emerged in regions
where these environmental changes have occurred’.

At the same time that Culicoides midges have been able to thrive in northern Europe, livestock
diseases like bluetongue virus infection in sheep and cattle have spread northward as well. Even
in temperate locations, where cold winters were once a limiting factor, tick-borne diseases have
grown in prevalence. As a first sign of how climate change can disrupt host-parasite
relationships, rising temperatures in Arctic habitats have changed the cycles by which parasites
spread from one species of animals to another

It is still difficult to forecast the spread of diseases, despite these findings. A number of factors
impact the kinetics of transmission, including vector biology, host density, immunity,
ecological interactions, and human effects. As a result, in an already intricate disease system,
climate change is a strong moderator.

1.2.  Objectives of the study
The main goal of this review is to compile the latest scientific findings regarding how climate
change is affecting the worldwide spread of diseases transmitted by animals. With this review,
we hope to accomplish:
1. To Examine how climatic variables influence vector ecology and geographic expansion.

2. To Analyze the effects of environmental change on host—parasite interactions in animal
systems.

3. To Evaluate predictive modeling approaches used to forecast disease emergence.

4. To Discuss ecological and pathological implications for livestock, wildlife, and
companion animals.

5. To Identify existing knowledge gaps and propose future research directions.

1.3. Importance of the Topic
Environmental, monetary, and public health concerns are further amplified by the growing
influence of climate change on the well-being of animals®. Rising temperatures are making
livestock production systems more susceptible to vector-borne diseases, which in turn reduce
productivity, impede commerce, and endanger food security. Simultaneously, wildlife
populations are vulnerable to changing disease dynamics, which can disrupt ecological balance,
alter interactions between species, and decrease survival rates. As vector habitats spread into
new geographic locations, companion animals are also at increased risk of developing illnesses.
The zoonotic potential of many diseases transmitted by animal vectors opens up channels for
transmission between different species and increases the overall health dangers. Consequently,
it is crucial to bolster veterinarian health management and overall global health preparation by
learning how climatic variability changes animal disease systems. From a policy perspective,
early-warning systems and adaptive preventative efforts can be enhanced by combining
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climatic data with veterinarian monitoring frameworks. Transmission cycles may endure in
places that were previously disease-free if climate-informed measures are not implemented to
address the ongoing growth of vector populations. Ecological modeling, veterinary
epidemiology, environmental monitoring, and novel disease management strategies are all
called for in response to the urgent multidisciplinary problem that is the coming together of
climate change and diseases transmitted by animals’

2. RESULTS AND FINDINGS

The research is organized topically according to the main ecological and epidemiological
aspects of animal vector-borne diseases induced by climate change. This helps to maintain
consistency and allows for clear analysis. Subsequent sections detail important results,
methods, and assessments of strengths and weaknesses.

2.1. Individual and Thematic Summaries of Included Studies
Climate Change and General Infectious Disease Frameworks

Altizer et al. (2013)® — Model for Future Climate Change and Disease Transmission
This theoretical and empirical investigation established a predictive ecological model
connecting the dynamics of infectious diseases with climatic variability. Temperature,
precipitation, and seasonal variability affect host-parasite relationships, according to the
authors' synthesis of long-term ecological data. The merging of ecological theory and
epidemiology is a significant advancement. Among its strengths are its theoretical
soundness and its ability to synthesize across disciplines. The lack of extensive empirical
confirmation across several animal systems is one of the limitations.

Lafferty (2009)° — Environmental Processes an Examination of the Relationship Between
Climate and Illness

This ecological study looked at the effects of rising temperatures on the life cycles and
transmission rates of parasites. According to the study's focus on non-linear responses,
climate change can either worsen or alleviate sickness depending on the surrounding
ecosystem. A solid theoretical basis is a strength. The lack of experimental proof is a
weakness.

Vector Biology and Climatic Determinants

Baylis & Githeko (2006)!° — The Impact of Climate on the Spread of Diseases in Animals
Livestock and animal illnesses affected by climate change were the main focus of this
review. It found that, especially for illnesses carried by arthropods, vector survival
thresholds are very climate-sensitive. Advantage: emphasis on the needs of veterinarians.
One drawback is that it is more descriptive than quantitative.

Caminade et al. (2019)!' — Anticipated Climate Change and Vector-Borne Illnesses
In this study, we used species distribution models and climate models to predict how vector

Drug Discovery and Molecular Docking (DDMD)
ISSN: 3107-6688 | Vol. 02, Issue-01, Jan-April. 2026 | pp. 93-105

97



Drua Discoverv An

Drug Discovery and Molecular Docking (DDMD)
ISSN: 3107-6688 | Vol. 02, Issue-01, Jan-April, 2026 | pp. 93-105

suitability zones might grow in the future under different warming scenarios. There was an
elevated risk in temperate zones, according to the study. One strength is the ability to
combine disease risk mapping with climate models. One limitation is the heavy dependence
on climatic projections.

Tabachnick (2010)'> — Threats from Vector-Borne Diseases and Their Predictions
The study demonstrated how difficult it is to predict how vectors, hosts, and pathogens will
interact in a changing environment. It dealt with methodological uncertainty in a critical
manner. Proficient in critical analysis; a strength. Limitation: insufficient use of real-world
examples

Tick-Borne Disease Expansion

Estrada-Peifia et al. (2012)"3 — Climate Trends and Tick Transmission

This study showed that warming trends enhance the risk of disease transmission and
lengthen tick activity seasons using ecological datasets and spatial modeling. Power:
accurate ecological simulations. Restrictions: inadequate evaluation of host immunity

Ogden & Lindsay (2016) '*~ Ticks and Climate Sensitivity

Ticks, according to this study, react differently to weather conditions than mosquitoes do.
Critical drivers were determined to be overwinter survival and humidity thresholds. Our
strength is our methodical, concentrated approach. Data restrictions due to region

Livestock Disease Emergence

Purse et al. (2005)'S — Bluetongue Emergence in Europe

A correlation between rising temperatures that made life easier for Culicoides midges and
bluetongue epidemics was found in this study. We utilized data that showed a link between
climate and epidemiology. An important strength is the robust correlation between the
weather and outbreaks. Caveat: Factors that could influence livestock trading were not
thoroughly investigated.

Guis et al. (2012)'® — Modeling Bluetongue Risk

Using several climatic scenarios, this modeling study predicted the occurrence of outbreaks
in the past and in the future. Power: ability to foretell future events. Deficiency: lack of
clarity regarding the diversity of vector competence

Baylis (2017) ! — Climate Impact on UK Animal Diseases
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The risk of vector-borne livestock diseases in temperate regions was shown to be higher,
according to this projection-based investigation. Policy relevance is a strength.
Restrictions: situational

Mosquito Range Expansion

Rochlin et al. (2013) '*~ Expansion of Aedes albopictus

The spread of invading mosquito species to northern regions was shown by field monitoring
data. Results from climate suitability mapping corroborated these observations. Advantage:
confirmed by real-world data. Disadvantage: Human-caused transit factors are not
completely isolated

Kilpatrick & Randolph (2012) ' — Drivers of Vector-Borne Zoonoses

Potential environmental factors and methods for preventing the spread of new zoonotic
vector illnesses were the focus of this research. Comprehensive risk-factor analysis is a
strength. One limitation is the lack of comprehensive climate-specific data.

Wildlife Host—Parasite Systems

Harvell et al. (2009) 2— Climate and Wildlife Diseases

Interactions between environmental stress and host vulnerability were the focus of this
ecological synthesis. Ecological integration is a strength. Difficulty: insufficient data on
individual diseases

Kutz et al. (2009)?! — Arctic Host—Parasite Dynamics

This study showcased the life cycles of parasites that are affected by climate change using
Arctic ungulates as a model. Advantage: gradient in the natural environment. Constraint:
not much can be said about tropical systems when extrapolated.

Taylor et al. (2001)*2 — Risk Factors for Disease Emergence

Although this study covered more ground, it did identify ecological disturbance and animal
reservoirs as important factors in the spread of diseases. Foundational framework is a
strength. Restrictions: indirect consideration of climate

2.2 Critical Evaluation of Methodologies

There is a lot of methodological variation, but overall, the evidence is solid that climate
influences animal vector-borne diseases. Consistent advantages and disadvantages are
shown via a methodical evaluation.

Strengths Across Studies
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o Integration of climate datasets with epidemiological surveillance
o Use of spatial and predictive modeling tools

o Inclusion of livestock and wildlife systems

o Interdisciplinary ecological frameworks

o Longitudinal environmental monitoring in selected region.

Weaknesses Across Studies

J Heavy reliance on correlational rather than experimental evidence
o Limited integration of host immune response parameters

o Inconsistent vector competence data

J Short temporal datasets in emerging regions

o Uncertainty in future climate projections

3. DISCUSSION

After reviewing all fifteen studies, it is clear that climate change is playing a significant role in
how animal vector-borne diseases are spread and transmitted across different regions and host
systems. Livestock production systems, animal habitats, invasive mosquito spread, parasite
ecology in the Arctic, and predictive modeling frameworks are all covered in the literature
review. All things considered, the research show that vector habitats are changing and
transmission seasons are getting longer due to increased temperatures, changed precipitation
patterns, and environmental variability. Modeling limitations, ecological complexity, and
methodological variety make it difficult to draw definitive projections, even if the overall trend
shows that climate suitability zones for many vectors are expanding. However, there is
mounting evidence that climate change amplifies the transmission of many animal diseases,
making cattle, wildlife, and companion animal populations more susceptible?.

3.1 Interpretation of Findings

According to the papers that were analyzed, the most consistent climate connections were with
tick-borne diseases, bluetongue outbreaks, and the extension of the mosquito range.
Repeatedly, warmer winters were associated with better vector overwinter survival, and higher
mean temperatures decreased the time it took for vectors to generate pathogens. Under future
warming scenarios, vector suitability zones are expected to shift northward and altitudinal in
spatial modeling studies.

The best empirical links between climate variability and epidemic patterns were found in
livestock-focused research, namely on bluetongue virus. In a similar vein, systems of Arctic
wildlife provided strong evidence of parasite life cycle acceleration caused by temperature®*.
All of these results point to one thing: vector ecology is quite sensitive to weather patterns.
But there was a lot of variation across trials when it came to objectively measuring the intensity
of transmission and the severity of the disease. Instead of doing direct mechanistic experiments,
many analyses depended on climate-disease associations. While ecological cues do seem to be
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strong, the exact extent of an outbreak cannot be predicted with any degree of certainty,
according to this disparity. However, the results do show that more integrated ecological
validation is necessary, and that temperature is still the most important climatic factor.

3.2 Clinical and Veterinary Implications

The effects of climate change on veterinary health systems are systemic, rather than localized.
In warmer areas, the livestock industry may experience more frequent outbreaks, longer
transmission seasons, and greater economic losses. There has to be a change in prevention
tactics because companion animals are being exposed to more ticks and mosquitoes.
The redistribution of parasites due to climate change has the potential to affect the survival of
species and the delicate balance of ecosystems, which complicates efforts to conserve
biodiversity. There are greater public health concerns regarding the zoonotic potential of
several animal vector-borne diseases®>

Possible improvements to early warning systems and adaptive disease control strategies could
result from combining climate science with veterinary monitoring systems. Some ways that
vulnerable regions could be better prepared are through the use of geographic risk mapping,
vector monitoring programs, and immunization tactics that take climate change into account.
Veterinary policy frameworks should incorporate environmental variables due to the typically
consistent prediction trends across modeling studies.

3.3 Gaps Identified

There are still some significant holes in the literature, even if there is considerable ecological
evidence. The first issue is that temperature is the primary variable used in many forecasting
models, while other important factors such as humidity, land-use change, biodiversity impacts,
and host immunity dynamics are neglected. Second, it is difficult to predict transmission trends
that will last for decades due to a lack of comprehensive long-term longitudinal datasets.
Thirdly, there is a dearth of in-depth laboratory investigations that directly connect climate
stress to changed immunological responses in their hosts.

Data asymmetries also result from regional differences in monitoring infrastructure, which is
especially problematic in low-resource areas that may be most vulnerable to climate change.
Vector competency data that is inconsistent adds another layer of difficulty to comparing
studies. Improving prediction accuracy and turning ecological insights into workable disease
management strategies requires addressing these limitations.

3.4 Future Research Directions

e Long-term ecological surveillance systems spanning multiple regions should be the
focus of future research in order to strengthen the validity of climate-disease prediction
models.
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e To better understand the mechanisms behind the severity of diseases under climatic
stress, modeling frameworks should incorporate host immune response factors.

e FEarly warning signs of larger ecological changes may be provided by enhanced
monitoring programs in the temperate zone, high altitude, and the Arctic.

e In order to improve the dependability of climate-driven illness forecasts, it would be
beneficial to compare them with real-world outbreak data.

e Last but not least, in order to create adaptive and long-term plans for disease control in
the midst of rapidly changing environmental conditions, climatologists, veterinary
epidemiologists, ecologists, and policymakers must work together.

3. CONCLUSION

The role of climate change as an ecological factor influencing the spread, severity of
transmission, and new occurrences of diseases transmitted by animals is being acknowledged
more and more. Environmental variability, changing precipitation patterns, and increasing
temperatures all have a major impact on vector survival, seasonal activity, and disease
development, according to the fifteen research that were examined. Climate change is a
transmission amplifier in many animal disease systems, according to the overall body of
research. However, exact forecasts are limited by variances in modeling methodologies,
ecological contexts, and monitoring quality. Convergence of ecological modeling, livestock
epidemiology, and wildlife investigations shows that climate-driven redistribution of vectors
poses enduring threats to animal health, even while the extent and timing of future outbreaks
are unpredictable. Therefore, in order to safeguard ecosystem health, livestock productivity,
and wildlife stability from new diseases, climate-informed veterinary planning and ongoing
multidisciplinary research are crucial.

4.1 Summary of Main Insights

e  When it comes to climate, temperature is the most important element affecting vector
survival, geographic expansion, and the effectiveness of pathogen transmission,
according to most of the research that were evaluated.

e Warming trends and extended transmission seasons are consistently linked to tick-
borne diseases, bluetongue outbreaks in livestock, and the extension of mosquito
ranges.

e Studies based on predictive modeling indicate that, in the future, vector suitability
zones will continue to expand into higher latitudes and altitudes. Early ecological
markers of alterations in diseases affected by climate change can be found in wildlife
systems, especially in the Arctic host-parasite networks.

e The necessity for more thorough research frameworks is underscored by the fact that,
although there are substantial ecological connections, there is a lack of data from long-
term surveillance, integration of host immunity, and experimental validation.
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4.2 Recommendations

Improved early warning capacity in areas with susceptible cattle and wildlife can be
achieved by the reinforcement of climate-informed veterinary monitoring systems.
Strategic planning for disease prevention and vector management should include
predictive climate-disease modeling.

This should be done in collaboration with veterinary authorities and policymakers.

To confirm predictive models and reduce uncertainty in epidemic forecasting, it is
recommended to build long-term, multi-regional ecological monitoring programs.
Climate scientists, veterinary epidemiologists, immunologists, and ecological
modelers should work together in future studies to decipher the complexities of
transmission.

To reduce financial and environmental losses, adaptive disease management
approaches should be put into place, such as tracking vectors, making plans for
vaccinations, and intervening specifically in areas that have recently become suitable.
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