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ABSTRACT

Background: The issue of climate change has currently become a critical concern for the
global community as it affects the transmission and spread of a wide range of diseases. This
study aims to examine the literature and scientific evidence concerning the impact of climate
change on vector-borne diseases.
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Materials and Methods: In this review research, a comprehensive search and review of texts
was conducted in various databases, including Google Scholar, PubMed, Scopus, and Web of
Science. The MeSH framework was used as the search strategy for articles published from
2009 to 2022.

Results: The results showed that weather and environmental factors can have positive or
negative effects on the growth rate, mortality, and reproduction of vectors of infectious diseases.
Climate changes also affect the transmission of diseases based on an unknown mechanism. In
addition, weather crises, such as floods and droughts impact pathogens, vectors, and hosts of
diseases. Accordingly, many vector-borne diseases have a high potential for vulnerability to
climate and weather conditions because of various animal vectors and hosts.

Conclusion: The prevalence and incidence of vector-borne diseases are affected by climate
changes, especially parasitic diseases caused by mosquitoes, which are among the diseases
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1. Introduction

limate change is currently a serious problem
that threatens human health and has affected
the transmission and spread of a wide range
of diseases, especially diseases transmitted
through vectors [1]. Climate change refers to
long-term statistical changes in weather factors, such as
temperature, precipitation, humidity, and sunlight. Evi-
dence shows that climate change significantly affects the
public health. The life cycle and transmission of most in-
fectious agents are also effectively related to climate [2-4].

Vectors act as intermediate hosts in the life cycle of
pathogens and play a role in transmission to living organ-
isms, called hosts. The change in the geographical loca-
tion and population of vector insects is related to the pat-
tern and climate changes. Accordingly, climate changes
may lead to alterations in the scope, period, and severity
of infectious diseases by impacting disease vectors [2].

Vector arthropods are among the ectothermic animals;
therefore, they are sensitive to climatic factors. Climate
affects the survival and reproduction of vectors, which
in turn influences the suitability of the habitat, distribu-
tion, frequency, intensity, and temporal pattern of vec-
tor activity (especially the biting rate) throughout the
year, as well as the growth, survival, and reproduction
of pathogens in vectors. However, besides the climate,
many other factors affect the distribution of vectors, in-
cluding the destruction of habitats, land use change, use
of poisons and pesticides, and host density [5, 6].

Temperature affects the spatial and temporal distribu-
tion of disease vectors so with the increase in tempera-
ture, insects in low-latitude regions may appear in new
habitats in middle and high latitudes, and as a result, geo-
graphical spread or disease change in high latitudes can
be observed. Recent studies have shown that some vec-
tor-borne infectious diseases, including malaria, African
trypanosomiasis, Lyme disease, tick-borne encephalitis,
yellow fever, plague, and dengue fever have spread to
wider areas [7].

The Anopheles mosquito carrying malaria is mostly
confined to areas with an average temperature of 16°C;
however, as the planet warms, its range can expand dra-
matically northward. Also, warmer temperatures accel-
erate the life cycle of disease-carrying insects and lead
them to feed more; as a result, more people are signifi-
cantly infected in warmer climates [8]. Studies show that
the increase in the mortality from vector-borne diseases,
including malaria and dengue fever, is because of an in-
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crease of nearly 1°C in the global average temperature
[9]. Accordingly, climate change creates conditions that
can lead to the spread of infectious diseases.

Following the expansion of vector habitats, includ-
ing mosquitoes, ticks, and field insects, many of these
diseases have spread to high-latitude areas. The issue of
habitat change has been observed even in snails, the in-
termediate host of parasites, for example, in China, with
the increase in winter temperatures. In addition, the geo-
graphic distribution of the snail Oncomelania hupensis,
the intermediate host of Schistosoma japonicum, to new
areas in North China has expanded [10].

The prevalence and occurrence of infectious diseases
is affected by climate change. Among these diseases,
vector-borne diseases, especially the parasitic diseases
caused by mosquitoes are among the diseases sensitive
to the climate so the scope and geographical range of sev-
eral vector-borne diseases and their vectors have changed
because of the warming of the air in high areas. Climate
change refers to the long-term changes in weather condi-
tions as well as changes in the pattern of severe weather
events that may lead to threats to human health and have a
double impact on existing health problems [11].

Numerous studies have been conducted on the im-
pact of climate change and infectious diseases [3, 12];
however, studies that emphasize the impact of climate
on parasitic vector-borne diseases are limited and most
studies have focused on diseases, such as malaria [13]
and leishmaniasis [ 14, 15]. Hence, this study aims to de-
termine the effect of climate change on infectious diseas-
es with an emphasis on vector-borne parasitic diseases
by examining scientific evidence.

2. Materials and Methods

In this review research, a comprehensive search and
review of articles were conducted in databases and in-
ternational scientific sources, including Google Schol-
ar, PubMed, Scopus, and Web of Science based on the
title and abstract. In this study, keywords were used with
two approaches. In the first approach, the keywords
“climate change,” “climate diversity,” “global warm-
ing,” “climate changes,” and “severe weather events”
were searched, while in the second approach, the key-
words “parasitic disease,” “vector born disease,” and
“insect born disease” were used. The medical subject
heading (MeSH) terms were also used for the search
strategy. In this study, articles published from 2009 to
2022 were used to update and obtain the latest informa-
tion in this field.
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In the search for articles, all studies conducted in this
field, including descriptive studies, clinical trials, sys-
tematic reviews, and all types of review studies related to
the purpose of the research were extracted and analyzed.
Articles without enough evidence, such as conference
reports and lectures were excluded. Of all the sources
that were studied in line with the study goal, articles
whose full text was accessible were selected.

Also, in this study, based on the review of related pub-
lications during the last decade, the terms used to review
the literature were tried to reflect 3 aspects, namely cli-
matic and environmental factors and variables, compo-
nents related to the vector of the disease, as well as in-
fectious diseases with a focus on parasitic vector-borne
diseases.

3. Results

The effect of climate on the growth rate, mortality,
and reproduction of vectors

As previously mentioned, disease-carrying arthropods
and insects are among the organisms sensitive to climate
change, and the diseases caused by these vectors are also
affected by climate, weather, and environmental condi-
tions, especially parasitic diseases caused by mosquitoes
are among climate-sensitive diseases (Table 1). Follow-
ing, the impact of each of the weather and environmen-
tal factors on vector-borne diseases are separately men-
tioned:

Temperature: Temperature changes may lead to limita-
tions in the distribution and dispersion of disease vec-
tors. The Aedes aegypti mosquito can be mentioned
as the vector of yellow fever and dengue viruses [16].
Experiments show when the water temperature exceeds
34°C, the larvae of this mosquito die; however, the adult
insects begin to die when the air temperature exceeds
40°C. Accordingly, if global warming continues, vec-
tors, such as 4. aegypti may disappear from some areas
with temperatures above the given threshold [2]. Simi-
larly, malaria-carrying anopheles, mainly found in areas
with temperatures above 16°C, may expand dramatically
northward with global warming [8], and temperature
lower than this threshold will probably control malaria.

Amount of rainfall: Changes in rainfall may affect
disease vectors. Many infectious vector-borne diseases
have a positive relationship with rainfall; the growth of
the larvae of some vector mosquitoes is accelerated by
increasing rainfall and temperature [17]. Adult Anoph-
eles mosquitoes, the vector of malaria, grow in the clean
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water of natural ponds; however, drought may limit the
breeding sites of these mosquitoes in terms of quantity
and quality, thus leading to decreased vector popula-
tion and consequently decreased vector disease [18, 19].
Studies conducted on the population changes of Anoph-
eles mosquitoes in Iran also indicate the more effective
role of drought on the spread of malaria vectors com-
pared to global warming [20, 21]. However, rainfall is
not always suitable for vectors. Excessive rainfall may
have negative effects on mosquito populations as heavy
rains destroy mosquito breeding sites [22]. Conversely,
drought in humid areas may reduce the rate of water
flow in small streams and provide more pools of water
as a suitable site for breeding mosquitoes [23]. The pri-
mary vector of the West Nile virus is a type of mosquito
called Culex, which usually grows underground and in
the dirty water of urban sewers and reservoirs. Drought
allows decaying organic matter to accumulate in these
pools and create favorable conditions for these mosqui-
toes. Heavy rain washes away these sewers and drains
the pools [24], thereby limiting the spread of the West
Nile virus.

Air humidity: Many disease vectors tend to respond
more strongly to changes in humidity. For example,
relative humidity affects malaria transmission by affect-
ing the mosquito’s activity and survival. If the average
monthly relative humidity is below 60%, the life span
of the mosquito of malaria vector will be too short to
sustain malaria transmission [2]. When warm and humid
weather replaces dry weather, vector mosquitoes carry-
ing West Nile virus and Lyme disease may be transmit-
ted to unusual regions, such as Canada and Scandinavia
[25]. Low humidity can negatively affect the survival of
adult 4. aegypti; therefore, it reduces dengue transmis-
sion [2]. Low humidity, especially when accompanied
by high temperatures, creates unfavorable conditions
for ticks and fleas (e.g. grasslands and forests) and the
spread of related infectious diseases is limited [26].

In some regions of Southern Europe, the risk of disease
transmission decreases where the weather conditions
become extremely hot and dry. Forecasts show that the
climate in Central Europe will be increasingly favorable
for the Phelobotomus spp., and the expansion of these
favorable climatic conditions for the Phelobotomus spp.
will lead to an increased risk of leishmaniasis, even
though this dispersion can be controlled to some extent
because of the movement ability and limited flight of the
mosquito [1]. Since changes in temperature and relative
humidity affect the survival and reproduction of disease-
carrying mosquitoes, the intensity and time pattern of the
activity of these vectors may change [27].
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Wind: The wind has a double effect on disease vectors.
For example, wind may have both positive and negative
effects on the life cycle of malaria. Accordingly, strong
wind may reduce the possibility of mosquito bites, while
simultaneously increasing their flight distance. During
the monsoon season, the winds can change the spatial
distribution of mosquitoes [2].

Sunlight radiation: Sunlight may have a synergistic ef-
fect on disease vectors. A time series analysis of cholera
cases showed that increasing temperature and long-term
sunlight have a positive effect on the monthly incidence
of this disease [28]. In particular, high temperature with
moderate sunlight provides the most favorable condi-
tions for the outbreak of cholera. However, a relatively
low temperature is suitable for the vector of cholera if it
is accompanied by long sunlight [2].

Climate change and disease transmission

Disease vectors are indirectly involved in the transmis-
sion of pathogenic agents to humans in terms of ways
of disease transmission. Despite the lack of information
on the mechanism of climate effect on disease transmis-
sion, many studies have proven that climatic variables
and weather conditions may affect disease transmission.
Temperature change alone or with alterations in other
variables, such as rainfall, may change disease trans-
mission. Studies have reported the relationship between
annual temperature changes and malaria transmission
in African highlands [29]. Also, the incidence of hem-
orrhagic fever with renal syndrome is closely related to
weather factors, such as temperature, rainfall, and hu-
midity [30].

Climate change can affect the transmission of infec-
tious diseases through changes in human-pathogen and
human-vector contact patterns. A time series study on
malaria showed that seasonal changes in the prevalence
of malaria can mainly be explained by the minimum
temperature at the beginning of the transmission season,
which corresponds to the months with the most contact
between humans and the vector [29].

Climate changes may affect the transmission season
through the effect on the reproduction and lifespan of the
vectors. For example, long transmission seasons lead to
the integration of vector-borne diseases in the long term
and, as a result, lead to an increase in infection. Over
time, these transmission areas are developed and as a
result, vectors with the ability to move to higher places
emerge. In the past decades, the prevalence of malaria
has increased and this is partly related to climate change
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[31]. Climate change is vital in shaping the activity pat-
tern and behaviors of humans and other hosts, such as
seasonal employment, migration, and winter and sum-
mer lifestyles [32], which in turn can significantly af-
fect disease transmission patterns. For example, visceral
leishmaniasis disease reappeared in the cities of semi-
arid regions of Brazil because of the rural-urban migra-
tion of farmers [22].

The influence of climate on changing the sensitiv-
ity of the vector host

Disease vectors may survive by sheltering in small-
scale environments where a change in ambient tempera-
ture is not noticeable. For example, in Jalur, Rajasthan,
India, A. aegypti mosquitoes grew in household jars
or cemented underground tanks and remained hidden
against summer temperatures above 40°C [33]. Simi-
larly, field observations have recorded live larvae of
A. aegypti in ice-covered water [2]. Also, reports show
that these mosquitoes in areas, such as Memphis, USA,
where winter temperatures usually reach less than 0°C,
are observed [34].

Extreme weather and disease vectors

Extreme weather events refer to the values of a weather
or climate variable that are beyond the threshold limit,
i.e. higher (or lower) than the range of observed values,
which include extreme events on a global scale, such as
El Nifio (El Nino) and regional or local meteorological
risks, such as drought, heat, or flood. Although these
events are rare and occur less than 5% of the time, their
frequency and intensity are increasing, representing a
critical aspect of global climate change [35]. They are
usually associated with dramatic changes in one or more
climate variables and can potentially alter the dynamics
of human infectious diseases by affecting pathogens,
vectors/hosts, or transmission routes [2].

In several studies, the effects of extreme weather events
and meteorological hazards on vector-borne diseases
have been investigated. Studies show that heat waves,
storms, droughts, and floods have a direct risk for human
infectious diseases [36].

In addition, extreme weather events create conditions that
lead to the outbreak of infectious diseases. For example,
heavy rains change insect breeding sites, drive rodents out
of their nests, and contaminate water treatment systems.
Also, these extreme weather events affect the public health
of countries through the occurrence of some infectious dis-
eases. Among these cases, the health effects of the flood can
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Table 1. A summary of the impact of climate change on parasitic vector-borne diseases
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. . . . Continent,
Infectious Disease(s) Vector Parasite Climate Change / References
Country
. . Temperature, rainfall, .
Malaria Anophele spp. Plasmodium spp. and relative humidity Africa, Iran [13, 38]
Cutaneous Leishmaniasis Phlebotomine spp. Leishmania spp. Tempferature qu el i, Mgd|ter— [1,27,39]
tive humidity ranean Basin, Iran
Phlebotomine spp/ Leishmania infan- Temperature, relative Iran, India
Visceral Leishmaniasis . PP, tum, Leishmania per . L ! [40-43]
Lutzomyia spp. d : humidity, and rainfall Ethiopia, Italy
onovani
Babesiosis Ixodes SPP. Babesia spp. Temperature Eurogtz/ttnglted [44]
Mosquitoes Wuchereria
Lymphatic filariasis (Anopheles,Culex, and b . Global warming Nepal [45]
ancrofti
Aedes)
T Mosquitoes (Anoph- o Global warming and Russia, United
Human dirofilariasis e, @il #me) el Dirofilaria spp. Temperature States [46, 47]
Chagas disease Bugs (Reduviidae) Trypanos.oma Tempera_tur(_e Venezuelg and [48]
cruzi and precipitation Argentina
. . . Trypanosoma T
African trypanosomiasis Tsetse fly (Glossina gambiense, Precipitation it T [49, 50]

(sleeping sickness)

spp.)

T. rhodesiense

and Temperature

be mentioned that the increase in cases of diseases, such as
leptospirosis and enteritis caused by Campylobacter were
related to the occurrence of floods in the Czech Republic.
Similarly, increased cryptosporidiosis in Britain was also
linked to flooding [11]. However, they are mostly empirical
studies and no comprehensive understanding exists of the
mechanism of how climate conditions change and how they
affect disease patterns. This issue can be a crucial reason for
the findings of the relationship between extreme weather
events and diseases that are sometimes inconsistent or at
other times; they are very local or regional. For example,
malaria outbreaks in Ecuador, Bolivia, and Peru were be-
cause of the heavy rainfall that accompanied the El Nifio
event in 1983 [37].

Discussion

Climate change refers to a long-term change in weather
conditions as well as a change in the pattern of weather cri-
ses (extreme weather) so that it increases and spreads these
weather crises. Currently, the impact of climate change on
human societies is observable and its effects are evident in
people’s lives. Therefore, some societies suggest measures,
such as adaptation and control measures to reduce the dam-
age caused by climate change. Among the harms and dan-
gers caused by climate change, health hazards of people in
society that are directly or indirectly affected by climate
change can be mentioned [2].
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Accordingly, two scenarios are considered for climate
change. One scenario is the impact on the distribution and
spread of infectious diseases, which is related to the warm-
ing of the air. The other scenario is the change in the out-
break of diseases caused by extreme weather changes and
climate crises. Climate mainly affects the range and dis-
tribution of infectious diseases, while weather affects the
timing and severity of disease outbreaks. Climate change
affects disease transmission by changing the geographical
range of disease vectors while shortening the incubation
period of the pathogenic agent [11]. The effects of climate
change on vector-borne infectious diseases are imposed
through the impact on pathogens, hosts/vectors, and dis-
ease transmission; accordingly, climate change can affect
disease vectors in 3 different ways, namely through a di-
rect effect on the growth, mortality, and reproduction of the
vectors, by inducing and creating behavioral changes in the
vectors that lead to a change in the transmission pattern,
and via changing the sensitivity of the vectors, for example,
alterations in the physiology of vector [12, 51].

Disease vectors need a complex ecosystem for survival
and reproduction. For example, increased temperature
and rainfall expand favorable habitats for malaria vec-
tors. On the other hand, increased temperature with de-
creased rainfall creates new habitats for the Leishman-
iasis-carrying Phlebotomus species, while decreased
humidity of the environment causes the transmission of
lymphatic filariasis [52].
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Social and economic factors are also vital in predicting
the risk of infectious vector-borne diseases caused by cli-
mate change [5]. Vulnerability of the society to climate
change causes the risk of infectious diseases. This can be
related to social development, including the expansion
and improvement of the health system and existing in-
frastructure in society. For example, in India, unplanned
urbanization has led to the spread of dengue fever in
these areas [53]. In Iran, during the desertification proj-
ect, which was implemented to prevent the expansion
of the desert, by planting trees, suitable conditions were
provided for mice to live in these areas, which is one
of the reasons for increased cutaneous leishmaniasis in
recent years.

Various studies have investigated the impact of climate
change on infectious diseases [11, 12] and the relation-
ship between climate and vector-borne diseases, includ-
ing bacterial and viral diseases, etc. [18, 27]. However,
in the present study, we tried to emphasize the role of
climate change on parasitic vector-borne diseases. Al-
though this study was conducted in a more specific man-
ner unlike other studies that were conducted on a wide
range of infectious diseases, one of the limitations of the
present study was that the research conducted on the ef-
fect of climate and some parasitic diseases was limited.

Conclusion

Many vector-borne diseases are affected by climate
and weather conditions due to the multiple animal vec-
tors and reservoirs. This means that in this category
of infectious diseases, climate changes can lead to the
transmission and durability of vectors as well as the ex-
pansion of new habitats.

The prevalence and occurrence of infectious diseases
is affected by climate change. Among these diseases, we
can mention vector-borne diseases, and especially, para-
sitic diseases caused by mosquitoes are climate-sensitive
diseases. Therefore, to reduce the vulnerability to the
effects of climate change, it is essential to increase the
awareness and knowledge of human societies in this area
and take control and preventive measures. Also, to un-
derstand the mechanism of the relationship between cli-
mate change and disease transmission, more and wider
studies are needed. It is suggested to conduct studies in
the field of providing prediction models and temporal-
spatial analysis of the impact of climate change on infec-
tious diseases and disease vectors.
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