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Abstract

Climate change is a potent factor emerging as a global risk by altering disease occurrence, transmission,
virulence and pathogenicity of the pathogenic microbes. It affects the main determinants of the disease
ecology (host, pathogen, and environment). It poses lot of challenges in diagnosis, treatment, and
prevention strategies. This paper specifically focuses on Vector borne diseases caused by climate change.
Vector borne diseases are infectious disease transmitted by the bite of infected vectors. This paper covers
Infectious Vector Borne Diseases, Root Cause, Transmission, Symptom, Diagnosis, Treatment &

Challenges.
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Climate Change

Climate change, defined by the United Nations
framework convention on climate change as “a
change of climate which is attributed directly or
indirectly to human activity that alters the
composition of the global atmosphere and which
is in addition to natural climate variability
observed over comparable time period”!®*.
Climate change causes many changes in the
environment such as el-nino southern oscillations,
ocean acidification, sea level rise, increase in
extreme weather events, melting of permafrost,
etc.

Climate Change Impacts on Human Health:

Climate change is a major threat to public health
by changing the transmission mechanism of
communicable diseases and increases risk of
emerging and reemerging diseases due to
increased frequency and severity of Extreme

Weather Events (EWE)!"®!. For example, about
half of the world’s population is at risk for
malaria. It is propagated by El-Nino in affect path.
1361 Emerging infectious Diseases (EIDs) are
illnesses that are newly defines or have existed but
are increasing in incidence or geographic range
which poses a threat to the population ,either in a
particular or globally .Conversely, Re-emerging
infectious Disease (REID) are illnesses that
existed in the past but reappear after they have
been on a significant decline ,and rapidly spread
either in terms of incidence or to new
geographical areas® *"). Simplified climate
change induced diseases is tabulated in Table -1.
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Table 1: Climate Change and Its Health Hazards!””!

S.No | Climate Effect Health hazards
1 El Nino Vector Borne Disease & water Borne Disease
2 La Nina Vector Borne Disease & water Borne Disease
3 Quasi Biennial | Vector Borne Disease
Oscillation (QBO)
4 Heat Waves Vector Borne Disease & Air Borne Disease
5 Drought Vector Borne Disease & water Borne Disease
6 Flood Vector Borne Disease & water Borne Disease
7 Hurricane Vector Borne Disease
8 Cyclone Vector Borne Disease, water Borne Disease & Food Borne
Disease
Vulnerability: likely mechanism by which climatic hazards

In addition to facilitating contacts between people
and pathogens, climatic hazards also enhance
specific aspects of pathogens including improved
climate suitability for reproduction, acceleration
of the life cycle, increasing seasons / length of
likely exposure, enhancing pathogen vector
interactions (for example by shortening
incubations increased virulence). Climatic
hazards were also implicated in the increasing
capacity of pathogens to cause more severe illness
(that is virulence). Climatic hazards have also
diminished human capacity to cope with
pathogens by altering body conditions; adding
stress from exposure to hazardous conditions;
forcing people into unsafe conditions; damaging
infrastructure, forcing exposure to pathogens and /
or reducing access to medical care. Body
malnutrition and conditions, affect
immunocompetence to diseases. As such, the
broad effects of climatic hazards on land and
marine food supply and the reduced concentration
of nutrients in crops under high CO2, can directly
cause human malnutrition, helping to explain the
increased risk of food deprived populations to
disease outbreaks. For example, cryptosporidium,
measles and cholera. Cases of reduced resistance
to various diseases were also found in
reemissions. Likewise, stress, via changes in
cortisol (stress hormone) and down regulation of
inflammatory response can reduced the body’s
capacity to cape with diseases. Exposure to life
threatening conditions such as floods and
hurricans, extraneous conditions during heatwaves
and depression from lost livelihood due to drought
are a few examples in which climate hazards are
inductive to stress and cortisol variations and a

reduce the body’s capacity to deal with pathogens.

Role of Environmental Factors:

Climates refer to long-term shifts in temperature
and weather patterns, which are disrupting
ecological systems worldwide leading to shift in
the global distribution of pathogens hosts and
disease reservoirs'®. The vector and agents are
devoid of thermostatic systems. So many of their
features are susceptible to environmental changes.
The diseases & pathogens are classified by how
they get transmitted & their natural reservoir.
Mosquitoes typical of temperature regions have
had to develop strategies to survive the winter, as
well as pathogens that can be transmitted. In
tropical regions similarly adaptations were needed
to survive the unfavourable times of prolonged
drought. In both cases, these adaptive mechanisms
have affected the seasonality of transmission.
Temperature plays a important role in all stages of
a mosquitoes lifecycle. So only within range of
temperature, mosquito can be virulent. Above the
range, it can spread diseases. Raising temperature
promotes the growth & development of ticks and
their geographic distribution''].  Warming and
precipitation changes are associated with range
expansion of vectors. Warming at higher latitudes
allowed vectors & pathogens to survive winter
aggravating outbreaks by several pathogens.
Warming for instance had positive effects on
mosquito population development survival biting
rates and viral replication increasing the
transmission of efficiency of west Nile virus. In
other cases, warming and intense precipitation
increased food and habitat resources which caused
surges in rodent populations associated with cases
of plaque and hantaviruses. Drought also caused
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the congregation of mosquitoes and birds around
remaining water sources facilitating the
transmission of west Nile virus. Pathogens
transmitted by vectors are particularly sensitive to
climate change because they spend a good time in
cold blooded vectors whose temperature depends
on environment. Mosquitoes are found worldwide
except in a very cold region''"’. Broadly, there are
three expected threats from vector-borne disease
under a warning climate: increased risk from
endemic disease due to changes in temperature
and rainfall, change in geographic range of vectors
and the appearance of exotic disease in temperate
regions due to increased climate suitability.
Storms, heavy rainfall and floods create stagnant
water, increasing breeding and growing grounds
for mosquitoes and the carry of pathogens that
they transmit for example Leishmaniasis, malaria
rift valley fever, yellow fever, St.louis encephalitis
dengue and west Nile fever®. For instance, in
some cases, Schistosomiasis infections were
reduced by floods, limiting habitat, suitability of
the snail host. However, in other cases, floods
increased human exposure and broadened the
dispersal of host.
The changing climate will lead to an increase in
the size of vector borne disease transmission
zones an appearance of tropical disease in
temperature regions and the emergence of native
species that have the capacity to transmit tropical
pathogens. Although much attention is focused on
the threat of invasive species there is also a risk
from native species which may have the potential
to became vectors for tropical disease. Climate
change affects diseases by affecting Vectors,
Reservoir, Organism & Humans®'®,
The factors determining tick-borne diseases also
vary by species (some may be adapted to urban
while some to forest). The factors that affect
mosquito-borne  disease are  anthropogenic
environment (e.g. Urban areas), natural
environment (e.g. Forest), climate factor and
microclimate factors”’. The ticks have increased
along with the disease carried parallel with
climate change®. Ticks have

e Increased in number

e Increased in geographic distribution

e Increased activity
Prolonged extremes values of temperature (high or
low), low humidity and intense rainfall could
adversely affect tick development by reducing

their activity and increasing their mortality rate.
Reservoir host (pathogen container) is very
important in tick lifestyle. (Reproduction host-
blood donors). With environmental change,
disease range prevalence and seasonality may
change in direct relationship to the vector or
animal host*®!. Climate change is causing warmer
temperature and changes in precipitation that
impact the habitat distribution and mating cycles
of diseases carrying mosquitoes and ticks
increasing the risk of exposure to disease in some
areas””™. Even small changes in temperature can
have strong non-linear effects on the outcomes of
ectotherm host parasite and host pathogen
interaction*. Reservoir  host (pathogen
container) and reproductive host (blood donor) is
very important in tick’s life. Ticks are active from
the time the ice melts till the ice forms. Those who
spend more time outdoors and residence in
endemic area are the people of high risk!**,
Temperature and associated factor affect vectors
pathogens and humans which causes an upsurge in
vector -borne disease. X" 7*!

In general, transmission of any diseases can be
classified into four, namely direct transmitted
diseases, vector borne diseases, environmentally
mediated diseases and zoonotic diseases.
Environmentally mediated diseases can be further
classified into two namely Environmentally
mediated ~ with  host  transmission  and
environmentally =~ mediated ~ without  host
transmission. Similarly zoonotic transmission can
be further categorised into two namely zoonotic
transmission with vector & zoonotic transmission
without vector.

Layers of Protection Analysis & Risk
Assessment:

Vector environment suitability and infection:
Vector must have a suitable microclimate to live,
survive and reproduce. It needs optimal
temperature and other factors to effectively carry
on life processes and reproduction as well as
transmit the diseases because they are mostly
ectothermic.  Climate change affects the
microclimate of the vector, thus changing its
geographical presence and its ability to carry and
transmit the diseases and its behaviour like
increase in blood meals.

Disease-climate suitability: These are limitations
of some pathogens, such as the reduction in
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infectivity of mosquitoes in low temperatures. So
there must be favourable conditions for a disease
to spread. climate change increases the availability
of such conditions that leads to an increasing trend
in the vector borne diseases

Availability of hosts and Host-vector contact and
infection of hosts: Human-vector contact is crucial
for diseases to spread, and this is the most
important part. Climate change changes the
human behaviour and increases the chance of
exposure to vectors, like exposure to vectors as
summer temperatures force people to spend their
time outside

Host immune vs diseases: This part involves the
person’s immune and disease causers and involves
multiple factors like immunity, nutrition, poverty,
previous exposure to pathogen, vaccination,
coinfection, etc. It also depends on the nature of
the pathogen. Climate change also affects it by
various ways such as social conditions and
exposure to extreme weather events, malnutrition
due to increased carbon dioxide which pressures
plants, multiple coinfections, etc.

Diagnosis and treatment for the diseases: it
depends on the healthcare infrastructure and
economic conditions. Better outcomes rely on
correct diagnosis and availability of tools and
correct treatment and availability of drugs and
treatment efficacy on the diseases. It again is
influenced by the nature of the pathogen. Climate
change affects it by influencing the economic
factors and healthcare infrastructure through
extreme weather events.
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Figure 1: Layers of Protection

Hosts can deploy a number of sequestration
strategies to limit micronutrient levels, generate

highly localised acidic environments induce
oxidative and aerobic stress and release bioactive
antimicrobial agents. Primary pathogens evade
these host responses by avoiding detection,
hijacking the host immune system, countering
with their own bioactive agents, generating
completing high affinity nutrient sequestration
molecules and rapidly modulating their
metabolism to survive and prosper in nutrient and
oxygen-poor environments.

Risk of Infection = F (E,S,A), where, E =
Exposure, S = Sensitivity, A = Adaptive capacity /
social resistance.

F is depending on temperature (maximum,
minimum, range), precipitation (total, days with or
without), humidity (specific, relative), wind
(speed, direction), EI Nino Southern Oscillation
(ENSO), climate change. Therefore, if any
organism is going to affect human population
must cross many numbers of challenges and is
also represented in the below simplified pictorial
representation (Figure — 1).

Developing a Strategy to mitigate Climate
Change Health Hazards:

Developing a strategy for climate induced health
hazards, strategy shall cover below protection
methods. Elimination, Prevention, Detection and
Control, Mitigation and pandemic response.
Challenges'® 13141655891,
The challenges associated with prediction,
prevention, diagnostics, surveillance and treatment
are listed below:

e Most microbes in ectothermic animals
have great virulence to defeat immunity
but lack to survive the temperature of
body. When they acquire this feature, they
can affect body. Recent studies reveal that
pathogens are acquiring the
thermotolerance feature.

e Pathogen drug resistance can be linked to
multiple factors, such as exposure to the
drug in question creating selective pressure
for resistance, population size, a pool of
pre-existing resistance strains and the
fitness cost associated with resistance.
Resistance can also result as a bystander
effect from other selective pressure.

e QGenetic changes (mutation) will affect the
transmissibility, virulence or immune
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escape & also affects frequency or
geographic distribution. The study on
mutation of each pathogen is more
complex.

e C(limate change affects both people’s
immunity and  susceptibility = and
pathogen’s ability and availability.

e Adaptability of vector to unfavourable
environmental  conditions  such  as
freshwater vector adapting to saline /
brackish water environment and saline
soils.

e Interconnection and interaction between
Extreme Weather Events, Climate change
data, pathogen, vector & host. Due to
complexity of interaction, dependency on
numerous variables make the prediction
more difficult.

e Unavailability of Surveillance tools for
pathogen, vector & host health.

e Research infrastructure, Data gathering
and analysing & cost.

e Adapting to breed, grow, mature and
multiply in the different environmental
conditions and possessing possess the
necessary physiological mechanisms to
survive may have gone unnoticed. For
example, Ae. aegypti larva possess the
necessary physiological mechanisms to
withstand a limited, short-term increase in
salinity.

Prevention

There must be a collaboration between researchers
and healthcare providers, policymakers and
businesspersons. This multidisciplinary and
multiplatform collaboration is very important in
terms of building a pillar against the climate
change related disasters in terms of both Extreme
weather events and emerging infectious diseases.
Models must be developed for prediction and
strategies and efforts must made to minimize the
effects of the upcoming or predicted climate
change related disasters. Tracking and stimulation
models must be in use for the effective planning,
and it must be notified to the individuals of the
region which is going to be affected. Mobile
application can be created so that people can
access healthcare from their homes. Diagnostics
should be revolutionised so that correct treatment
can be given, and resistance can be prevented due

to inappropriate treatment. Satellite imaging
technology must be used to find areas under risk
for certain diseases. Epidemiological analysis
must be done to detect any epidemics. Weather
forecast is a must. Surveillance must include
vector surveillance. Not only prediction, detection
and surveillance measures but also
countermeasures are necessary' . Healthcare
sector must be made resilient and improved.
Solution is of two parts: adaptation and
mitigation. Mitigation strategies are insufficient
81 Early warning systems must be developed®.
Researchers form this field must collaborate with
researchers from another fields™. Public health
measures must be taken at a large scale. A one
health approach is needed.

Treatment

Table (Table-2) provides the detailed analysis of
major vector borne diseases and their cause,
Transmission, Symptom, Diagnosis, Treatment &
Challenges. The treatment suggested are
preliminary and treatment shall also be covered
based on symptoms, co-infections, travel history,
test reports, radiology reports, age, sex, patient
conditions, available infrastructure, etc. This table
also offers an insight to vector borne diseases and
influence of climate changes.

Future

In future, if in the current trend, the temperature
will be rising. Diseases would be a common part
of human’s life. Everywhere there would be
extreme weather events. Diseases would be
uncountable, and vectors would expand their
territories thus expanding diseases. At one stage,
there would be no life because of extreme
temperature except if some organisms survive via
developing resistance to heat or thermotolerance.
Climate change cannot be put to an end because
for example, favourable conditions for fungus
given by climate change would Ilead to
decomposition which causes release of methane
and carbon dioxide that promotes climate change.
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Conclusion

People see it as floods, tornadoes, tsunamis,
droughts, heatwaves, etc. but they need more
education about diseases and climate change. It
affects population unequally, but still all are
affected in any one way at least. It increases the
host susceptibility, host-pathogen interaction
(mainly due to habitat destruction and exposure to
contaminated transmitters) and the ability of the
organisms (disease causers) to get transmitted and
infect people. It also affects vectors by providing
suitable climate and habitat, thereby increasing the
risk of vector borne diseases. It influences the
hosts. The adaptation of pathogen to one
environmental stressor also primes them to
withstand another adverse environment. Vectors
are also getting adapted like humans to climate
change. It also provides abundance of medium
through which diseases transmit. Therefore, It can
be concluded that requirement of various expert
committees and their inputs are required for
development of broader roadmap to address
climate induced communicable diseases.
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