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Abstract

During the last few decades, average surface temperature of the Earth was increased by approximately
0.2°C/decades. Higher concentration of the green house gases leads to increase in atmospheric and Earth
surface temperatures and cause global warming. Global warming can impact the physical as well as biological
systems. Therefore, climate change may play a key role in transmission of several vectors borne disease. In
the last thirty years, several new infectious diseases have been emerged in the world. Development, survival
of mosquitoes and the dissemination of pathogens, all are controlled by the climatic factors. Climate change
and unstable climatic condition may affect vector borne diseases. At present, impacts of climate change on
mosquito life cycle and transmission of mosquito borne diseases is a serious issue. Temperature change affect
pathogen development within the mosquitoes, mosquito survival and therefore vectorial capacity. In addition,
precipitation in an area control the number of breeding sites for mosquitoes that have aquatic immature stages.
It has been estimated that these diseases represent 17% of the global disease burden. These diseases are the
major cause of mortality in several tropical and subtropical countries. Migration of malaria vectors from their
conventional locations to invade the new geographical region is a matter of great concern. To prevent the
vector borne diseases, continuous monitoring of mosquito population and mosquito transmitted diseases in the
context of climate change is required. Furthermore, it seems essential to improve our knowledge based on the
availability of present information and problems regarding mosquito surveillance and mosquito-borne
infectious diseases.
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Introduction

During the last few decades, Earth’s surface temperature has increased by about 0.2°C/decades (Hansen et al
2006). It has been estimated that by the end of the 21st century, the mean temperature of the Earth’s surface
will increase by approximately 1-3.5°C (Githeko et al. 2000). Uncontrolled human activities like burning of
fossil fuels, deforestation, and industrial setup are the major source of greenhouse gases particularly, CO2,
methane (CH4), nitrous oxide (N20). Higher concentration of these gases increases atmospheric and Earth
surface temperatures and cause global warming (Githeko et al. 2000, Karl and Trenberth 2003). Global
warming can impact the physical and biological systems (Rosenzweig, et al. 2007). Therefore, climate change
may play a key role in the transmission of several vectors borne diseases (Campbell-Lendrum et al. 2015).
During the last few decades, several new infectious diseases have emerged in the world (Epstein et al. 1998).
Resurgence of mosquito vectors and the redistribution of infectious diseases such as malaria and dengue fever
have occurred worldwide (Epstein et al. 1998). Development, survival of mosquitoes and the dissemination
of pathogens, all are controlled by climatic factors. Climate change and unstable climatic condition may affect
vector borne diseases (Caminade et al. 2019). Mosquitoes are poikilothermic animal and fluctuating
temperatures alter the development, reproduction and behaviour of mosquitoes (Lahondére and Bonizzoni,
2022). At present, the impacts of climate change on the mosquito life cycle and transmission of mosquito
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borne diseases is a serious issue. There is very little information regarding the influence of climate factors,
such as temperature, rainfall and humidity on mosquito-borne diseases. Temperature change affects pathogen
development within the mosquitoes, mosquito survival and therefore vectorial capacity (Liu et al. 2023). In
addition, precipitation in an area controls the number of breeding sites for mosquitoes that have aquatic
immature stages (Asgarian et al 2021). It has been estimated that these diseases represent 17% of the global
disease burden (Karunamoorthi and Sabesan, 2013).. These diseases are the major cause of mortality in several
tropical and subtropical countries.

Recent evidence shows that variation in temperature and precipitation alter the distribution and behaviour of
the mosquito vector (Lamy et al. 2023). Migration of malaria vectors (Anopheles mosquitoes) from their
conventional locations to invade the new geographical region is a matter of great concern (Tonnang et al.
2010). A small increase in temperature leads to an increase in the mosquito’s development rate and the adult
frequency of blood feeding (Costanzo and Occhino, 2023). To prevent vector-borne diseases, continuous
monitoring of mosquito populations and mosquito-transmitted diseases in the context of climate change is
required.

This review focuses on the influence of climate change on the mosquito vector and identifies the gaps in our
knowledge. The objective of this chapter is to analyse: (i) the impacts of global warming on the development
of mosquitoes; (ii) the effect of global warming on insecticide resistance.

Anopheles

The Anopheles mosquito is considered as primary malaria vector. It prefers mammals, including humans, for
its blood meal (Feng et al. 2017). Hibernating females survive the winter season by resting in a cave (Sauer et
al. 2022). While at high temperatures, adult anopheline mosquitoes find a micro habitat for their survival e.g.
Anopheles stephensi shelters in water tanks in Rajasthan to deal with the higher temperatures (WHO 2008).
Mosquito vectors such as Anopheles minimus search for outdoor locations in dense vegetation under adverse
climatic conditions (Dhiman et al 2008). Eggs can resist the cold temperatures. The female Anopheles mates
several times in her short lifespan and lay eggs after the blood meal (Ebrahimi et al. 2014). The female
mosquito can lay up to 200 eggs individually over the water surface. For effective malaria transmission, a
mosquito species needs to survive long enough after blood feeding to transfer the plasmodium species to a
human being (Shaw et al. 2020). It allows the parasite to develop and travel to the mosquito’s salivary glands
ready to infect the next person bitten.

Aedes

In the last two decades, Aedes mosquitoes, the Asian tiger mosquito have conquered newer geographical
regions quickly (Benedict et al. 2007). Aedes albopictus can breed in natural as well as artificial water filled
container therefore they are labeled as container-breeder (Ferdousi et al. 2015). Its ability to breed in
containers makes it associated with urban environments where water-storage tanks, tires and bottles, are easily
available (Fansiri et al. 2021). Furthermore, its nature to feed on a wide range of species increases its potential
as a vector (Egid et al. 2022). Aedes albopictus is a potent biter and diurnal feeding nature enhances their
vectorial capability (Costanzo and Occhino, 2023). Diapausing eggs of Ae. albopictus populations in temperate
zones permit overwinter the Aedes Albopictus population (Mogi et al. 2014). Consequently, Aedes albopictus
has an extensive geographical distribution than Aedes aegypti, which spans tropical, subtropical, and temperate
habitats and enhances the possibility of disease transmission in temperate regions of the world (Zhang et al.
2022).
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Another species of Aedes mosquito is Aedes aegypti. It is well established throughout the tropical and
subtropical regions of the world. Eggs can survive several months in harsh environmental conditions. It
facilitates the dispersal and survival during dry periods (Ebi and Nealon, 2016). Aedes aegypti origin is
connected to Africa and thereafter transported to the America through slave trade (Kotsakiozi et al. 2018).
The female predominantly feeds on human beings, and the ability to take multiple blood meals/gonotrophic
cycle (Norris et al. 2010) increases its vectorial capacity. The geographic distribution is controlled by cold
temperatures. Aedes aegypti did not survive below 10°C, proven to be the climatic boundary for survival
(Reinhold et al. 2018).

Culex

Culex mosquito are vector of great concern. Culex species has been identified as the primary vector of West
Nile Virus (Moser et al. 2023). Cules quinquefasciatus resides in the tropical and subtropical regions of the
world whereas Culex pipiens mainly found in temperate zone. Unlike Culex pipiens, Culex quinquefasciatus
are not capable of diapause, it limited the distribution iof Culex quinquefasciatus (Moser et al. 2023). Culex
quinquefasciatus a primary vector of the filarial worm, Wuchereria bancrofti in Brazil (Brito et al. 1997),
tropical Africa, and Southeast Asia (Samy et al 2016). Recently, researchers have raised the concern over
possibility of Culex quinquefasciatus involvement in the transmission of Zika virus (ZIKV) in Brazil. Culex
quinquefasciatus numbers in Brazil are approximately 20 times higher than the Aedes aegypti (Melo et al.
2016).

Effects of climate factors on vectors and parasites

Environmental conditions have been associated with significant variation in both adult and immature stage
characteristics of insects, including larval growth rates, development times, body size, fecundity, and longevity
(Ciota et al. 2014). Insect physiology works optimally within a lean range of temperatures, and shifting from
this range may impact the developmental cycle (Mpho et al. 2002). Furthermore, there is a relationship
between development time and insects size and fitness. Slightly shift from their comfort range can affect their
survival, feeding, and fecundity in negative manner (Mohammed and Chadee, 2011). Alterations in life history
characteristics lead to the considerable change in the vectorial capacity of mosquitoes (Delatte et al. 2009).
Higher temperatures often lead to increased precipitation and amount of rainfall. Higher rainfall increases the
vector population and disease transmission by providing more breeding spaces for vectors like mosquitoes
(Gage et al. 2008). However, not all conditions of rainfall favor mosquito’s survival and reproduction.
Flooding has negative effects on the density of their population because it can destroy the breeding sites as
well as the eggs and larvae of mosquitoes (Chang et al. 2014). Increasing temperature provides higher
transmission potential to vectors, shortens the generation time, population growth rate of vector increase and
decreases incubation periods (Tidman et al. 2021, Suh et al. 2024).

Likewise, increased rainfall conditions also increase transmission potential, habitats of vector larval stage and
population sizes (Ahmed et al. 2019). Exposure to high temperatures confers serious physiological changes in
ectothermic animals (Dingha et al. 2009). Aquatic larval stages of insects are easily influenced by temperature
changes attributed to the thermal conductivity of water and the restricted escaping ability of the larval stages.
For example, Anopheles arabiensis larval development rate tends to increase as temperature increases
(Agyekum et al. 2021). Generally, increased temperatures stimulated the development rate of parasites
(Martens et al. 1995). Extreme heat could be lethal for mosquitoes, but within certain ranges, mosquitoes can
survive. In this range blood sucking activity of mosquito increase (Agyekum et al. 2021).
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The minimum temperature for the development of Plasmodium vivax inside the anopheles species is 14.5—
16.5 °C, whereas for Plasmodium falciparum minimum temperature ranges from 16.5-19°C (Macdonald
1957, Martens et al. 1995). Furthermore, the optimum temperature for the development of the malaria parasite
is 20-30 °C temperature (Bruce-Chwatt, 1971). Sporogony of Plasmodium vivax is completed in 55 days at
16 °C whereas at 28 °C, the process completed within seven days (WHO, 1995).

The pathogen development time is shortened and therefore, the maturity rate increases (MacArthu,r 1972;
Epstein, 2001). For example, Anopheles mosquitoes, which carry malarian parasites, the increased
temperatures allow malarian protozoans to mature quickly so that the mosquito’s efficiency to transmit the
disease would increase (Kripa et al. 2024).

Exaggerated temperature stretches the geographic distribution of mosquito vector. Transmission of
Plasmodium falciparum by Anopheles mosquitoes starts when environmental temperatures cross 16°C
(Mordecai et al. 2013). Aedes aegypti, can not survive below the 10°C. Eggs, larvae and adult stages of Aedes
species are unable to deal with the cold temperature. Temperatures above 10°C are essential for the
reproduction and disease transmission by Aedes species (Reinhold et al. 2018, Epstein, 2001). Warmer
environmental conditions promote mosquitoes and mosquito-borne diseases, which will certainly affect human
health. Higher global temperatures increase the disease transmission rates and also expand the geographic
ranges.

Insecticide resistance

The development of insecticide resistance in mosquitoes is a nuisance for malaria control and its elimination
programs. Understanding of resistance mechanisms in mosquito vectors enables the development of resistance
management strategies. The significance of temperature in insecticide resistance cannot be denied.
Environmental temperature can alter the mosquito's physiology as well as enzyme function. It influences the
rates of cuticle penetration, interaction of insecticide to its target-site and detoxifying enzyme activity. When
toxicity of insecticides increases with temperatures called as positive temperature coefficient; whereas when
toxicity decreases with temperatures known as the negative temperature coefficient. Temperature coefficients
vary according to insecticides and species (Khan and Akram, 2014).

Patil et al. (1996) induced cross-tolerance in anopheline larvae by exposing them to elevated temperatures.
Elevated temperatures increased the level of pyrethroid resistance in Culex quinquefasciatus (Swain et al.
2009). On the contrary, Whiten and Peterson (2016) reported a negative temperature coefficient for permethrin
in Aedes aegypti. Higher temperature is responsible for improved a-esterase activity in Culex Quinquefasciatus
(Swain et al. 2009) and Aedes aegypti. (Polson et al. 2012). B-esterase activity result was not consistent in
comparison to o-esterase activity, in Culex quinquefasciatus p-esterase was suppressed (Swain et al. 2009)
while enhanced activity was reported in Aedes aegypti (Polson et al. 2012). Furthermore, study with Anopheles
stephensi (Hadaway and Barlow, 1963) and Aedes aegypti (Polson et al. 2012) revealed that organophosphate
killed more mosquitoes at higher temperatures, while DDT susceptibility decreased as temperature 200
increased from 20°C to 30°C (Hadaway and Barlow, 1963). According to Oliver and Brooke (2017), in
Anopheles arabiensis, heat shock reduces pyrethroid susceptibility in the insecticide-resistant rather than
susceptible, An. arabiensis. They urge that the induction of heat shock proteins played a role in heat shock-
induced pyrethroid resistance augmentation. However, in case malathion they reported that neither the elevated
rearing temperature nor the short-term heat shock had affected the malathion resistance phenotype.

Vector Control Challenges and Perspectives
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Understanding the role of climate change on infectious disease is highly valuable. Long-term disease control
strategies require extensive longitudinal surveillance systems capable of detecting (and dealing with)
distribution patterns, ecological preferences, and behavioral trends of important vector species, which could
significantly improve our ability to understand these transmission pattern and it could be useful for us to predict
and employ the most appropriate vector control strategy shortly.

The present vector-borne disease control methods are inadequate to deal with the negative outcome of global
warming. In recent decades, the sudden global economic development, climate change with increased
urbanization have considerably changed the disease transmission pattern.

Strategies for mosquito control

Rather than depending on a single strategy, mosquito control programmes must focus on the integrated
approach. The integrate approach involves surveillance of mosquitoes to track the number and types of
mosquitoes in a particular area. Public awareness and destruction of breeding sites, like stagnant water pools,
water filled pots and clean environments are the best preventive measures to control mosquitoes. Destruction
of vector breeding sites is an effective and economical tool for mosquito control.

Natural enemies and mosquito parasites are environment friendly control measures. In recent years, the sterile
insect technique has been a species specific control method for mosquitoes. The use of mechanical traps is
another nontoxic method for controlling the number of mosquitoes. Pesticide use in mosquito control has
hazardous effects that often outweigh any possible benefits; the pesticide use strategy must, therefore, be used
only as a last resort alternative. Therefore “Integrated Mosquito Management” method can effectively address
sustainable mosquito control programs.

Since mosquitoes can breed in a small water filled space it is necessary to target mosquito breeding sites to
reduce mosquito populations. All water-filled containers must be removed and drained, ditches, and water pits
must be eliminated. Areas may need filling with soil. If it is not possible to drain or fill the problem areas with
soil, the water source should be made unusable by mosquitoes. Poorly-drained water resources support the
development of vegetation and become prime areas for the laying of eggs and larval development of
mosquitoes.
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