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Abstract
Dengue is an infectious disease caused by the dengue virus. In Brazil, the main vector is the mosquito Aedes aegypti
(L.); however, Aedes albopictus (Skuse) can also transmit this pathogen. According to the WHO, more than 125
countries are endemic for dengue, and an estimated 50-100 million infections occur annually. In Brazil, the
Northeast region is one with high incidence rates and records of successive epidemics. Dengue has been circulating
in Brazil for over 30 years, due to the fact that there are areas that offer favorable environmental conditions, as well
as municipalities with low socioeconomic conditions and frequent water crises. In addition, Brazil is a tourist hub
with an intense flow of visitors, keeping the doors open for the entry and circulation of vector-borne diseases. The
role of epidemiology is to analyze the distribution of diseases and their determinants in space and time and to
unveil the social inequalities that influence the health-disease process. Thus, a review study that describes the
occurrence of Dengue may provide a perspective of future areas of greater risk for dengue epidemics.
Keywords: Dengue, spatial analysis, temporal distribution

INTRODUCTION
Approximately 60% of the infectious diseases that affect humans have an animal origin. Most arboviruses
are maintained in complex sylvatic cycles that involve mosquitoes and vertebrates that live in forests and are
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considered reservoirs, such as birds, small mammals, and non-human primates. The amplification of these
wild cycles occurs accidentally, causing disease in humans, and consequently, viral adaptation can give rise
to urban cycles and epidemics[1,2]. The dengue virus has always presented itself as a serious zoonosis, and
this highlights the need to adopt a One Health approach, as a number of reports suggest other animals may
play a role in both the sylvatic and urban endemic cycles as potential secondary hosts. Moreover, with
increasing deforestation due to globalization and urbanization, animal and human populations are
increasingly staying closer together with a higher frequency of potential contacts[3]. It seems plausible that
some animals in an urban setting may play an indirect role in dengue ecology, possibly even with low titers
of viral load. It allows us to include interacting factors such as the environment, land management, and
social and climatic factors that influence the transmission patterns of the disease[3,4].
Dengue is an infectious disease whose etiological agent is the dengue virus (DENV). It is an arbovirus of the
Flaviviridae family and Flavivirus genus, which antigenically comprises four distinct serotypes: DENV-I,
DENV-II, DENV-III, and DENV-IV[5]. Infection with one of these serotypes confers permanent immunity
to it and is believed to provide protection for 1-3 years against a different serotype[6-8].
The virus structure is characterized by an approximately smooth surface with a diameter of 50 Å and a dense
core surrounded by a lipid bilayer. The genome is composed of about 10,700 nucleotides, and there are
three proteins important for its structure: the capsid protein (C protein) composed of 100 AA; the
membrane protein (M protein) formed by 75 AA; and the envelope protein (E protein) composed of
495 AA[9].
As with other arboviruses, DENV has its genetic code in the form of single-stranded RNA, reflecting high
genetic plasticity, a fundamental attribute to complete the transmission cycles that involve replication in
mosquitoes and vertebrate hosts[8].
Virus replication in humans starts when the viral envelope proteins (E protein) interact with receptors on
the target cells and, through endocytosis, enter the cell in the form of an endosome. The virus then fuses to
the membrane of the endosome and the viral RNA is released into the cytoplasm of the host cell, initiating
replication. Using the ribosomes of the rough endoplasmic reticulum (ER), the virus translates its RNA,
producing a polyprotein with approximately 3400 AA that is cleaved into three structural proteins (C, M,
and E) and seven other non-structural proteins[10,11].
The newly synthesized viral RNA is packaged by C proteins to form the nucleocapsid, which is taken to the
lumen of the ER and surrounded by the M and E proteins, producing the viral envelope and the outer
membrane. Then, the immature viruses pass through the Golgi complex, where they are converted into
their infectious form and released to infect other cells[11].

GENERAL ASPECTS OF DENGUE
The main vector of dengue in Brazil is the Aedes aegypti (L.) mosquito; however, the Aedes albopictus
(Skuse) mosquito can also act as a vector[12-15]. Both species are dipterous insects of the family Culicidae,
belonging to the subfamily Culicinae. In its adult form, Aedes aegypti has dark or nearly black coloration,
with white stripes distributed throughout the body and legs; clypeus with two tufts of silver-white scales;
and shields also adorned with silver-white scales that form a lyre-shaped design. Ae. albopictus has a
morphology similar to Ae. aegypti; however, in its adult form, the shield has only one stripe formed by
silver-white scales[16].
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Species of the genus Aedes, similar to other Culicidae, are holometabulous insects, and their life cycle
comprises four stages: egg, larva (subdivided into four stages: L1, L2, L3, and L4), pupa, and adult[16].
Mosquitoes of the tribe Aedini, when adults, feed on nectar and sugar solutions; however, after copulation,
the females require blood as a source of protein needed for the maturation of eggs. Oviposition usually
occurs 2-3 days after the bloodmeal[16,17].
To perform oviposition, the female seeks breeding sites that contain standing water. At first, it was thought
that the aquatic forms of Ae. aegypti developed exclusively in artificial containers such as tires, cans, plant
pots, water tanks, and uncovered cisterns, because they serve as deposits for fresh, still water with a low
concentration of organic matter. However, adapting to manmade conditions, it is known that it is possible
to find larvae even in rudimentary pits[16,18].
Similarly, it was believed that Ae. albopictus had a wilder behavior, often laying its eggs in natural breeding
sites, such as bamboo internodes and tree cavities. However, there are reports of its larvae being found in
artificial deposits, and, due to its eclectic character in the choice of breeding sites, there is a significant
adaptation of the species to the urban environment[16,19].
On finding a breeding site, the female lays its eggs on the side walls of the reservoir, above the water line;
shortly after contact with the water, the eggs hatch into larvae. At this stage, the species is very active, and
the larvae in the four stages feed on microorganisms and organic debris present in the water, gaining energy
for the next stage. The passage from one stage to the next occurs through the process of ecdysis, where the
exoskeleton is detached[17].
When the mosquito reaches the pupal stage, it does not feed and only breathes on the water surface,
spending much of the time immobile. On average, after two days in the pupal stage, the adult mosquito
hatches. The entire life cycle can last from seven to ten days, depending on the nutrients available and the
temperature of the environment, and may last for more or fewer days[17].
The most common way for mosquitoes to become infected with DENV is through blood-feeding on
infected hosts; however, vertical transmission is also possible, which occurs when an infected female
transmits the virus transovarially to its offspring[20,21].
After the female mosquito bites an infected human, DENV starts replicating in the midgut of the mosquito.
It then spreads through the hemolymph to other organs until it infects the salivary gland. It takes 8-12 days
for the mosquito to become infective, corresponding to the extrinsic incubation period[22].
The most viable way to reduce the incidence of dengue, and other arboviruses, is using integrated vector
control. For this, the forms of control are basically divided into three categories: chemical, biological, and
mechanical. Chemical control was the first form of mosquito control used in public health and consisted of
the application of chemicals for adults (adulticides) and larvae (larvicides)[23,24]. It is not currently the most
recommended measure, given the possibility of selecting strains of mosquitoes that are increasingly resistant
to the products as well as the negative impacts on the environment and human population[23,24].
For biological control, predators or pathogens can be used to reduce the vector population, most often in
the larval stage. Among the organisms used are fish, aquatic invertebrates, mosquitoes that disperse
larvicides or microorganisms (such as the bacterium Bacillus thuringiensis israelensis, which has a potent
larvicidal action), and Wolbachia[24,25].
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Wolbachia can be considered a recent control approach, especially in Brazil, but it proposes to occur
naturally and is self-sustaining in the long term. This is a species of bacteria naturally found in about 60% of
insects and, when present in Aedes aegypti is able to halve the life span of an adult mosquito and generate
sterile offspring. This species may also be able to eliminate arbovirus transmission by the mosquito through
competition for amino acids between the host mosquito and the virus[20].
Mechanical control is based on practices conducive to eliminating the vector and its breeding sites or that
reduce the contact of the mosquito with human beings. Activities such as drainage of reservoirs, use of
screens on doors and windows, and sealing of water storage tanks are considered mechanical control[24,26,27].
To integrate the control methods, an approach known as eco-bio-social has been increasingly used, with
education and social mobilization as its main axes of execution, seeking to extinguish the chemical control
of actions to combat dengue. This approach uses health professionals, such as endemic agents and
community health agents, as well as voluntary residents of neighborhoods affected by the disease[28]. This is
a challenging and successful approach in the long term, but it requires the involvement of the community
and various sectors such as sanitation, cleaning, culture, public security, and public agencies. It offers a
promising alternative to vector control measures[28,29].
Humans are the only vertebrate host susceptible to developing the clinical forms of dengue and may present
from inapparent infections to a series of well-defined symptoms[5,30].
When symptomatic, dengue is considered a systemic and dynamic disease and can be classified into three
clinical phases. The first is the febrile phase, whose manifestations are: sudden high fever, headache, muscle
pain, myalgia, arthralgia, photophobia, retro-orbital pain, rash, and itchy skin. After this phase, most
patients recover with the help of appropriate treatment[31-33].
The second phase is the critical one, and it may be present in some symptomatic patients. It is subdivided
into dengue with alarm signs and severe dengue. Dengue with alarm signs may occur when there is an
increase in vascular permeability, causing alarming signs such as the onset of severe dengue. Its evolution
may cause shock due to plasma extravasation. The main signs are intense abdominal pain, constant
vomiting, ascites, postural hypotension, and bleeding of mucous membranes[31].
Severe dengue may manifest with plasma leakage, leading to hypovolemic shock (loss of large volume of
plasma), severe hemorrhage, or even dysfunction of several organs such as the heart, lungs, kidneys, liver,
and the central nervous system. These manifestations can lead the patient to death within 48 h[31,33].
Patients who survive dengue with alarm signs or severe dengue reach the recovery phase, with gradual
reabsorption of all lost plasma content, resulting in a sensible clinical improvement. However, it is still a
delicate phase, susceptible to complications related to hyperhydration or bacterial infections, which may
contribute to death[5].
The evolution to severe forms is still not completely understood. However, there are three main theories
that seek to explain it: Rosen’s theory, Halstead’s theory, and the integral theory of multicausality. Rosen’s
theory associates the occurrence of severe dengue with the virulence of the infecting strain[27,34]. The theory
defended by Halstead relates cases of severe dengue to sequential infections in a human by different
serotypes. Immunological amplification in secondary infection causes an increase in viremia, stimulating
the production of more cytokines and proteases that trigger predictive factors for plasma leakage[27,35,36].
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In the integral theory of multicausality, it is proposed that there are some risk factors that promote
conditions for cases of severe dengue. The factors include age, pregnancy, sex, pre-existence of chronic
diseases, circulating serotypes and virulence of strains, and sequence of infections, among others[27,37].
In addition to the classic symptoms related to severe dengue, cases presenting atypical clinical
manifestations have been increasingly identified. When the virus directly reaches the central nervous system
or the infection affects the peripheral nerves, it results in neurological and/or neuroimmunological
manifestations. In recent studies, Guillain-Barré syndrome (GBS) has been shown to be strongly associated
with infections caused by DENV[38,39].
GBS is an acute idiopathic demyelinating polyradiculoneuropathic disease, which results from multifocal
infiltration by mononuclear inflammatory cells into the myelin sheath or autoimmune antibody-mediated
destruction of the myelin sheath and is the most common cause of acute generalized paralysis in the
world[39].
According to Fragoso et al.[38], GBS is a rare condition, with few cases described in the literature, but it is still
a very underreported manifestation, even in dengue-endemic areas.
Symptomatic humans are key elements in the continuity of the dengue virus transmission cycle, but it is
known that its spread can be driven mainly by asymptomatic or clinically inapparent people[40,41]. According
to Duong et al.[41], asymptomatic and pre-symptomatic patients infect more mosquitoes than symptomatic
patients at any viremia level. This is due to the human immune response, which, by stimulating high levels
of cytosine during the disease (which occurs with symptomatic patients), influences the reduction of the
transmissibility of the virus to mosquitoes[41]. Thus, it is assumed that the mechanism of virus transmission
from human to mosquito can be considered as “silent” because it occurs mostly before the onset of
symptoms (reaching its peak on the second day) or in the absence of clinical signs, reducing transmissibility
as the days pass or with the increase in IgG and IgM titers[41].

HISTORY AND EPIDEMIOLOGY OF DENGUE
Dengue has a complex and long history of interaction with man, probably beginning in the Asian continent
as early as the third century. In China, there are records of a disease with a clinical description very similar
to dengue, and this was repeated in the 7th and 10th centuries, during the Tang and Sung dynasties,
respectively. Already at that time, this disease was associated with the presence of mosquitoes and water and
became known as “water poison”[8].
After half a century, suspected cases of dengue fever were reported in the French Antilles and Panama,
beginning its spread in the Americas[42]. Further records of diseases similar to dengue were noted in several
places, suggesting the possibility of a pandemic. This rapid spread of the disease coincided with the increase
in export and import trade, carried out by sailing ships during the period of the great voyages[8].
The transmission of DENV has accompanied the spread of its main mosquito vector, Ae. aegypti, and has
probably been accelerated by disorderly urbanization and globalization[43]. Due to the infestation of Ae.
aegypti in the Americas and the occurrence of yellow fever, there was a mosquito eradication program,
which eliminated the mosquito from 23 countries[44].
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For almost thirty years, there was an “epidemiological silence” with few reported cases of dengue fever.
However, in 1970, the control program was interrupted, and a new wave of infestation began.
Approximately 20 years later, the mosquito was already present in almost the entire geographical extension
of the Americas, causing outbreaks and epidemics by different serotypes[44].
It is possible that the exponential growth of the urban population in Latin America and the Caribbean has
also contributed to the hyperendemicity of DENV in the Americas. In addition to the lack of entomological
surveillance, uncontrolled urbanization, poor sanitation in urban centers, and the rapid expansion of
international and domestic travel have passively favored the dispersal of the mosquito[43].
According to the WHO, more than 125 countries are endemic for dengue, and an estimated 50-100 million
infections occur annually, with two-fifths of the world’s population living in areas at risk. From 1990 to
2015, 262 epidemics were recorded worldwide, all occurring in tropical and subtropical regions. Countries
with the highest number of epidemics include India with 58, China with 38, and Brazil with 24. Europe was
the continent least affected by dengue epidemics, recording only four in France and two in Portugal[45].
Previously, countries in Southeast Asia and the Western Pacific region were the most affected. However,
approximately 40 years ago, there was an excessive increase in the number of cases in the Americas. During
the 1980s, 1,033,417 cases were reported, 2,725,405 in the 1990s, and, from 2000 to 2007, there were
4,759,007 cases[44].
Between 2010 and 2014, there was a major expansion of DENV-4 to South American countries such as
Brazil, Paraguay, and Argentina. There was also an expansion of DENV-2 and DENV-3 to the south of the
United States. Along with the dispersion of viruses, there was an increase in the number of cases in the
continent, with a proportional constancy in deaths from dengue[46].
The years 2015 and 2016 are highlighted by the high number of cases; however, it corresponds to the period
of expansion of the Zika and Chikungunya viruses. Due to the similarity between the symptoms of these
arboviruses, clinical diagnosis is difficult, directly influencing the notifications[47] [Table 1].
During this period, Brazil was the country in the Americas region that recorded the highest number of
cases, with the co-circulation of the four serotypes[46]. In 2016, Brazil contributed to the epidemic in the
Americas with more than 1.5 million cases and 1032 deaths[47] [Table 2].

DENGUE FEVER IN BRAZIL: THE LANDING THAT RESULTED IN EPIDEMICS
The history of dengue in Brazil began in 1845 when the first epidemic was recorded in the state of Rio de
Janeiro. Other epidemics were reported during 1851-1853 and 1916-1923, but the first laboratory-confirmed
epidemic occurred in Boa Vista in 1981[13,48].
Five years later, the virus reappeared in Nova Iguaçu (RJ) and since then has spread to other cities in the
state of Rio de Janeiro. At that time, a sero-epidemiological survey was conducted, and it was recorded that
more than one million people were infected by the virus. At that time, serotype DENV-2 was introduced,
and not only the municipalities of Rio de Janeiro state were affected by the numerous cases but other
municipalities distributed in the Southeast and Northeast regions of Brazil as well[13]. Between 1986 and
1987, municipalities in these two regions built an epidemiological scenario similar to that of Rio de Janeiro;
for example, Alagoas, Ceará, Pernambuco, Bahia, and Minas Gerais counted 43,000 confirmed cases[13].
After these epidemics, dengue spread throughout the country, and 80 years after the first record of the
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Table 1. Dengue in the Americas (2010-2019)

Year

Dengue and DHF cases

Dengue and DHF deaths (%)

2010

1,648,403

1188 (1.95%)

2011

1,073,051

758 (0.07%)

2012

1,164,245

807 (0.06%)

2013

2,384,359

1403 (0.05%)

2014

1,184,840

683 (0.05%)

2015

2,415,693

1355 (0.05%)

2016

2,174,827

915 (0.04%)

2017

580,640

317 (0.05%)

2018

561,231

336 (0.05%)

2019

3,140,872

1535 (0.04)

2020

2,326,115

1027 (0.04%)

Source: PLISA (Plataforma de Información en Salud para las Américas/Health Information Platform for the Americas) (open access data).

Table 2. The number of dengue cases in the Americas and Brazil (2010-2019)

Year

Dengue and DHF cases

Cases in Brazil (%)

2010

1,648,403

1,004,392 (60.30%)

2011

1,073,051

764,032 (69.80%)

2012

1,164,245

565,510 (50.45%)

2013

2,384,359

1,468,873 (61.50%)

2014

1,184,840

659,051 (72.50%)

2015

2,415,693

1,649,008 (68.26%)

2016

2,174,827

1,500,535 (69.00%)

2017

580,640

252,054 (43.40%)

2018

561,231

265,934 (47.38%)

2019

3,140,872

2,226,914 (70.00%)

2020

2,326,115

1,467,142 (63.00%)

Source: PLISA (Plataforma de Información en Salud para las Américas/Health Information Platform for the Americas) (open access data).

disease in Brazil, it was already present in more than 50% of municipalities[15].
In 2000, the DENV-3 serotype began circulating in the state of Rio de Janeiro[48]. DENV-3 became the most
prevalent in the country after its introduction, at the same time that serotypes DENV-1 and DENV-2 also
spread throughout the country, increasing the number of fatal dengue cases. This points positively to the
hypothesis that a previous infection by a dengue serotype can probably generate a more lethal scenario
when a new serotype is introduced[44,49].
In 2010, Brazil again experienced new epidemics, but this time 21 of the 27 states already suffered from the
co-circulation of the fourth serotype, including Roraima, which, after 28 years, was again infected with
serotype DENV-4[50,51] [Figure 1].
In 2014, 591,080 probable cases of dengue were reported in the country until the 53rd epidemiological week
(28 December 2014 to 3 January 2015). The Southeast region had the highest number of probable cases,
with 52.8% in relation to the whole country. However, the Mid-West region had the highest incidence, with
a coefficient of 754.4/100,000 inhabitants. Compared to 2013, there was a 59.3% reduction in cases in the
country. During that year, the most circulating serotype was DENV-1 (82%), and there was a total of 410
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Figure 1. Timeline of introduction of dengue serotypes in Brazil. Source: Modified from Fares et al.[48].

confirmed deaths[52].
In 2015, the number of probable cases was three times that of the previous year. The Southeast remained the
region with the highest number of notifications, totaling 62.2% in relation to the whole country, although
the Mid-West region again recorded the highest incidence coefficient in the country. The Northeast region
recorded the second-highest number of probable cases in the country, with a total of 311,519 cases (18.9%).
In total, 863 deaths from dengue were confirmed, and serotype DENV-1 continued to be the most
circulating[53].
In 2016, the incidence was 733.4 cases/100,000 inhabitants. Again, the Southeast and Northeast regions
recorded the most probable cases of dengue, with 57.2% and 21.6 % of the total cases in the country,
respectively. The Mid-West region continued to record the highest incidence coefficient[54].
In comparison with 2016, there was a reduction in cases in 2017, registering an incidence of 122.3
cases/100,000 inhabitants. In that year, the Northeast region presented the highest number of probable cases
in relation to the country’s total (86,386 cases; 34.3%), with the second highest incidence[55].
In 2018, until the 52nd epidemiological week, a smaller number of probable cases of dengue were recorded
in the country compared to 2017, with an incidence of 118.7 cases/100,000 inhabitants. Already in this
period, the Centre-West region was the one that recorded the most cases, followed by the Northeast
region[55]. In 2019, an increase in the number of dengue cases in Brazil was observed mainly in the Mid-west
and Southeast regions. The Northeast had the third highest incidence in the country, tripling the incidence
compared to the previous year[56] [Table 3].
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Table 3. Dengue incidence per 100,000 inhabitants, by Brazilian’s regions from 2014 to 2019

Brazilian region

2014

2015

2016

2017

2018

2019

2020

North

287.0

179.8

224.7

128.0

100.6

195.8

119.5

Northeast

160.5

578.5

573.3

151.8

118.5

376.7

263.8

Southeast

366.9

1221.4

1001.2

69.0

86.0

1159.4

379.4

South

83.5

176.8

250.4

15.9

9.0

165.2

940

Mid-West

754.4

1496.6

1322.0

502.7

635.9

1349.1

1212.1

Source: Brazilian Ministry of Health Epidemiological Bulletin (open access data)

[56]

.

The Northeast is one of the regions with high incidence coefficients and with records of successive
epidemics. As of 2016, states such as Rio Grande do Norte, Ceará, and Bahia had incidence coefficients
above 1500 cases/100,000 inhabitants. In addition, Pernambuco and Alagoas recorded the highest
proportion of deaths respective to severe cases or with alarm signs[54].
An important area in Brazil for dengue epidemics is the state of Ceará, located in Brazil’s Northeast. The
first record of dengue in Ceará was in 1986, four years after the proven circulation of the virus in the
country. The vector Ae. aegypti had already spread definitively in the state since 1984; then, the arrival of
tourists from Rio de Janeiro infected with the virus started the chain of transmission and the spread of the
disease in the region[57]. In that year, the first epidemic occurred in the state, and it lasted until November
1987, with a total of 30,000 cases caused only by serotype DENV-1[58,59].
By 1993, more than 50,000 cases were reported, and, in 1994, the second epidemic occurred in Ceará. At
that time, the first cases of severe dengue fever (then classified as dengue hemorrhagic fever), related to the
circulation of DENV-2, were confirmed. The incidence coefficient was 732.31/100,000 inhabitants, and, for
the first time, the lethality coefficient reached 48%[57,59].
In that year, Ceará had 84% of the dengue notifications in Brazil, and cases were still underreported, since
about 25% of the respective dengue records were confused with rubella. At that time, dengue was not a
compulsorily notifiable disease and physicians were not in the habit of spontaneous notification in
Brazil[60,61].
The cases occurred more frequently in the months of March to August, peaking in June with 16,608 cases,
mostly residents of Fortaleza and Caucaia (a city bordering Fortaleza). The patients who died were
autopsied, and the main changes found were gastrointestinal bleeding, ascites, and edema in the central
nervous system[60].
Due to the great impact caused by dengue in 1994, the Brazilian Ministry of Health prepared the Plan for
Eradication of Ae. aegypti in 1996. A year later, it began the implementation of resources in municipalities
convened the plan. This plan provided for an integrated action involving entomology, surveillance of ports
and airports, sanitation, health information, epidemiological surveillance, and laboratories. However, due to
the lack of distribution of resources, the actions were reduced practically to chemical control[57].
Since then, there has been an expansion of the areas inhabited by the vector and maintenance of high rates
of infestation. Until 2000, dengue cases in the state were increasing, but still with incidences below
200 cases/100,000 inhabitants[57,59].
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DENGUE DETERMINANTS
Given the conditions present in Brazil, understanding the epidemiology of dengue requires knowledge
beyond those related to viral and vectorial aspects. It is also essential to evaluate the social, behavioral,
economic, and environmental determinants[62].
Dengue is considered a neglected tropical disease, and similar to other diseases, it is influenced by social
conditioning. Identifying social inequalities in the health-disease process and understanding the processes
that produce them are essential conditions for finding ways to address the disease[63]. Analyzing studies
carried out in different states in Brazil, it can be seen that dengue behaves according to the reality of each
location, being influenced by socioeconomic factors.
In Natal, the capital of the state of Rio Grande do Norte, the incidence of dengue during a five-year
historical series was not shown to be correlated with socioeconomic indicators, such as precariousness in
sanitary structure or illiteracy rate[64]. This diverges from what was found in an epidemic in the state of Rio
de Janeiro, where localities characterized by basic sanitation deficit were those with the highest incidence
coefficients, presenting a strong correlation between these two variables[65].
The divergence of results among studies that seek to relate the incidence of the disease and the
socioeconomic conditions of a population is common. Some authors bring a proportionally inverse
relationship between these two variables, while others point out a directly proportional relationship[66]. Each
place has a history resulting from simultaneous social and political processes and can thus show the
particularity of the transmission of the disease in which production and reproduction occur[67].
The influence of climate variables leads to more homogeneous results. Climate variables have a statistically
significant influence on the emergence of new cases in much of the country. Based on observations made in
southern Brazil, Mendonça et al.[68] showed that the distribution of mosquitoes, the frequency of their bites,
and the extrinsic incubation period are affected by temperature, rainfall, and wind speed. Mild
temperatures, high humidity, and the occurrence of rainfall provide the conditions for Ae. aegypti to
reproduce, survive for longer, and be viable to transmit the disease[16].
Climate variables end up directly influencing mosquito infestation, but a high infestation does not always
cause many cases of the disease, just as a low infestation does not prevent the emergence of epidemics. In a
study conducted in the municipality of Araraquara (São Paulo), infestation levels increased with rainfall and
were reflected in the incidence coefficients of the disease[69]. In Fortaleza, even with a relatively low
infestation by Ae. aegypti, according to most of the infestation index surveys carried out, epidemics
occurred, such as in 2011[70].
The findings on the determinants of dengue are still vague and controversial, requiring analysis and
understanding of the reality of each study area, since the determinants of disease vary according to its
population, environmental, social, and economic dynamics[64,66].

DENGUE AND ITS DISTRIBUTION IN SPACE AND TIME
The role of epidemiology is to analyze the distribution of diseases and their determinants in the population,
in space and time, as well as to unveil the social inequalities that influence the health-disease process[71].
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Over the years, the concept of space has been modified; its definition has ceased to be only the geographical
delimitation of a given area and started to aggregate different contexts and social, environmental, economic,
and political determinants that can affect health of a population. Thus, it can be considered a valuable tool
that allows understanding how the health-disease process occurs in the field of collective health[72].
For epidemiological studies, spatial analysis allows the recognition of clusters of events in a given
population, thus identifying areas considered to be at risk for the occurrence of a disease, as well as
subsidizing the planning of control and prevention actions[72].
In Brazil, these analysis techniques began to be used in 1980 and, although with many limitations at the
time, managed to validate the importance of the environment and social dynamics in determining
diseases[73]. Studies such as these are increasingly being applied to dengue, as it is intriguing to have high
incidences and successive epidemics of this disease in a country that has managed to eliminate or control
the morbidity and mortality of many infectious diseases.
Through spatial analysis, it was identified that there is a high burden of dengue in urban communities in
Brazil, indicating that factors associated with the economic gradient influence the transmission of the
disease[74]. It is also known that the incidence of dengue in some places is related to the agglomeration of
people (high population density), and even at low infestation, there was the maintenance of active
transmission of the virus in periods without epidemics[72,75].
Thus, having space as a unit of analysis is of extreme relevance, given the possibility of recognizing
prediction factors for disease and interpreting them considering the reality of the study area.
First used in 1966 by Wiener, the term time series was defined as “sequences of quantitative data relating to
specific points in time and studied according to their distribution in time”. A time series analysis is
composed of four components: trend, cycle, seasonality, and external variation (white noise)[76,77].
The trend is explained as the prolonged movement in an ordered series, which can assume an increasing,
decreasing, or stationary behavior. A study conducted by Böhm et al.[78] revealed that dengue showed a
stationary trend throughout Brazil between the years 2002 and 2012, even though there was an increase in
cases in some federal units, such as Tocantins and Alagoas. However, even if the incidence coefficient has
behaved stably during the 11 years of analysis, the disease continues to burden the population. The cycles or
cyclical variations are fluctuations in the values of the variable with a duration of more than one year, and
which are repeated with a certain periodicity. Some authors do not work with this component, as it usually
requires a time series of decades, and very old data can often be far from the real value.
Seasonality can be understood as repetitions of an event in an organized manner within a year, i.e., a
seasonal phenomenon is defined as one that occurs regularly at fixed periods during an observed year. In
Brazil, dengue is of seasonal occurrence, with high incidence in the first five months of the year, which is the
hottest and most humid period[77,79]. The external variation or white noise is a component that coexists with
the others when analyzing a historical series and can be visualized in the form of roughness in the graph
lines[77].

CONCLUSION
Dengue has a historical series in Brazil of over 30 years and, between epidemics and non-epidemic years,
has established itself as an endemic disease. This is due to the fact that there are areas in Brazil that offer
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favorable environmental conditions, such as high temperatures and high air humidity. There are also
municipalities with low socioeconomic conditions and frequent water crises. Moreover, it is a tourist hub
with an intense flow of visitors, keeping the doors open for the entry and circulation of diseases.
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