
Qeios PEER-APPROVED

v1: 2 August 2024 Review Article

Thermal Stress and Dengue

Fever: Exploring the Correlation

between Elevated Temperatures

and Heat Waves in Disease

Dynamics

Peer-approved: 2 August 2024

© The Author(s) 2024. This is an

Open Access article under the CC BY
4.0 license.

Qeios, Vol. 6 (2024)
ISSN: 2632-3834

Shoukat Bukhari1,2, Salauddin Ali Khan3, Jahanzeb Malik4, Amna Ashraf5,

Khizer Yaseen6, Ali Karim7, Maria Faraz8

1. Army Medical College, Rawalpindi, Pakistan; 2. Department of Medicine, Combined Military Hospital,

Rawalpindi, Pakistan; 3. Independent researcher; 4. Department of Cardiovascular Medicine, Cardiovascular
Analytics Group, Canterbury, United Kingdom; 5. Institute of Medical Sciences, Varanasi, India; 6.

Department of Medicine, Hamdard University, Pakistan; 7. Department of Medicine, Liaquat University of
Medical & Health Sciences Jamshoro, Pakistan; 8. Bahria University, Pakistan

This article explores the intricate connection between high temperatures,

heatwaves, and the prevalence of Dengue fever. It investigates how elevated

temperatures impact Aedes mosquito vectors, the Dengue virus, and human

behavior, thereby increasing the risk of disease transmission during

heatwaves. The article highlights the significance of epidemiological studies

and recent advancements in predictive modeling, vector control, and vaccine

development in unraveling this complex relationship. The urgency of

addressing the intersection of climate change and Dengue is emphasized,

given the expanding regions affected by Dengue and the wide-reaching

consequences on public health and society. The conclusion underscores the

imperative need for collaborative efforts among researchers, policymakers,

and the global community to mitigate climate-induced risks and foster a more

resilient future.
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Introduction

In recent years, the world has witnessed a significant

increase in the frequency and intensity of heatwaves

and high-temperature events, largely attributed to the

effects of climate change  [1]. These extreme weather

conditions pose multifaceted challenges to human

health, ecosystems, and infrastructure  [2]. Among the

myriad health concerns exacerbated by rising

temperatures, the impact of heatwaves on the

transmission and prevalence of vector-borne diseases

has garnered increasing attention from researchers,

public health officials, and policymakers [2].

One such vector-borne disease that has come under

scrutiny in the context of heat waves is Dengue fever.

Dengue fever, caused by the Dengue virus and primarily

transmitted through the bite of infected Aedes

mosquitoes, has been a growing global health concern

over the past few decades [3]. With its geographic range

expanding and the number of cases steadily rising,

understanding how high temperatures and heatwaves

influence the dynamics of Dengue transmission has

become paramount for both mitigating the disease's

impact and implementing effective public health
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interventions. This investigation aims to delve into the

complex interplay between elevated temperatures, heat

waves, and the occurrence of Dengue fever. It seeks to

elucidate the various mechanisms through which

elevated temperatures may impact the vectors, virus,

and human behaviors, ultimately shaping the

epidemiology of Dengue. Through a comprehensive

review of existing research and insights, we aim to shed

light on the complex interactions that occur within this

ecological and climatic nexus. By gaining a deeper

understanding of how high temperatures and heat

waves influence Dengue fever, we can better equip

ourselves to develop proactive strategies for disease

prevention, early detection, and targeted interventions.

Moreover, this investigation underscores the pressing

need for global climate action and adaptation measures

to mitigate the adverse health consequences of a

warming world.

Dengue Fever: A Brief Overview

Dengue fever, a viral illness caused by the Dengue virus,

is primarily propagated through the bites of infected

Aedes mosquitoes, most notably Aedes aegypti and

Aedes albopictus  [4]. Understanding the structure and

characteristics of the Dengue virus is fundamental in

the context of this review, as it allows for a

comprehensive examination of how environmental

factors, particularly high temperatures and heat waves,

can influence the dynamics of virus transmission.

These Aedes mosquitoes play a pivotal role in

transmitting the virus, and their interactions with

changing environmental conditions are central to

understanding the impact of climate on Dengue [5]. On

a global scale, Dengue fever presents a substantial

public health challenge [6]. It has established endemicity

in regions spanning tropical and subtropical areas

worldwide [7]. Notably, the prevalence of Dengue is not

limited to one specific geographic region, as it

continues to extend its reach into previously non-

endemic zones  [8]. This geographic distribution

provides critical context for assessing how climate-

related shifts can affect the disease's prevalence and

geographic expansion. The epidemiology of Dengue is

dynamic and has undergone significant changes over

the years. These changes are attributed to various

factors, including urbanization, population growth,

travel, and climate change  [8]. In particular, climate

change, with its associated rise in global temperatures,

has contributed to the alteration of Dengue

transmission patterns  [9]. The disease exerts a

significant burden on public health systems in affected

regions  [10]. This burden encompasses high incidence

and prevalence rates, with millions of cases reported

annually  [11]. Moreover, Dengue carries an increased

risk of morbidity and mortality, often affecting

vulnerable populations  [8]. The social and economic

impacts of Dengue are substantial, affecting both

individuals and entire communities [12]. Controlling and

preventing Dengue outbreaks is a complicated

endeavor. One of the primary challenges is the lack of

specific antiviral treatments for the disease [13]. Vaccine

limitations and concerns about vaccine efficacy further

add to the complexity of Dengue control efforts  [13].

Furthermore, vector control, which involves managing

mosquito populations and minimizing human-

mosquito interactions  [14], is a cornerstone of Dengue

prevention. In the context of this review, it is imperative

to explore how rising temperatures and heat waves can

affect the behavior and survival of Aedes mosquitoes, as

these factors have direct implications for Dengue

transmission.

Climate Change and Dengue Fever

Climate change is increasingly recognized as a

significant driver in the distribution, transmission, and

prevalence of vector-borne diseases, with Dengue fever

standing as a prominent example  [15]. This section

delves into the complex interplay between climate

change and Dengue fever, shedding light on the

multifaceted ways in which a changing climate can

impact the dynamics of this disease. Climate change,

primarily caused by the rise in greenhouse gas

emissions, manifests through a range of environmental

shifts  [16]. Among these shifts, rising temperatures,

altered precipitation patterns, and the occurrence of

extreme weather events are key components [16]. These

changes, in turn, have far-reaching consequences for

the spread of Dengue. Rising temperatures play a

pivotal role in this equation [17]. They can significantly

influence the life cycle and behavior of Aedes

mosquitoes, which are the primary vectors for the

Dengue virus  [18]. High temperatures can expedite

mosquito development, increase their reproductive

rates, and enhance their survival, all of which intensify

the transmission of Dengue  [19]. Furthermore, warmer

temperatures can expand the geographical range of

these mosquitoes, potentially exposing previously

unaffected regions to the risk of Dengue

transmission [2].
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However, climate change is not solely about

temperature. Altered precipitation patterns are another

noteworthy factor [20]. Changes in rainfall can affect the

availability of breeding sites for Aedes mosquitoes, as

they rely on stagnant water for their larvae to

develop  [21]. Extreme rainfall events, followed by

periods of drought, can create ideal conditions for

mosquito breeding in containers and water storage

systems  [22]. One of the most profound impacts of

climate change on Dengue is the shift in disease

dynamics [23]. Dengue outbreaks are no longer confined

to specific seasons, with unexpected occurrences

becoming more common  [8]. This unpredictability

poses a substantial challenge to public health

preparedness and response measures.

Vulnerable populations, particularly in low-resource

regions, bear the brunt of the interactions between

climate change and Dengue fever  [24]. Inadequate

housing, poor sanitation, and limited access to

healthcare can exacerbate the impacts of climate-

induced changes in disease transmission  [25]. These

disparities further underscore the social implications of

climate change and Dengue fever.

High Temperatures and Aedes

Mosquito Vectors

High temperatures can significantly influence the

development of Aedes mosquitoes  [18]. Warmer

environments accelerate the mosquito's life cycle,

leading to shorter development times from egg to

adult  [26]. Consequently, higher temperatures can

enhance mosquito reproductive rates, resulting in

larger populations  [27]. This not only increases the

number of potential vectors for the Dengue virus but

also shortens the time between generations, potentially

intensifying disease transmission  [19]. Moreover, high

temperatures can affect mosquito behavior in several

ways  [18]. These changes can include altered feeding

patterns, increased host-seeking activity, and modified

flight activity  [18]. Aedes mosquitoes tend to be more

active and persistent in their search for blood meals in

warmer conditions, potentially leading to more

frequent human-mosquito interactions  [28]. This

heightened activity increases the chances of disease

transmission when infected mosquitoes bite humans.

Survival rates of Aedes mosquitoes are also impacted by

temperature  [29]. Higher temperatures can reduce the

lifespan of these vectors [26]. While this may seem like a

favorable outcome, it paradoxically increases the

potential for Dengue transmission. Mosquitoes with

shorter lifespans may become infected with the Dengue

virus sooner after hatching, making them more likely

to transmit the virus during their relatively brief

lives [30]. It's important to recognize that the effects of

high temperatures on Aedes mosquitoes can vary

depending on local environmental conditions, such as

humidity and the availability of breeding sites  [29].

Additionally, temperature changes can influence the

distribution and behavior of Aedes species, potentially

expanding their geographic range and exposing

previously unaffected areas to Dengue risk [2][8][29].

High Temperatures and Dengue

Virus

The Dengue virus, a causative agent of Dengue fever, is

not only sensitive to changes in temperature but also

profoundly influenced by high temperatures [17]. One of

the most direct impacts of high temperatures on the

Dengue virus is its replication and development within

its mosquito vectors  [26]. Warmer temperatures can

accelerate the virus's replication cycle, leading to a

higher viral load within the mosquito's body  [26]. This

can result in an increased likelihood of a mosquito

becoming infectious sooner after acquiring the virus,

thus enhancing the potential for disease

transmission  [31]. Furthermore, high temperatures can

influence the survival of the Dengue virus outside of its

mosquito host  [26]. The virus tends to have a shorter

lifespan in warm and arid conditions  [26]. While this

might seem advantageous for controlling the virus, it

can, paradoxically, lead to a higher transmission rate.

The shortened survival time forces the virus to infect

new hosts more rapidly, contributing to an elevated

transmission rate during periods of high

temperature [30]. The implications of high temperatures

on the Dengue virus extend beyond the mosquito

vector. Elevated temperatures can also impact the

transmission dynamics between humans  [9]. For

instance, individuals may engage in different behaviors,

such as spending more time outdoors during hot

weather, increasing their exposure to mosquito bites

and, consequently, to the virus [32].

Human Behavior and Heatwaves

Human behavior undergoes significant shifts during

periods of heatwaves, which have far-reaching

implications for public health  [33]. Elevated

temperatures often prompt alterations in daily activities
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as people seek refuge from the heat by staying indoors,

reducing their outdoor exposure, and modifying their

routines  [34]. In response to the rising demand for

cooling systems during heatwaves, energy

consumption surges, potentially straining power grids

and leading to power outages, which can drive

individuals outdoors in search of relief  [35]. Water

shortages during these episodes can lead to increased

water storage in containers and tanks, inadvertently

creating breeding sites for disease-carrying Aedes

mosquitoes  [36]. Furthermore, the temptation to travel

to cooler locations during heat waves can increase the

risk of introducing and spreading vector-borne diseases

to new areas  [2]. Public health measures, such as

mosquito control programs and advisories, are often

implemented during heatwaves, necessitating human

compliance for their effectiveness  [34]. Vulnerable

populations, such as the elderly and those with

preexisting health conditions, are especially at risk and

may need to modify their behavior during extreme

heat, affecting their susceptibility to diseases like

Dengue fever  [37]. Recognizing the interplay between

human behavior and heat waves is paramount for

effective public health strategies aimed at mitigating

health risks during extreme temperature events [33].

Epidemiological Studies and

Observations

The study's results indicated that the risk of dengue

infection increased by 13% for each 1°C rise in high

temperatures above the reference values  [38]. This

finding was consistent with a similar estimate from a

meta-analysis conducted in 2023  [39]. Temperature

affects dengue transmission through various

mechanisms, including its impact on the mosquito's

reproductive cycle, feeding activities, and the virus's

extrinsic incubation period (EIP). Viral replication of

dengue peaks at around 35°C, which is higher than the

temperature at which adult mosquito survival and

feeding activities decline, reducing the potential for

dengue transmission  [40]. This could explain why the

relative risk associated with minimum and mean

temperatures was higher than that for maximum

temperature. The study also found that the time

resolution, or the monthly analysis, showed a higher

relative risk [38]. This could be related to the mosquito's

lifespan, the EIP, survivorship, and feeding frequency,

all of which play a role in dengue transmission.

Subgroup analysis for high-temperature studies

revealed higher relative risks in tropical and humid

subtropical climate zones. This might be due to the

high relative humidity in these areas, which is

conducive to mosquito breeding. The widespread

presence of the Aedes mosquito vector in tropical and

subtropical regions also contributes to the increased

risk of dengue. The impact of heatwaves on dengue

incidence has not been extensively studied, and the few

studies included reported mixed results. The variation

in how heat waves were defined across different regions

and climate zones could explain these differences,

making it difficult to confirm heat waves as a risk factor

for dengue. More consistent definitions for heatwaves

are needed for further research [41]. The study identified

significant heterogeneity, which could be attributed to

underreporting of dengue cases, discrepancies in

exposure and outcome measurement, adjustments for

confounding factors like rainfall and relative humidity,

and various unaccounted environmental, social, and

demographic factors. Overall, the causes of this

heterogeneity were not entirely clear, indicating the

need for more comprehensive and standardized

research in the field.

Public Health Implications

The convergence of high temperatures, heatwaves, and

Dengue fever carries significant public health

implications, necessitating a multifaceted approach to

address the challenges posed by these interconnected

factors. This section explores the critical public health

considerations and strategies for managing the impact

of high temperatures and heat waves on the prevalence

of Dengue fever.

Challenges in Dengue Control

As high temperatures and heat waves exacerbate

Dengue transmission, public health systems face a host

of challenges  [42]. With surges in Dengue cases during

heatwaves, healthcare facilities may be overwhelmed,

potentially leading to a strain on medical resources and

staff [7]. The absence of specific antiviral treatments for

Dengue and the limitations surrounding vaccines

underscore the significance of effective vector control

measures and early interventions  [43]. Dengue control

during periods of elevated temperature becomes even

more complex  [17], necessitating the development of

adaptive strategies.
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Adaptation Measures for Health

Systems

To address the evolving epidemiology of Dengue under

the influence of heat waves, public health agencies need

to adapt their strategies. A critical component of this

adaptation is bolstering healthcare infrastructure to

accommodate the surge in Dengue cases  [44]. This

involves ensuring the availability of medical supplies,

enhancing the training of healthcare personnel to

manage the increased patient load effectively, and

providing facilities that can handle a higher volume of

patients during disease outbreaks.

Early Warning Systems and

Preparedness

Developing and enhancing early warning systems is

imperative for public health preparedness. These

systems should integrate climate data, epidemiological

surveillance, and predictive models to anticipate

potential Dengue outbreaks during periods of elevated

temperatures  [45][46]. Timely warnings enable public

health authorities to mobilize resources, implement

control measures proactively, and engage in community

outreach to educate individuals about protective

measures. These efforts are pivotal in reducing the

impact of heatwaves on Dengue transmission.

Educational Campaigns

Public awareness campaigns are instrumental in

preventing Dengue transmission during heatwaves [46].

Effective educational campaigns must inform the

public about the risks associated with high

temperatures and their interactions with Dengue  [46].

These campaigns can emphasize the importance of

mosquito control measures, the significance of personal

protection strategies to minimize mosquito-human

interactions, and the need for early healthcare-seeking

behavior among symptomatic individuals.

Vector Control Strategies

The intensified transmission of Dengue during

heatwaves underscores the critical role of vector control

strategies  [46]. These may include the elimination of

breeding sites through community involvement, the

judicious application of insecticides, and innovative

approaches such as the release of genetically modified

or Wolbachia-infected mosquitoes to reduce the Aedes

population  [47]. These measures help reduce the

number of disease vectors and minimize the risk of

Dengue transmission, particularly during periods of

heightened disease activity.

Urban Planning and Infrastructure

Resilience

Sustainable urban planning and infrastructure

resilience are essential for Dengue prevention during

heat waves. Well-designed drainage systems, the

incorporation of green spaces, and efficient waste

management can help reduce breeding sites for

mosquitoes  [48]. Resilient infrastructure can withstand

extreme weather events and minimize disruptions to

healthcare services, thus contributing to disease control

during periods of heat stress [49].

Policy Implications and

Recommendations

Policymakers play a crucial role in addressing the

broader implications of climate change on public

health, including Dengue transmission. Recognizing

the urgency of climate mitigation efforts is essential for

long-term disease prevention [50]. Policymakers should

also consider comprehensive policies addressing

housing quality, sanitation, and access to healthcare to

reduce Dengue risk, particularly among vulnerable

populations [51]. These policy measures aim to create an

environment that is less conducive to both mosquito

breeding and the spread of Dengue.

Climate Change Mitigation and

Dengue Fever

Climate change mitigation efforts play a crucial role in

the fight against Dengue fever by addressing the

fundamental causes of rising global temperatures and

their associated impacts on the prevalence and

distribution of this mosquito-borne disease  [2]. The

reduction of greenhouse gas emissions, a central

objective of climate change mitigation, holds

significant promise in mitigating the increased risk of

Dengue transmission associated with higher

temperatures  [52]. Additionally, the conservation of

natural ecosystems and biodiversity, integral to climate

mitigation, can help maintain ecological balance,

reducing Aedes mosquito populations and Dengue

risk  [42]. Sustainable land use and urban planning

practices, which climate mitigation strategies promote,

can minimize environments conducive to mosquito
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breeding  [37]. Investment in clean energy and

transportation options aids in both mitigating

temperature increases and limiting the spread of

Dengue to new regions  [53]. Community resilience and

adaptation, as part of climate mitigation, strengthen

healthcare systems and vector control measures,

facilitating better Dengue management during extreme

temperature events  [37]. Furthermore, global

collaboration through international agreements fosters

shared knowledge and cooperative efforts to reduce

greenhouse gas emissions and curb global

warming  [54]. In essence, climate change mitigation is

inseparable from Dengue prevention, offering a holistic

approach to reducing the burden of this disease in the

face of a changing climate.

Recent Advances and Ongoing

Research

In the ever-evolving landscape of climate change and

Dengue fever, recent advances and ongoing research are

at the forefront of our efforts to understand, prevent,

and manage the complex interplay between high

temperatures, heat waves, and Dengue transmission.

One notable breakthrough lies in climate modeling and

prediction, which has become increasingly

sophisticated  [55]. These models now incorporate a

plethora of climate variables and historical

epidemiological data, offering more accurate

predictions of extreme weather events and Dengue

outbreaks [55]. Genetic approaches for mosquito control

represent a promising avenue  [56]. Ongoing research

into genetically modified mosquitoes and the

introduction of Wolbachia-infected populations aims to

disrupt Aedes mosquito populations and Dengue

transmission dynamics, particularly during

heatwaves  [57]. Climate change adaptation research

focuses on strengthening healthcare infrastructure,

vector control strategies, and public health responses

during extreme heat events [58]. This work evaluates the

effectiveness of adaptive measures in preventing and

managing Dengue outbreaks under climate change

scenarios. In vaccine development, ongoing research

refines vaccine formulations and addresses challenges

related to efficacy and cross-reactivity among Dengue

stereotypes  [59]. Genomic studies offer insights into

genetic variations in the Dengue virus and Aedes

mosquito populations, potentially revealing targets for

intervention  [60]. Moreover, ongoing research

emphasizes the importance of community engagement

and public awareness campaigns to effectively

communicate the risks associated with high

temperatures and Dengue, as well as the preventive

measures  [44][46]. Lastly, the integration of climate

change and public health policies is under scrutiny,

with research exploring frameworks and governance

structures to enhance coordinated efforts in combating

climate-induced health risks, including Dengue

fever  [58][61]. Collectively, these recent advances and

ongoing research efforts form a critical foundation for

more effective strategies to understand, prevent, and

manage Dengue outbreaks during heatwaves and other

climate-related events, ensuring that our response to

this complex public health challenge remains adaptable

and well-informed.

Conclusion

In summarizing the profound relationship between

high temperatures, heatwaves, and Dengue fever, this

exploration has unearthed complex interdependencies.

We've unraveled how elevated temperatures affect the

virus, its mosquito vectors, and human behavior,

heightening the risk of Dengue transmission during

heatwaves. This study has also emphasized the critical

role of epidemiological research, recent advances, and

ongoing studies in mitigating the impact of Dengue in a

changing climate. The urgency of addressing climate

change and Dengue is evident, given the increasing

prevalence of heatwaves and the expansion of Dengue-

endemic regions. The repercussions extend far and

wide, affecting healthcare systems, economies, and

communities. Thus, the call to action is clear:

Researchers must continue their collaborative efforts,

policymakers must prioritize climate change mitigation

and adaptation, and the global community must unite

to reduce emissions, raise awareness, and safeguard

public health in a warming world. Through collective

determination and strategic measures, we can navigate

the challenges posed by climate change and Dengue

fever, working towards a healthier, more resilient future

for all.
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