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Abstract

Background: Dengue virus (DENV) infection is currently one of the most significant vector-borne viral diseases in
terms of global morbidity and mortality. Climate change studies have demonstrated the association between dengue virus
transmission and variations in ambient temperature. We performed a mini-review to evaluate whether there are differences
in the association between the increase in ambient temperature and the incidence of dengue among the different dengue
serotypes.
Methods: For this systematic review we searched MEDLINE and PubMed databases for studies published within the last
15 years, from database inception to the execution of this review, focusing on the association between dengue incidence of
serotypes and temperature variations globally. We excluded studies that involved reviews, modeling with only prospective
data, prediction, or predictive models. The quality of the evidence was assessed using the Newcastle-Ottawa Scale (NOS).
Findings: There is a significant association between temperature and DENV infection due to global warming. No specific
dengue serotypes were identified as predominant in the reviewed studies. Aedes aegypti and Aedes Albopictus, the primary
dengue vectors of DENV, have different behaviors in response to temperature changes.
Discussion: The findings of this review emphasize the strong relationship between temperature and dengue incidence. Ex-
panding the geographical scope and including more prospective studies would enhance the understanding and generalizability
of these findings.
Conclusion: This review showed a significant relationship between temperature increases (in the context of global warming)
and dengue infection, leading to potential outbreaks. A more thorough analysis of serotypes is recommended for future
studies.
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Introduction

Dengue is a viral disease that is mainly transmitted
by the Aedes aegypti mosquito. Endemic transmis-
sion of dengue virus (DENV) has been reported in
the Eastern Mediterranean region, as well as America,
Southeast Asia, Western Pacific, and Africa (Guzman
et al., 2016). Several factors can influence the trans-
mission of dengue such as urbanization, population
density, rainfall, ambient temperature, and humidity
(Abdullah et al., 2022; Damtew et al., 2023). Ambient
temperature is a factor strongly influenced by climate
change. Higher global temperatures create favorable
conditions for increasing mosquito populations, viral
replication, and transmission rates (Abdullah et al.,
2022; Damtew et al., 2023). Two meta-analyses have
reported a relationship between the increase in tem-
perature and the increase in the incidence of dengue;
up to 7 to 13% increase in dengue incidence has been
described per 1 °C increase in temperature (Fan et
al., 2014; Li et al., 2020).

Four distinct dengue serotypes are described
(DENV-1, DENV-2, DENV-3 and DENV-4). All four
serotypes are capable of triggering the typical clin-
ical presentation, although symptoms and severity
may vary (Kumaria et al., 2010; Yung et al., 2015).
Subsequent infection with different serotypes can ex-
acerbate the disease due to an increased viral load
(Yung et al., 2015; Gupta A et al., 2021). A meta-
analysis reported an increased risk of severe dengue
in DENV type 3, and cases of secondary infection
with DENV2 and DENV4, in the Southeast Asian
(SEA) population. For the non-SEA population, an
increased risk of severity was reported in DENV2
and DENV4 (Soo et al., 2016).

Although the relationship between the increase in
environmental temperature and the increase in the
incidence and transmission of the dengue virus has
been previously described, it is not clear if this rela-
tionship is different between dengue serotypes (Ab-
dullah et al., 2022). If this relationship is established,
it could have clinical and health policy implications.
The aim of this mini review is to evaluate the associ-
ation between ambient temperature and the changes
in the incidence of different dengue serotypes.
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Materials and Methods

Search Strategy

A literature search was conducted between July
1st and July 20th, 2024, to investigate the effects of
increasing temperature on dengue incidence and
serotype distribution. We searched for studies within
the MEDLINE/PubMed databases. Initially, we used
a broad search strategy to investigate the impact of
temperature on different arboviruses transmitted by
Aedes sp. mosquitoes. As the study progressed, we
narrowed our focus to dengue due to its significant
public health impact, the availability of extensive
data, and identified a gap in knowledge on dengue
serotypes. To ensure the integrity and robustness
of our findings, we revised our search strategy
to include all relevant papers from the PubMed
database (Supplementary file 1).

Inclusion and Exclusion Criteria

Inclusion criteria were original observational studies
that reported data on the association between
ambient temperature and dengue incidence, pub-
lished within the last 15 years. Exclusion criteria
comprised articles that relied solely on modeling or
prediction data without retrospective data, as well as
experimental studies. Given our focus on the impact
of temperature with specific dengue serotypes, we
excluded studies without a confirmed diagnosis of
dengue via a serology test.

Selection of Studies and Data Extraction

Titles and abstracts screening, and full-text screening,
were conducted independently by two reviewers.
Conflicts were resolved by a third reviewer when
necessary. The Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia)
was used during this process. Extracted data
included the first author’s name, publication year,
study design, reported dengue serotypes, country,
data source for confirmed cases and temperature
measurements, statistical method applied to inves-
tigate the association between temperature and
dengue incidence, listed confounders, and the result
of the association between temperature and dengue.

Risk of bias assessment

The risk of bias was assessed using the Newcastle-
Ottawa Scale (NOS) (Wells et al., 2000). The NOS eval-
uates the quality of the studies based on three crite-
ria: selection, comparability, and exposure/outcome.
Each study was scored out of 9 points, with ≥7 points
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considered "good," 2 to 6 points "fair," and ≤1 point
considered “poor" quality. Two reviewers performed
the assessment independently, with a third reviewer
resolving any conflicts.

Results

The final selection process retrieved 1200 articles.
After removing duplicates and screening titles and
abstracts, 255 articles were included for full-text
assessment. Finally, we analyzed 11 studies pub-
lished between 2009 and 2023 that met our criteria
for reporting temperature, dengue incidence, and
serotypes (Figure 1).

Description of the Studies

As mentioned previously, the included studies were
published between 2009 to 2023 (Table 1). They con-
tained patient data from 2000 to 2019, distributed
across 7 countries. In addition, seven (63%) studies
took environmental data from National institutions
that are dedicated to ambient temperature collection;
one study (9%) took environmental data from MODIS
(Moderate Resolution Imaging Spectroradiometer);
one study (9%) took local weather station; only 2
studies (18%) did not report the origin of the data.
Regarding the design of the studies, five studies (45%)
were retrospective observational; four studies (36%)
were cross-sectional; and two (18%) were prospective.
The observation study period included in the arti-
cles ranged from three months to eleven years. The
studies reviewed used different methods to relate
temperature to the incidence of dengue: Multiple
linear regression 1 (9%), Spearman test 3 (27%), Pois-
son 2 (18%), Pearson’s correlation coefficient 2 (18%),
other methods 2 (18%), and 1 (9%) do not mention
the method used.

Studies that researched longer periods of time,
could identify the presence of more than one
serotype in different moments, six of those studies
found the presence of all 4 serotypes, and it is
notable that the prevalence of DENV-1 is the most
predominant. These studies also made possible
the conclusion that dengue serotypes have a cyclic
pattern influenced by changes in serotypes and
levels of population immunity. Dengue cases were
reported and confirmed by serology tests, which
provide more information on the incidence of
different serotypes.

Population

Across the 11 studies included in this review, only 9
specified the total number of confirmed cases. The
sum of cases amounts to an approximate total of

151,194 confirmed dengue cases. These studies pro-
vide a rough overview of global dengue incidence.
Most of the studies focus on Asian and South Ameri-
can countries. A total of 7 countries were included in
this review. Out of the 11 studies, two were carried
out in the South American country Brazil, while the
remaining 9 studies were performed in Asian coun-
tries: two studies were based in India, two studies
were based in Taiwan, two studies were based in
Singapore, one study was based in Cambodia and
one based in China. Finally, nine studies analyzed
dengue incidence based on city-level data, and three
reported country-level incidences.

The endemic characteristics of the countries
researched in the included studies are notable by sea-
sonal variations, the presence of multiple serotypes,
and the potential for outbreaks due to climate
suitability and population density, and immunity.
Zaw et al. (2023) showed a clear seasonality pattern
associating temperature variations and rainfall with
dengue incidence, and Pakhare et al. (2016) stated
the identification of the cyclical nature of the disease,
linked with the introduction of new serotypes that
can either replace or coexist with the previous
serotypes.

Temperature and Climatic Exposure Measurements

Several key factors were important to determine
mosquito population; temperature is one of them.
The average temperature is the most frequently re-
ported parameter in 10 (90%) of the studies selected.

The temperature was measured with different vari-
ables depending on the specifics of each study; data
for the weather was taken both from national offi-
cial databases and local weather stations across the
country, except for one study which obtained meteo-
rological data from Terra satellite. Two of the articles
(18%) did not mention where the data for tempera-
ture was extracted from. Temperature range was not
reported in most articles, except for Gui et al. (2021)
– 23 to 34 °C, Pakhare et al. (2016) – 8.3 to 44.1 °C,
and Yang et al. (2009) –10.0 to 38.1 °C.

The studies included in the review support previ-
ous findings that a strong correlation between varia-
tions in ambient temperatures and increased dengue
incidence is evident. Ten out of 11 studies showed
temperature variability as a significant dengue pre-
dictor. In the study by Yang et al. (2009), no corre-
lation was found between temperature and dengue
incidence, likely because the precipitating climatic
variables occurred weeks and even months before
the outbreak, while the authors included a very short
time frame in their study.

Rainfall and humidity are other common signifi-
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Figure 1: PRISMA Flow diagram for literature search and study selection process of the systematic review.
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cant correlations present in the included articles, as
they can create ideal conditions for the breeding of
vector mosquitoes. The nature of this correlation can
vary and may suffer the influence of different factors
such as temperature, seasonality, and local climate
conditions.

Confounders

Key confounders described in the studies included
other meteorological variables (rainfall, humidity,
wind speed), the pollutant standard index, and
rurality. These variables were controlled through
inclusion in regression models. However, based on
the articles screened, the majority of the studies did
not show adjustment for the primary confounders.

Outcomes

A correlation between temperature and the incidence
of dengue was found in 10 (90%) of the studies in-
cluded, one (9%) article showed no correlation (Yang
et al., 2009).

Regarding serotypes, epidemics due to different
serotypes being reported over time, reporting co-
circulation of the 4 serotypes in studies with a long
follow-up period. The prevalence of serotypes is only
described in short studies, possibly due to the shorter
time. It is usual that during epidemics, one serotype
predominates (Gui et al., 2021; Yang et al., 2009).

The presence of all four serotypes was identified
in 6 studies. In longer-duration studies, we found
that the recurrence of serotype 1 occurred after a
gap of nearly 10 years, suggesting a cyclical pattern
influenced by serotype changes and population im-
munity levels (Roseghini et al., 2012). DENV-1 was
also found to be the most predominant serotype in 4
studies (Zaw et al., 2023; Lover et al., 2014; Bavia et
al., 2020; Chang et al., 2018).

Some articles from the retrospective literature re-
view have analyzed the relationship between dengue
fever serotypes and temperature, stressing the sig-
nificance of temperature in dengue transmission dy-
namics and how new serotype introduction may lead
to epidemics due to no population immunity (Ta-
ble 2). While these articles do not establish a direct
association between particular serotypes and temper-
ature, they agree that considering serotype dynamics
is crucial for comprehending trends in dengue epi-
demics. In this regard, Roseghini et al. (2012) found
that three Brazil cities experienced dengue outbreaks
from 2000 up until 2011 due to new serotypes be-
ing introduced into these areas. Authors suggested
that future climate seasonal forecasts could predict
conditions up to two or more months in advance, par-

ticularly for Southeastern Brazil. However, during
their study period, they found no significant positive
correlation between positive temperature anomalies
and increased reports of dengue fever cases. Dengue
cases decreased in mid-March 2007 as temperatures
dropped but increased again afterward with rising
temperatures. They observed a correlation coefficient
of 0.70 (p > 0.99) between daily temperature and
dengue fever incidence rate over the next week.

Gui et al. (2021) provided a more in-depth tem-
perature effect analysis on dengue incidence. It was
found that medians of weekly mean, maximum, and
minimum temperatures showed positive associativ-
ity with the incidence of dengue at a one-week lag.
The relationship reversed at lag 5, with a decrease in
relative risk (RR), once temperatures reached higher
levels than their respective references. The result
depicts a complex relationship between temperature
and dengue incidence, under which both high and
low temperatures may influence the transmission
of diseases. Mixing factors, such as temperature
and precipitation, have been established to influence
dengue incidence. The authors suggested applying
polynomial functions and distributed lag nonlinear
models to evaluate the relationship between weather
factors and dengue cases. They have provided sub-
stantial evidence that the temperature–dengue inci-
dence relationship is nonlinear and that there can
be a lag effect, with the highest incidence up to 2
months after the end of the summer period.

Researchers discovered that high temperatures
(from 28 °C to 32 °C) (Bavia et al., 2020) might de-
crease dengue transmission by washing out breeding
sites or destroying developing larvae. They also dis-
cussed how one could use sophisticated statistical
models like these for studying the association be-
tween weather patterns and dengue transmission,
remarking that temperatures higher than 27 °C were
associated with reduced risk of dengue transmission
in Singapore (Gui et al., 2021).

The articles also highlighted the cross-correlation
of temperature and precipitation with the number of
dengue cases, demonstrating that both climate vari-
ables serve as predictors of dengue incidence. The
peak or crest in the monthly mean temperature was
at about 26 °C, which is within the optimum temper-
ature range for developing the dengue vector, Aedes
aegypti. Chang et al. (2018) observed the trends
of dengue infection in Kaohsiung City, Taiwan, and
the contribution or significance of climate variables
in the transmission of dengue disease. Temperature
has always been one of the main factors necessary
for dengue viral replication in its vector; therefore,
strong correlations existed between dengue cases or
incidences and temperature. It was also observed that
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dengue cases were significantly positively correlated
with rainfall and a time lag of 1 and 2 months. They
further noted that the inclusion of geospatial data
in future research might help understand weather
factors associated with the risk of dengue. Bavia et al.
(2020) discussed the influence of serotypes on dengue
outbreak dynamics, noting a decline in confirmed
cases across Paraná from 2013 to 2014, including the
2014 outbreak in Cambé. These authors mentioned
how cross-correlation implantation depended on fac-
tors such as road commute network, the immuniza-
tion status of the population, and vector availability,
as well as weather-related factors: wind, humidity,
precipitation, and temperature. They reported a posi-
tive cross-correlation driven by temperature and the
number of dengue-positive patients, with a time-
lagging interval of four months.

On the socioeconomic side, the studies found that
most dengue patients are observed in census tracts
wherein their mean income is below average com-
pared to the city. Correlation in patient distribution
was also noted with inhabitants in those areas. The
correlation between serotype and temperature is com-
plex and is influenced by multiple factors. While
temperature is a critical component in the ecology of
the dengue vector and the transmission of the virus,
the emergence of new serotypes and other environ-
mental and social factors must also be considered to
accurately predict and mitigate dengue epidemics.

Table 2 is a summary of the correlation type,
coefficient, and interval of the chosen studies. The
first article by Roseghini et al. (2012) states that
a Pearson correlation was utilized however the
correlation coefficient was not significant, therefore
signifying that there was no demonstrable correlation
between the variables. Chang et al. (2018) utilized
Pearson as well, however in this case, a very strong
correlation was proven, with a correlation coefficient
of 0.93 and a confidence interval of 0.89 to 0.95. The
third article, by Bavia et al. (2020) utilized Spearman
as a correlation type, without a confidence interval,
with a correlation coefficient of 0.59 ± 0.02, meaning,
a moderately positive correlation. Gui et al. (2021)
used the Pearson correlation and established that
there was a statistically significant correlation. In
summary, out of the 11 studies, three cannot be said
with certainty to present statistical significance, seven
stated statistical significance, and one (Roseghini et
al., 2012) showed no statistical significance.

Assessment of Risk of Bias in Individual Studies

The Newcastle-Ottawa Scale (NOS) quality assess-
ment tool was used to assess the quality of studies
(Wells et al., 2000). This tool consists of 3 categori-

cal criteria with a maximum score of 9 points. The
quality of each study was rated using the following
scoring algorithms: ≥7 points were considered as
“good,” 2 to 6 points were considered as “fair,” and
≤ 1 point was considered a “poor” quality study.
The summary of the overall quality of the evidence
is presented in Table 3. Seven studies were rated
as good quality, three studies were assessed as fair
quality and one was rated as low quality.

Discussion

Due to the impact of global warming on vector-borne
diseases, including dengue fever, there is a grow-
ing need to explore this relationship in more detail.
This review revealed a significant link between ris-
ing temperatures and increased dengue infections,
potentially leading to outbreaks. While no specific
serotypes were predominant, some studies indicated
a higher incidence of DENV-1.

Similarly, to a previous systematic review (Abdul-
lah et al., 2022), 10 of the 11 studies included in this
systematic review (Table 2) reported a significant
association between an increase in ambient temper-
ature and an increase in dengue incidence. These
studies presented results from different countries,
all considered dengue endemic regions. Roseghini
et al. (2012) reported a strong correlation between
ambient temperature and dengue incidence in Brazil
(r=0.70, p<0.01). Similar findings were observed in
Cambodia (Lover et al., 2014) and Singapore (Xu et
al., 2014), where temperature was a significant pre-
dictor (p=0.0001, correlation coefficient=0.211 at a
12-week lag). Additional support comes from stud-
ies in Taiwan (Wang et al., 2016, r=0.78, p<0.0001)
and Myanmar (Zaw et al., 2023, RR=1.84, 95% CI:
1.23–2.77), which reinforce the association between
temperature and dengue incidence. Regarding differ-
ent serotypes, a seasonal variation in their incidence
was found with different patterns according to ge-
ographic and temporal factors. For instance, Rao
MRK et al., 2018 reported the dominance of DENV-2
and DENV-3 serotypes in their study, while Lover et
al., 2014 reported DENV-1 as the dominant serotype.
However, no study reported a differential effect of
ambient temperature on specific dengue serotypes.

One of the included studies (Yang et al., 2009),
found no correlation between temperature and
dengue incidence, which is a critical oversight given
the focus of the review. However, this study had
significant limitations, including a small sample size,
short analysis period and was rated ‘’low” in quality.
Therefore, its findings are debatable and should be in-
terpreted with caution, as they contradict most of the
evidence from other included studies. This review
includes various study designs, predominantly retro-
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Figure 2: Geographical location of included countries.

Table 1: Characteristics of the included studies.
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Table 2: Correlation presented in the included studies.

Table 3: Assessment of risk of bias.
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spective cohorts and cross-sectional studies. Notably,
suboptimal notification of dengue cases may affect
the results of included studies (Toan et al., 2015).
However, since underreporting is unlikely related to
ambient temperature, it probably does not change
the observed association between temperature and
dengue incidence.

The Newcastle-Ottawa Scale (NOS) was used for
quality assessment in all included articles, revealing
a generally low risk of bias. Demographic character-
istics varied significantly. For instance, Roseghini et
al. (2012) studied diverse urban populations in Brazil,
while Xu et al. (2014) focused on Singapore’s mostly
urban environment. These demographic differences
may enhance the generalizability of the findings, as
urban and rural environments can differ in terms
of dengue transmission dynamics. Despite some
challenges, these studies have significant strengths,
including a broad geographic scope, longitudinal
data, and the ability to capture seasonal variations.
Large sample sizes and rigorous methodological stan-
dards enhance the statistical power and reliability of
the findings. Understanding temperature trends and
using predictive modeling can assist in anticipating
dengue outbreaks, especially in urban areas with
significant temperature fluctuations.

These findings highlight the importance of incor-
porating climatic data into dengue control strategies.
Public health policies should consider temperature
trends and predictive modeling to better anticipate
dengue outbreaks, especially in urban areas with sig-
nificant temperature variations. The results are par-
ticularly relevant to dengue-endemic regions, with
a focus on urban centers in Brazil, Singapore, and
Cambodia, suggesting that temperature-dengue cor-
relations are most applicable in similar climatic and
demographic settings. The increase in temperature
affects dengue incidence regardless of serotype. This
suggests that global warming could lead to increased
circulation of all serotypes, potentially reducing pro-
tective immunity from primary infection with a sin-
gle serotype.

The review underscores the strong link between
temperature and dengue incidence. While all four
serotypes were identified, a clear correlation between
each serotype and temperature variations was not
established. Future research should explore the role
of additional climatic factors, such as humidity and
rainfall.

Conclusions

This review showed a significant relationship be-
tween temperature increases (in the context of global
warming) and dengue infection, leading to potential
outbreaks. No specific serotypes were predominant

in the studies included in this analysis; however,
some showed a higher incidence of DENV-1. Due
to dengue infection being transmitted through vec-
tors, future studies should include the description of
which vector predominates in a geographic region,
since Aedes aegypti and Aedes albopictus have differ-
ent behaviors to changing temperatures. Therefore, a
more thorough analysis of serotypes is recommended
for future studies.
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