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ABSTRACT

Climate change and infectious diseases have been topics of interest for professionals such as Environmental Scientists,
Ecologists, Public Health professionals, and Social Psychologists. The relationship between climate change and infectious
diseases is complex, affecting the environment, social and economic conditions, and human health. It affects pathogens,
vectors, transmission routes, and the human population's susceptibility to diseases. Infectious diseases like malaria, dengue
fever, cholera, and influenza are sensitive to climate change, and scientists are focusing on better modeling, preemptive
warnings, and new technologies like biosurveillance, artificial intelligence, and vaccine development to reduce the
consequences of climate change for new and re-emerging diseases. A combination of multi-level and multi-sectoral efforts and
a global approach is required to monitor and respond to future outbreaks. This paper will explore effective measures in
preventing diseases related to climate change and the existing scientific evidence to prove its impact on infectious diseases.
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1. INTRODUCTION

There has been so much attention and so many different views
evoked by the proliferation of studies on climate change and
health, particularly climate change and infectious diseases [1].
The interplay between climate change and infectious diseases
strikes a chord with different professionals, such as Environ-
mental Scientists, Ecologists, Public health professionals, and
Social Psychologists [1]. Taking into consideration the psycho-
logical consequences on society reported in a previous section,
aspects of climate change include addressing its possible causes
since the nineties; however, it has been only on a gradual
increase in subsequent reports [2]. In meetings conducted in
2007, it was reported that the global average surface temperature
has been on the increase since the mid-20th century and hence
there are some biological phenomenon that warrants the light of
the climate chnges we are facing [3].

It was observed that in this century there shall be extended
duration and grouping of more heat waves than what has been
observed in the history of the world, rainfall will be erratic, and
more climate changes will be on the rise in terms of both
frequency and intensity. Nevertheless, in these exact
circumstances, the possible consequences of climate change on
infectious diseases were rather overlooked. Most of the potential
impacts mentioned were more likely to be serious impacts [1]. For
instance, the parched soil contains an increased level of
intermediate vector leads to a higher incidence of water-borne
diseases following rainfall events and an increase in vector moist-
borne diseases [1, 3].

There is a definite interrelationship between climate change and
transmission dynamics of disease. Climate change affects the
environment, alters the social and economic situation, and conse-
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quently changes the state of human health and the spread of
infectious diseases [4,5]. It acts on pathogens, vectors, and
transmission routes, and also on the human population's
susceptibility to the disease. Elements like temperature, rainfall,
and humidity lead to the spread of disease-carrying organisms and
the threats of the disease to humans and animals [5].

Some infectious diseases, such as malaria, dengue fever, cholera,
and influenza, are also sensitive to climate change [1]. To tackle
this problem, scientists focus on the necessity of better modeling,
preemptive warnings, and other actions [5]. The use of these new
technologies, with the addition of biosurveillance, artificial
intelligence, and vaccine development, is the most effective
approach to lessen the consequences of climate for new and re-
emerging infectious diseases. A combination of multi-level and
multispectral efforts and a global approach will be required to
adequately monitor and respond to future outbreaks.

This paper will consider what measures are efficient in preventing
the diseases concerning climate change and what measures are
already taken in science to prove climate change’s impact on
infectious diseases.

2. CLIMATE CHANGE

Climate change is nothing more than earth changes, human-
related occurrences that eventually begin to create weather and
condition alterations in a certain region. It also poses significant
risks to people, animals, and plants, and sustainable development
— therefore necessitates cross-border action. According to the
United Nations Framework Convention on Climate Change
(UNFCCC), climate change is described as changes in variability
or average weather conditions caused by human activities that
alter the composition of the global atmosphere. Climate forcing
considers climate change and is understood through the two ways
this can be achieved; with the use of natural factors (eg, volcanic
eruptions) or anthropogenic forces directly related to greenhouse
gas emissions. Global warming and climate system disruption
resulting from the greenhouse effect is an example of a natural
process that human activities can amplify or modify. Since climate
change creates enormous hazards to environmental health
particularly for food systems, water supplies, and biodiversity it
becomes essential for public health from an ecological viewpoint
[6].

3. INFECTIOUS DISEASES

Infectious diseases are still serious global health problems that
involve millions amount of morbidity and mortality. While progress
has been made in diagnostics and therapeutic modalities, the
persistence of numerous infectious agents such as bacteria and
viruses represents continued danger; most acutely these threats
concern regions of the developing world [7]. A wide range of
pathogens, including viruses, bacteria, fungi, and protozoa cause
infectious diseases. Many examples could be given, but specific
illustrate-only contagious diseases are tuberculosis, AIDS, and
malaria that attach to poor countries. New viruses have emerged
in the past couple of decades including SARS, Ebola, Zika and the
recent development is COVID-19 which also emphasizes the
complexity of public health responses. It is precisely antibiotic
resistance that arouses concerns in this context: Pathogens such
as methicillin-resistant Staphylococcus aureus (MRSA) represent
major problems for therapy. Infectious diseases remain a major
killer, accounting for adult deaths in the UK and the US and almost
30% of children's deaths in most developing countries, and up to
40%, if neonatal tetanus is included [8]. Vaccination and improved
sanitation have decreased the incidence of both waterborne

diseases in developed countries to very low levels. The
management of infectious disease has significantly advanced over
the last two centuries, however, due to the evolutionary nature of
pathogens and their interactions with human populations, public
health strategies must continue to develop new methods of
prevention and control [7].

4. RELATIONSHIP Dbetween CLIMATE
CHANGE and INFECTIOUS DISEASES

Climate change plays a critical role in infectious diseases, from
their emergence to transmission and distribution [9]. Increased
temperatures and changes in precipitation can expand vector
habitats, increase fecundity, and shorten the extrinsic incubation
period responsible for pathogen transmission, especially for
mosquito-borne diseases such as malaria and dengue [7]. For
example, climate change-induced changes in water surface
temperature and water level are predicted to escalate the
transmission of water-borne diseases like cholera [11]. The El
Nino Southern Oscillation (ENSO) has been associated with
outbreaks of several infectious diseases, such as cholera,
cryptosporidiosis, and Hantavirus [12]. For these reasons, Wu et
al., (2016) suggested that further rigor in the development and
testing of more scientific explanations beyond empirical
observations is needed to address many of the challenges
associated with spatial-temporal predictions of climate change and
associated disease shifts [5]. A focus on developing approaches
based on machine learning algorithms for early warning systems
could also be an effective avenue where field data are not
sufficiently rich or accurate. The convergence of interdisciplinary
competencies and greater attention on disease surveillance and
pathways must be combined to elucidate the health impacts and
develop mitigation strategies as part of a response to climate
change [13].

4.1. Direct Effects of Climate Change on Disease
Vectors

Climate change greatly affects the spatiotemporal distribution and
behavior of disease vectors, particularly arthropods such as
mosquitoes and ticks are important in vector-borne disease (VBD)
transmission [14]. Aliaga-Samanez and colleagues predicted that
climatic change may broaden the territory associated with dengue
and yellow fever vectors, especially in West as well as Central
Africa and Southeast Asia [15], suggesting the opportunity for re-
establishment within Europe. Transmission dynamics are
perturbed as increases in temperature, precipitation, and humidity
affect reproduction rates by vectors, which along with changes in
the survival rates of vectors only makes things worse [16]. Climate
exerts an impact on vector-borne diseases by acting directly,
getting the mosquito populations up and carrying with it infecting
agents that propagate diseases as they do in the case of dengue
or yellow fever [17]. The natural interaction of climatic factors and
human activities, especially land use transformations, makes
accurate predictions concerning VBDs [18]. While the direct
effects of climate change on disease vectors are worrisome
enough, it is also critical to acknowledge that these impacts are
mediated by other mechanisms in addition to public health
infrastructure and human behavior that may further blunt or
worsen the above impact. Recent studies have shown an increase
in infections with hemorrhagic fever viruses, especially the
Crimean-Congo haemorrhagic fever (CCHF) in Iraq [19].
Coinciding with the extreme climate changes that have occurred
in Iraq in recent years, which confirms the role of climate changes
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in increasing the incidence of this disease through the increased
reproduction of the ticks responsible for transmitting the virus
(Hyalomma), as the increase in temperature and humidity helps to
increase the reproduction of this arthropod, especially in areas
where the percentage of humidity increases in addition to the heat,
and this is found in the southern regions of Iraq.

4.2. Indirect Effects of Climate Change on
Disease Transmission

Climate change can indirectly influence disease transmission
through human migration, damage to health infrastructure, and
potential alterations in the human immune system. Modeling
approaches combining climate and disease transmission models
are valuable tools for understanding and predicting future disease
scenarios under changing environmental conditions [20].
However, considerable uncertainties remain, and further research
is needed to quantify the net effects of climate change on
infectious disease risks [21]. The indirect effects of climate change
on infectious disease transmission are complex and multifaceted.
They encompass alterations in vector habitats, changes in human
behavior, increased risks for waterborne diseases, and the
emergence of new pathogens. Understanding these dynamics is
crucial for developing effective public health strategies to mitigate
the impact of climate change on infectious disease outbreaks
globally [5]. Enhanced surveillance, improved sanitation
infrastructure, and targeted public health interventions will be
essential in addressing these challenges moving forward.

S. MECHANICAL LINKING CLIMATE
CHANGE and INFECTIOUS DISEASES

Climate change significantly influences the transmission dynamics
of infectious diseases through various interconnected
mechanisms. 15t through the alteration of vector habitats. Climate
change affects the habitats suitable for vectors, such as
mosquitoes and ticks. For instance, warming temperatures can
expand the geographical range of vectors that transmit diseases
like malaria, dengue, and CCHF into new areas, including
temperate regions that were previously less affected [22]. Climate
changes can lengthen the active seasons for these vectors,
increasing the duration of transmission periods for vector-borne
diseases [22, 23]. 2™ effect on Pathogen Life Cycles, many
pathogens have specific temperature ranges that influence their
survival and reproduction. Warmer temperatures can accelerate
pathogen maturation within vectors, increasing the likelihood of
transmission [22, 24]. Climatic conditions also affect pathogen
virulence and survival rates outside their hosts. For example,
higher temperatures may enhance the survival of pathogens in
water, leading to increased risks of waterborne diseases like
cholera [23]. 3 Changes in Human Behavior, climate-induced
displacement due to extreme weather events can lead to
increased human interactions with vectors and pathogens.
Displaced populations often settle in crowded conditions where
infectious diseases can spread more easily [23, 24]. Climate
changes can alter agricultural practices, affecting food security
and nutrition, which in turn influence human susceptibility to
infections [24, 25]. 4™ Environmental Changes, Climate change
disrupts ecosystems, affecting the interactions between hosts,
vectors, and pathogens. This disruption can lead to increased host
populations or changes in host behavior that facilitate disease
transmission [23]. The Changes in precipitation patterns can lead
to flooding or droughts, impacting water quality and availability.
Contaminated water sources can increase the incidence of
waterborne diseases [24, 25]. 51" Cascading Effects, climate

change can trigger a series of secondary events, such as changes
in land use, urbanization, and global trade that further complicate
infectious disease dynamics. These cascading effects may result
in large-scale outbreaks that are challenging to control [22].

5.1. Vector-Borne Diseases and Waterborne
Diseases

In this study, various ways through which climate change is
expected to affect vector-borne and waterborne diseases are
discussed below. Temperature increases and changes in rainfall
regimes may influence the pathogen life cycle, vector-borne
distribution, or disease transmission rates [26]. More vigorous
floods associated with extreme wet weather may cause pollution
of water resources thus posing a threat to the healthiness of water
getting infected by waterborne iliness, especially in the developing
world [27]. It is now believed that malaria, dengue, and West Nile
fever, all vector-borne diseases, are likely to increase both
geographical coverage and temporal frequency as a result of
climate change [28]. Climate change can influence disease
patterns by affecting four key characteristics of host and vector
populations: projections of people’s affliction rate, the pathogen
circulation rate or distribution, population density, and pathogen
influx [29]. Therefore, more of the climate change effects require a
combination of cross-disciplinary research and ecosystem-based
approaches, especially on the relations between climate factors
and disease-causing agents, vectors — and hosts [28, 29].

6. CCHF AS CASE STUDY

Climate change significantly impacts the transmission dynamics
and outbreaks of CCHF. Temperature Increases Correlation with
Incidence of this disease. Studies have shown a positive
correlation between rising temperatures and increased CCHF
cases. For instance, higher mean temperatures have been linked
to greater incidence rates in various regions, including Turkey,
Iran, and Irag. A study in Zahedan, Iran, noted that maximum
temperatures with a lag of one month positively correlated with
CCHEF cases, indicating that warmer conditions may enhance the
virus's transmission potential [19,30,31]. Extended Transmission
Seasons: Warmer temperatures can prolong the active seasons
for ticks, which are the primary vectors for CCHF. This extension
increases the window for potential human infections, particularly in
areas where ticks were previously less active [32]. Other factors
such as humidity and rainfall patterns can influence tick
populations and their habitats. Areas experiencing long periods of
low rainfall and humidity have been associated with increased
CCHF occurrences. Conversely, excessive rainfall can create
breeding grounds for ticks but may also disrupt their habitats [33].
Research indicates that the relationship between rainfall and
CCHEF incidence is non-linear, with specific thresholds affecting
tick reproduction and survival rates. For example, certain levels of
monthly rainfall may promote tick populations up to a point before
becoming detrimental [31].

Climate change alters habitats suitable for Hyalomma ticks, which
transmit CCHFV. Warmer and drier conditions create ideal
environments for tick growth and reproduction, facilitating the
spread of CCHF into new regions [31].

The migratory birds also play a role in spreading ticks that carry
CCHFV. As climate change affects migratory routes and patterns,
it may inadvertently facilitate the movement of infected ticks into
new areas [31]. The warmer temperatures may lead to more
people spending time outdoors, increasing their exposure to ticks.
This is particularly relevant during periods when ticks are most
active [30]. Climate change can alter agricultural land use, which
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may impact tick habitats and the dynamics of livestock
management—both critical factors in CCHF transmission.

The increasing incidence of CCHF linked to climate variables
underscores the need for enhanced public health surveillance
systems to predict outbreaks effectively. Accurate forecasting
models that incorporate climatic factors can help target
interventions more effectively [30,31]. Public health campaigns
should focus on educating communities about the risks associated
with climate change and its impact on vector-borne diseases like
CCHEF. The interplay between climate change and Crimean-Congo
Hemorrhagic Fever outbreaks highlights the importance of
understanding environmental factors influencing disease
transmission. Rising temperatures, altered precipitation patterns,
and changes in vector dynamics all contribute to increased risks
of CCHF outbreaks. Effective public health responses must
incorporate climate data to enhance surveillance, preparedness,
and community awareness in affected regions [30,31].

7. MITIGATION and ADAPTATION
STRATEGIES

As climate change continues to influence the dynamics of
infectious diseases, particularly vector-borne diseases, it is
essential to implement effective mitigation and adaptation
strategies.

7.1. Mitigation Strategies.

¢ Reducing Greenhouse Gas Emissions: Implementing
policies to reduce carbon footprints can help mitigate climate
change's impacts. This includes transitioning to renewable
energy sources, enhancing energy efficiency, and promoting
sustainable transportation practices.

. Integrating Climate and Health Data: Incorporating climate
data into public health surveillance systems can enhance the
ability to predict and respond to infectious disease outbreaks.
The Global Framework for Climate Services provides a model
for integrating climatic information into health sector activities,
allowing for better decision-making.

e Promoting Research and Funding: Increasing funding for
research on the intersection of climate change and health is
crucial. This includes studying the effects of climate variables
on disease transmission patterns and developing innovative
solutions to combat these challenges.

e Public Health Campaigns: Raising awareness about the
impacts of climate change on health can encourage
communities to adopt preventive measures. Campaigns
should focus on educating populations about vector control,
hygiene practices, and recognizing symptoms of infectious
diseases.

e Vaccine Development and Distribution: Investing in
research and development of vaccines for climate-sensitive
infectious diseases can significantly reduce disease burden.
For example, oral cholera vaccines (OCVs) have proven
effective in reducing cholera incidence in high-risk areas,
demonstrating how vaccination can mitigate climate-related
health risks [34].

e Integrated Surveillance Systems: Establishing integrated
surveillance systems that combine climate data with health
data can improve the early detection of disease outbreaks.
This approach allows for proactive responses to changing
patterns of infectious diseases linked to climate variables [35].

7.2. Adaptation Strategies

e Public Health Adaptation Planning: Utilizing frameworks
like the CDC’s Building Resilience Against Climate Effects
(BRACE) program allows health officials to anticipate climate
impacts, assess vulnerabilities, project disease burdens, and
develop tailored adaptation plans [36, 37]. This includes
identifying at-risk populations and implementing targeted
interventions.

e Strengthening Vector Control Measures: Implementing
effective vector control policies is essential for minimizing
human contact with disease-carrying vectors. This includes
using insecticide-treated nets, environmental management to
eliminate breeding sites, and community engagement in
vector control efforts [36].

o Inter-Sectoral Collaboration: Encouraging collaboration
among various sectors of health, agriculture, environment,
and urban planning can enhance resilience against infectious
diseases. A One Health approach that integrates human,
animal, and environmental health is vital for addressing the
interconnected challenges posed by climate change [38].

¢ Monitoring and Evaluation: Developing robust monitoring
and evaluation programs to assess the effectiveness of
adaptation strategies is crucial. Regularly updating these
strategies based on new evidence will help ensure their
continued relevance as climate conditions evolve [39].

e Addressing Socioeconomic Vulnerabilities: Recognizing
that socioeconomic factors influence vulnerability to infectious
diseases is essential. Addressing issues such as poverty,
access to healthcare, and education can enhance community
resilience against climate-related health threats [35].

8. CONCLUSION

The intricate relationship between climate change and infectious
diseases poses a significant threat to global health. The increasing
temperatures and extremes of precipitation, combined with
changes in vector dynamics are an influential factor in the outbreak
of infectious diseases including malaria, dengue fever, cholera,
and CCHF. Climate change affects diseases transmitted by
various mechanisms, such as the disturbance of vector habitats,
and modifications in pathogen living cycles for human behaviors.
Understanding these dynamics is necessary to devise effective
public health strategies aimed at reducing the effects of climate
change on infectious outbreaks across the planet. To address
these challenges, a comprehensive and multifaceted approach is
necessitated. These include taking mitigation actions such as
cutting greenhouse gas emissions, linking climate-health data,
research and investment, public health communication,
development and proliferation of immunization in addition to wide-
level biosurveillance. Public health adaptation planning includes
strengthening vector control, inter-sectorial collaboration, and
monitoring and evaluation mechanisms in parallel with addressing
socio-economic vulnerabilities.
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