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Abstract

Every aspect of society, including health, is anticipated to be impacted by climate change. The global
burden of infectious disease is being negatively impacted by climate change, posing a challenge to
health security. Most people on the planet are vulnerable to infectious diseases that are pathogenic and
whose life cycles are influenced by environmental variables in various physical stages, such as soil,
water, and air. In addition to reviewing the state of the art in terms of research on how climate change
may impact the spread of zoonotic, infectious, vector-borne illnesses and this study provides an
introduction to the terms and techniques used in forecasting climate change.
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Introduction

Background

Numerous rural or peri-urban regions are becoming cities as a result of urbanization. It is
estimated that 60% more people will reside in cities by 2050. In Asia and Africa's tropical
regions, the share of the population living in cities is rising by 1.1% and 1.5% per year,
respectively 1,

The effects of climate change are widespread, intensifying quickly, and primarily caused by
greenhouse gas emissions from burning fossil fuels . There are several ways in which
climate change is affecting people's lives and health. It has the power to undo decades of
improvement in global health by endangering the necessities of good health, including as
healthy air and water to drink, a plentiful supply of nutrient-rich food, and a secure place to
live (11,

The health of the world's population will unavoidably be impacted by long-term climate
change since there is convincing evidence that causes numerous health problems. Moreover,
climate change is expected to affect a variety of both natural and public systems, and its
recovery will likely be slow, challenging and expensive [!1,

According to the Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate
Change (IPCC) a United Nations agency that assesses climate change science shows that
recovery will be more challenging as global warming increases and environmental risks
develop quicker and become more severe [1%] It also shows that over 3.6 billion individuals
currently reside in regions that are extremely vulnerable to climate change. The health effects
are greatest in low-income nations and Small Island Developing States (SIDS), even if their
relative contributions to global emissions are negligible. Compared to less sensitive areas, the
death rate of extreme weather events during the past ten years was fifteen times higher in
vulnerable regions %,

Since 1900, global mean temperatures have already increased by 1.1 °C, with the majority of
this change occurring in the last 50 years. The extent of this change is greatest in highland
and Polar Regions, and temperatures in tropical regions are gradually approaching the
thermal limits of many organisms ().

With increased urbanization and rising temperatures, pollution-a significant contributor to
respiratory-related illnesses will undoubtedly become a more substantial issue. Warmer
temperatures and growing population density will increase the number of people without
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consistent access to freshwater and worsen the predicted rise
in mortality from heat-related causes. In megacities,
unsanitary circumstances brought on by inadequate
infrastructure and probable increases in floods will
contribute to a rise in the prevalence of diarrheal illnesses
including rotavirus and cholera >,

The tropics are susceptible to changes in the composition,
intensity, and seasonality of pathogen transmission and
disease incidence due to urbanization and climate change.
However, since these changes will happen simultaneously,
complex interactions will occur between the drivers of these
disease systems, determining the prevailing diseases and
their corresponding patterns of infection, disease, and
mortality ),

The warmer months of the year will probably see a rise in
their role in disease-related mortality. Warmer weather
generally benefits mosquitoes and the infections they spread
but only to a certain extent ¥l Many infectious diseases

https://www.biologyjournal.net

have a strong seasonal component that is influenced by
climatic variables; however, no single climatic factor has a
uniform effect on all infectious diseases. Temperature
increases have a significant impact on chronic diseases like
respiratory and cardiovascular disorders, which are ongoing
risks in metropolitan areas P!,

Koppen climate classification system

Wiladimir Koppen (1846-1940) was a Russian-born German
climatologist who was also an amateur botanist. The first
version of his climate classification scheme appeared in
1918, and he continued to modify and refine it for the rest of
his life, the last version being published in 1936. The
modified Koppen system describes five major climate
groups (groups A, B, C, D, and E) subdivided into 14
individual climate types, along with the special category of
highland (H) climate as shown in Table 1 ),

Table 1: Climate groups according to the Koppen system 43

Group Type Letter code Characteristics
Tropical wet Af No dry season
A. Tropical Humid Climate Tropical monsoon Am Monsoonal, short dry season
Tropical wet and dry Aw Winter dry season
Subtropical steppe BSh Low-latitude semi-arid or dry
. Subtropical desert BWh Low-latitude arid or dry
B. Dry Climate Mid-latitude steppe BSk Mid-latitude semi-arid or dry
Mid-latitude desert BWk Mid-latitude arid or dry
C. Warm temperate (Mid- Humld. subtropical Cfa No dry season, warm summer
Jatitude) Climates Mediterranean Cs Dry hot summer
Marine west coast Cfb No dry season, warm and cool summer
. Humid continental Df No dry season, severe winter
D. Cold Snow-forest Climates Subarctic Dw Winter dry and very severe
. Tundra ET No true summer
E. Cold Climates Polar ice cap EF Perennial ice
F. Highland Highland H Highland with snow cover

Evidence of climate change on disease

The first recorded fungal epidemics linked to natural
disasters occurred almost 40 years ago, in 1985 when eight
people hurt during a Colombian volcano eruption developed
soft-tissue infections caused by Rhizopus arrhizus. Since
then, the incidence of these outbreaks has been rising
globally 61,

The Pacific Northwest of the United States, Israel, and
coastal Chile have all shown signs of increased seasonal
duration, concentration, and geographic spread of Vibrio
infections as a result of long-term sea surface warming. In
1994, reports of Vibrio vulnificus were made throughout the
German coast, following an unusually warm summer. A rise
in Vibrio vulnificus infections has been linked to long-term
warming and temperature anomalies in the Baltic Sea.
According to methods used in climate modeling, for every
degree Celsius that the annual maximum water temperature
is raised, the number of Vibrio infections from the Baltic
region might almost double 12,

The emergence of the Zika virus as a public health problem
in Latin America in 2015 caused concern among global
public health practitioners. Zika virus is an arbovirus of the
Flaviviridae family, known to be transmitted to humans
through the bite of Aedes mosquitoes historically, the
infection has been known to be endemic in parts of Africa

{particularly Nigeria) and parts of Southeast Asia (including
Borneo and the Philippines 23],

The World Health Organization (WHO) recognized the
potential significance of the virus and, in February 2016,
declared a public health emergency due to the infection's
spread across 69 nations and territories, resulting in
thousands of cases of microcephaly. The WHO continued to
argue that Zika was a high-priority issue even after the
classification was withdrawn in November 2016. The Zika
virus was listed as one of the diseases that needed the most
research and development at the time 24,

Nature's disasters can significantly harm both urban and
natural environments, which may lead to the creation of
possibilities for fungal exposure or favorable conditions for
the growth of fungi (figure 1). Natural catastrophes increase
the chance of traumatic injuries, including cuts, abrasions,
and wounds which harm the skin's barrier and allow fungi to
enter the body ¢,

The first recorded fungal epidemics linked to natural
disasters occurred almost 40 years ago, in 1985 when eight
people hurt during a Colombian volcano eruption developed
soft-tissue infections caused by Rhizopus arrhizus. Since
then, the incidence of these outbreaks has been rising
globally 6],

Skin and soft tissue after the disaster, bacterial infections
can result in organic matter-contaminated damage.
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Moreover, psychological stress and traumatic injuries have
complex and severe negative effects on the immune system,
increasing the tendency of victims of natural disasters to
develop aggressive fungal infections.

The ash left behind by wildfires and volcanic eruptions
alters soil pH levels. It increases nutrient contents, which
could impact microbial communities and create entirely
novel environments for the colonization of fungi that have
beneficial features that allow them to survive extreme
conditions and become harmful to humans 9. Fungal
spores can affect populations far away and unexposed by
traveling great distances in a fire stream. Immediately after
flooding events, there have also been reports of widespread
fungus contamination. This is because high humidity and
moisture levels can make fungal spores and biological
fragments (like mycotoxins) released into the air and
disperse over wide areas, which are further assisted by

Strong winds and
destruction of
buildings

https://www.biologyjournal.net

strong winds. When particles containing fungal spores can
be released into the atmosphere during severe storms or
volcanic eruptions, the spores can travel great distances 46,
Fungal pathogens can eventually spread after storms,
wildfires, or damage to buildings. The inhalation of fungal
spores which are small enough to enter the lungs and cause
chronic inflammation, asthma, or respiratory fungal
infections. Heavy rains, floods, and tsunamis can also cause
noticeable increases in humidity and damage to buildings in
the affected areas, which creates an environment that is
favourable to the germination and growth of fungi.

In the end, an environment where the land has been seeded
with pathogenic watery germs may be carried into existence
through tsunamis. This interesting theory might clarify the
entrance of the subtropical fungus Cryptococcus gattii to the
Pacific Northwest 35 years after the Great Alaskan
Earthquake in 1964, along with the tsunami that resulted.

o8
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Fig 1: Example of fungal epidemics caused by natural catastrophes |

Zoonotic diseases due to climate change

The term "zoonosis" was first used at the end of the 19th
century by German physician and pathologist Rudolf
Virchow to describe diseases that humans and animals
shared. "Zoonosis" was derived from the ancient Greek
words, "zoon" (animals) and "noson" (disease). The Expert
Committee on Zoonosis defined zoonotic diseases as
"diseases and infections that are naturally transmitted
between vertebrate animals and man" 2% 20],

Over 200 zoonotic disease types have been discovered
till date, and they are responsible for a significant
percentage of new and emerging illnesses in humans %,
Moreover, it is known that animals are the source of about
60% of all human pathogens and 75% of newly emerging
infectious diseases 2.

Zoonotic diseases originating in animals accounted for over
60% of human infectious diseases that emerged between
1940 and 2004. This significantly impacts public health and
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the global economy. Among them, 71.8% had their origins
in animals, while 22.8% were caused by arthropods 2.

In South America, particularly in Brazil, zoonotic epidemics
of the dimorphic fungus Sporothrix brasiliensis have been
linked to slow rises in temperature, which have allowed the
fungus to adapt to the growth of invasive yeast 181,

Research indicates that rabies may be responsible for up to
60,000 deaths per year. Other zoonosis, such as avian flu,
the virus that causes Ebola, or Rift Valley disease, may also
be dangerous. It is important to note that these diseases
affect the health of both humans and animals, resulting in
decreased production (such as the safety and quality of milk
or eggs) or mortality, which influences farmers' livelihoods
and national economies. At the global level, the 13 most
widespread zoonosis had a significant impact on poor
livestock workers in low- and middle-income countries by
causing 2.4 billion disease cases and 2.7 million deaths per
annum in humans 27231,
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Direct contact between
species increases
Example: During droughts, people
and animals are likely to gather
more frequently at the same
sources of water as disease-
carrying mosquitoes.
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New diseases emerge
Example: Bacteria that have long been
frozen in glaciers could resurface as
the ice melts and infect wildlife.

Geographical ranges of host
animals and insects change
Example: Vampire bats native to
Mexico and Central America could
move to the southern United States
as temperatures increase.

A%
grl

Disease hosts thrive in more
favorable conditions
Example: Heavy rainfall can lead to
increased vegetation, which
allows host animals such as rats to
reproduce more,

Human resistance to
diseases weakens
Example: Climate change effects such
as extreme heat can exacerbate
chronic illnesses, making it harder for
people to fight off other diseases

Fig 2: Causes of zoonotic disease

The COVID-19 pandemic, with its initial cases reported in
Wuhan, China, in December 2019 was believed that
COVID-19 was a zoonotic illness and that SARS-CoV-2
was reservoir-hosted by bats. The Food and Agriculture
Organization of the UN (FAO), the World Organization for
Animal Health (OIE), and the World Health Organization
(WHO) released a guide on March 11, 2019, regarding
nations that use a One Health approach to address zoonotic
disease risks. The guide highlights the growing public health
threat posed by zoonotic diseases, and the upward trend
appears consistent with it. Notably, at the start of the
twenty-first century, the WHO designated the Eastern
Mediterranean Region as a hotspot for newly emerging
zoonosis 3% 311,

The melting of the ice sheet, which has been there for
thousands of years, is one of the much-known dangers
connected to global warming. Not only could melting ice
cause numerous cities and the river delta to vanish, but it
would also cause frozen biological components that have
been kept in frozen soil to come out. The breakdown of the
ice layer will not only reveal to us the remains of long-
extinct species, such as mammoths but, unfortunately, there
are also hidden organic materials beneath the snow 32!,

It has also been possible to isolate viable bacteria from ice
samples that are 25,000 years old and from Dominican
amber that is 20-40 million years old. 2012 saw the
discovery of the Virola virus in a 300-year-old frozen

~ 45~
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mummy in Siberia. NASA scientists isolated 8-million-year-
old bacteria from Antarctic ice samples in 2005, while
others were able to recover germs that had been frozen in
Alaska for 32,000 years in 2016, a 12-year-old child died
and 20 were hospitalized in Siberia due to anthrax
infections. The microbes were hidden under 75 cm of frozen
earth and then released when the ice melted 3341,

El Nino climate effect

El Nino is a climate phenomenon linked to rising sea surface
temperatures in the central-east equatorial Pacific. Scientists
have warned that it return in the future, bringing "off the
chart" temperatures and producing never-before-seen
heatwaves.

The UN issued a warning in late 2017 stating that global
warming is already expected to exceed 2 °C. In an interview
with The Guardian, experts stated that its reappearance
increases the probability that global average temperatures
will rise by more than 1.5 °C. Even a half degree more
warming will greatly increase the risk of droughts, floods,
and extreme heatwaves, as well as cause food and water
insecurity and poverty for millions of people worldwide.
Unexpected heat waves triggered by a huge El Nino event
made 2016 the warmest year on record. After that 2023 is

history ‘s first hottest year according to the global database
[35]
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EL NINO'S IMPACT

A complex weather pattern caused by the
rise of warm water in the equitorial region
of the Pacific Ocean, El Nifio can lead to
serious disruptions in weather patterns,
including severe flooding and droughts.

10.2 MILLION

will require food
aid this year

KEY: [] COUNTRIES STRONGLY AFFECTED BY EL NINO.

] DECREASED RAINFALL [ ] INCREASED RAINFALL

Approximately
3.6 MILLION

need food assistance
due to drought

Nearly 3 MILLION

are unable to get
the food they need

SOUTH SUDAN

MOZAMBIQUE
1.5 MILLION are at

risk of hunger because
of crop failures

MALAWI
Upto4 MILLION

are food insecure, up
from 2.8M last year

Fig 3: El NiNOimpact 13

Climate change intervention with infectious disease

This describes infectious diseases whose spread and
transmission are impacted by fluctuations in the weather and
climate.

Temperature sensitivity: Temperature has the potential to
impact the dynamics of vector populations, change the rate
at which disease-carrying vectors come into contact with
humans, and control the growth of these vectors by
changing their bite rates. Lastly, the duration of the
transmission season can change due to a change in the
temperature regime.

Although small temperature variations can have a variety of
impacts, extreme temperatures are frequently fatal to
disease-causing microorganisms 1617,

Elevated temperatures have the potential to prolong the
seasonal pattern or modify the spatial arrangement of
diseases transmitted by water. Warm temperatures in the
marine environment are conducive to red tides, or blooms of
poisonous algae, which can raise the risk of shellfish
poisoning 181,

The survival of enteric diseases, including Vibrio cholera,
can be indirectly affected by rising sea surface temperatures
since it increases the food supply available to their reservoir.
Hospital admissions of diarrheal children from Peru have
also been associated with rising ambient air temperatures
[19]

The geographic distribution of disease-carrying vectors may
shift in response to temperature fluctuations. As the outside
air temperature rises the mosquito vector may be changing
its habitat to adapt to the colder environment in the African

~ a6~

highlands, leading to the emergence of malaria. According
to new research, another theory is that in reaction to rising
temperatures, vectors go through an evolutionary transition.
The pitcher-plant mosquito (Wyeomyia smithii) may be able
to genetically adapt to survive the longer expansion seasons
driven by climate change 71,

Bradshaw and Holzapfel confirmed this by observing a shift
in the photoperiodic response in two populations of pitcher-
plant mosquitoes over two distinct periods. The response's
alteration was connected to a major genetic change within
the species of mosquitoes. This research, even limited to a
single mosquito species, implies that other mosquito
species, potentially serving as disease vectors, could
experience an equivalent micro-evolution that would enable
them to adjust to modified seasonal patterns linked to
worldwide climate change 8.

Humidity sensitivity: Humidity, especially for insect
vectors, can have a significant impact on the spread of
diseases carried by vectors. In dry conditions, the chances of
mosquitoes and ticks surviving are reduced and they can
quickly desiccate. One of the most important factors in
climate/disease models, such as those for dengue fever and
Lyme disease has been discovered to be saturation deficit,
which is comparable to relative humidity 2% 21,

Sea level sensitivity: Effects of rising sea levels on specific
vector-borne infections reduce or eliminates specific
mosquito breeding areas by altering the flow of rivers and
lakes, changing salt marshes that are already present and the
species that are connected with them (e.g. reduced habitat)


https://www.biologyjournal.net/

International Journal of Biology Sciences

The predicted rise in sea level due to climate change will
most likely result in fewer or no salt marsh mosquito
breeding sites (Raju Suresh Gaware, 2024) 2. One risk
could be the extinction of the animal and avian hosts that
occupy this habitat. It would also aid in eliminating
infections that are natural to this environment. On the other
hand, saltwater intrusion has the potential to transform
portions of freshwater habitat into salt marsh areas,
providing a home for host and vector species that have been
removed from previously existing salt marsh areas 21,

Precipitation sensitivity

The Variability in precipitation can directly affect the
occurrence of infectious disease epidemics. Because more
precipitation creates new breeding grounds and enlarges
existing larval habitats, it may also increase the number of
disease vectors. Furthermore, a rise in food supplies, which
in turn supports a larger population of vertebrate reservoirs,
may be supported by higher precipitation. Unacceptably
high rainfall can lead to flooding and a decline in vector
populations by destroying larval habitats and altering the
appropriate conditions for vertebrate reservoirs. On the other
hand, floods can drive rodent or insect vectors inside of
homes, increasing the possibility of vector-human
interaction. Leptospirosis is a rodent-borne disease that has
been known to go viral in Brazil after significant flooding
[36]

Rainfall that is too heavy can contaminate rivers by
introducing other wastes including human and animal faeces
into groundwater. Giardia, E. coli, and Cryptosporidium
have all been linked to water contamination after periods of
intense rainfall %1, Since microbial transmission is more
effective under high soil saturation conditions, this kind of
event may occur more frequently. On the other hand, in
poorer nations, a lack of water has been linked to a rise in
outbreaks of diarrheal illness, which is probably caused by
poor hygiene. Unseasonal droughts in the humid tropics can
slow rivers, increasing stagnant pools that serve as perfect
breeding grounds for vectors 01,

Effects of changes in precipitation on selected vector-

borne pathogens

1. Reduced rainfall can create habitat by forcing rivers to
dry into pools (dry season malaria)

2. More increased rain may increase larval habitat and
vector population size by creating new habitats.

3. Excess rain or snowpack can eliminate habitat by
flooding, decreasing vector population.

4. epic rainfall events can synchronize vector host-seeking

and virus transmission

Vector-borne disease due to climate sensitivity

The Intergovernmental Panel on Climate Change stated that
it is highly probable that vector-borne disease prevalences
have increased in the last several decades and that, if
adaptation and strengthening of control strategies are not
implemented, the prevalence of malaria, dengue, Lyme
disease, and West Nile virus infection, in particular, are
predicted to rise over the next 80 years ! 42l Warming
temperatures also aid in the migration of tick-carrying
mammals to the north, including the white-footed mouse,
which has been linked to the spread of Borrelia burgdorferi,
the agent responsible for Lyme disease, into completely
unexplored regions 9,

~47~
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According to research Ticks only eat one blood meal at each
stage of life, and they only do it when the humidity and
temperature are ideal. The larvae of ticks in the Northeast
region peak in late fall, although growth rates and peak host-
seeking periods differ between ticks in the Midwest and the
Northeast.

The Midwest's warmer fall weather, without the protection
of East Coast winds, causes larvae to undergo the diapause
(delayed development) soon after and postpone feeding until
spring, whereas North-Eastern ticks continue to be active.
Climate changes that affect life cycles may potentially affect
the incidence of Lyme disease if nymph and larval seasons
coincide since the disease can only move upward. For
example, larvae feeding off an infected nymph to obtain the
bacteria is usually necessary for the maintenance of B.
burgdorferi %,

According to Dr. Christopher Braden, who is acting Director
of the Centers for Disease Control and Prevention (CDC)
Centre for Emerging and Infectious Zoonotic Diseases,
"more Americans are at risk than in the past as mosquitoes
and ticks spread into new areas of the country, increasing
cases and geographic ranges of vector-borne diseases." Ten
new infections have been identified since 2005, and the
number of cases of vector-borne diseases in the United
States has doubled. The first domestic Zika and
chikungunya virus outbreaks in the United States took place
in the ten years before 2018, while the largest-ever West
Nile virus outbreak in U.S. history originated in Phoenix in
2021, affecting up to 5% of the population 4!,

Temperature effects on selected vectors and vector-
borne pathogens

Vector

e Variations in the susceptibility of vectors to certain
pathogens, such as higher temperatures reducing the
size of some vectors but increasing the activity of
others, can lead to a decrease or increase in survival
depending on the species

Changes in feeding rate and host contact (which may
affect survival rate).

Changes in the seasonality of populations.

Pathogenic extrinsic pathogen incubation period in
vectors at higher temperatures
Modifications to the transmission
distribution

a reduction in the spread of viruses.

season and

Malaria

Malaria has a highly complex and various epidemiology;
therefore, it is crucial to understand how climate affects
malaria. There has been plenty of debate on the relationship
between climate change and malaria outbreaks, and new
research indicates that malaria cases are rising in the world's
coldest regions as a result of global warming. The ecology
of the dominant major vector species, the biology of
Plasmodium, the host's immunity and resistance, and
meteorological variables like humidity, temperature, and
precipitation are most likely the determining factors U,

The deadliest and extensively researched climate-sensitive
vector-borne disease is malaria, which is spread by infected
female Anopheles mosquitoes. Even efforts to control the
disease, malaria was responsible for over 600,000 deaths in
2020, mostly in Africa among pregnant women and young
children. In many areas, malaria is an epidemic or seasonal
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illness that reacts to brief variations in temperature,
humidity, and rainfall. In the highlands of Colombia and
Ethiopia, temperature increases of 0.2 °C per decade have
been linked to the spread of malaria to higher elevations in
these nations (344,

The primary climatic parameters influencing Anopheles
development and proliferation, the Plasmodium life cycle,
and the prevalence of malaria include temperature,
precipitation, relative humidity, and wind intensity and
direction.

Numerous researchers have discussed several studies linking
temperature variations to malaria incidences, with a focus
on changes in the malaria distribution scenario, specifically
in the African continent. However, other studies have been
carried out in Asia, South America, and Latin America ',

West nile virus

Worldwide, the West Nile virus can cause neuroinvasive
diseases in humans and animals that could be life-
threatening. The virus is a component of a complicated
ecology that revolves around the cycle of bird-mosquito
transmission, which includes at least 65 mosquito vectors
and more than 300 different kinds of birds. Incidentally,
humans and horses are among the mammals that can
become infected. Human infections are typically
asymptomatic, but in rare mostly in elderly adults and
immunocompromised individuals they can result in life-
threatening illness.

The primary source of mosquito-borne illness in the
continental United States is the West Nile virus, which was
discovered in the country (in New York City) in 1999.
Between 1999 and 2016, there were around 7 million cases
of infection. Mechanistic models based on vector and
pathogen  thermal performance curves  predicted
temperatures ranging from 24°C to 25 °C, which is in close
agreement with the observed air temperature of 24 °C that
causes a peak incidence of the virus among humans
nationwide. As is already the case in Europe, rising
temperatures are predicted to move the disease's
transmission northward; local transmission was recently
found in Germany following exceptionally warm weather.

Lyme disease

The most common tick borne sickness globally is Lyme
disease, which is caused by the Borrelia burgdorferi sensu
lato group. With an estimated rate of 14.5%, the reported
prevalence is highest in the temperate regions of central and
western Europe as well as East Asia. Infections can lead to
serious multi-systemic chronic diseases if they are not
treated early ).

Four major tick species are linked to Lyme disease globally,
although typically just one tick species is significant in a
specific area.The ecological complexity of this disease
includes wide-ranging reservoir hosts including birds,
lizards, and mammals (such as squirrels and mice), but
humans are not involved in the disease's continuous
transmission .

The number of reservoir hosts and the ambient air
temperature have a significant impact on the life cycle and
predominance of tick vectors, namely Ixodes scapularis and
L pacificus ticks in North America and Ixodes ricinus and L.
persulcatus ticks in Europe.

According to government statistics, there were 470,000
cases of Lyme disease diagnosed and treated in the US
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between 2010 and 2018, compared to 329,000 occurrences
between 2005 and 2010.Although ticks are present in both
regions, the Northeast has a higher prevalence of Lyme
disease than the Southeast; this geographic pattern can be
explained by differences in the ticks' preferred hosts (such
as mice or lizards), their host-seeking behavior, and their
density P,

Yellow fever

Aedes mosquitoes carry the virus that causes yellow fever,
which belongs to the Flaviviridae family and is closely
linked to dengue. South America and Africa are where it is
most commonly seen. Historically, successful vaccination
campaigns have helped to partially control yellow fever,
unlike the majority of other VBDs. Recent estimates place
the mortality toll in Africa for 2013 at over 78,000,
indicating that control efforts have not been effective 133,
Yellow fever outbreaks have brought attention to several
problems, primarily connected to widespread urbanization
and a lack of immunization efforts in East and Central
Africa. There is a concern that this widespread might
contribute to the virus spreading globally since it will open
up direct air routes from East Africa to regions where
mosquito populations are vulnerable %!,

It's unclear why YFV isn't present in Southeast Asia.
Several theories have been put out there including the
following: Asian strains of Aedes lack the potential to
transmit large populations; historically, there has been little
movement from endemic regions to Asia; dengue infection-
related cross-immunity; there is no sylvatic cycle in Asia;
and there is no African slave trade 3.

Public health interventions

The foundation of adaptation plans for a changing
environment is formed by investments in monitoring and
control, which have improved public knowledge of vector
borne diseases and their detection, prevention, and treatment
combination of improved and novel land-use management
strategies,  climate-informed early-warning  systems,
improved access to preventive measures (e.g., biologic
mosquito control, personal protective measures, insecticides,
and vaccines), and new and improved therapies may be
used, depending on the disease, pathogen life cycle, and risk
level P1.

The estimated advantages of adaption strategies in relation
to the rates of vector-borne disease are shown in Figure.
Strategies need to be recognized and supported by the
community and households, as well as have sustainable
funding. A 2017 assessment of 1083 vector-control
programs in the United States revealed that 84% of the
programs were classified as "needs improvement” in one or
more basic competencies (for example, pesticide resistance
testing) .

Malaria brings attention to several potential difficulties with
putting adaptation plans into action. Worldwide support has
stagnated after two decades of coordinated national and
international investment, consistent declines in malaria
cases and deaths related to the disease, and a rise in drug
and insecticide resistance. In addition, the coronavirus
disease 2019 (COVID-19) pandemic has led to service
disruptions 1.

The primary means of preventing West Nile virus infection
and dengue fever is through community-based mosquito
control programs. The way these programs are carried out
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fluctuates depending on several factors, including
management and finance °!,
Lyme disease prevention through public awareness

campaigns has always included avoiding the vector habitat
during the transmission season. There is a lack of data
supporting the efficacy of the many personal protective
measures (like insect repellent and protective clothing) and
tick-control techniques (like deer culling) that have been
suggested as ways to lower the risk of Lyme disease .
Three vector-borne illnesses have been successfully
prevented by vaccination: tick-borne encephalitis, Japanese
encephalitis, and yellow fever. Although there has been little
success with the registered vaccinations against dengue and
malaria in recent years, work is being done to create new
and more potent vaccines that target vector-borne illnesses
191

A recent phase 2 experiment conducted in Mali during
malaria season demonstrated the efficacy of a single
infusion of a monoclonal antibody against Plasmodium
falciparum infection throughout a 6-month follow-up
period. A novel vaccination for Lyme disease is presently
being tested in a phase 3 trial (ClinicalTrials.gov number,
NCTO05477524), following the discontinuation of an earlier,
effective vaccine 1!,

Improved surveillance data and early warning systems that
take climate change seriously are necessary to raise public
awareness, make it easier to direct financial and human
resources toward better responses, indicate knowledge gaps,
and highlight regions in need of further research .
Adaptation plans must be time-sensitive and context-
specific, taking into consideration variables including
changing disease patterns, extreme weather, and trends and
variations in the climate both now and in the future. Several
sectors, including local health communities, urban planners,
and climate specialists, will need to work together to
implement this strategy °!.

Conclusion

Climate change is accelerating the spread and severity of
zoonotic, infectious, and vector-borne diseases through
shifts in environmental conditions that enhance pathogen
survival and transmission. Rising temperatures and extreme
weather events promote pathogen proliferation, vector
adaptation, and increased human-vector interactions. These
factors combine with urbanization and pollution to create
high-risk environments, especially in vulnerable tropical and
high-density urban areas. Public health strategies, including
monitoring systems, vaccination, and community-based
vector control, are essential to mitigate these impacts but
require sustained funding and global collaboration to adapt
to evolving climate challenges.
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