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Abstract: Dengue is the most important arboviruses worldwide, with currently approximately 2.5
billion people at risk of becoming infected, mainly in tropical countries. The present study evaluated
the influence of climatic variables on the incidence of dengue fever in an endemic urban area. A
time series study of cases was carried out with all confirmed cases of dengue fever in the
municipality of Belo Horizonte, Southeastern Brazil, from 2001 to 2021. The climatic explanatory
variables were obtained from the National Institute of Meteorology. The analysis was performed
using a generalized linear regression model with three scenarios: a no-lag model, 1-month lag model
(1 month earlier) and 2-month lag model (2 months earlier). In the no-lag model, the maximum
temperature was associated with an increase in the monthly incidence of dengue (IRR: 1.5). In the
1- and 2-month lag models, the monthly average temperature was associated with an increase in
incidence (IRR: 1.9 in both). Our results suggest that temperature contributed to the increase in the
incidence of dengue, and an increase of 1 °C could increase the incidence of the disease by
approximately 90%. The timeseries of dengue cases if investigated considering temperature,
challenge the accepted wisdom that a long-absent serotype is the cause of cyclic outbreaks. On the
contrary, a constantly hot year, especially with hot winters, will favor mosquitoes’ populations, and,
as a consequence, the spread of the most suitable dengue serotype, namely, the least present in the
previous years. Thus, temperature monitoring can direct efforts towards prevention and control of
the disease.

Keywords: dengue fever; climate; incidence; temperature; epidemiology; Brazil

1. Introduction

In the year 2023, the Americas had more than three million cases of dengue fever officially
registered, this being the second highest annual incidence of the disease since records began by the
Pan American Health Organization in 1980 [1]. According to the Brazilian Ministry of Health, from
2000 to 2022, almost 16 million suspected cases of dengue were reported with approximately 9200
deaths [2, 3]. Despite dengue's low mortality rate, it contributes to the loss of healthy years of life in
Brazil, as it affects a large number of people, of all age groups, and can cause disability during
infection and lead to death, mainly in children [4]. Another issue to consider is the burden on health
services. Dengue control is a costly activity in health surveillance and dengue epidemics generate
high hospitalization and care costs. In the Americas, from 2000 to 2007, an average cost of $2.1 billion
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per year was estimated to be spent to control the disease, approximately 41% of this resource used
by Brazil [5].

The Brazilian National Dengue Control Program (PNCD) has as its main strategy the reduction
in infestation by Aedes aegypti, the main vector of the disease. Aedes aegypti is well adapted to the
domestic and peridomestic environments, being able to reproduce using different types of containers
with stagnant water, which favored its dispersion, also causing outbreaks of arboviruses such as
yellow fever, dengue, Zika and chikungunya worldwide [6]. The Brazilian program emphasizes the
need for residents to keep their yards clean and eliminate water-accumulating containers that can
serve as habitat for larvae. Several factors contribute to the population success of Ae. aegypti, such as
the resistance of eggs to desiccation, the rapid development and proliferation, neat adaptation to live
close to humans, feeding preferentially on human blood, and, more recently, resistance to insecticides
[7].

The expansion of dengue is generally associated with disorderly urbanization, without adequate
sanitation infrastructure, which contributes to the proliferation of the vector [8]. However, In Brazil,
since 2017, a total of 481 new municipalities detected community transmission of dengue for the first
time, with a large expansion observed in the southern region of the country, which is associated with
climate change, an obvious driver of disease expansion, along with urbanization and mobility [9].
Likewise, since 2012 dengue has been recorded as an new endemic disease in high altitude cities of
Southeastern Brazil [10]. Among factors influencing the territorial expansion of the disease, those
related to a warmer and more unpredictable planet, as higher temperatures, precipitation, and
humidity, may favor the development and proliferation of both mature and immature forms of the
vector insect. Furthermore, anthropogenic factors such as deforestation and poor sanitarian
conditions also favors the population dynamics of this arbovirus. Aedes aegypti is uncapable toinvade
native forests, and in cities it adapted to lay eggs and develop in any small pots, taking advantage of
garbage and urban untreated trashes [11-13]. For instance, Cunha et al. [12] identified that preserved
native forests close to neighborhoods under great socio-economic vulnerability in a large Brazilian
city, functioned as a barrier against the occurrence of dengue. The protection of natural green areas
has proven efficiency in reducing thermal gains and works as barriers against mosquitoes that
transmit diseases to humans and animal.

According to the Intergovernmental Panel on Climate Change (IPCC), the Earth's surface
temperature has increased by approximately 1.1 °C since the Industrial Age and is likely to rise
further [14]. These climate changes directly affect the biology of insect vectors, favoring the
transmission, outbreaks, and dissemination of dengue to regions previously inhospitable to Ae.
Aegypti [10, 15]. Follows that approximately half of the world's population will live in regions that
will be suitable for arbovirus transmission by the year 2050 [16]. Because of global warming, local
climatic conditions tend to extreme events, which might be important factors for epidemic years. For
dengue, an epidemy is the co-occurrence of several outbreaks triggered for similar causes along a
large geographic area, even intercontinental areas, and result in spreading of previously rare
serotypes [17]. However, the intensity of each outbreak and its actual threat to populations can be
strongly influenced by climatic conditions at each local.

Belo Horizonte, a city located in southeastern Brazil. With 2.3 million people, is the sixth most
populous municipality in Brazil and has undergone a rapid and intense growth and unplanned
urbanization process. The municipality had its first case of dengue fever reported in 1996, and since
then, five major outbreaks have been recorded [18]. From 2007 to 2020 a total of 463,566 dengue cases
and 125 deaths were reported in the city, with an increase in severe cases and deaths [2, 3]. Campos
et al.[19] demonstrated that increases in annual temperature and relative humidity were correlated
with increased numbers of cases in this city. Similar positive effects of warmer and rainier years,
above the average, on dengue cases were observed for an Amazonian city [20], as well as heatwaves
to cases in Hanoi, Vietnam [21]. However, no detailed analysis on a long term dengue/climate time
series have been investigated with a proper autocorrelation approach for Southeastern Brazil.

The present study aims to evaluate the impact of climatic variables on the incidence of dengue
over a long time period, in Belo Horizonte, a dengue hyperendemic urban area, in Southeastern
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Brazil. Our hypothetical prediction is that climate alone might explain epidemic years, due to warmer
temperatures driving Ae. aegypti population growth, and regardless the disease epidemiological
history in the previous years. The analysis of climate variables in long time series can contribute to
predicting possible epidemic periods.

2. Materials and Methods

2.1. Study area and sampling design

Belo Horizonte is located in the state of Minas Gerais, southeastern Brazil, at an average altitude
of 859.19 meters above sea level, with a land area of 331,354 km?. The estimated population for 2022,
according to the Brazilian Institute of Geography and Statistics (IBGE), was 2,315,560 inhabitants,
with a population density of 6,988.18 inhabitants/km? [22]. Belo Horizonte is divided into nine
administrative regions. This separation aims to meet the needs of each location and define specific
programs and actions in different areas, such as health, sport, leisure and education [23]. The city has
a high literacy rate of 97.6% for ages 6 to 14. Per capita gross domestic product was R$38,670.40 in
2020 and 96.2% of the municipality has adequate sanitation. The climate is tropical and seasonal, with
rainy summers and dry winters [22].

2.2. Data source and variables

We used a time series of all confirmed cases of dengue fever in Belo Horizonte, by month, from
2001 to 2021. Throughout the entire historical series, we analyzed all climatic factors likely to affect
fluctuation in the number of monthly cases. Information on dengue fever cases was obtained from
the Brazilian Notifiable Disease Information System (SINAN database). The present study included
cases that met the clinical epidemiological or laboratory criteria according to the manual of diagnosis
and clinical management of dengue in adult and child. This database has the year and month of
notification, in which we evaluated the years from 2001 to 2021. To calculate the incidence, population
data were obtained each year from the IBGE. The monthly climate variables were obtained from the
National Institute of Meteorology (INMET) at weather station 83587, namely: total precipitation,
maximum temperature, minimum temperature, mean temperature and relative humidity.

2.3. Data analysis

The analysis of a continuous response variable using the usual multiple linear regression model
assumes that the errors are independent and identically distributed according to a normal
distribution with mean 0. Discrete data, such as the monthly number of dengue cases in Belo
Horizonte, often are not suitable for the use of normal distribution. Therefore, other more robust
models must be adopted, especially when discrete data are highly skewed.

The negative binomial regression model is a method of predicting the discrete variable from a
set of explanatory variables. This model is a generalization of the Poisson regression model that
accounts for overdispersion by including a disturbance or error term [24]. The usual functional form
for the negative binomial regression model is given by

logh; = Bo + B1xi1 + B2Xiz + -+ + BrXxirk + o€, (1)
where

e ]; is the expected value of the response variable y: for subject i;

e f, is the model intercept and x;q,...,x; are the k independent explanatory variables with
corresponding regression coefficients Sy, ...., Bi;

e 0¢iis the disturbance term.

In this study, the response variable represents the total number of confirmed cases of dengue
fever in Belo Horizonte each month from 2001 to 2021. As explanatory variables, the 5 climatic
variables (total precipitation, maximum temperature, minimum temperature, mean temperature and
relative humidity) were evaluated together with the month of the year. The annual population of
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Belo Horizonte was used as an offset variable to adjust for differential exposure time. Then, we are
no longer modeling count data and the analysis is directed to incidence modeling.

When fitting the model, three scenarios were considered: a no-lag model, 1-month lag model (1
month earlier) and 2-month lag model (2 months earlier). This is an interesting perspective since
characteristics such as incubation time, transmissibility and notification are considered. In each
scenario, the climatic variables were considered according to the respective lag, and those that
presented a p value less than 0.05 were maintained. To choose the best model in each scenario, the
Akaike Information Criterion AIC was used, which is based on the Kullback-Leibler Divergence.
This, in turn, is a measure of the “distance” between the fitted model and a theoretical “real model”.
How the real model is unknown, the creator developed a way to measure the distance using the data
used in modeling, through the likelihood function of the model in terms of the number of parameters
that must be estimated. The parameters of the model in each scenario were estimated by the
maximum likelihood method using the function glm.nb from package MASS of R-Studio [25].

For Negative Binomial regression, by taking the exponent of the coefficient, we obtain the rate
ratio Incidence Rate Ratio (IRR). This is interpreted in similar way to the odds ratio for logistic
regression, which is approximately the relative risk given a predictor. If the explanatory variable is
quantitative, the IRR evaluates the impact on the incidence rate when increasing this variable by one
unit. If the variable is qualitative, the IRR evaluates the impact of moving to one of the variable's
categories considering one of them as a reference.

3. Results

3.1. Annual and monthly incidence of dengue fever

A total of 488,756 dengue fever cases were recorded from 2001 to 2021. The occurrence of four
outbreaks of the disease was observed in the study period, namely, 2010, 2013, 2016 and 2019, with
an incidence of 2,056, 3,920, 6,258 and 4,620 per 100,000 inhabitants respectively (Figure 1A). The
highest peak occurred in 2016, totaling 155,320 cases. The highest monthly average incidence of
dengue fever occurred between January and June, with April having the highest incidence rate
(304.64 per 100,000 inhabitants), while in the period from July to December the average incidence was
2.64 per 100,000 inhabitants (Figure 1B).
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Figure 1. Incidence of dengue fever per year (A) and average incidence per month (B), Belo Horizonte,
Brazil.

3.2. Monthly climate variables (2001 - 2021)

Maximum, mean and minimum temperatures followed the same distribution pattern
throughout the year. The highest temperatures were recorded in the months of October to April, the
hottest being February (maximum: 29.1 °C; mean: 24.0 °C and minimum: 20.2 °C) and October
(maximum: 29.1 °C; mean: 23.2 °C and minimum: 18.9 °C) (Figure 2A).

The months with the highest precipitation occurred between October and March, with
January (318.0 mm) and December (346.8 mm) being the months with the greatest rainfall volume
(Figure 2B). The period with relative humidity above 60% was from November to June, with the
months with the highest humidity being January (67.1%) and December (69.7%) (Figure 2C).
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Figure 2. (A) Monthly average maximum, mean and minimum temperature, (B) average monthly
precipitation and (C) average monthly relative humidity.

3.3. Dengue incidence rates in epidemic years in response to climatic variables

There was a preceding substantial increase in the temperatures defining the occurrence of
dengue outbreaks. When maximum temperatures were around 30 °C in February, an outbreak
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occurred in March, April and May. In the non-epidemic year, the maximum temperature in February
was 28.9 °C (Figure 3). As predicted in climate change models, above average temperatures normally
are followed by stormy rains. In our case, we observed a substantial pluviosity in the months of the
rainy seasons, also preceding outbreaks. For one particular non-epidemic year (2005) and all
epidemic years of 2010, 2013, 2016 and 2019, there were rainfall greater than 200mm in the months of
November to January preceding in one to two months a peak of dengue incidence, an effect
confounding with temperature, thus, not statistically significant, but still a likely signaling event for
predictive analysis. Concerning humidity, we observed a variation from 50% to 75% throughout the
year, with the rainiest months being November to June, regardless of whether the year was epidemic
or not.
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Figure 3. Dengue incidence rates in epidemic years or not in response to monthly average maximum,
mean and ~ minimum temperature, average monthly precipitation and average monthly relative

humidity.

3.4. Effect of climatic variables on the incidence of dengue fever

Only maximum temperature and average temperature explained significantly the incidence of
dengue. In the no-lag model, each 1 °C increase in the maximum temperature was associated with a
51% increase in the monthly incidence of dengue (incidence rate ratio [IRR]: 1.51; 95% confidence
interval [CI]: 1.27-1.78) adjusted by month (Table 1).

In the 1-month lag model, each 1 °C increase in the monthly average temperature was associated
with an 89% increase in the incidence of the disease in the following month (IRR: 1.89; 95% CI: 1.55-
2.35) adjusted by month. The 2-month lag model showed that each 1 °C increase in the monthly
average temperature was associated with a 92% increase in the incidence of the disease after 2 months
(IRR: 1.92; 95% CI: 1.57-2.35) adjusted by month (Table 1).

Table 1. Climatic and temporal variables associated with the incidence of dengue fever, 2001-2021,
Belo Horizonte, Brazil.
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7
No-lag model 1-month lag model 2-month lag model
Variables P P
IRR 95% CI IRR 95% CI IRR 95% CI
value value value
Maximum
150 126 178
temperatur <0.001
1 7 1
e
Mean
1.55 157 234
temperatur 1.89 235 <0001 1918 <0.001
5 3 9
e
April Reference Reference Reference
0.08 003 021 017 0.07 043 0.02 0.16
January <0.001 <0.001  0.068 <0.001
6 5 6 7 3 2 8 6
011 004 031 042 017 1.02 016 095
February <0.001 0.055 0.401 0.036
5 1 6 9 9 1 8 3
052 020 130 044 018 1.08 024 142
March 0.153 0.066 0.595 0.250
3 9 0 3 0 2 7 4
090 036 223 055 023 132 0.09 059
May 0.840 0.177 0.238 0.002
9 7 8 3 0 3 5 8
035 013 091 063 023 171 0.03 0.20
June 0.035 0.393 0.082 <0.001
3 5 4 9 7 5 4 0
0.04 001 012 027 0.08 090 0.02 0.16
July <0.001 0.0289  0.064 <0.001
9 9 8 9 5 9 5 2
0.00 000 001 0.06 0.02 022 001 0.10
August <0.001 <0.001  0.036 <0.001
6 2 5 7 0 6 2 6
0.00 0.00 0.00 0.02 0.00 007 0.01 0.10
September <0.001 <0.001  0.033 <0.001
2 1 5 6 9 7 1 3
0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04
October <0.001 <0.001  0.017 <0.001
2 1 5 9 3 2 6 4
0.00 000 0.01 0.00 0.00 0.02 0.00 0.02
November <0.001 <0.001  0.008 <0.001
5 2 2 9 4 1 3 0
0.00 0.00 0.02 0.01 0.00 0.03 0.00 0.02
December <0.001 <0.001  0.009 <0.001
9 4 3 6 7 9 4 2
AIC 3325.805 3310.732 3307.799

4. Discussion

In this study, outbreaks were observed every 3 years from the second decade of the 21st century,
with cases concentrated from January to June, with April having the highest incidences.
Temperatures of approximately 30°C in February preceded outbreaks, and an association between
the incidence of dengue and temperature was clearly demonstrated, with an increase of one degree
resulting in an increase of approximately 90% in the dengue incidence, regardless previous years
dynamics of the disease.

Similar patterns and the importance of heatwaves in dengue outbreaks was already
demonstrated to Hanoi, Vietham [21]. On the contrary, in urban centers, the presence of water
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throughout the year is assured by a number of abandoned lands with likely places for stagnated
water, and many other human microhabitats prone to water accumulation. Hence, although the
presence of water is necessary for immature forms of the vector to develop [26], the urban great
number of water savings could be a reason why pluviosity was not a significant explanatory factor,
even though we detected a likely positive effect of storms, in a confound association to high
temperatures in the last months of summer. Rose et al. [27] described the evolutionary process of
domestication of Ae. aegypti, showing that preference for human than other animal odors evolved in
response to dry season intensity and human population density.

Powell & Tabachnick [28] and Brown et al [29] reviewed the most likely evolutionary
specialization paths for the prevalent Ae. aegypti subspecies dominant worldwide, tracking it back
exactly to a greater predictability of water sources in urban reservoirs, created in northeast Africa
civilizations by the time of an increasing drought severity. Hence, the very existence of this species
in our cities is evolutionarily adjusted to an urban resource, stored water, that made this a rainfall
independent species. Along with Ae. aegypti, dengue also evolved and adjusted to become an
anthropophilic rather than a sylvatic arbovirus [30]. Saeed & Asif [31] showed how the epidemic
dynamics of all serotypes shifted to a more severe form, resulting in frequent outbreaks, due to
ecological disturbances after the World War II. Hence, environmental unpredictability, habitat and
lifestyle deterioration are deeply entangled with dengue disease, and may be more influential to
DENV variation along time and outbreaks, than the DENV re-emergence per se.

Epidemiologists have consider so far that the emergence and circulation of new serotypes of the
disease might favor the occurrence of dengue epidemics [17, 19]. However, our results showed clearly
that temperature is a main primary driver of outbreaks, independently of serotypes incidence. Hence,
our results support a different explanation, which may better accommodate the current
understanding of the relation between virulence/dissemination. Well established knowledge since
pioneering work of May & Andersen [32], and widely demonstrated along the COVID-19 pandemic,
transmissibility is not related, or even is inversely related, to virulence. Contrasting 2003 SARS
epidemic to the most recent SARS-CoV-2 pandemig, it is clear that a virulent variant/genotype will
decrease its incidence in the host population, while those genotypes which are less virulent may
evolve towards forms which are more transmissible, thus, becoming highly incident, even though
more difficult to detect due to low hospitalization [33-37]

Even though virulence of dengue is expected to be preserved along time due to the insect vector
phase, especially considering vertical transmission [38], a newly arriving serotype must cause more
severe disease but not further dissemination. On the contrary, the fast hospitalization removes a host
to the transmission cycle. As a consequence, it is going to be much more frequent for the public health
service to record the virulent form disproportionally and unlikely to be related to the actual cause of
an outbreak, or to the relative prevalence of other serotypes. Therefore, despite the fact that a new
serotype will spread fast among a naive population, it might not be the cause of outbreaks, but been
easier discovered due to an outbreak which is, primarily, produced by a boost in the mosquito
population in hot years. Hence, we propose that a serotype must have to emerge in a community
before an outbreak, and will have an increasing detection in the epidemic year, due to fast and intense
infection when there is a large Ae. aegypti population. Indeed, the public data on serotype variations
in time for Belo Horizonte suggested that this is the case.

In the initial years of dengue occurrence in Belo Horizonte (1996 and 1997), the circulation of
DENV1 was detected. In 1998, in addition to DENV1, DENV2 was detected, even in the winter period,
when, generally, the abundance of vectors is lower [17]. Until 2001, serotypes DENV1 and DENV2
had been isolated; between 2002 and 2005, DENV1, DENV2 and DENV3 were circulating; and from
2005 to 2007, only DENV3 was identified. Between 2009 and 2014, DENV1 was identified again in
approximately 60.4% of cases, followed by DENV4 (22.1%), DENV2 (9.8%) and DENV3 (7.7%). In
2010 and 2013, the years of disease outbreaks, the circulation of three (DENV1, DENV2 and DENV3)
and two serotypes (DENV1 and DENV4), respectively, were recorded [19]. Em 2016 DENV1 e 2019
DENV1 and DENV 2. Finally, 2023 ongoing outbreak is dominated by DENV1, with few records for
DENV2. As already said, in an epidemic year, a long-absent serotype might have more records, but
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mostly important, the Belo Horizonte’s data shows that a serotype which break out in the year ‘i’
happened at some low rates in the year ‘i-1’. That was the case for DENV3 from 2006 to 2008, DENV1
from 2009 to 2010, DENV4 from 2012 to 2013, and DENV2 from 2018 to 2019 [39]. Hence, the
circulation of a new serotype per se was not seem enough to produce an outbreak, but its previous
occurrence to a hot year, must contribute to its wide detection in an epidemic event caused by a large
number of mosquitos.

In this study, the maximum temperature (no-lag model), and the average temperature (1- and 2-
month lag models) were associated with an increase in the monthly incidence of dengue fever. The
lag models between climate variation and incidence can be explained according to the time necessary
to the environment to reach suitable conditions for the development of Ae. aegypti, until the actual
occurrence of diagnoses of the disease [20].

High temperatures with warmer winters and summers have begun to occur more frequently
[40]. Pedrosa et al. [10] showed that the increase in the maximum temperature of the dry seasons
(winter) and its persistence over the years favored the invasion of Ae. aegypti in a high altitude town
in southeastern Brazil. In addition, they observed that the intensity of yearly high temperatures has
risen steadily in montane regions since 2007 [10]. A study carried out in Hanoi, Vietnam, reported
that after the occurrence of sustained periods (days to weeks) of high temperatures, so-called
heatwaves, there were higher occurrence of dengue cases [21]. Unusually warm weather in Cairns
Queensland Australia, with daily mean temperatures exceeding 30 °C, would have shortened up the
extrinsic incubation period of the virus, which was as low as 9-11 days. This was supported by a
laboratory vector competence study which showed transmission by Ae. aegypti within only five days
after exposure at 28 °C [41].

High temperatures reduce the extrinsic incubation period (EIP) of dengue inside Ae. aegypti,
leading to sudden increasing in dengue transmission rate, and subsequent dissemination [42, 43].
While the EIP of dengue viruses is typically reported to range from 8-12 days, a recent study suggests
greater variability, with extreme low range varying between 2 to 5 days [44]. Considering a nominal
daily survival of 0.90 Ae. aegypti female, a conservative reduction in the EIP from 8 to 5 days would
result in an increasing of 37% in infected mosquitoes (Ritchie, Pyke et al. 2013). A reduced EIP has
important epidemiological implications, as demonstrated in Cairns, Australia [41].

At lower temperatures, mosquitoes may not survive, and the population should collapse, taking
longer to recover and re-establish [7]. In addition, there is an effect of temperature on the intrinsic
activities of Ae. aegypti, such as the speed of flight, the distance and height flown, the number of wing
beats, and the number of bites performed on the host [41, 45]. The temperature range for Ae. aegypti
larval development are from 16 °C to 34 °C and 8 °C for survival, from which the larvae become
immobile and eventually die. The temperature between 15 °C and 32 °C is considered the range
within which female mosquitoes are able to maintain a sustainable flight, while in extreme
temperatures such as 10 °C and 35 °C, flight is possible, but only for short periods of time [45].

In recent years, a rise in global temperature has been observed, mainly caused by the increase in
the emission of gases that produce the greenhouse effect, along with an rampant deforestation in
different ecosystems [46, 47]. In Belo Horizonte, natural and preserved green areas protect socio-
economically vulnerable communities against the occurrence of dengue fever [13].

In 2023, the twenty-eighth United Nations Conference on Climate Change (COP28) was held in
Dubai, in the United Arab Emirates. Representatives from almost 200 countries approved the final
document that makes a commitment to reduce the use of fossil fuels, so that nations can reach the
zero-carbon target by 2050, thus limiting the increase in temperature on the planet [48]. This measure,
if implemented, could enable humanity to avoid, among other damages, the expansion of
arboviruses.

5. Conclusions

The resurgence and emergence of new serotypes, although important in defining epidemic
years, cannot be considered the only determinant of epidemic years, requiring a combination of
climatic conditions that provide an increase in the population of insect vectors and transmission of
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the virus. Temperature contributed considerably to the increase in the number of dengue cases, and
an increase of 1 °C could increase the incidence of the disease by approximately 90%. Thus,
temperature monitoring through epidemiological surveillance, especially in the months from
November to April, can direct efforts towards prevention, control and actions to address cases of the
disease in the warmer periods to come.
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