Journal of Public Health and Development
Vol.21 No.3 September-December 2023

ORIGINAL ARTICLE

Climatic variations and the incidence of dengue fever in Bandung,
Indonesia

Agung Sutriyawan!, Martini?>, Dwi Sutiningsih®, Mateus Sakundarno Adi?

'Department of Public Health, Bhakti Kencana University, Bandung, Indonesia
2Department of Epidemiology, Faculty of Public Health, Diponegoro University, Semarang, Indonesia
3Department Master of Epidemiology, Postgraduate School, Diponegoro University, Semarang, Indonesia

Corresponding Author: Agung Sutriyawan Email: agung.epid@gmail.com

Received: 3 June 2023 Revised: 19 August 2023 Accepted: 22 August 2023 Available online: September 2023
DOI: 10.55131/jphd/2023/210317

ABSTRACT

Indonesia is a country endemic to dengue fever—and Bandung is one of the cities in
Indonesia that is endemic to dengue fever. There have been efforts to control mosquitoes, one
of which is by eradicating their nests, but this step has not optimally reduced the incidence of
cases. The increase in cases is thought to have been caused by climatic variations. This study
aimed to analyze the relationship between climatic variations (temperature, humidity, and
rainfall) and the incidence of dengue hemorrhagic fever (DHF). This study used a correlation
design and was carried out in Bandung. This study used secondary data. The samples were
taken from data on the number of DHD patients from 2016 to 2021 recorded at the Health
Office of Bandung, as well as temperature, humidity, and rainfall data from the Central Bureau
of Statistics of Bandung from 2016 to 2021. The correlation between variables was assessed
using the person correlation test. Climatic variations that are significantly correlated with the
incidence of dengue hemorrhagic fever (DHF) are minimum temperature (p=0.020, and r=-
0.658), maximum temperature (p=0.006, and r=-0.739), minimum humidity (p=0.000, and
r=0.825), and rainfall (p=0.037, and r=0.605). The increase in the incidence of dengue
hemorrhagic fever (DHF) is caused by climatic variations (temperature, humidity, and rainfall).
Therefore, it is recommended that mosquito control and DHF surveillance program should be
strengthened during the season following the rainy (wet) season.
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INTRODUCTION

Dengue infection has now become a
burden affecting more than 40% of the
world's population, especially in tropical
and  subtropical  countries.!  Global
estimates vary, with around 50 million to
200 million dengue infections in the world,
500,000 cases are considered severe dengue
(dengue hemorrhagic fever), and more than
20,000 deaths are attributed to dengue
every year.” Dengue viruses are transmitted
through the bites of infected mosquitoes.
The mosquito species responsible for
causing dengue fever are aedes aegypti and
aedes albopictus. Aedes aegypti is the main
vector associated with most of the endemic
occurrences of dengue hemorrhagic fever.
Whereas aedes albopictus is the secondary
vector that is less efficient in transmitting
and replicating the virus.?

The aedes mosquito vector breeds
and transmits viral infections without a
specific pattern of outbreaks, especially in
subtropical countries. Studies have shown
that climatic variations such as temperature,
humidity, and rainfall encourage the
transmission of dengue fever because
climate plays an important role in the
mosquito population, density, and survival
rate.*> Dengue fever has become a public
health problem emerging in the last few
decades, so it becomes a social burden with
economic disruption in dengue-endemic
areas. Available vaccines offer complete
protection, while dengue prevention and
control which are important for the future is
mosquito vector control.

Rapid geographical expansion and
increased incidence have made dengue
fever the highest vector-borne disease in
Indonesia with a total of 65,602 reported
cases. This incidence of cases increased to
248,127 cases in 2019. An increase has also
occurred in the fatality ratio from 0.65 to 0.
94.7 The infection continues to occur in
cycles of 3-5 years, with Aedes aegypti and

Aedes albopictus being the main causes of
transmission.® The main effort currently
carried out is to eradicate mosquito nests,
but this approach is not optimal and is not
yet able to reduce the number of cases.” The
biology of the Aedes mosquito population
is affected by temperature and humidity,
especially in the eastern part of Indonesia,
where studies have shown a positive
relationship between temperature,
humidity, and incidence of dengue.!®
Rainfall in the right amount -creates
abundant breeding sites for the mosquito
vector, but excessive rain disrupts the
mosquito larva cycle by sweeping them out
of the breeding sites. In Thailand, higher
rainfall is negatively correlated with the
incidence of DHF.!!

Bandung is a DHF endemic area.!?
It is located in a tropical zone, and climatic
variations support the development of
mosquito nests. The tropical climate
strongly supports the breeding of the Aedes
aegypti mosquito, as this vector naturally
can live in areas with warm and humid
climates.!> Bandung is located in the
western part of Indonesia with a relatively
high incidence of dengue fever. The
epidemiological studies of dengue in
Bandung state that the high incidence of
cases of dengue infection is strongly
affected by the presence of Aedes aegypti
mosquito larvae.” This is because hot and
humid weather is ideal for the transmission
of dengue fever which tends to have a
seasonal pattern, namely increasing during
the rainy season. Mosquito diet,
reproduction, and population distribution
are affected by weather variables and the
Aedes vectors have adapted to living in
human habitats, making it difficult to
monitor and disrupt the transmission cycle.
The dynamics of disease transmission are
affected by climatic change. Thus, for most
climate-sensitive  infectious  diseases,
modeling the interaction between vector
and host dynamics can be challenging as it

223



Journal of Public Health and Development
Vol.21 No.3 September-December 2023

includes multiple complex factors such as
vector  reproduction, survival, and
distribution of etiological agents to the
host.!415

Many studies have been carried out
on the climate and incidence of dengue
fever in several regions across Indonesia.
But still very little research is being carried
out in Bandung, even though Bandung is
one of the regions with a fairly high
transmission rate. This study aimed to
analyze the relationship between climatic
variations (temperature, humidity, and
rainfall) and the incidence of dengue fever
(dengue hemorrhagic fever) in Bandung.
The results are expected to provide
scientific evidence that can guide future
research in developing dengue early
warning systems. Besides, the results of this
study are also expected to help formulate
measures to prevent and control dengue
fever.

METHOD

Research location and design

This study was carried out in
Bandung. Basic consideration for sample
selection was because Bandung is a DHF
endemic area. The method used was
descriptive analysis with a correlation
design.

Research population and sample

The population of this study was the
total population of Bandung from 2016 to
2021 recorded at the Central Bureau of
Statistics of Bandung. Data on temperature,

humidity, and rainfall were collected from
the Central Bureau of Statistics of Bandung
data from 2016 to 2021
(https://bandungkota.bps.go.id/). The
samples were taken from data on the
number of DHF patients from 2016 to 2021
recorded at the Health Office of Bandung.
The criteria for the selected samples were
inclusion in the dengue patient data from
2016 to 2021 recorded at the Bandung
Health Office. Sample data were taken
from http://data.bandung.go.id/.

Data collection

This study used secondary data
from the Health Office of Bandung and the
Central Bureau of Statistics of Bandung.
The data collected were in the form of
temperature, humidity, rainfall, and the
incidence of DHF cases. This research has
been approved by the Health Research
Ethics Committee of the Immanuel School
of Health Sciences Bandung (No.
054/KEPK/STIKI/VI/2021).

Statistical Analysis

Data processing used a descriptive
analysis followed by a correlation analysis
between the variables of temperature,
humidity, and rainfall with the incidence of
DHEF. These four variables were examined
over the course of 1 year, namely from
January to December 2021. The
temperature was distributed in °C, humidity
in percentage, rainfall in millimeters (mm),
and the incidence of DHF cases in terms of
the number of cases. To assess the
correlation between these variables, the
person correlation test was used.
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RESULTS
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Figure 1. Incidence Rate of DHF Cases and Mortality Due to DHF in Bandung

Figure 1 shows that incidence rate rate increased again to 178 / 100,000
of DHF in Bandung in 2016 was 156 / people. Then, in 2021, the incidence rate
100,000 people. In 2017, the incidence rate decreased to 114 / 100,000 people, but in
decreased to 71 / 100,000 people. However, 2021, the incidence rate rose again to 153 /
in 2018, the incidence rate increased to 113 100,000 people. Mortality due to DHF in
/100,000 people and in 2019 the incidence 2020 and 2021 was 13 cases, respectively.
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Figure 2. Temperature, Humidity, Rainfall and Incidence of DHF in 2021

Figure 2 shows that the highest in May at 24.1°C, while the lowest occurred

temperature in Bandung in 2021 occurred in June at 23.1°C. The highest humidity
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occurred in November at 83%, while the July at 33.2 mm. The highest incidence of
lowest occurred in July and August at 73%. DHF occurred in March with 439 cases,
The highest rainfall occurred in November while the lowest occurred in July with 137
at 454.3 mm, while the lowest occurred in cases.

Table 1. Mean, Standard Deviation, Minimum-Maximum Values of Temperature, Humidity,
Rainfall, and Incidence of DHF in Bandung in 2021

Variable Mean SD Min Max
Temperature 23.5833 0.27247 23.10 24.10
Humidity 78.2500 3.36087 73.00 83.00
Rainfall 180.8917  114.19867 33.20 454.30
Incidence of DHF 3119167  117.68869 126.00 439.00

Based on the results described in rainfall in Bandung in 2021 was 180.89 mm
Table 1, the mean value of temperature in with an SD of 114.196 mm, the lowest
Bandung in 2021 was 23.5°C with an SD of rainfall was 22.20, while the highest was
0.27-C, the lowest temperature was 454.30. The mean incidence of DHF in
23.10°C, while the highest was 24.10-C. Bandung in 2021 was 311.91 cases with an
The mean value of humidity in Bandung in SD of 117.68, the lowest incidence of DHF
2021 was 78.2% with an SD of 3.3%, the was 126 cases, while the highest incidence
lowest humidity was 73.0%, while the of DHF was 439 cases.

highest was 83.0%. The mean value of

Table 2. Results of Correlation Analysis of Temperature, Humidity, Rainfall on Incidence of
DHF in Bandung in 2021

Dengue incident

Climate p-value (p) Correlation Significance
coefficient (r)
Minimum 0.020 -0.658 The correlation is significant,
Temperature the negative is strong
Maximum 0.006 0.739 The correlation is significant,
Temperature the positive is very strong
Minimum 0.000 0.825 The correlation is significant,
Humidity the positive is very strong
Maximum 0.704 0.123 The correlation is not
Humidity significant
Rainfall 0.037 0.605 The correlation is significant,
the positive is strong
Based on the results described in and the incidence of DHF. With a
Table 2, the results of the person correlation significant correlation between the p-value
test for minimum temperature and the and the correlation coefficient, it can be
incidence of DHF obtained (p) of 0.020 concluded that the close relationship
<0.05. The correlation coefficient (r) was - between minimum temperature and the
0.658, meaning that there is a significant incidence of DHF has a strong negative
relationship between minimum temperature correlation. Then, the results of the person
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correlation test for maximum temperature
and the incidence of DHF obtained (p) of
0.006 <0.05. The correlation coefficient (r)
was 0.739, indicating that there is a
significant relationship between maximum
temperature and the incidence of DHF.
With a significant correlation between the
p-value and the correlation coefficient, it
can be concluded that the close relationship
between maximum temperature and the
incidence of DHF has a strong positive
correlation.

Next, the results of the person
correlation test for minimum humidity and
the incidence of DHF obtained (p) of 0.000
<0.05. The correlation coefficient (r) was
0.825, implying that there is a significant
relationship between minimum humidity
and the incidence of DHF. With a
significant correlation between the p-value
and the correlation coefficient, it can be
concluded that the close relationship
between minimum humidity and the
incidence of DHF has a very strong positive
correlation. Whereas the results of the
person correlation test for maximum
humidity and the incidence of DHF
obtained (p) 0.704 >0.05, meaning that
there is no significant relationship between
maximum humidity and the incidence of
DHF.

Finally, the results of the person
correlation test for rainfall and the
incidence of DHF yielded (p) 0.037 >0.05.
The correlation coefficient (r) was 0.605,
meaning that there is a significant
relationship between rainfall and the
incidence of DHF. With a significant
correlation between the p-value and the
correlation coefficient, it can be concluded
that the close relationship between rainfall
and the incidence of DHF has a strong
positive correlation.

DISCUSSION

The incidence of dengue fever
(DHF) in Bandung in 2021 reached 3,743
cases. This figure was higher than the
previous year, but lower than in 2016 and
2019. The incidence of dengue fever is
affected by many factors, one of which is
climate. It is thought that an increase in
world temperature is associated with an
increase in  vector-borne  diseases.!¢
Rainfall has been described as one of the
reasons for the increase in DHF cases.!’
Meanwhile, an increase in humidity can
help adult mosquitoes survive longer and
spread dengue fever.!® This study only
conducted an investigation of climatic
variations in 2021 and found that minimum
and maximum temperatures are strong
predictors for an increase in the incidence
rate of dengue fever cases. The optimum
temperature for mosquito breeding is 200C
to 350C. The aedes aegypti mosquito will
breed and transmit the dengue virus only
when exposed to temperatures within 20°C
to 350C."” In this study, the minimum
(lowest) temperature was 23.10°C, while
the maximum (highest) was 24.10°C. A
Vietnam study suggests that the short-term
exposure-response relationship between
temperature and incidence of DHF is not
only non-linear but also differed between
outbreak size categories. As a comparison,
temperature has the greatest impact on large
dengue outbreaks, with an estimated 21.9%
of total cases or 19.8 cases per 100,000
people due to the effects of temperature.?’
The lower temperature limit for Aedes
aegypti is around 10°C, below this
temperature, the mosquito becomes
sluggish and unable to move.?! Rowley and
Graham reveal that female Aedes aegypti
can fly sustainably between 15°C and 32°C.
Whereas at temperature extremes, namely
10°C and 35°C, they can still fly but only
for short periods of time. Optimal flight
temperature, in terms of flight duration and
distance, is set at 21°C, but overall, the
flight performance of tethered female
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Aedes aegypti is Dbetter when the
temperature is below 27°C.?? This study
found that minimum humidity and rainfall
are correlated with increased incidence of
DHF. In this study, the minimum (lowest)
humidity was 78.25%. Meanwhile, the
mean value of rainfall in Bandung was
180.89 mm. Dengue fever cases are more
common during the rainy season when the
relative humidity is higher. Higher
humidity during the rainy season supports
the development and breeding of
mosquitoes, causing an increase in the
number of infected mosquitoes.?>** The
cumulative effect of temperature and
humidity greatly affects the number of
mosquito blood bites, the vector survival
rate, and the probability of mosquitoes
being infected with dengue fever.®
According to studies carried out around the
world, relative humidity and temperature
are the most important climate predictors of
changes in dengue transmission. 2%
Therefore, through its effect on the Aedes
vector, temperature, rainfall, and relative
humidity are important factors that
determine the geographic areas where
dengue transmission can occur.?

In this study, the highest number of
DHF cases was reported in March (429).
Temperature, rainfall, and humidity have
been reported to be the most important
climate predictors of changes in dengue
transmission, the most ideal combination of
high relative humidity and high
temperature was present in March 2021
compared to other months in the study
period, resulting in the most dengue cases.
Several studies have reported that the
climatic variations indices from the El Nifio
Southern Oscillation and the Indian Ocean
Dipole play an important role in the
transmission of dengue fever.?’ Variations
in ocean sea surface temperature are also
found to be responsible for the increase in
dengue cases.*® Furthermore, the increased
caseload is also caused by the lack of public
concern for environmental hygiene.
Unstructured mosquito control measures

and lack of supervision, excessive focus on
fogging-based vector control, and the
government taking action only after an
increase in cases have emerged are all
problems that need attention.

Based on the results of this study,
temperature, humidity, and rainfall are
significantly correlated with the incidence
of DHF, thus mosquito control and DHF
surveillance ~ program  should  be
strengthened during the season following
the rainy (wet) season. This can be done
because there is sufficient time to mobilize
health workers to implement intervention
steps to minimize the impact of the
epidemic.’! A study carried out in Sleman
shows similar findings, namely that the
three climatic variations (temperature,
humidity, and rainfall) contribute to dengue
cases by 13.5%-27.4% simultaneously.
Humidity is the most important climatic
factor affecting dengue cases.>?

Public health is critical to knowing
the magnitude and pattern of climate
impacts and their significance for
prioritizing and allocating resources to
protect populations. Unfortunately, the
health research community is largely
working in isolation from other sectors.
This also happens in the health sector when
dealing with health problems, especially
infectious disease problems. Whereas, to
ensure sustainable development, all aspects
of urban public health must be considered,
particularly to prepare cross-sector climate
change policies and climate services. The
multi-sector collaboration has increased
over the past few years through the Project
of Impact Model Comparison in Cross-
Sector. Such multi-sector collaboration is
urgently needed today. There are a large
number of mitigation strategies that will
enable cities (municipalities) to face the
health challenges posed by climate change.
The multi-sector  collaboration — will
optimize the limited resources a city has to
manage many problems that are expected to
arise.
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CONCLUSION AND
RECOMMENDATIONS

The results of this study support the
conclusion that there is a significant
relationship between temperature,
humidity, rainfall, and incidence of DHF.
Therefore, the researchers of this study
recommend that the government of
Bandung carry out cross-sector
collaboration to overcome DHF problems
and carry out public awareness campaigns
emphasizing the importance of doing 3R
(Reduce, Reuse, and Recycle) to reduce
mosquito resting and breeding places.
Furthermore, subsequent studies need to be
carried out by covering more complete data
on the incidence of DHF and climatic
variations so as to obtain more optimal
results.
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