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Abstract

Background: The spread of Dengue virus (DENV) infections, as well as their signs and symptoms, are the result of a
complex interaction between several factors. In Brazil, especially in the Northeastern, dengue is an important public
health problem. Here, we report an epidemiological analysis of dengue cases in Pernambuco state, Northeastern
Brazil, during 2015-2017.

Methods: This work is a retrospective cross-sectional observational study on the epidemiological profile of all dengue cases
confirmed and reported to the Health Secretary of Pernambuco between 2015 and 2017. These data cover all municipalities
of Pernambuco, except Fernando de Noronha. DENV-positive individuals were classified according to the dengue type
(without and with warning signs, or severe dengue), age, gender, ethnicity and intermediate geographic region of residence
(Recife, Caruaruy, Serra Talhada or Petrolina). The distribution of cases over the years was assessed by 2 test. Temperature and
rainfall data were evaluated by Unpaired t-test. p-value < 0.05 and Cl 95% were considered in all analyses.

Results: Most dengue cases was without warning signs. The most observed characteristics in the less severe dengue
phenotypes were: female, mulatto ethnicity and age between 20 and 39 years old; this profile was more clearly
observed in 2015. In 2016 and 2017, however, the numbers of dengue without and with warning signs were more
evenly distributed and the difference in cases within groups decreased significantly. Regarding severe dengue,
mulattoes were the most affected, but it is possible to note a trend towards a more uniform distribution between the
genders and ages. Recife was the region with the highest numbers of both total cases and incidence rates and the
highest rainfall levels. Overall, over the years, there has been a decrease in dengue cases in all regions of Pernambuco.
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Conclusions: We identified the epidemiological profile of dengue in Pernambuco, Brazil, reporting the gender, age,
ethnicity and regions most affected by different dengue types. In addition, we observed that these cases were
probably more influenced by rainfall than by temperature. Finally, we believe that this epidemiological knowledge is
important to direct public health policies to the reality of each population.
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Background

Dengue virus (DENV) is an arbovirus belonging to the
family Flaviviridae, genus Flavivirus, and has four anti-
genically distinct serotypes, DENV-1, -2, -3 and -4
[1]. Currently, the World Health Organization (WHO)
estimates that 50 to 100 million new DENV infections
occur worldwide each year and in more than 100 en-
demic countries [2]. It is believed that over 2.5 billion
people, i.e., over 40% of the world’s population, are at
risk of dengue fever, mainly in South and Central Amer-
ica, Africa and South Asia [2, 3].

The number of dengue cases is the result of a com-
plex interaction between viral, environmental and host
factors, which also influence the signs and symptoms
of the disease. Regarding the host, herd immunity has
historically influenced the incidence of dengue. The
introduction of new serotypes into areas free of their
circulation and/or the re-emergence of serotypes after
considerable epidemiological silencing has been re-
sponsible for millions of infections [4—6]. In addition,
the co-circulation of different DENV serotypes and
the possibility of antibody-dependent enhancement
(ADE) has been one of the main determinants of the
severity of infections [7].

Several studies have also associated socio-
environmental aspects with the number of dengue cases.
Age, gender, ethnicity, education level or socio-
economic status, for example, have already been related
to the risk of DENV infections [8—15]. In relation to en-
vironmental factors, uncontrolled urbanization and cli-
matic conditions, such as temperature and rainfall,
capable of influencing the population of vector mosqui-
toes, mainly Aedes aegypti and Ae. albopictus, are some
of the elements that contribute to the incidence of den-
gue [16-26]. Interestingly, the association between cli-
matic factors and mosquito-borne infectious diseases,
such as dengue and Zika, has also been demonstrated
through information extracted from newspapers [27, 28].

In Brazil, a dengue-endemic country, outbreaks began
to be frequent from the nineteenth century, initially in
Rio de Janeiro state, Southeastern region [29, 30]. In re-
cent years, the Northeastern region has also been
highlighted as one of the regions with the highest num-
ber of cases and deaths by dengue. Between 2013 and

2018, for example, more than one million dengue
probable cases and 707 deaths were reported, corre-
sponding to 18.1 and 22.3% of all country, respect-
ively [31-35]. During the same period, Pernambuco
state was responsible for about 20.1% of the total
probable cases and for 19.4% of deaths by dengue in
the Northeast region [31-35].

Since 2015, the chikungunya and Zika viruses (CHIKV
and ZIKV) have also circulated in Brazil, probably intro-
duced in 2014 and 2015, respectively [36, 37]. The co-
circulation of these three viruses, in turn, raised serious
public health concerns and several studies have investi-
gated its influence on vector transmission, ADE or
cross-protection [38—43].

Although these investigations are important, we be-
lieve that knowledge of the epidemiological profile of
dengue cases, especially in regions with arboviruses co-
circulation, is also a useful tool for adapting public
health policies. Therefore, we carried out an epidemio-
logical characterization of dengue cases in Pernambuco,
Brazil, in the 2015-2017 triennium, describing the gen-
der, age, ethnicity and the regions most affected by the
different dengue types (without and with warning signs,
or severe dengue). In addition, we also collected
temperature and rainfall data from Pernambuco and dis-
cussed their possible influences on dengue cases.

Methods

Study design

This work is a retrospective cross-sectional observational
study on all dengue cases confirmed and reported to the
Health Secretary of Pernambuco, Brazil, between the
years 2015 and 2017.

Region and population of study

The Pernambuco state is located in the northeast of
Brazil and occupies an area of 98,312km? Currently,
Pernambuco is divided into four intermediate geographic
regions: Recife, Caruaru, Serra Talhada and Petrolina,
which have 72, 63, 25 and 25 municipalities, respectively
[44] (Fig. 1). In this study, the total population of each
region corresponded to the sum of the estimated popu-
lation of its municipalities, according to data available at
the Brazilian Institute of Geography and Statistics
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Intermediate Geographic Regions
Recife Caruaru Serra Talhada Petrolina
1 - Recife 37 - Feira Nova 46 - Cha Grande 103 - Jupi 120 - Arcoverde 159 - Itacuruba
2 - Olinda 38 - Joaquim Nabuco 48 - Barra de Guabiraba 104 - Santa Cruz do Capibaribe |134 - Iguaracy 161 - Salgueiro
3 - Jaboatdo dos 39 - Lagoa do Carro 50 - Bonito 105 - Jucati 135 - Tuparetama 162 - Verdejante
Guararapes
4 - Paulista 40 - Nazaré da Mata 56 - Gravata 106 - Angelim 136 - Ingazeira 163 - Belém de Sao Francisco
3 - Cabo (.ie Santo 41 - Alianga 58 - Sairé 107 - Sao Jodo 137 - Sdo José do Egito 164 - Terra Nova
Agostinho
6 - Igarassu 42 - Ferreiros 60 - Camocim de Sdo Felix 108 - Palmeirina 138 - Itapetim 165 - Serrita
7 - Ipojuca 43 - Camutanga 02- ]\S/Ia:".tleoaqulm do 109 - Capoeiras 139 - Brejinho 166 - Cabrobo
8 - Ilha de Itamaraca 44 - Gléria do Goita 67- Cumaru 110 - Pesqueira 140 - Betania 167 - Cedro
9 - Sirinhaém 45 - Pombos 69 - Bezerros 111 - Correntes 141 - Flores 168 - Parnamirim
10 - Itapissuma 47 - Buenos Aires 71 - Agrestina 112 - Pogdo 143 - Carnaiba 169 - Granito
11 - Rio Formoso 49 - Vicéncia 73 - Cupira 113 - Alagoinha 144 - Floresta 170 - Orocd
12 - Goiana 51 - Timbauba 75 - Lagoa dos Gatos 114 - Venturosa 145 - Afogados da 171 -\ ilandi
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Fig. 1 Municipalities and intermediate geographic regions of Pernambuco state, Brazil. The distribution of the municipalities in each intermediate
region is in accordance with data from the Brazilian Institute of Geography and Statistics (IBGE). Fernando de Noronha municipality (island) is not
shown in the map. Map made available by Suporte Geogrdfico (free access, without copyright) (https://suportegeografico’7.blogspot.com/2018/

04/mapa-municipios-de-pernambuco.html?m=1) and adapted in WPS Office 2016 Free (version: 11.2.0.93.63)

(Instituto Brasileiro de Geografia e Estatistica, IBGE -
http://www.ibge.gov.br).

Pernambuco, except Fernando de Noronha. For each
dengue-positive individual, information on clinical clas-
sification (dengue without and with warning signs, or se-
vere dengue), gender, ethnicity, age and intermediate
region of residence were collected. Clinical classification
was performed according to the WHO, using clinical
and/or laboratory criteria [45]. The number of cases in
each intermediate region corresponded to the sum of

Data collection

Dengue cases

All dengue cases confirmed and reported to the Health
Secretary of Pernambuco between 2015 and 2017 were
used in the study. The cases cover all municipalities of
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the data from all the municipalities that compose it. All
this information were made available by the Health Sec-
retary of Pernambuco after formal request (protocol
number 0026390-2/2018).

Temperature and rainfall

We also analyzed rainfall and temperature data from the
intermediate geographic regions of Pernambuco. These
data were obtained from the Pernambuco State Agency
for Water and Climate (Agéncia Pernambucana de
Aguas e Clima, APAC) database (http://www.apac.pe.
gov.br). The annual temperature was obtained from the
thermal scale analysis of the Pernambuco map, followed
by the arithmetic mean of the minimum and maximum
temperatures in the 12 months of the year. Rainfall data
were obtained from monthly rainfall bulletins of the mu-
nicipalities of Pernambuco. Fernando de Noronha muni-
cipality was excluded from the climatic analysis.

Statistical analyses

Statistical analyses were performed using GraphPad
Prism software v.6.07. Temperature and rainfall data
from the intermediate regions were evaluated by Un-
paired t-test. The distribution of dengue cases during
2015-2017 was assessed by x2 test. The p-value <0.05
and CI 95% were considered in all analyses.

Results

Over the 3 years, we observed that the majority of den-
gue cases was without warning signs. The highest num-
ber of cases without warning signs occurred in female
(Fig. 2a), individuals aged 20-29 and 30-39years old
(Fig. 2b), and mulattoes (Fig. 2c). This profile was also
observed for dengue with warning signs (Fig. 2d-f) and
for the total number of dengue, i.e., without distinction
between clinical manifestation (data not shown).

The epidemiological profile described above was
clearly observed in 2015. In the following years, 2016
and 2017, there was a more uniform distribution of the
less severe dengue phenotypes in relation to at least one
of the characteristics evaluated. For dengue without
warning signs, this change can be verified by the signifi-
cant decrease in the difference in cases between the gen-
ders (2015 vs. 2016, 2016 vs. 2017 and 2015 vs. 2017,
p <0.0001) (Fig. 2a), age groups (2015 vs. 2016, 2016 vs.
2017 and 2015 vs. 2017, p < 0.0001) (Fig. 2b) and ethnici-
ties (2015 vs. 2016 and 2015 vs. 2017, p <0.0001; 2016
vs. 2017, p=0.0003) (Fig. 2c). Regarding dengue with
warning signs, although it is possible to observe a trend
towards homogenization in relation to population char-
acteristics, the differences between the number of cases
were significantly reduced only in the age groups (2015
vs. 2016, p =0.04; 2016 vs. 2017, p =0.01; and 2015 vs.
2017, p < 0.0001) (Fig. 2e).
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With regard to severe dengue, the highest number of
cases has also reported in mulatto individuals (Fig. 2i).
However, the severe disease was more distributed
between the genders (Fig. 2g) and its incidence varied
widely in relation to the different age groups during the
3 years of analysis (Fig. 2h).

Between 2015 and 2017, the intermediate regions of
Recife and Caruaru had the highest numbers of cases
per 100,000 inhabitants (Fig. 3a), as well as the highest
numbers of total cases (Fig. 3b). In addition, both inci-
dence per 100,000 inhabitants (Fig. 3a) and total num-
bers of cases (Fig. 3b) decreased in all intermediate
geographic regions during the 3 years (Fig. 3a-b).

Climate analyses revealed that the annual tempera-
tures of the four intermediate regions did not differ sig-
nificantly over the 3 years (Fig. 4a-c), except in Caruaru,
which was colder than Serra Talhada and Petrolina in
2015 (Fig. 4a). On the other hand, the intermediate re-
gion of Recife presented the highest rainfall means in
the 3 years (Fig. 4d-f). Finally, when the numbers of
cases per 100,000 inhabitants and the mean rainfall were
plotted together, it is possible to observe the increase in
cases in some regions with the highest rainfall means
(Fig. 5).

Discussion

The incidence and clinical manifestations of dengue are
strongly influenced by viral, environmental and host fac-
tors. With regard to host, in addition to the elements
closely related to immunity and genetic background,
socio-demographic characteristics have also been associ-
ated with the number and severity of DENV infections
[11, 17, 23, 46-48]. In this perspective, we report the
epidemiological profile of dengue cases in Pernambuco
state, Brazil, in the 2015-2017 triennium.

Among the various social factors, age is one of the
characteristics most related to DENV infections [9, 11,
14, 49-51]. In Pernambuco, during the 3 years studied,
we observed that the majority of dengue cases was
reported in individuals aged between 20 and 29 and 30—
39years old. A previous study carried out in Brazil
between 2014 and 2016, in Rio Grande do Sul state,
Southern region, also found a higher incidence of den-
gue cases in individuals aged 21-40 years old [52]. The
similarity between these findings is interesting, especially
considering that the studies were conducted in different
years and in regions located at the extremes of Brazil,
which have considerable climatic, cultural and genetic
differences [53].

Analysis conducted with Korean travelers found a rela-
tionship of individuals aged 20—-29 years old and the risk
of DENV infection [10]. The study of Yung et al. [11] re-
lated the age group of 21-40 years old with highest sero-
positivity for DENV; interestingly, this group was
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equivalent to the most prevalent age groups in our
study, i.e., 20-29 and 30-39years old. In different re-
gions and in different population segments, other age
groups, e.g. infants and individuals with 15-49 years, 18
years, > 30 years or > 50 years, have been also related to
DENYV infection [9, 11, 14, 50, 51].

In our study, female was the most affected by DENV
infections throughout the analyzed period. This finding

have not been observed in other studies. In Rio Grande
do Sul state, the number of dengue cases in males was
slightly higher than those reported in females in the
years 2014 and 2016 [52]. A cross-sectional survey con-
ducted in Brazil, but in the North region, precisely in
rural Amazonia, observed a relationship between male
and seropositivity for DENV [8]. Similarly, Korean male
travelers had an increased risk of DENV infection [10].
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In Lahore, Pakistan, a cross-sectional descriptive study
found that the majority of individuals infected with
DENV was male [54].

Regarding ethnicity, mulattoes represented the major-
ity of the individuals diagnosed with dengue in Pernam-
buco between 2015 and 2017. Different ethnicities have
been related to the risk of DENV infection. In Brazil, an-
other study performed in Pernambuco identified that
children born to mothers of Caucasian/Asian descent
had a high risk of dengue [12]. In Singapore, Malay eth-
nicity was related to protection against DENV infections
in a study with patients diagnosed between 2005 and

2013 [11]. In Colombia, it was reported that the Afro-
Colombian population had a lower risk of DENV infec-
tion than non-Afro-Colombians [55].

When our data were analyzed according to the differ-
ent clinical manifestations of dengue, the epidemio-
logical profile was similar to the characteristics found for
the total dengue cases. Indeed, it is possible to observe a
higher incidence of dengue in mulatto individuals, fe-
male and aged between 20 and 29 and 30-39 years old,
mainly in 2015 and in the less severe forms of dengue.
However, over the 3 years, we noted a tendency towards
an equal incidence of dengue without warning signs
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cases in relation to genders, age groups and ethnicities
and of dengue with warning signs cases in relation to
ages.

Regarding severe dengue, we observed a higher preva-
lence in mulattoes and a uniform distribution between
the genders. Although this finding may be influenced by
the low number of diagnosed individuals, this report is
interesting since female is the gender that has been more
often associated with the most severe cases of dengue
[46, 49, 56]. As reviewed by Whitehorn and Simmons
[46], it is possible that behavioral factors and/or physio-
logical and immunological differences influence the
pathogenesis of dengue in women.

In 2017, severe dengue was more distributed in the
young population, especially in children. The involve-
ment of the most severe forms of dengue in this popula-
tion has been reported in other studies [46, 50, 51, 57].
Briefly, in newborns, maternal anti-DENV antibodies
transmitted to fetuses can protect them from DENV in-
fections. However, after the fourth or sixth month of life,
the ADE outweighs neutralization and the infant has an
increased risk to develop dengue severe forms [49, 51].
Furthermore, it is believe that the highest vascular endo-
thelial permeability of children may also influence the
clinical complications of dengue [57].

Among the intermediate regions of Pernambuco, Re-
cife and Caruaru had the highest number of cases and
the highest dengue incidence per 100 thousand inhabi-
tants; a scenario possibly influenced by environmental
factors, mainly climatic conditions, which strongly
modulate the population of vector mosquitoes [15, 17,
19-26]. The Pernambuco state, however, located in the
tropical region of Brazil, precisely between the Equator

and the Tropic of Cancer, is marked by constant tem-
peratures, as evidenced by our temperature analysis of
the four intermediate regions over the 3 years. In this
context, although detailed epidemiology analyses are re-
quired, we do not believe that the number of dengue
cases has been directly related to the temperature during
the analyzed period.

On the other hand, regarding rainfall, we observe that
Recife was the region with the highest rainfall means
during the 3 years and the region with the most dengue
cases (both total cases and incidence per 100 thousand
inhabitants) in 2015 and 2016. In addition, it is also pos-
sible to observe a significant difference of rainfall be-
tween the regions with more and less dengue cases over
the 3 years, mainly between Recife and Petrolina, re-
spectively. In this context, although the incidence of
dengue is influenced by different factors, we believe that
in Pernambuco, during 2015-2017, rainfall was probably
one of the main factors responsible for the difference in
the incidence of dengue among the intermediate regions.

In agreement with our findings, in Paraiba state, also
in the Northeast region of Brazil, a significant associ-
ation was observed between rainfall and dengue cases
whereas temperature was not found to be a useful pre-
dictor [58]. The influence of rainfall on the density of
Ae. aegypti and Ae. albopictus mosquitoes and the in-
crease of dengue cases has also been reported in other
Brazilian regions, such as in the North region [23, 59], as
well as in other continents [16, 19, 21, 23, 25, 60].

In a chronological analysis performed during 2015-
2017, it was possible to observe a decrease of dengue
cases in all regions of Pernambuco. Interestingly, this de-
crease is observed throughout the Brazilian Northeast
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and in the general numbers of the country [32-34].
Despite the several factors capable of influencing the
number and severity of DENV infections, such as envir-
onmental conditions, vector control measures, popula-
tion immunity and co-circulation with CHIKV and
ZIKV, the cause of this reduction in Brazil has not yet
been fully clarified [61]. With reference to Pernambuco,
we encourage future multidisciplinary studies, combin-
ing mainly virology, entomology and environmental sci-
ence, so that the reduction of dengue cases in the state
can be better understood.

One of the limitations of the study was that we did
not have access to information about the economic sta-
tus and educational level of individuals diagnosed with
dengue. In addition, the ethnicity of most positive
individuals was ignored during notification of infection.
We believe that these data are important and would
strengthen our analyses. Nevertheless, the epidemio-
logical profile outlined here is a considerable basis for
understanding the epidemiology of dengue in
Northeastern Brazil, and we encourage further socio-
environmental studies in areas not yet epidemiologically
characterized, especially in dengue-endemic regions.

Conclusions

Opverall, between 2015 and 2017, the majority of dengue
cases in Pernambuco state, Brazil, was diagnosed in
2015, in mulattoes, females, individuals with 20-39 years
old and in the intermediate geographic regions of Recife
and Caruaru. This epidemiological profile was most
clearly observed in dengue without and with warning
signs and in the first years of analysis. Interestingly, over
the years and in severe dengue cases, there was a ten-
dency towards a uniform distribution of cases in relation
to the population characteristics. Regarding the climatic
aspects, we believe that during the 3 years of analysis,
the rainfall influenced the number of dengue cases more
than the temperature.

Finally, although there are specific individual and so-
cial characteristics capable of influencing dengue infec-
tion and/or its severity, it is important to highlight that
there is no universal epidemiological profile of the target
population. Therefore, it is necessary that each region,
especially the endemic areas, knows in detail the charac-
teristics of its population and periodically update this in-
formation, so that public health policies can be directed
to each social reality.

Abbreviations

ADE: Antibody-dependent enhancement; APAC: Pernambuco State Agency
for Water and Climate (Agéncia Pernambucana de Aquas e Clima);

CHIKV: Chikungunya virus; Cl: Confidence interval; DENV: Dengue virus;

IBGE: Brazilian Institute of Geography and Statistics (Instituto Brasileiro de
Geografia e Estatistica); WHO: World Health Organization; ZIKV: Zika virus

Page 8 of 10

Acknowledgments
We thank the Health Secretary of Pernambuco, Brazil, for attending and
making available data on dengue from the municipalities.

Authors’ contributions

IDSN organized all municipal dengue data and assisted to write the
manuscript and interpret the results; AFP collected and organized regional
and national dengue data, assisted in manuscript writing and study design;
TRRL performed the statistical analyzes, assisted in the writing of the
manuscript, the study design and the interpretation of the results; PCSF
collected and organized temperature and rainfall data and assisted in the
statistical analyzes; JPG performed the statistical analyzes and assisted in the
the interpretation of the results; RFC performed the statistical analyzes and
assisted in the the interpretation of the results; RDC assisted in the
interpretation of the results and preparation of the manuscript; CSV assisted
in the interpretation of the results; JVJSJr designed the study, interpreted the
results and prepared the final version of the manuscript. All authors have
read and approved the manuscript.

Funding
No funding was received for this study. Silva Junior JV.J was supported by
CAPES Postdoctoral Scholarship, Brazil.

Availability of data and materials

Regarding dengue cases in the municipalities from Pernambuco state, Brazil,
the data that support the findings of this study are available from the Health
Secretary of Pernambuco, but restrictions apply to the availability of these
data, which were used under license for the current study, and so are not
publicly available. Data are however available from the authors upon
reasonable request and with permission of the Health Secretary of
Pernambuco.

Data on dengue case in Brazil and its Northeast region are available on the
Brazilian Ministry of Health repository, http://www.saude.gov.br/boletins-
epidemiologicos. Data of temperature and rainfall were obtained from the
APAC database, http://www.apac.pe.gov.br.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Sa0 Miguel University Center, Recife, Pernambuco, Brazil. 2Federal Institute
of Education, Science and Technology of Sertdo Pernambucano, Floresta,
Pernambuco, Brazil. *Virology Sector, Laboratory of Immunopathology Keizo
Asami, Federal University of Pernambuco, Recife, Pernambuco, Brazil.
“Department of Virology, Aggeu Magalhaes Institute, Oswaldo Cruz
Foundation, Recife, Pernambuco, Brazil. *Collegiate of Pharmaceutical
Sciences, Federal University of Vale do Sdo Francisco, Petrolina, Pernambuco,
Brazil. ®Laboratory of Virology, University of Campinas, Campinas, Sao Paulo,
Brazil. "Virology Sector, Department of Preventive Veterinary Medicine,
Federal University of Santa Maria, Av. Roraima, Camobi, Santa Maria, Rio
Grande do Sul 97105-900, Brazil. ®Department of Microbiology and
Parasitology, Federal University of Santa Maria, Santa Maria, Rio Grande do
Sul, Brazil.

Received: 8 October 2019 Accepted: 4 June 2020
Published online: 12 June 2020

References

1. International Committee on Taxonomy of Viruses. Virus Taxonomy: 2018b
Release (2018). https://talkictvonline.org/taxonomy/ . Accessed 11 Sept
2019.

2. World health organization. Dengue Fact Sheet (2019). http://www.searo.
who.int/entity/vector_borne_tropical_diseases/data/data_factsheet/en/ .
Accessed 11 Sept 2019.


http://www.saude.gov.br/boletins-epidemiologicos
http://www.saude.gov.br/boletins-epidemiologicos
http://www.apac.pe.gov.br
https://talk.ictvonline.org/taxonomy/
http://www.searo.who.int/entity/vector_borne_tropical_diseases/data/data_factsheet/en/
http://www.searo.who.int/entity/vector_borne_tropical_diseases/data/data_factsheet/en/

Nascimento et al. BMC Public Health

20.

21.

22.

23.

24.

25.

(2020) 20:923

Guzman MG, Gubler DJ, lzquierdo A, Martinez E, Halstead SB. Dengue
infection. Nat Rev Dis Primers. 2016;,08:16055.

Temporao JG, Penna GO, Carmo EH, Coelho GE, Azevedo RSS, Nunes MRT,
et al. Dengue virus serotype 4, Roraima state, Brazil. Emerg Infect Dis. 2011;
5:938-40.

Fares RC, Souza KP, Afez G, Rios M. Epidemiological scenario of dengue in
Brazil. Biomed Res Int. 2015,2015:1-13.

Quam MB, Sessions O, Kamaraj US, Rocklov J, Wilder-Smith A. Dissecting
Japan's dengue outbreak in 2014. Am J Trop Med Hyg. 2016,94:409-12.
Katzelnick LC, Gresh L, Halloran ME, Mercado JC, Kuan G, Gordon A, et al.
Antibody-dependent enhancement of severe dengue disease in humans.
Science. 2017;358:929-32.

Da Silva-Nunes M, De Souza VA, Pannuti CS, Speranca MA, Terzian AC,
Nogueira ML, et al. Risk factors for dengue virus infection in rural Amazonia:
population-based cross-sectional surveys. Am J Trop Med Hyg.
2008;79:485-94.

Siqueira-Junior JB, Maciel IJ, Barcellos C, Souza WV, Carvalho MS,
Nascimento NE, et al. Spatial point analysis based on dengue surveys at
household level in Central Brazil. BMC Public Health. 2008;8:361.

Je S, Bae W, Kim J, Seok SH, Hwang ES. Epidemiological characteristics and
risk factors of dengue infection in Korean travelers. J Korean Med Sci. 2016;
31:1863-73.

Yung CF, Chan SP, Thein TL, Chai SC, Leo YS. Epidemiological risk factors for
adult dengue in Singapore: an 8-year nested test negative case control
study. BMC Infect Dis. 2016;16:323.

Castanha PMS, Montarroyos UR, Silveira SMM, Albuquerque GDM, Mello
MJG, Lopes KGS, et al. Incidence and risk factors for dengue virus (DENV)
infection in the first 2 years of life in a Brazilian prospective birth cohort.
Epidemiol Infect. 2017;145:2971-9.

Eldigail MH, Adam GK, Babiker RA, Khalid F, Adam IA, Omer OH, et al.
Prevalence of dengue fever virus antibodies and associated risk factors
among residents of El-Gadarif state, Sudan. BMC Public Health. 2018;18:921.
Piedrahita LD, Salas IYA, Marin K, Trujillo Al, Osorio JE, Arboleda-Sanchez SO,
et al. Risk factors associated with dengue transmission and spatial
distribution of high Seroprevalence in schoolchildren from the urban area
of Medellin, Colombia. Can J Infect Dis Med Microbiol. 2018,2018:1-11.

Lee JS, Farlow A. The threat of climate change to non-dengue-endemic
countries: increasing risk of dengue transmission potential using climate
and non-climate datasets. BMC Public Health. 2019;19:934.

Wai KT, Arunachalam N, Tana S, Espino F, Kittayapong P, Abeyewickreme W,
et al. Estimating dengue vector abundance in the wet and dry season:
implications for targeted vector control in urban and peri-urban Asia.
Pathog Glob Health. 2012;106:436-45.

Van Benthem BH, Vanwambeke SO, Khantikul N, Burghoorn-Maas C, Panart
K, Oskam L, et al. Spatial patterns of and risk factors for seropositivity for
dengue infection. Am J Trop Med Hyg. 2005;72:201-8.

Honorio NA, Nogueira RM, Codeco CT, Carvalho MS, Cruz OGA, Magalhaes
MAFM, et al. Spatial evaluation and modeling of dengue seroprevalence
and vector density in Rio de Janeiro, Brazil. PLoS Negl Trop Dis. 2009;3:e545.
Do TT, Martens P, Luu NH, Wright P, Choisy M. Climatic-driven seasonality of
emerging dengue fever in Hanoi, Vietnam. BMC Public Health. 2014;14:2014.
Lover AA, Buchy P, Rachline A, Moniboth D, Huy R, Meng CY, et al. Spatial
epidemiology and climatic predictors of paediatric dengue infections
captured via sentinel site surveillance, Phnom Penh Cambodia 2011-2012.
BMC Public Health. 2014;14:1-8.

Dhimal M, Gautam |, Joshi HD, O'hara RB, Ahrens B, Kuch U. Risk factors for
the presence of chikungunya and dengue vectors (Aedes aegypti and
Aedes albopictus), their altitudinal distribution and climatic determinants of
their abundance in Central Nepal. PLoS Negl Trop Dis. 2015;9:e0003545.
Kajeguka DC, Msonga M, Schigler KL, Meyrowitsch DW, Syrianou P, Tenu F,
et al. Individual and environmental risk factors for dengue and chikungunya
seropositivity in north-eastern Tanzania. Infect Dis Health. 2017;22:65-76.
De Castro DB, Sampaio VS, De Albuquerque BC, Pinto RC, Sadahiro M,
Passos RA, et al. Dengue epidemic typology and risk factors for extensive
epidemic in Amazonas state, Brazil, 2010-2011. BMC Public Health.
2018;18:356.

Mai VQ, Mai TTX, Tam NLM, Nghia LT, Komada K, Murakami H. Prevalence
and risk factors of dengue infection in Khanh Hoa Province, Viet Nam: a
stratified cluster sampling survey. J Epidemiol. 2018,28:488-97.

Paul KK, Dhar-Chowdhury P, Haque CE, Al-Amin HM, Goswami DR, Kafi
MAH, et al. Risk factors for the presence of dengue vector mosquitoes, and

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 9 of 10

determinants of their prevalence and larval site selection in Dhaka,
Bangladesh. PLoS One. 2018;13:20199457.

Higa Y. Dengue vectors and their spatial distribution. Trop Med Health.
2011;39:17-27.

Zhang Y, Ibaraki M, Schwartz FW. Disease surveillance using online news:
dengue and zika in tropical countries. J Biomed Inform. 2020;102:103374.
Zhang Y, Ibaraki M, Schwartz FW. Disease surveillance using online news: an
extended study of dengue fever in India. Trop Med Health. 2019;47:58.
Pinheiro F, Nelson M. Re-Emergence of Dengue and Emergence of Dengue
Haemorrhagic Fever in the Americas. (1997) https.//apps.who.int/iris/
handle/10665/148532 . Accessed 11 Sept 2019.

Schneider J, Droll D. A timeline for dengue in the americas to december 31,
2000 and noted first occurences. (2001) http://www1.paho.org/english/hcp/
hct/vbd/dengue_history.htm . Accessed 11 Sept 2019.

Brasil, Ministério da satide. Monitoramento dos casos de dengue e febre de
chikungunya até a Semana Epidemioldgica (SE) 53 de 2014. (2015) https.//
portalarquivos2.saude.gov.br/images/pdf/2015/janeiro/19/2015-002-—BE-at—
SE-53.pdf . Accessed 11 Sept 2019.

Brasil, Ministério da saude. Monitoramento dos casos de dengue, febre de
chikungunya e febre pelo virus Zika até a Semana Epidemioldgica 52, 2015.
(2016). https://portalarquivos2.saude.gov.br/images/pdf/2016/janeiro/15/svs2
016-be003-dengue-se52.pdf Accessed 11 Sept 2019.

Brasil, Ministério da saude. Monitoramento dos casos de dengue, febre de
chikungunya e febre pelo virus Zika até a Semana Epidemioldgica 52, 2016.
(2017) https://portalarquivos2.saude.gov.br/images/pdf/2017/abril/06/2017-
002-Monitoramento-dos-casos-de-dengue%2D%2Dfebre-de-chikungunya-e-
febre-pelo-v9%2D%2Drus-Zika-ate-a-Semana-Epidemiologica-52%2D%2D2
016.pdf . Accessed 11 Sept 2019.

Brasil, Ministério da satde. Monitoramento dos casos de dengue, febre de
chikungunya e febre pelo virus Zika até a Semana Epidemioldgica 52, 2017.
(2018) https://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/23/
Boletim-2018-001-Dengue.pdf . Accessed 11 Sept 2019.

Brasil, Ministério da satide. Monitoramento dos casos de dengue, febre de
chikungunya e doenga aguda pelo virus Zika até a Semana Epidemioldgica
52 de 2018. (2019) https://portalarquivos2.saude.gov.br/images/pdf/2019/
janeiro/28/2019-002.pdf . Accessed 11 Sept 2019.

Zanluca C, Melo VC, Mosimann AL, Santos Gl, Santos CND, Luz K. First report
of autochthonous transmission of Zika virus in Brazil. Mem Inst Oswaldo
Cruz. 2015;110:569-72.

Nunes MR, Faria NR, De Vasconcelos JM, Golding N, Kraemer MU, Oliveira
LF, et al. Emergence and potential for spread of Chikungunya virus in Brazil.
BMC Med. 2015;13:102.

Stettler K, Beltramello M, Espinosa DA, Graham V, Cassotta A, Bianchi S, et al.
Specificity, cross-reactivity, and function of antibodies elicited by Zika virus
infection. Science. 2016;353:823-6.

George J, Valiant WG, Mattapallil MJ, Walker M, Huang YS, Vanlandingham
DL, et al. Prior exposure to Zika virus significantly enhances peak Dengue-2
Viremia in rhesus macaques. Sci Rep. 2017,7:10498.

Ribeiro GS, Kikuti M, Tauro LB, Nascimento LCJ, Cardoso CW, Campos GS,

et al. Does immunity after Zika virus infection cross-protect against dengue?
Lancet Glob Health. 2018;6:2140-1.

Le Coupanec A, Tchankouo-Nguetcheu S, Roux P, Khun H, Huerre M, Morales-
Vargas R, et al. Co-infection of mosquitoes with Chikungunya and dengue
viruses reveals modulation of the replication of both viruses in Midguts and
salivary glands of Aedes aegypti mosquitoes. Int J Mol Sci. 2017;18:1-17.
Ruckert C, Weger-Lucrelli J, Garcia-Luna SM, Young MC, Byas AD, Murrieta
RA, et al. Impact of simultaneous exposure to arboviruses on infection and
transmission by Aedes aegypti mosquitoes. Nat Commun. 2017;8:15412.
Goertz GP, Vogels CBF, Geertsema C, Koenraadt CJM, Pijlman GP. Mosquito
co-infection with Zika and chikungunya virus allows simultaneous
transmission without affecting vector competence of Aedes aegypti. PLoS
Negl Trop Dis. 2017;11:¢0005654.

Instituto Brasileiro de Geografia e Estatistica. http.//www.ibge.gov.br.
Accessed 11 Sept 2019.

World Health Organization. Dengue guidelines for diagnosis, treatment,
prevention and control : new edition: World Health Organization; 2009.
https://apps.who.int/iris/handle/10665/44188 . Accessed 11 Sept 2019.
Whitehorn J, Simmons CP. The pathogenesis of dengue. Vaccine. 2011;29:
7221-8.

Pastor AF, Moura RL, Neto JW, Nascimento EJ, Calzavara-Silva CE, Gomes AL,
et al. Complement factor H gene (CFH) polymorphisms C-257T, G257A and


https://apps.who.int/iris/handle/10665/148532
https://apps.who.int/iris/handle/10665/148532
http://www1.paho.org/english/hcp/hct/vbd/dengue_history.htm
http://www1.paho.org/english/hcp/hct/vbd/dengue_history.htm
https://portalarquivos2.saude.gov.br/images/pdf/2016/janeiro/15/svs2016-be003-dengue-se52.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2016/janeiro/15/svs2016-be003-dengue-se52.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue%2D%2Dfebre-de-chikungunya-e-febre-pelo-v%2D%2Drus-Zika-ate-a-Semana-Epidemiologica-52%2D%2D2016.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue%2D%2Dfebre-de-chikungunya-e-febre-pelo-v%2D%2Drus-Zika-ate-a-Semana-Epidemiologica-52%2D%2D2016.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue%2D%2Dfebre-de-chikungunya-e-febre-pelo-v%2D%2Drus-Zika-ate-a-Semana-Epidemiologica-52%2D%2D2016.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue%2D%2Dfebre-de-chikungunya-e-febre-pelo-v%2D%2Drus-Zika-ate-a-Semana-Epidemiologica-52%2D%2D2016.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/23/Boletim-2018-001-Dengue.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/23/Boletim-2018-001-Dengue.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2019/janeiro/28/2019-002.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2019/janeiro/28/2019-002.pdf
http://www.ibge.gov.br
https://apps.who.int/iris/handle/10665/44188

Nascimento et al. BMC Public Health

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

(2020) 20:923

haplotypes are associated with protection against severe dengue
phenotype, possible related with high CFH expression. Hum Immunol. 2013;
74:1225-30.

Talarico LB, Byrne AB, Amarilla S, Lovera D, Vazquez C, Chamorro G, et al.
Characterization of type | interferon responses in dengue and severe
dengue in children in Paraguay. J Clin Virol. 2017,97:10-7.

Centers for Disease Control and Prevention. https.//www.cdc.gov/dengue/
training/cme/ccm/Severe%20Disease%20in%20Infants_F.pdf. Accessed 11
Sept 2019.

Halstead SB, Lan NT, Myint TT, Shwe TN, Nisalak A, Kalyanarooj S, et al.
Dengue hemorrhagic fever in infants: research opportunities ignored.
Emerg Infect Dis. 2002,8:1474-9.

Jain A, Chaturvedi UC. Dengue in infants: an overview. FEMS Immunol Med
Microbiol. 2010;59:119-30.

Gregianini TS, Tumioto-Giannini GL, Favreto C, Plentz LC, lkuta N, da Veiga
ABG. Dengue in Rio Grande do Sul, Brazil: 2014 to 2016. Rev Med Virol.
2018;28:1-8.

Souza AM, Resende SS, Sousa TN, Brito CFA. A systematic scoping review of
the genetic ancestry of the Brazilian population. Genet Mol Biol. 2019;42:
495-508.

Mukhtar F, Salim M, Farooq A. Outbreak of dengue fever in Lahore: study of
risk factors. J Ayub Med Coll Abbottabad. 2012,24:99-101.

Palacios JHR, Alzate A, Romero HJM, Concha-Eastman Al. AfroColombian
ethnicity, a paradoxical protective factor against dengue. Colomb Med
(Cali). 2016;47:133-41.

Anders KL, Nguyet NM, Chau NV, Hung NT, Thuy TT, le Lien B, et al.
Epidemiological factors associated with dengue shock syndrome and
mortality in hospitalized dengue patients in Ho Chi Minh City, Vietnam. Am
J Trop Med Hyg. 2011;84:127-34.

Gamble J, Bethell D, Day NP, Loc PP, Phu NH, Gartside 1B, et al. Age-related
changes in microvascular permeability: a significant factor in the
susceptibility of children to shock? Clin Sci (Lond). 2000;98:211-6.

Santos CAG, Guerra-Gomes IC, Gois BM, Peixoto RF, Keesen TSL, da Silva RM.
Correlation of dengue incidence and rainfall occurrence using wavelet
transform for Jodo Pessoa city. Sci Total Environ. 2019;647:794-805.

Silva FD, Santos AM, Corréa RGCF, Caldas AJM. Temporal relationship
between rainfall, temperature and occurrence of dengue cases in Sao Luis,
Maranhao, Brazil. Cien Saude Colet. 2016;21:641-6.

Chanprasopchai P, Pongsumpun P, Tang IM. Effect of rainfall for the
dynamical transmission model of the dengue disease in Thailand. Comput
Math Methods Med. 2017;2017:1-17. https://www.hindawi.com/journals/
cmmm/2017/2541862/.

Lopes TRR, Silva CS, Pastor AF, Silva Junior JVJ. Dengue in Brazil in 2017:
what happened? Rev Inst Med Trop Sao Paulo. 2018;60:43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.cdc.gov/dengue/training/cme/ccm/Severe%20Disease%20in%20Infants_F.pdf
https://www.cdc.gov/dengue/training/cme/ccm/Severe%20Disease%20in%20Infants_F.pdf
https://www.hindawi.com/journals/cmmm/2017/2541862/
https://www.hindawi.com/journals/cmmm/2017/2541862/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Region and population of study
	Data collection
	Dengue cases
	Temperature and rainfall

	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

