Incidence and spatial distribution of cases of dengue, from
2010 to 2019: an ecological study
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ABSTRACT
BACKGROUND: Dengue is an arbovirus that has caused serious problem in Brazil, putting the public
health system under severe stress. Understanding its incidence and spatial distribution is essential for
disease control and prevention.
OBJECTIVE: To perform an analysis on dengue incidence and spatial distribution in a medium-sized,
cool-climate and high-altitude city.
DESIGN AND SETTING: Ecological study carried out in a public institution in the city of Garanhuns, Per-
nambuco, Brazil.
METHODS: Secondary data provided by specific agencies in each area were used for spatial analysis and
elaboration of kernel maps, incidence calculations, correlations and percentages of dengue occurrence.
The Geocentric Reference System for the Americas (Sistema de Referéncia Geocéntrico para as Américas,
SIRGAS), 2000, was the software of choice.
RESULTS: The incidence rates were calculated per 100,000 inhabitants. Between 2010 and 2019, there were
6,504 cases and the incidence was 474.92. From 2010 to 2014, the incidence was 161.46 for a total of 1,069
cases. The highest incidence occurred in the period from 2015 to 2019: out of a total of 5,435 cases, the inci-
dence was 74865, representing an increase of 485.97%. Population density and the interaction between two
climatic factors, i.e. atypical temperature above 31 °C and relative humidity above 31.4%, contributed to the
peak incidence of dengue, although these variables were not statistically significant (P > 0.05).
CONCLUSION: The dengue incidence levels and spatial distribution reflected virus and vector adjustment
to the local climate. However, there was no correlation between climatic factors and occurrences of den-
gue in this city.

INTRODUCTION

In the second half of the twentieth century, dengue fever spread throughout the tropics, threat-
ening one-third of the world’s population. It caused feverish illness in around 50 to 100 mil-
lion people, with records of 500,000 cases of severe illness.! Dengue is caused by an arbovirus
that is transmitted by the mosquitos Aedes aegypti and Aedes albopictus. Its symptoms range
from an acute fever to a hemorrhagic condition, and can be caused by four different virus sero-
types.2 Once an Aedes female has become infected, it can transmit the virus to humans through
blood transfers for the rest of its life, which leads to greater potential for spreading the disease.?
Aedes aegypti also transmits other high-impact arboviruses such as chikungunya.*

Circulation of different virus serotypes has increased the number of infected patients, espe-
cially with the severe form of the disease.® There is no specific therapy for dengue infections and
supportive treatment can save lives.®

The first cases of dengue in Brazil were recorded in the state of Roraima, in the northwestern
area of the Amazon region, in 1981.”

Dengue has become a serious public health problem in the city of Garanhuns, state of
Pernambuco, northeastern Brazil. Over the last five years, the incidence of dengue has increased
by 485.97%. Epidemiological studies have confirmed that the dengue virus, which first appeared
in this region in 1986, presents high intensity of transmission. This research has therefore char-
acterized a situation of lack of knowledge about the behavior of the virus and its vector.?

In Pernambuco, the dengue virus serotype three (DENV-3) was associated with the most
severe symptoms of the epidemic, from 1995 to 2006.° A total of 9,135 dengue cases were recorded

in Pernambuco in 2018, corresponding to an incidence rate of 96.2 cases per 100,000 inhabitants.
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There were 31,056 dengue cases in 2019, with an incidence rate
of 327.0 cases per 100,000 inhabitants, which was a percentage
increase of 240.0%.

In the adjacent states of Alagoas and Paraiba, totals of 17,486
and 13,959 cases respectively were recorded in 2019, correspond-
ing to incidence rates of 526.2 and 349.3 cases per 100,000 inhab-
itants.'* Throughout Brazil, a total of 1,439,471 probable dengue
cases were recorded in the same year."’

Also in the same year, 2,384,029 cases of dengue were recorded
throughout the Americas, corresponding to an incidence rate of
244.1 cases per 100,000 inhabitants, and 949 deaths were registered."

OBJECTIVE

To describe the incidence and spatial distribution of dengue casesin a
medium-sized city with a seasonal climate and high altitude, located
in Brazil's northeastern region. Over the period studied (2010-2019),
outbreaks and epidemics were observed, with an increased in the

incidence rate of 485.97% over the last five years of that period.
METHODS

Study location

This descriptive ecological study was conducted in the city of
Garanhuns, state of Pernambuco, northeastern Brazil, cover-
ing the years 2010 to 2019. Garanhuns is located 230 kilometers
(km) west of the state capital, at an altitude of 896 meters (m)
above sea level. It has an area of 472.5 square kilometers (km?)
and an estimated population density in 2019 of 295.84 inhabit-
ants per km? The minimum temperature ranges from 15 to 16
degrees centigrade (°C) and the maximum, from 28 to 31.5 °C.
The average rainfall over the study period was 68.90 mm per
annum and the average relative humidity was 40.1%.'>"* The cli-
mate of Garanhuns is influenced by meteorological systems that
cause rainfall mostly in March, June and July.'* The 2010 census
registered a population of 129,408 inhabitants in this municipal-
ity, and a total of 139,788 inhabitants was estimated for 2019."

Data collection

Information about dengue cases was obtained from the follow-
ing secondary data sources: the Brazilian Ministry of Healths
Notifiable Disease Information System (Sistema de Informacéo de
Agravos de Notificagdo, Ministério da Satide, SINAN/MS);'"® the
Pernambuco State Health Department; and the City of Garanhuns
Health Department. Socioeconomic and demographic informa-
tion was obtained from the 2010 census data held by the Brazilian
Institute for Geography and Statistics (Instituto Brasileiro de
Geografia e Estatistica, IBGE)." Climate data was collected
from the Water and Climate Agency of the State of Pernambuco
(Agéncia Pernambucana de Aguas e Clima, APAC)."?

Data processing

The information contained in the SINAN database was used for geo-
referencing of dengue cases in the city. This was then incorporated
into the Geographic Information System (GIS), within the Quantum
GIS (QGIS) software (Open Source Geospatial Foundation,
Chicago, USA), version 2.18.11, through which data from multiple
sources were integrated. TerraView 4.4.2, from the Image Processing
Division, National Space Research Institute (Instituto Nacional de
Pesquisas Espaciais, INPE; Sao José dos Campos, SP, Brazil), was the
software used to perform the spatial statistics calculations regard-
ing the distribution of dengue cases. The calculations made use
of the Geocentric Reference System for the Americas, 2000 edi-
tion (Sistema de Referéncia para as Américas, SIRGAS), from the
German Geodetic Research Institute (Deutsches Geoditisches
Forschungsinstitut, DGFI; Munich, Germany).

QGIS was used to determine the spatial distribution of den-
gue cases. This enabled construction of heat maps showing the
intensities of events in the region and the evidence of occurrences,
in real time.

Spearman’s test was used for correlation calculations. This is a
nonparametric test that is recommended for use when it is unde-
sirable to make any assumption of normal distribution or pres-
ence of any other variable distribution. This coefficient is based
on observation points within each variable and on differences
between the points observed, expressed as variables X and Y, for
the same object of study.

Approximately 6,504 cases were georeferenced, out of the 7,524
cases reported, covering 86.44% of the total number of cases reg-
istered. The other 1,020 cases of dengue were not included either
because of incompatibility of address with the cartographic ref-
erences of the municipality or because the inclusion criteria were
not met. The arithmetic “rule of three” was applied to determine
the percentage increase in dengue over the last five years.

The incidence rate (IR) calculation was made by taking the
number of cases notified to SINAN (NCN) divided by the number
of years in the period surveyed (NYP) and the mean population
over the period (MPP), and applying these in the formula: IR =
(NCN/NYP/MPP) x 100,000. Three survey periods were chosen:
2010 to 2019; 2010 to 2014; and 2015 to 2019.

Ethics

This study was submitted to and approved by the Ethics
Committee of the School of Medical Sciences of Universidade de
Pernambuco (UFPE) on February 21, 2018, under opinion report
number 2.503.713 (CAAE: 62649816.1.0000.5192).

RESULTS
The incidence rate for the entire period researched (2010 to 2019)
was 480.27 cases per 100,000 inhabitants. A total of 6,504 dengue



cases were notified and the average population over this period was
135,422 people. Between 2010 and 2014, a total of 1,069 dengue
cases were recorded, among an average population over this period
of 132,415, with an incidence rate of 161.46 cases per 100,000 inhab-
itants. In the second half of the survey, from 2015 to 2019, there was
a total of 5,435 cases among an average population of 138,532, with
an incidence rate of 784.65 cases per 100,000 inhabitants. This latter
rate represented a 485.97% increase in dengue cases.

In the first half of the period surveyed, i.e. between 2010 and
2014, 2012 was the year in which the highest incidence occurred,
with 271.4 cases per 100,000 inhabitants. In that year, a total of
356 cases were notified and the average population was 131,169.
Figure 1 shows the spatial distribution of dengue cases in the year
2012, in the neighborhoods of Sio José, Santo Antonio, Helidpolis,
Severiano Morais, Aluisio Pinto, Boa Vista and Francisco Simao.

The highest occurrence of dengue cases in the period between
2015 and 2019 was in 2016. In that year, a total of 3031 cases of
dengue was recorded among a population of 137,810 inhabitants.
The incidence for this particular year was 2,199 cases per 100,000
inhabitants. 2016 was considered to be an epidemic year in the
municipality, with greatest spatial distribution in the neighbor-
hoods of Sao José, Santo Antonio, Helidpolis, Severiano Morais,
and Boa Vista. The population densities in these neighborhoods
were 4,797, 4,269, 3,710, 3,567 and 2,306 inhabitants per km?
respectively (Figure 2).

The year 2016 represented the peak of dengue momentum
in the municipality, with an incidence rate of 2,199 dengue cases
per 100,000 inhabitants. The rainfall was not significantly higher
than normal; the average temperature was 31.4 °C and the average
humidity was 31.4%. These acted as ideal conditions for prolifera-
tion of transmitting agents and influenced the rate of occurrence
of dengue, can be seen in Table 1.

The influence of demographic density on the incidence
of dengue can be seen in Table 2. This depicts the relation-
ship between the number of dengue cases and the density of
inhabitants according to neighborhood. Annual data on aver-
age temperature, accumulated precipitation and average rela-
tive humidity were individually compared with the number of
dengue cases. These correlations were not statistically signifi-
cant (P > 0.0) (Table 3).

DISCUSSION

The incidence recorded over the 10 years of the survey,
between 2010 and 2019, was 474.92 cases per 100,000 inhabit-
ants, with a total of 6,504 cases. When we divided the survey
into two periods, i.e. 2010-2014 and 2015-2019, we found the
following levels of incidence per 100,000 inhabitants: In the
first half of the survey, with a total of 1069 cases, the incidence

was 161.46. In comparison, in the second half of the survey,
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Figure 1. Spatial distribution of dengue cases in the
municipality of Garanhuns, state of Pernambuco, in 2012,
highlighting the neighborhoods of Sdo José, Santo Anténio,
Aluisio Pinto, Heliépolis, Severiano Morais and Francisco Siméao,
The year 2012 was the year with the highest incidence over the
five-year period from 2010 to 2014.
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Figure 2. Spatial distribution of dengue cases in the
municipality of Garanhuns, state of Pernambuco, in 2016,
highlighting the neighborhoods of Sao José, Santo Antonio,
Aluisio Pinto, Heliépolis, Severiano Morais and Boa Vista, The
year 2016 was the year with the highest incidence over the
five-year period from 2015 to 2019.



a total of 5,435 cases were registered and the incidence was
784.65, thus representing an increase of 485.97% in the num-
ber of dengue cases.

Figure 1 represents 2012, the year with the highest incidence
in the first period of the survey, between 2010 and 2014. There was
a total of 356 cases in this year, representing an incidence rate
of 271.4 cases per 100,000 inhabitants. In the second period of
the survey, between 2015 and 2019, the highest incidence were
observed in 2016, and this is represented in Figure 2. The inci-
dence rate was 2,199 cases per 100,000 inhabitants, from a total
of 3,031 cases recorded.

High spatial distribution in certain neighborhoods was also
observed. Table 2 shows that some neighborhoods with high
population densities usually had more cases of dengue than did
low-density neighborhoods.

Temperature, relative humidity and precipitation did not

show any associations with occurrences of dengue in the munic-

they reported associations between climatic factors and the
incidence of dengue. On the other hand, some other studies*%
have confirmed the lack of correlation of climatic factors with
the incidence of dengue.

In the city of Mossord, state of Rio Grande do Norte, a study
covering the years from 2001 to 2007 found that the incidence of
dengue was 47.01 cases per 10,000 inhabitants, with greater inten-
sities between the months of February and May. The average tem-
perature for the entire period was 27 °C and the average precip-
itation was 69 mm.'® A study on three municipalities in the state
of Paraiba, northeastern Brazil, covering the years 2012 and 2013,
found that Aedes aegypti was capable of completing its life cycle in
temperatures that ranged from 22 °C to 36 °C."”

Table 3. Results from Spearman’s correlation test on variables in

relation to the number of dengue cases per year in Garanhuns, over

the years from 2010 to 2019

ipality. These climatic correlations were not statistically sig- Variable Correlation P-value
nificant (P > 0.05). Some studies carried out in northeastern, Average annual temperature (°C) 0.4061 0.2474
southeastern and northern Brazil and abroad'®'®'*2° have shown Average annual rainfall (mm) -0.3091 0.3871
correlations contrary to those of the present study, given that ~Average annual relative humidity (%) -0.3091 03871

Table 1. Incidence of dengue per 100,000 inhabitants in the municipality of Garanhuns, in relation to environmental factors, over the

period from 2010 to 2019
Year Population Average rainfall (mm)  Average temperature (°C) Humidity % Number of cases Incidence (per 100,000)
2010 129,408 93.84 26.2 48.1 285 220.23
2011 130,303 79.25 257 50.0 354 271.67
2012 131,169 30.08 28.8 49.1 356 271.40
2013 135,138 60.34 29.6 35.6 42 31.07
2014 136,057 90.55 294 373 32 23.51
2015 136,949 49.15 303 34.5 1,375 1,004.00
2016 137,810 45.10 314 314 3,031 2,199.00
2017 138,642 107.29 29.2 38.8 464 334.67
2018 138,983 64.29 30.2 374 195 140.30
2019 139,788 69.18 30.6 38.8 370 264.68

Table 2. Population density in relation to the number of dengue cases, according to neighborhood. The significance of associations was higher
for the neighborhoods of Heliopolis, Sdo José and Boa Vista (population densities of these neighborhoods are therefore indicated in bold]

Neighborhood Average population Area (km?) Density of inhabitants per km?  Average number of cases
Severiano

Morais 20,833 5.84 3,567.00 28.2
Heliépolis 20,246 5.47 3,710.14 178.3
Magano 12,672 15.40 822.88 89.7
Aluisio Pinto 12,406 6.88 1.803.00 65.1
Séo José 12,138 2.53 4,797.00 71.6
Francisco Simao 11,756 4.30 2,734.00 39.6
Dom Helder 4,359 15.40 283.08 215
Boa Vista 11,184 4.85 2,306.00 156.3
Santo Antonio 6,232 1.46 4,269.00 244
José M. Dourado 2,323 5.12 453.73 29.1
Novo Heliépolis 2,295 1.73 1,326.00 22.7
Dom Thiago 423 0.31 1,591.00 0.2



A study carried out in Fortaleza covering the years 2001 to
2013 found that the climatic dynamics of the disease showed a
significant variation of precipitation and humidity, with tempera-
tures ranging between 25 °C and 28.8 °C.*® In Sao Luis, state of
Maranhdo, a study covering 2002 to 2012 that included meteoro-
logical variables showed that the incidence of dengue fluctuated
according to climatic periods, such that greater numbers of den-
gue cases occurred during the rainy season and at times of higher
temperatures.’” Another study carried out in northeastern Brazil
in Maceid, state of Alagoas, covering 2010 to 2016, evaluated the
correlation of meteorological parameters with the incidence of
dengue. It showed that precipitation and humidity influenced the
epidemiology of dengue.

A study carried out in Pakistan showed that the incidence of the
disease was influenced by climatic factors, such that the transmission
rates among mosquitoes were higher within a favorable temperature
range from 28 °C to 32 °C.*! Laboratory data on larval development
of Aedes aegypti have confirmed that these temperatures favor mul-
tiplication of these larvae, consequently enabling greater production
of vectors and producing increased incidence of dengue.”

In an urban area of the city of Sdo Paulo, Brazil, a study showed
that the oviposition rates of Aedes aegypti and Aedes albopictus
were influenced by the maximum and minimum temperatures.?

Temperature influences mosquitos’ life cycles and plays a cru-
cial role in the incidence of dengue. Analyzing the effects of tem-
perature variations in cities can lead to preventive identification
of thermal comfort zones favorable to the survival of mosquito
populations.?* Knowing how environmental conditions influence
the dynamics of dengue epidemics is important for responding
to its epidemics and for predicting the geographical and seasonal
spread of the disease.”

Although there is no statistical association between tempera-
ture and dengue cases, it appears that dengue peaks coincide with
temperature spikes.? This hypothesis was reinforced through a
wintertime study carried out in Taiwan, which is a in subtropical
region, where a low temperature of 13.8 °C resulted in the near
disappearance of Aedes aegypti”” A study on the impact of dengue
in the state of Tocantins, Brazil, revealed that climatic conditions
did not influence proliferation of dengue but, rather, the condi-
tions that would be ideal for reproduction of the vector.”® An eco-
logical study carried out in Araguaina, Tocantins, also did not find
any correlation with climatic variables and concluded that these
variables contributed to vector proliferation, but did not influence
the spread of dengue.”

Data from 13 weather stations in Delhi, India, over the period
from 2006 to 2015, indicated that there was a strong association
between the incidence of dengue and the temperature, humid-
ity, wind speed, summertime, settlement density and vegeta-

tion.* In China, results from sensitivity analyses indicated that

temperature can be an effective or facilitating barrier for vec-
tor-borne diseases and can result in complex disease control.>!
Variations in daytime temperature, precipitation and relative humid-
ity have had statistically significant results in multiple linear regres-
sions for the number of dengue cases.” The association between
climatic factors and dengue incidence suggests that application of
any prospective dengue early warning system should be done on a
local or regional basis rather than on a national scale.?®

The years of 2015 and 2016 were years of drought for the city of
Garanhuns, and this may have favored an increase in the number
of mosquito breeding sites and thus may have caused the dengue
epidemic of 2016. On the other hand, in some cases of dengue.
its incidence may have been related to the Zika virus, as reported
in a cross-sectional study carried out in the state of Pernambuco,
which pointed out differential diagnoses of arboviruses, carried
out between January and April 2015, based on clinical and epide-
miological criteria. Among these diagnoses, 1,046 suspected cases
were recorded, of which 895 (86%) were classified as probable cases
of the Zika virus and 151 (14%) as cases of dengue.* However, of
8,429,735 cases of arboviruses reported in Brazil in 2015 and 2016,
only 5% were suspected of being caused by the Zika virus.*

The limitations of this study comprised its inclusion criteria,
i.e. the subjects needed to have an address in the municipality of
Garanhuns, their cases needed to have been notified to SINAN and a
diagnosis of dengue needed to have been made. Patients who did not
meet these inclusion criteria and those whose addresses could not be
georeferenced due to lack of information were excluded: these exclu-

sions corresponded to 13.78% of the total number of notified cases.

CONCLUSION
The climate and local geography of the study area, character-
ized by wide variations in temperature and precipitation, with
prolonged periods of drought and densely populated neighbor-
hoods, may have contributed to greater reproduction and dis-
semination of the transmitting vector. This may have led to dif-
ferences in dengue incidence rates over the last five years, thereby
increasing the number of outbreaks and even epidemics.

These results should serve as the basis for the creation of new
control and continued prevention strategies. They also demon-
strate that there is a need for greater in-depth study of the spatial

distribution of dengue, using regression analysis.
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