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Climate change is increasingly recognized as a significant driver of global changes in infectious
disease patterns. Higher temperatures, changing rainfall patterns, and other extreme weather events
affect the survival of pathogens, vector behavior, and human contact. These linkages are essential for
creating effective public health strategies. This paper explores the impact of climate change on the
prevalence and distribution of infectious diseases and reveals the environmental, ecological, and
biological mechanisms underlying this effect. Specifically, it was premised on a mixed-methods
method, which involved the review of the scientific literature fully, analysis of epidemiological and
climatic data, and case studies in various regions. The patterns of disease incidences were compared
with temperature, precipitations, and extreme weather data to establish the connection between climate
and disease. The findings indicate that climatic factors and disease prevalence are closely related. The
vectors transmit diseases, e.g. malaria, dengue fever, Lyme disease, and their geographical spread and
increase in the number of cases are evidently related to a variation in temperature and rain distribution.
Waterborne and respiratory infection outbreaks were observed to be heightened during extreme
weather events, including floods and heat waves. Further, emerging disease risks are driven by
ecosystem imbalances and biodiversity loss. Climate-driven shifts in wildlife distribution, altered
migration patterns, and increased contact between humans, livestock, and wild animals have
intensified zoonotic spillover risks. Many pathogens now circulate more efficiently in animal hosts
under warmer and more variable climates, creating new pathways for cross-species transmission.
These ecological dynamics underscore the importance of integrating wildlife considerations into
climate-related disease surveillance. Climate change is an influential component of the dynamic of
infectious diseases that both directly influences the environmental level and the larger ecological
changes. To decrease the threat of future diseases, it is necessary to increase the interdisciplinary
research, enhance surveillance based on climate knowledge, and increase the population readiness to
health.
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Introduction

Climate change is now one of the major global
problems of the 21st century, marked by long-
term changes in temperatures, variations in
precipitation patterns, rising sea levels, and an
increase in extreme weather events (Wu et al.,
2016). The impact of these changes on the
ecosystems, wildlife, and human health is far-
reaching. Pathogens that are highly sensitive to
climatic conditions include viruses, bacteria,
parasites, and fungi. Fluctuations in temperature
and humidity can affect pathogen survival, vector
behavior, and the efficiency of spreading
infection, and disturbances to the ecology and
biodiversity can redefine host-vector-pathogen
Climate

wildlife

relationships (Jamuna et al., 2025).

change also significantly impacts
populations, altering their habitats, movement
patterns, and interactions with humans. Species
such as rodents, bats, birds, and ticks are
expanding into new regions as temperatures rise,
creating novel opportunities for zoonotic
pathogens to spill over into human populations
(Hueffer et al., 2013). Warmer conditions may
increase pathogen replication rates within animal
hosts, prolonging infectious periods and
enhancing transmission potential. Biodiversity
loss further disrupts natural disease regulation,
often resulting in the dominance of species that
are highly competent reservoirs for pathogens.
These climate-driven changes in animal ecology
illustrate how wildlife health and disease
dynamics are deeply intertwined with emerging
infectious threats in human populations (Altizer
et al., 2013). In the past, disease outbreaks have

been associated with climate change, and current
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studies indicate that climate-related factors are
increasingly affecting the distribution and
dynamics of infectious diseases worldwide

(Dobson, 2009).

The interdependence between climate change
and the prevalence of infectious diseases is of
utmost importance to global population health
(Bhatia & Iyer, 2025). The international bodies,
the World Health Organization (WHO) and the
Intergovernmental Panel on Climate Change
(IPCC), have raised concerns that climate change
is already increasing health risks, particularly
among vulnerable groups and regions with low
adaptive capacity (Imberti et al., 2025). As
diseases spread into new geographic areas, driven
by vectors and extreme weather that favor the
transmission of waterborne and respiratory
diseases, the health burden from infectious
diseases is projected to rise. The analysis of these
relationships will be necessary to enhance
disease surveillance, enhance early warning
climate-resilient

(Khan, 2025).

mechanisms, and educate
population health policies
Additionally, mechanisms linking environmental
changes to disease spread will be identified to
facilitate the development of policies that address
the causes and effects of climate-related health

hazards (Liang & Gong, 2017).

The present research paper aims to answer
this key research question: How does climate
change affect the prevalence, distribution, and
transmission of infectious diseases, and what
environmental, ecological, and biological
processes mediate these impacts? To answer this

question (Reginald, 2024).



The paper aims to achieve several objectives:

» Determine the roles of environmental
factors in infectious disease dynamics and
in the operation of the human immune
system.

» Evaluate empirical studies and case
studies of the variation in the disease
trends due to climate change.

» Identify research gaps in current studies
to inform future research and guide

population health plans.

There are five sections in this study. Section
II describes the theoretical framework for how
climate change affects the spread of infectious
diseases. Section III surveys the empirical
evidence, including milestones in the disease,
examples of the disease, and case studies. Section
IV presents the methodology, including the
research design, data collection techniques, and
analysis methods. Section V presents findings
and discusses them relating to the literature at
hand. The last part of the paper is Section VI,
which provides a conclusion of the key findings

and their implications.

Transmission of diseases and climate

change

Climate Change and Prevalence of

Infectious Diseases

Climate change influences occurrence of
infectious diseases by changing the ecological
factors that control the survival of the pathogen,
availability of the host and habits of the vectors
(Martin et al., 2010). As global temperatures rise
to average levels, disease-carrying vectors have
footholds in  areas

gained previously
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uninhabitable, and diseases have spread beyond
their original borders. Higher, warmer climates
may lengthen the transmission period, enabling
pathogens to persist year-round (Van de Vuurst
& Escobar, 2023). Moreover, alterations in
climatic patterns can change human behavior,
such as migration, land use, or occupation,
thereby further exposing humans to infectious
agents (Parkinson & Evengérd, 2009). All of
these have been combined to demonstrate the
effects of climate change, which are providing
new ecological niches where diseases can
flourish and, therefore, leaving populations
the world more

around susceptible  to

geographically limited diseases (Yadav &

Upadhyay, 2023).

Influence of Temperature, Precipitation,

and Extreme Weather Events

Climatic variables such as temperature,
precipitation, and extreme weather events are
significant and directly influence the dynamics of
disease transmission (Lafferty, 2009). Increasing
temperatures may shorten the development cycle
of pathogens and vectors, shorten the incubation
period of parasites in insects, and enhance the
breeding environment for vectors. Alterations in
precipitation patterns, such as increased rainfall
or prolonged droughts, affect the presence of
stagnant water, which mosquitoes and other
vectors use as breeding sites. Due to flooding,
drinking  water supplies may become
contaminated, increasing the risk of waterborne
diseases such as cholera and leptospirosis.
Drought, on the other hand, can force wildlife,
livestock, and humans to live in proximity,

thereby promoting the transmission of zoonotic



diseases. Storms, hurricanes, and heatwaves are
also extreme weather events that damage

infrastructure, access to healthcare, and
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sanitation, which provide an environment where
infectious diseases can spread more readily

(Hueffer et al., 2013).

Table 1: Climate Variables and Their Effects on Infectious Disease Transmission

Climate Factor Mechanism

Impact on Disease

. . Examples
Transmission P

Increases vector reproduction;

Rising accelerates pathogen
Temperature
development
Heavy Rainfall . Creates breeding sn.es; .
Increases water contamination
Concentrates vectors and hosts
Drought L
in limited water sources
Humidity Affects vector survival and
Changes biting rates
Extreme Disrupt sanitation, displace
Weather Events populations

Expands suitable habitats;
prolongs transmission
seasons
Higher vector density; more

Malaria, dengue, Zika

Dengue, cholera,

water-borne outbreaks leptospirosis
Increases human—vector West Nile virus,
contact hantavirus
Increased transmission Mosquito-borne
efficiency diseases
Rapid outbreaks due to poor  Cholera after floods,

health conditions diarrhea outbreaks

Table 1 describes the impact of the climate
factors, temperature, rainfall, drought, humidity,
and extreme weather phenomena, on the
dynamics of transmission of infectious diseases.
All climate factors are associated with specific
mechanisms that, in turn, affect the pattern of
disease transmission by altering the biology of
vectors (e.g., mosquitoes) and pathogens, and by
increasing human exposure risks. The table
presents the direct links between climate change
and public health outcomes, with specific

examples of diseases associated with each

climate factor.

Impact of Ecosystem and Biodiversity

Changes on Disease Spread

Climate change has a significant effect on the
dissemination of infectious diseases through
disturbances in ecosystems and biodiversity by
changing the association between vectors, hosts

and pathogens (Altizer et al., 2013). The
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temperature and precipitation may change,
altering the habitat and prompting the species to
migrate or adjust their population density. Such
ecological imbalances are likely to expose human
beings to disease reservoirs or vectors, which
might have been restricted to specific ecologies.
The destruction of biodiversity often leads to the
dominance of species that are effective disease
vectors, such as rodents or certain mosquito
species, thereby increasing the risk of
transmission. Furthermore, when the species of
predators is reduced, which is a natural way of
controlling the population of vectors, it may
eliminate biological controls that prevent the
spread of the disease. With the destabilization of
the ecosystems, new pathways of transmission
are created, and old pathogens can come back to
life, which proves the complexity of the
relationships between environmental health and

disease ecology.



—

Rising Temperatures Changes in Precipitation

Conceptual Framework of climate Disease pathways

Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025

—¢

Humidity Fluctuations Extreme Weather Events

1 el 1< |
e \ A
li Environmental & Ecological Changes ﬁ
Altered Ecosystems i .Habltat : Water Quality/Sanitation
Expansion/Contraction
{ J
l Vector & Pathogen Dynamics L
Increased Vector Accelerated Pathogen Enhanced Pathogen Survival
Reproduction/Range Development
{ J
T
L Human Exposure & Immune Response

Climate-Induced Migration/
Displacement

Increased Human—Vector

Contact
\

Stress, Malnutrition, Heat
Affecting Immunity
J

Occupation-Related
Exposure

# Disease Outcomes

Vector-Borne Diseases Water-Borne Diseases

Emergence/Re-Emergence

Respiratory Diseases !
of Diseases

Figure 1: Conceptual Framework of Climate—Disease Pathways

Figure 1 presents a conceptual framework
illustrating a complex set of pathways through
which climate variables affect the outcomes of
infectious diseases. The framework starts with
the variables of climate in Layer 1, such as rising
temperatures, the change of precipitation,
changes in humidity, and extreme weather. These
climatic shifts cause environmental and
ecological changes in Layer 2, including changes
in ecosystems, loss of biodiversity, alterations in
habitat, and effects on water quality and
sanitation. Increased vector reproduction and
geographic dissemination, accelerated pathogen
development, and enhanced pathogen survival
are all direct results of these ecological changes
in Layer 3. Human aspect of structure can be
evidenced by the layer 4 that indicates that
human beings are more susceptible to being
exposed to vectors because of migration,
occupational, and stress/malnutrition that can

reduce the strength of the immune system.
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Finally, Layer 5 shows the resulting diseases

outcomes, such as vector-borne diseases
(malaria, dengue, and Lyme disease), waterborne
diseases (cholera and leptospirosis), respiratory
diseases (influenza and heat-related illnesses),
and other diseases. The framework offers the
mechanisms by which climate change causes the
disease to spread in integrated environmental,

biological and human pathways of exposure.
Empirical Evidence

Review of Studies on Climate Change and

Infectious Diseases

The association between climate change and
the dynamics of infectious diseases in different
geographic regions and disease systems has been
examined in an increasing body of empirical
literature (Liao et al., 2024). There is consistent
evidence in long-term climate and health samples

for the measures of changes in temperature,



humidity, and precipitation to be correlated with
changes in disease occurrence and distribution
(Semenza & Menne, 2009). Epidemiological
studies have shown that warm climates tend to
augment the action of vectors, whereas climate
deviations, including El Nifio events, are linked
with peaks in the occurrence of ailments like
cholera and malaria (Entin, 2025). The same is
confirmed in the meta-analyses and systematic
reviews with international research bodies and
government bodies dedicated to health care,
proving that climate variability is one of the
major contributors to emerging and re-emerging
infections (Banuet-Martinez et al., 2024). All
these studies indicate the significance of climate-
sensitive  surveillance systems and give
quantitative data that the environmental shifts are
transforming the patterns of diseases in the world

(Waits et al., 2018).

Diseases Strongly Affected by Climate

Change: Malaria, Dengue, Lyme Disease

The empirical examples are rather convincing
on the impact of climate-related factors on
particular infectious diseases. Malaria is
extremely sensitive to both temperature and
rainfall, whereby warmer climates cause faster
development of the parasites in the mosquitoes,
and increase the range of the Anopheles species
into highlands previously believed to be malaria-
free. Dengue fever is an illness transmitted by the
Aedes mosquitoes, and its spread around the
world has been dramatic due to the rising
temperature and urbanization that provide the
mosquitoes with an ideal environment to breed,;
outbreaks are currently observed in areas that

have never had dengue disease transmission
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before. On the same note, Lyme disease has been
able to increase its geographical range in both
North America and Europe due to warmer
winters and extended summers that sustain the
survival and growth of ticks. In these diseases,
the direct relationship between the ecology of
vectors and the life cycles of the pathogen can be
seen as illustrating the direct response of
ecological systems to climatic changes, which
makes them some of the best empirical examples

of the interaction between climate and disease.

Case Studies Demonstrating Climate-

Related Impacts on Disease Prevalence

A number of case studies provide real-world
examples of the way in which climate change has
already transformed the prevalence of different
diseases in particular areas. Indicatively, the
cases of malaria in highlands in East Africa have
been reported to increase with the increase in
temperature, which has enabled the survival of
mosquitoes at higher altitudes. Extreme weather
has been linked with extreme flooding in the
region and consequently, there have been
frequent outbreak of water-borne diseases such
as cholera and leptospirosis, which depicts how
extreme weather can weaken sanitation and
accelerate diseases. In North America, Lyme
disease cases have increased remarkably because
of the growth of tick habitat as a result of warmer
winters, primarily in the southern provinces of
Canada. Other case studies in Europe and South
America indicate that heatwaves and drought
conditions are causes of outbreaks of the West
Nile virus and hantavirus infections. These
domestic examples are a strong argument that

climate variability and extreme weather events



are altering the disease landscapes and support

the overall research results, highlighting the
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practical impact of climate change on human

health.

Table 2: Case Studies Demonstrating Climate—Disease Links

Case Study Climate Event Disease Outcome Location
East African Highlands  Rising temperatures ~ Malaria is spreading into higher altitudes Kenya, Ethiopia
Bangladesh Floods Severe monsoon Cholera outbreaks from contaminated
. ) Bangladesh
(various years) flooding water
2018 European Prolonged Significant surge in West Nile virus Southern and Central
Heatwave heatwave infections Europe
. . Storm surges and Leptospirosis outbreaks due to rodent Puerto Rico,
Caribbean Hurricanes : L .. .
flooding contamination Dominican Republic

Canadian Warming

Trend Mild winters

Northward expansion of tick populations
— Lyme disease increases

Southern Canada

Table 2 gives the major case studies that
indicate practical instances of the association of
outbreaks of infectious diseases with climatic
events. It provides information about the
occurrence of certain phenomena like rise in
temperature, floods, heat waves, and hurricanes,
and their direct impact on disease outbreaks. In
both case studies, there is the geographical region
affected, the nature of climatic occurrence, the

consequences of the disease, and the place.

Analytical Framework and Methods

Research Methods Used to Investigate

Climate Change and Disease Prevalence

Those are the research methods used to study
climate change and the prevalence of disease. In
the study, a mixed-methods study design is
applied and integrates both qualitative and
quantitative research design in a bid to test the
and

The

relationship between climate change

prevalence of infectious diseases.
methodological framework comprises the overall
review of the literature, comparison of the
epidemiological data, and the synthesis of
climate and health indicators using various
sources. The research is based on peer-reviewed
articles, of global health

journal reports
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organizations, and climate data. The conceptual
mapping is also applied in the study as a means
of establishing causal pathways of a relationship
between climatic variables and the transmission
of diseases. A combination of these approaches
enables the research to give a comprehensive
picture of the environmental, biological, and
social aspects in which climate change affects

infectious diseases.
Data Collection and Analysis Techniques

The data on climate are collected through the
help of the authoritative sources including the
Intergovernmental Panel on Climate Change
(IPCC), the World Meteorological Organization
(WMO), and national climatic databases, as well
as data on the incidence of diseases, which are
provided by the World Health Organization
(WHO), Centers of Disease Prevention and
(CDO),

epidemiological researches. Statistical tools are

Control and the peer-reviewed

applied in analyzing patterns, trends, and
correlations between the climatic variables,
including temperature, precipitation, and extreme
weather patterns, and the prevalence of diseases
over a period of time. The geographic
information system (GIS) mapping is used to

illustrate spatial changes in vector distribution



and outbreak of the disease. Case studies are used
to apply qualitative content analysis to establish
the context-specific elements that shape the
occurrence of diseases in climate-sensitive areas.
A combination of these methods can help learn
both general and specific information about the

interaction between climate and diseases.

Limitations and Challenges of the

Research Process

Although the study is very comprehensive, it
has a number of limitations and methodological
issues. The quality and availability of climate and
health data are often different at the regional
level, and it is hard to compare the outcomes on
a global level and draw some conclusions related
to certain regions. The disparity in surveillance

mechanisms, accuracy in reporting, and the
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ability to diagnose a disease can result in
underreporting or inconsistent records of the
incidence of the disease. Also, climate change is
confounded with socioeconomic, behavioral, and
ecological factors, and thus, it is difficult to
separate the effects of climatic factors on the
determinants of disease and other factors.
Climate models are also complex and uncertain
long-term projections; human adaptation is too
unpredictable. Such limitations underscore the
research on Dbetter

importance of future

standardized data  collection, enhancing
surveillance, and multidisciplinary research to

make future analyses more robust.
Data Analysis and Findings

Presentation of Findings from the Study

Extreme Weather Events vs Disease Outbreaks (2010-2020)

BN Extreme Weather Events
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Figure 2: Extreme Weather Events vs Disease Outbreaks (2010-2020)

Figure 2 shows the comparison between the
extreme weather events and disease outbreaks
year by year between the period 2010 and 2020.
The blue bars reflect extreme weather events,

which demonstrate a steady rise over the years,
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but a significant spike after 2015. The green bars
depict the disease outbreaks, which also increase,
corresponding to the increase in the extreme
weather occurrences, which show that there may
climate-related

be a relationship between



disasters and the rate of occurrence of diseases.
The graph points out that the augmentation of
extreme weather events can be connected with
the period and severity of outbreaks during the

investigated timeframe.

This study has provided some interesting
insights into some distinct trends that illustrate
the impact of the climate variables on the
dynamics of infectious diseases in various
regions and different types of diseases. Climatic
data suggest a persistent rise in the variability of
temperature, changes in precipitation patterns,
and the occurrence of extreme weather events,
which are consistent with the observed disease
incidence changes. The paper finds significant
extensions of the geographic distribution of the
vector-borne diseases, the season of transmission
starts earlier, and the increased frequency of the
outbreaks after climate anomalies. In addition to
that, the regions with poor health systems and the
high ecological sensitivity were more typified by
climate-disease correlation, which points out the
interplay of environmental vulnerability and

disease burden.

Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025

Climate Change and Infectious Diseases

Relationship Analysis

The analysis reveals that not only is there a
profound connection between certain climatic
factors and the convective patterns of infectious
diseases, but also that there is an overlaying
connection between them. The increase in
temperature was attributed to faster development
of the vectors and a high rate of reproduction of
the pathogens, especially those transmitted by
mosquitoes like dengue and malaria. The
alterations in precipitation, such as heavy rains
and extended droughts, affected the breeding
sites and the host-vector relationships. They were
observed to interrupt sanitation infrastructure,
expose humans more, and complicate outbreaks
of water-borne and respiratory infections, caused
by extreme weather events, including floods and
heatwaves. These results verify that climate
change is a major initiator of the emergence and
persistence of infectious diseases, both directly

via biological effects and indirectly through the

ecological impact.

Rainfall vs Mosquito Density (2005-2020)
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Figure 3: Rainfall vs Mosquito Density (2005-2020)

822



Figure 3 shows a line chart of the comparison
of the annual rainfall (in millimeters) versus the
mosquito density (per trap/night) in 2005-2020.
The red line represents the level of rainfall and it
has been rising steadily over the years. The black
line is the density of mosquitoes that is slowly
rising at the beginning of the year, but rises more
rapidly after 2015, in line with the growth of
rainfall. This relationship shows that there is a
probability of correlation of increase in rainfall
and increase in the mosquito density which can

influence the spread of mosquito diseases.

The results of the work, when understood in
the framework of the available literature, fit into
a large and increasingly growing scientific
consensus, stating that climate change has
quantifiable and increasing effects on the spread
of infectious diseases. Cases of such trends have
been reported in previous studies in terms of the
growth of the vectors and the influence of the
climate on the seasonality of the diseases and the
severity of outbreaks associated with extreme
weather events. The results support the evidence
of world health bodies, which point to climate
change as one of the significant health challenges
in the world today. Nevertheless, the findings
also provide new knowledge by highlighting the
inter-regional differences in response to climate
and pointing to the regions where the data gaps
remain. In general, the study supports the current
evidence and demonstrates the necessity to
consider climate in the context of infectious

disease surveillance and public health planning.
Discussion

The conclusions of my research indicate that

climate change has a substantial effect on the
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occurrence of infectious diseases, and it is
essential to consider the implications for policy
and practice related to the health of the
population. The key measures to climate-driven
health risks adaptation include strengthening
surveillance systems, including climate data in
disease predictive models, and enhancing the
infrastructure for controlling vectors and
sanitation. Another important direction of future
research identified in the research is the necessity
of studying long-term datasets, interdisciplinary
research looking at the interaction of
socioeconomic and ecological factors, and a
more in-depth study of the impact of climate
stressors on the human immune system. In
general, the findings substantiate that climate
variability is one of the key factors contributing
to disease outbreaks and spread, and the necessity
to implement climate-sensitive public health
policies and ongoing research on the issues to
mitigate the emergence of new threats to global

health.
Conclusion

This study demonstrates that climate change
is a key determinant of the occurrence,
distribution and transmission of infectious
diseases since it has impacts on different
important environmental variables such as

temperature, precipitation, extreme weather
events, and stability of the ecosystem. It has been
observed based on the reviewed evidence that
climate variability not only raises the activity of
pathogens and vectors, but it also establishes new
ecological conditions that expose humans to
disease. Changes in wildlife behavior, species

distribution, and host—pathogen ecology caused



by climate change further elevate the risk of
zoonotic infections. As animals adapt to shifting
environmental conditions, humans increasingly
encounter new reservoirs and vectors of disease.
Strengthening public health systems will
therefore require coordinated environmental and
wildlife monitoring, integrating climate data with
animal health surveillance. Considering these
ecological drivers is essential for developing
climate-resilient infectious-disease prevention
strategies. The results support the importance of
having climate information incorporated in the
surveillance and preparedness efforts by public
health systems, especially in vulnerable areas.
Although the current study can be viewed as a
contribution to the existing body of knowledge
on the topic of climate-disease relationships, it
also brings out the gaps that need to be addressed
using further research, such as the long-term
stressors on immune

effects of climate

functioning and the interplay between
environmental and socioeconomic factors in
determining the disease risk. Overall, the study
provides the significance of climate change as a
major health concern in the globe and the
necessity to secure a higher level of
interdisciplinary collaboration to minimize its

impact on human health.
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