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Correlacao entre os casos de dengue e variaveis meteoroldgicas em regiao do Nordeste brasileiro (2010-2020)
Correlacion entre casos de dengue y variables meteoroldgicas en la region del Nordeste brasileiio (2010-2020)

RESUMO

Objetivo: Analisar a correlacao entre os casos de dengue e variaveis meteorologicas para a Regiao Metropolitana da Grande Sao Luis entre 2010 e
2020. Método: Estudo epidemioldgico do tipo quantitativo e analitico. A fonte de dados utilizada foram os casos confirmados e provaveis de den-
gue entre 2010 e 2020 para a Regiao Metropolitana da Grande Sao Luis fornecidos pela Secretaria de Estado da Sadde do Maranhao. As variaveis
meteoroldgicas foram extraidas do banco de dados meteorolégicos disponiveis no site do Instituto Nacional de Meteorologia - INMET. Para compre-
ender a relacao entre os casos da doenca e as variaveis meteorologicas foi aplicado o teste de analise de componentes principais seguido do teste
de correlacao de Pearson para verificar o grau de correlacao entre as variaveis. Resultado: Em relagao as variaveis temperatura maxima, umidade
relativa do ar e pluviosidade observou-se incidéncia maior nos casos confirmados de dengue em apenas dois anos. Conclusao: De acordo com os
dados observados nao se pode inferir categoricamente que variaveis meteorologicas isoladamente podem apresentar influéncia com os casos de
dengue, apesar de ter sido evidenciada relagao entre algumas dessas variaveis e a incidéncia sazonal da doenca.

DESCRITORES: Aedes; Estudos de Séries Temporais; Meio Ambiente e Satde Piblica; Medidas de correlacao.

ABSTRACT

Objective: To analyze the correlation between dengue cases and meteorological variables for the Greater Sao Luis Metropolitan Region between
2010 and 2020. Method: Quantitative and analytical epidemiological study. The data source used were the confirmed and probable cases of
dengue between 2010 and 2020 for the Metropolitan Region of Greater Sao Luis provided by the Secretary of State for Health of Maranhao.
Meteorological variables were extracted from the meteorological database available on the National Institute of Meteorology - INMET website.
To understand the relationship between the cases of the disease and the meteorological variables, the principal component analysis test was
applied followed by the Pearson correlation test to verify the degree of correlation between the variables. Result: Regarding the variables ma-
ximum temperature, relative humidity and rainfall, a higher incidence was observed in confirmed cases of dengue in just two years. Conclusion:
According to the observed data, it cannot be categorically inferred that meteorological variables alone can influence dengue cases, although a
relationship between some of these variables and the seasonal incidence of the disease has been shown.

DESCRIPTORS: Aedes; Time Series Studies; Environment and Public Health; Correlation measures.

RESUMEN

Objetivo: Analizar la correlacion entre los casos de dengue v las variables meteorolégicas para la Region Metropolitana del Gran Sao Luis entre 2010 y
2020. Método: Estudio epidemiologico cuantitativo y analitico. La fuente de datos utilizada fueron los casos confirmados y probables de dengue entre
2010y 2020 para la Region Metropolitana del Gran Sao Luis proporcionados por la Secretaria de Estado de Salud de Maranhao. Las variables meteo-
rolégicas fueron extraidas de la base de datos meteorolégica disponible en el sitio web del Instituto Nacional de Meteorologia - INMET. Para entender la
relacion entre los casos de la enfermedad y las variables meteorologicas, se aplic la prueba de analisis de componentes principales seguida de la prueba
de correlacion de Pearson para verificar el grado de correlacion entre las variables. Resultados: Con relacion a las variables temperatura maxima, humedad
relativa y precipitacion, se observo una mayor incidencia de casos confirmados de dengue en apenas dos afos. Conclusiones: De acuerdo con los datos
observados, no se puede inferir categéricamente que las variables meteorologicas por si solas puedan influir en los casos de dengue, aunque se ha demos-
trado una relacion entre algunas de estas variables v la incidencia estacional de la enfermedad.

DESCRIPTORES: Aedes; Estudios de Series Temporales; Medio Ambiente y Salud Piblica; Medidas de Correlacion.
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INTRODUCTION

engue is an acute febrile disease
D transmitted to humans by mosqui-

toes of the Aedes genus. Tropical
countries are the most affected due to their
environmental, climatic and social charac-
teristics. Climate is an important factor in
the temporal distribution of arboviruses
in general, such as dengue. The incidence
of the disease has increased considerably
worldwide in recent decades. 1 Data from
the World Health Organization (WHO),
indicated the incidence of 390 million in-
fections per year, in addition to the estima-
te of 3.9 billion people living in regions at
risk of transmission for the disease.”.

The relationship between climatic
variables and the incidence of arbovi-
ruses has been investigated by several
authors. Studies through the analysis of
time series are often carried out, with
the aim of describing the temporal evo-
lution, identifying patterns and even
predicting cases. **Research on climate

variables can contribute significantly to
knowledge about seasonality and the
prediction of epidemics, since the vec-
tor-climate relationship is as important
as the vector-human relationship. ’

For the region of interest in this
study, there is the Metropolitan Re-
gion of Greater Sio Luis (RMGSL -
Regido Metropolitana da Grande Sao
Luis) which was defined and regulated
through State Complementary Law n°
174/2015 with all the instruments ne-
cessary for its effectiveness. This region
is made up of the municipalities of:
Alcintara, Axixd, Bacabeira, Cachoei-
ra Grande, Icatu, Morros, Presidente
Juscelino, Paco do Lumiar, Raposa, Ro-
sdrio, Santa Rita, Sao José de Ribamar
and Sio Luis. *

RMGSL has a socio-spatial structu-
re with a territorial area of 383.8 km?,
with the capital Sao Luis concentrating
the highest Gross Domestic Product
(GDP) around 34% justified by its
ability to articulate and concentrate
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goods, industrial poles, services and
brings together the headquarters of
the main public bodies at the state and
federal level. * Aspects involving the
relationship between metropolization
and urban health directly influence the
occurrence of infectious diseases, such
as Dengue, Chikungunya and Zika.
Dengue control in the state of Ma-
ranhdo is a challenge for local public
health authorities due to its geogra-
phical position in transition areas be-
tween the arid northeastern and humid
Amazonian regions with areas coloni-
zed by Aedes aegypti." In view of this,
epidemiological knowledge about the
distribution of this arbovirus and its
relationship with meteorological va-
riables is of paramount importance, as
it allows public health planning by pu-
blic managers and health authorities. "
The objective of the present study is to
analyze the correlation between proba-
ble and confirmed cases of dengue and
meteorological variables for the Me-
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tropolitan Region of Greater Sio Luis
between 2010 and 2020.

METHOD
Study field

The Metropolitan Region of Gre-
ater Sdo Luis is located in the north of
the state of Maranhio (Figure 1). As it
is a coastal region located close to the
equator, it is influenced by the Atlantic
Equatorial Mass (to the north/east) and
the Continental Equatorial Mass to the
west, both hot and humid.

Study design and data collection

This is a quantitative and analytical
epidemiological study. In studies with
this focus, there is no exposure of in-
dividuals, but of the entire population
group, and it makes it possible to verify
the association between exposure versus
disease/condition related to the commu-
nity. " In the present study, probable and
confirmed cases of dengue linked to the
databases of the Municipal Health Se-
cretariat (SES-MA) for the established
period were used.

Data was received upon online re-
quest in November 2022 via the Electro-
nic System of the Citizen Information
Service. ™

The meteorological variables were ex-
tracted from the station located in Sio
Luis, capital of the state of Maranhio,
located at 02.53° latitude and 44.21°
longitude available on the Instituto Na-
cional de Meteorologia website. ' Regar-
ding the climatic variables, the monthly
averages of average and maximum tem-
peratures in degrees Celsius, precipita-
tion in millimeters (mm®) and relative
humidity (%) were considered.

Statistical analyzes

The monthly averages of precipita-
tion, average temperature, maximum
temperature and relative humidity that
showed gaps were filled in using the li-
near interpolation technique. This tech-
nique is recommended for time series as

it takes into account the variation of the

13187 saudecoletiva = 2023;(13) N.88

Figure 1 - Location of RMGSL.

12
Source: Aguiar “ etal.

series over time. '

To understand the relationship be-
tween the number of dengue cases and
climate variables, the Principal Compo-
nent Analysis (PCA) test was applied,
which aims to reduce the dimensions of
the system, through a new base, where
the components are the Principal Com-
ponents, obtained by the covariance
matrix of the original variables. 7 To
verify the relationship between climate
variables and records of dengue cases,
only the first two principal components
were considered, which explain most
of the variance in the data. The degree
of relationship between these variables
was verified using Pearson’s correla-

¥ which is measured

tion coefficient
on a scale of -1 to 1 represented by the

following equation:

All analyzes were processed using the
GraphPad Prism program considering
p<0.05.

Ethical aspects
The present study used secondary

data of public access respecting the ethi-
cal principles contained in the Reso-
lution of the National Health Council
n°® 466/2012, so there was no need for
submission to the Research Ethics Com-
mittee.

RESULTS
Climatologies

Precipitation showed the highest
values between the summer (Decem-
ber, January, February-DJF) and au-
tumn (May, April, May-MAM) sea-
sons with approximately 450 mm3. For
winter (June, July, August-JJA) and
spring (September, October, Novem-
ber), the same variable recorded total
rainfall below 150 mm3. Relative air
humidity followed the same secasonal
patterns with maximum values close to
90% for autumn (MAM), and from the
following scason (winter - JJA), mini-
mum values decreased and were close
to 75%. Regarding Tmed and Tmax,
the lowest values occurred close to
26.5 and 30.8° C in summer (DJF) and
autumn (MAM) and for winter (JJA)
and spring (SON), these values were
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27 .8 and 33.0° respectively.

Likely cases

The monthly climatologies and
data related to probable and confir-
med cases of dengue (Table 1) for the
RMGSL showed the highest values in
the rainy season in the region, which
corresponds to the months of January
to June. While the lowest values occur-
red in the dry season, corresponding
between July and December.

To understand the relationship be-
tween dengue cases and climate va-
riables, PCA was applied (Figure 3),
which indicated that in the first com-
ponent there was a greater relationship
between relative humidity values and
probable cases in the months of April

Figure 2 - Climatologies of average precipitation, maximum temperature,

average and monthly relative humidity between 2010 and 2020 for the RMGS.

Table 1- Annual totals of probable and confirmed dengue cases

and annual climatologies of meteorological variables for RMGSL (2010-2020).

Years Likely cases Confirmed cases (mm3) MAXT (°C)
2010 2901 - 146,30 32,18
2011 5609 = 226,11 31,21
2012 1360 = 94,43 32,23
2013 1292 21 132,85 31,68
2014 1078 711 152,83 31,77
2015 3273 2485 125,60 32,40
2016 6163 5597 128,61 32,51
2017 1319 1230 188,50 32,26
2018 738 715 194,23 31,68
2019 1280 1239 229,42 31,82
2020 850 783 226,46 31,92

Source: Prepared by the authors.

and May in the municipalities of Pago
do Lumiar, Raposa, Sio Luis, Axixa,
Sio José de Ribamar and Icatu. Still in
the same component, in the months
of February and March, precipitation
showed a greater relationship with the
number of probable cases for the mu-

Precipitation

nicipalities of Cachoeira Grande, Mor-
ros, Bacabeira, Presidente Juscelino,
Alcéantara, Rosdrio and Santa Rita with
an explained variance of 61.90%. The
variables Tmax and Tmed were not re-
lated to probable cases and the variance
obtained was 14.56%.
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AVGT (°C) Humidity (%)
27,53 82,43
26,82 82,44
27,37 80,24
27,22 80,44
26,85 81,14
27,11 79,45
27,38 80,65
26,92 80,42
26,63 82,53
26,58 82,30
27,01 84,18

Pearson's correlation analysis betwe-
en meteorological variables and proba-
ble cases is shown in Figure 4, where
humidity and precipitation showed a
positive correlation, and mean tempe-
rature and maximum negative correla-
tion with probable cases.

2023; (13) N.88 = saiidecoletiva 12188
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Figure 3 - Principal Component Analysis between

climatology values and probable cases of dengue for RMGSL between 2010 and 2020.

Source: Prepared by the authors.

Figure 4 — Pearson correlation analysis between meteorological variables

and probable cases of Dengue for RMGSL between 2010 and 2020.

Source: Prepared by the authors.
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Confirmed cases

For confirmed cases, the PCA
showed 52.00% variation in compo-
nent 1 and 13.31% in component 2.
This relationship suggested the occur-
rence of confirmed cases of the disease
in the months of February and June,
when the humidity varied on the scale
between 74% and 90% and the preci-
pitation was close to 450 mm3. Still in
component 1, it was observed that hu-
midity and precipitation showed a di-
rectly proportional linear relationship,
which suggests that both can influence
the occurrence of confirmed cases.

In component 2, Avgl' and MaxT
were related to confirmed cases in the
months of August, September, Oc-
tober, November and December only
in the municipality of Presidente Jus-
celino (Figure 5).

The degree of relationships betwe-
en meteorological variables and confir-
med cases (Figure 6) showed positive
correlations between precipitation,
humidity and confirmed cases, except
for the municipality of Presidente Jus-
celino, which showed negative correla-
tions between Tmax, Tmed and confir-
med cases.
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Figure 5 - Principal component analysis between climatology

values and confirmed dengue cases for RMGSL between 2010 and 2020.

Source: Prepared by the authors.

DISCUSSION Figure 6 - Pearson correlation analysis between meteorological

variables and confirmed dengue cases for RMGSL between 2010 and 2020.

This study revealed the largest re-
cords of confirmed cases in the years
2015 and 2016. During the epidemic
years there was a positive correlation
between dengue cases and relative hu-
midity, maximum temperature and
rainfall. In this context, it is important
to highlight that climate change signifi-
cantly impacts human health due to the
increased incidence of infections caused
by vectors, such as dengue fever. *

In 2016 there was an increase in the
number of cases compared to 2015.
For those same years, other munici-
palities in the state had high rates of
the disease. * This difference can be
explained by the possible underre-
porting of cases due to the similarity
of signs and symptoms of the disease
with other conditions, according to
Medeiros et al. (2018) * reported in
a study carried out in Rio Grande do
Norte, that during this period there
may have been records that would have
been wrongly notified. It was noticed
that in 2016 the Northeast region had
the second highest rate with 324,299
notifications, behind only the Southe-
ast region with 857,013 cases. * This
scenario is linked, as pointed out by

Rodrigues et al. (2020) * to urbaniza-  Source: Prepared by the authors.
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tion, which facilitates the spread of the
vector due to the existence of human
conglomerates, low income, increased
garbage, among others.

The analysis between the correla-
tion of meteorological variables and
notifications showed similar behavior
with other studies, such as Torres et
al. (2017)” which highlighted the re-
lationship between precipitation and
humidity and reported cases in a di-
rectly proportional trend and inversely
proportional trend with the tempera-
ture variable in Sio Lufs. As seen in our
results, the month of february presen-
ted a relationship between the cases of
the disease and the relative humidity
of the air, which is evidenced in the
literature that points out the highest
records in the rainy months between
november and may. *

However, rain and humidity are not
the only factors responsible for the de-
velopment of the vector. According to
Meira et al. (2021) ¥ demonstrate in a
study carried out in Foz do Iguacu that
temperatures are of great importance for
the growth of the Aedes acgypti mosqui-
to. Another study carried out in Mara-
b4-PA identified the ideal proliferation
conditions for the mosquito between
January and May, a period that records
high rainfall, temperature and humidity

indices with a reduction in the months
of June to September.?*

It is noteworthy that in recent years,
temperature has been considered an im-
portant factor in the incidence of arbovi-
ruses. ? Some studies have demonstrated
the relationship between this variable
and the incidence of dengue, although
climatic factors alone are not capable of
interfering with the incidence of the di-
sease. But social issues, health education
and public management with regular
collection and proper disposal of garba-
ge interfere in this process. >

In this sense, arboviruses, such as
dengue, pose a challenge to public au-
thorities. Epidemiological surveillance,
planning and implementation of public
policies and behavioral changes in the
population can contribute to reducing
and controlling the incidence of den-
gue. It is also worth highlighting the
importance of considering the specific
characteristics of each region to support
studies with this design in order to ena-
ble the formulation and execution of
local surveillance programs. *!

As limitations for the development
of this study, there are gaps in the data-
bases, incorrect completion, which can
lead to overestimation or underesti-
mation of real values. But despite this,
the choice of secondary data allows the

development of low-cost studies, with
representation of large samples and pu-
blic domain access.”

CONCLUSION

According to the observed data, both
the probable cases and the confirmed
cases there was a seasonality in relation
to rainfall and relative humidity, with a
higher incidence of cases in the months
of January to June, which correspond to
the rainy season in the region. But when
observing the variables maximum tempe-
rature, relative humidity and rainfall in
relation to the number of confirmed cases
of dengue in just two years, there was a
higher incidence. However, in relation to
probable cases, it was also two years, but
different from those of confirmed cases.

Thus, climatic factors alone are not
responsible for interfering with the in-
cidence of the disease, but social fac-
tors, public policies for solid waste ma-
nagement can interfere in this process,
in addition to underreporting of both
probable cases and confirmed cases of
the disease. Therefore, it is suggested
that studies with longer periods asso-
ciated with notification policies be
carried out to better understand den-
gue fever cases and their relationship
with meteorological variables.
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