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Abstract. The trend of dengue hemorrhagic fever prevalence every year continues to show an increase and number
of deaths. This is due to an increase in the population of aedes aegypti mosquitoes. Climate change has the potential
to affect mosquito-borne diseases, including dengue fever, which is a vulnerability for residents in Bandung Municipality.
This research aims to analyse the relationship between temperature, humidity, rainfall, and wind velocity with dengue
hemorrhagic fever in Bandung Municipality. The methodology research used in this study is descriptive analysis with
a cross-sectional approach. This research was conducted in Bandung Municipality. The study samples were taken from
data on dengue hemorrhagic fever sufferers, as well as data on temperature, humidity, rainfall, and wind speed. This study
used secondary data. The data collected is in the form of data on temperature, humidity, rainfall, and wind speed, and
the number of cases. To assess the correlation between variables using the person correlation test. To test the effect of all
four variables simultaneously on the incidence of dengue hemorrhagic fever using a linear regression test. Average value
of air temperature is 25.8°C, air humidity is 69.9%, rainfall is 201.5 mm, and the wind velocity is 1.8 knots. The prevalence
of dengue hemorrhagic fever is 232.5 cases. There is a significant relationship between humidity with dengue hemorrhagic
fever prevalency (p = 0.018, r = 0.873). Wind velocity with dengue hemorrhagic fever prevalency (p = 0.018, r = 0.629).
The result of the coefficient of determination test on temperature, humidity, rainfall, and wind velocity with DHF cases
isR?=0.745. The increase in dengue prevalence in Bandung City occurred from January to June, the decrease in prevalence
occurred from July to December. Variations in temperature, humidity, rainfall and wind speed can simultaneously affect
the incidence of dengue fever in Bandung. Therefore, in the future it is necessary to increase mosquito nest eradication
activities to prevent dengue transmission considering that this disease has the potential to spread at any time.
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AHANIN3 BSAUMOCBS3U MEXAY TEMIMEPATYPOW, BJIAXXHOCTbIO, KOJINMECTBOM OCAJKOB
N CKOPOCTbIO BETPA U PACIPOCTPAHEHHOCTbIO TEMOPPATMYECKOW JINXOPALKW AEHTE
B MYHUUUNAJIUTETE BAHAYHIA

A. CyrpusiBan', H. Kypunatu?, Houantu?, ¥. ®apuna’, JI. FOcantu?, lI1.H. lectpuann?, M. X.®. Canyrpa*
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2 Yuueepcumem Benekyny, Benekyny, Hnoonesus

3 Hnemumym Hayk o 300poséve bxaxmu Busma, Kedupu, Hnoonesus
*Axademus medcecmep Baiimya Xukmax, Bandap Jlamnyne, Hndonesus

Pestome. PactipocTpaHEeHHOCTb reMOPparnuecKoin JMXopaaKu IEHIe U CMEPTHOCTD OT Hee ¢ KaXXIbIM TOI0M ITPOI0JI-
’KalOT IEMOHCTPUPOBATh TEHACHIIMIO K POCTY, YTO OOYCJIOBJICHO YBEIUYCHUEM YMCICHHOCTHU TIOMYISIIMNA KOMapoB
Aedes aegypti. U3MeHeHNEe KIMMaTa MOXKET OTIOCPEIOBAHHO BIMSITh HAa PacIipOCTPAaHEHHOCTH 3a00IeBaHUI, TIEPEHO-
CHMBIX KOMapaMu, BKJIIOUasl JIMXOPAIKy ACHTe, KOTopas MPEeICTaBsIeT OMaCHOCTD IS KUTEJIeH MyHHUIIUTIaIUTeTa
banmgynr. Hacrosiimee mccinegoBanue OBIJIO HAIIpaBJICHO HAa M3YYeHHE B3aMMOCBSI3M MEXIY TeMIIepaTypoil, Bllaxk-
HOCTbHI0, KOJTMIECTBOM OCAJIKOB U CKOPOCTBIO BETPa U PACIIPOCTPAHEHHOCTHIO TeMOPPArniecKoi JIMXOpaJKu JeHTe
B MYHULMIIAJIUTEeTe BaHIYHT, 1715 4eTo OBLT MCIIOIb30BaH METO TIOIIEPEUYHOT0 OITMCaTe IbHOro aHanu3a. CoopaHHbBIE
JaHHbBIE TIPEACTABIISIIN CO00M MH(MOPMAIIMIO O TeMIIepaType, BIakHOCTH, KOJIMUECTBE 0CATKOB U CKOPOCTHU BETPA,
a TaKKe O KOJIMYECTBE CllyyaeB 3a00J1eBaHN i TeMOpparn4eckoi Juxopaakoi aeHre. Koppeasius Mexy nepeMeH-
HBIMU OLIEHMBAJIach C MOMOIIbIO TecTa Koppeasuuu [TupcoHa. OnHOBpeMEeHHOE BIUSHUE BCEX YEThIpeX MEPeMEHHbIX
Ha 3200JIeBa€MOCTh FeMOPParnyecKon JUXopaaKoi IEHTe aHAIU3MPOBAJIOCh C TIOMOIIIbIO JTUHEIHOTO perpeccuoH-
Horo Tecta. CpeHee 3HaUCHUE TeMIIepaTypbl Bo3ayxa cocTaBuiio 25,8°C, BaxHocTH Bo3ayxa — 69,9%, KonuvecTBa
ocankoB — 201,5 MM, ckopocTH BeTpa — 1,8 y3na. PacmpocTpaHeHHOCTb TeMOpparndeckoii JTMXopaaKy AeHTe cocTa-
Buia 232,5 cnyuyas. OnucaHa JOCTOBepHas B3aMMOCBSI3b MEX1Y BIaXKHOCTBIO M pacIPOCTPAaHEHHOCThIO reMOpparu-
yeckoit muxopanku neHre (p = 0,018, r = 0,873), a TakKe MeX Iy CKOPOCTHIO BETpa M PacIIpoCTPaHEHHOCTHIO TeMoppa-
rudeckoi tuxopaaku gerre (p = 0,018, r = 0,629). OueHka Ko3(pbulieHTa onpeaeaeHIs TEMIIEPATYPbl, BIaXXKHOCTH,
KOJIMYECTBA OCAIKOB U CKOPOCTHU BETpa Ha 3a00J1eBAEMOCTh FeMOPPAarndyecKoii TMX0OpaaKoil JeHre coctapiser R? =
0,745, To ecThb TepeUMCICHHbBIE METEOPOJIOTMUYECKHE TIOKA3aTe M OTHOBPEMEHHO CTIOCOOHBI OTTPEeISITh PACIpoCTpa-
HEHHOCTh FeMOPPaTMUeCKOM JIMXOpaaKu aeHTe Ha 74,5%. [ToBBIIEHHBIN PUCK 3a00JI€BAEMOCTH TeMOpPparndecKoi
JIMXOPATKOW JEHTEe 3aBUCUT OT BIAXKHOCTH M CKOPOCTH BeTpa. U3MeHeHM I KIIMMarta, IPOSsTBIISIOIIeCs KOJeOaHUSIMU
METEOPOJIOTMIECCKHX TTOKAa3aTeJIei, MOTYT OMHOBPEMEHHO BIIMSITh Ha YBEJIMUCHUE YHCIIa CTyJaeB TeMOpparniecKoi
JUXopaaku neHre. B manbHelileM HeoOXOAMMO MpuiaraTh OOJbIle YCUIUI MO dpaguKallid KOMapoB AJs Tpeay-
MpeXAeHus Mepenayu reMopparuvyeckoil JMXopaaku JeHre, YUUThIBas BCEBO3pacTaOIMI MOTEHI[MA ee pacipo-
CTpaHEHMUSI.

Karouesvie cao06ea: pacnpocmpaHeHHocnb /lMXOpaaKM (3enee, Kaumam, memnepamypda, 6143CHOCMb, KOAUYECmeo OCLZ()KIOS, CKopocmb eempa.

vious year, 65 602 cases. Other than that, there was
also an increase in fatality cases from 0.65 to 0.94 [20,
21]. Indonesia still has many DHF-endemic cities.

Introduction

Dengue hemorrhagic fever (DHF) is a disease

with an excessive morbidity and mortality rate in in-
ternational locations with tropical and subtropical
DHF is transmitted from the bite of the aedes aegypti
and aedes albopictus mosquito, defined as the den-
gue virus [7, 10]. Global warming and environ-
mental change cause enormous dengue fever cases
in every part of the world, where mosquito bites will
increase and cause the rise of DHF cases [5]. There
is one study that calculated 390 million DHF infec-
tions every year. Another study on the prevalence
of DHF estimates that 3.9 billion people are at risk
of infection. Although the risk of infection is in 129
countries, 70% come from Asia [19, 26]. From 2015
to 2019, DHF cases in Southeast Asia increased by
46%, whereas the death rate decreased by 2%. One
of the main problems is the uprising of DHF cases
in Southeast Asia [34].

Indonesia has the most prominent DHF burden
cases in Southeast Asia. Indonesia had 248 127 cases
in 2019. A significant increase emerged from the pre-

As per the previous study in Yogyakarta, the peak
of DHF prevalence happened seasonally between
November and May. This incident in Yogyakarta was
proven by the high cases of DHF that being hospi-
talised and high seroprevalence from dengue fever
disease, dengue virus neutralising antibody (68%)
for children from 1—10 years old [13].

Specific antiviral treatments or vaccines to pre-
vent dengue hemorrhagic fever are not yet available,
so the only way to control the incidence of dengue
fever is through vector control [31]. Many control ef-
forts have been carried out by programs at the central
and regional levels, including mosquito nest eradi-
cation activities by draining, closing, burying water
reservoirs and affixing larvicides, maintaining larva-
eating fish and using mosquito nets, periodic inspec-
tion and eradication of larvae no later than once eve-
ry 3 months, and fumigation [1]. However, this action
has not been able to reduce the number of dengue
sufferers nationally, and this shows that anticipatory
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steps have not worked well because countermeasures
are still reactive.

Fluctuations in DHF incidence and distribution
of DHF cases like other vector-borne diseases are in-
fluenced by climate, but how and how much influence
from climatic factors on the intensity of transmission
of vector-borne pathogens is still not known with cer-
tainty [17]. Several studies have stated the influence
of variations in climate factors on the distribution
of DHF cases [8, 12, 21]. Impact on life cycle, bit-
ing behavior, infectivity and resistance of vectors and
incubation period of dengue virus [9, 38]. Although
the effect of climate change on vector-borne diseases
is an indirect influence, it needs to be a concern be-
cause it can affect the ability of vectors to transmit
diseases.

Based on previous findings, the spread dynam-
ic of dengue fever is a little indirect, and the effect
of temperature and humidity is also significant and
complex. The higher rainfall anomaly, like +69,74
(240 mm rainfall), the DHF case tends to be lower
than the amount of DHF cases in average rainfall.
With the increase in rainfall intensity (200 mm above
average annually), dengue fever cases tend to de-
crease [15]. The study on air humidity in Singapore
stated that the weather factor is the best predictor
among other weather factors being analysed. High
humidity is associated or linked with the rise of den-
gue fever occurrences. Thus, humidity has the po-
tential to be a weather element to predict scarlatina
or scarlet fever and help to push the prevention at-
tempt of dengue fever in the future [36]. Humidity
also affects the mosquito’s life because low humidity
will shorten the mosquito’s lifetime. 60% of humid-
ity rate is the lowest limit for aedes aegypti mosquitos
to live [24].

Better understanding and prediction of DHF out-
breaks and their transmission risks based on tempo-
ral data is needed so that vector control resources can
be optimally allocated. This research tested the re-
lationship between climate and DHF occurrences
in Bandung Municipality using a cross-sectional sur-
vey design and correlation test. Epidemiology studies
have often used the correlation test to explore the re-
lationship between climate and various infectious dis-
eases (for instance, a disease infected through a vec-
tor) [11, 22]. This study is suitable to use as the basis
for the periodic prevention of DHF. Furthermore,
the researchers analysed how much the climate in-
fluenced the increase in DHF cases.

Materials and methods

Location and research design. The research was
conducted in Bandung, West Java. The basis for view-
ing and sample selection as Bandung is an endemic
region of DHF. The research methodology used
in this study is a descriptive analysis with a cross-sec-
tional survey design. This study has been approved by

the Ethical Committee of STIK Immanuel Bandung,
decisions number 054/ KEPK/STIKI/V1/2021.

Population and research sample. The sample
of this research was gathered and measured from
the combined DHF data throughout 2020, inscribed
in the Bandung Health Office, along with the data
of temperature, humidity, rainfall, and wind veloc-
ity from the Central Bureau of Statistics for the City
of Bandung in 2021.

Data collection. This research used secondary data
from the Bandung Health Office and the Central
Bureau of Statistics for the City of Bandung. The data
is like the temperature, humidity, rainfall, wind ve-
locity, and total DHF cases.

Data analysis. The data process used a descrip-
tive analysis test, and then the researchers analysed
the correlation between temperature, humidity, rain-
fall, and wind velocity variables with DHF case oc-
currence. Those five variables were described in one
year, January-December. The temperature was dis-
persed in °C, humidity in percentage, rainfall in mil-
limetres (mm), wind velocity in knots, and the oc-
currence of DHF cases on the amount total of the
event. To evaluate the correlation between the vari-
ables, the researchers used Pearson Correlation Test.
The researchers used a linear regression test to test
four variables’ effect on DHF cases simultaneously.

Results

The highest air temperature in Bandung occurred
in September, around 26.9°C, whereas the lowest was
in February, around 25.2°C. The highest air temper-
ature also occurred in February, around 76.4%, while
the lowest occurred in September, around 59.7%.
The highest rainfall occurred in February, around
337 mm, and the lowest occurred in August, around
42 mm. The highest rainfall occurred in December,
around 2.7 knot, as the lowest was in May at 1.3 knot.
The highest number of DHF cases in Bandung city
occurred in May for around 479 cases, whereas
the lowest was in October for around 60 cases (Table 1
and Figure).

Based on Table 2, the average value of air tem-
perature is 25.8°C with SD in the amount of 0.44°C.
The average air humidity value is 69.9%, with SD as
big as 5.0%. The average rainfall value is 201.5 mm,
with SD as big as 115.0 mm. The average weight
of wind velocity is 1.8 knots with SD in the amount
of 0.3 knots. The average DHF prevalence during
the whole of 2022 in Bandung Municipality is 232.5
cases, with SD as big as 148.7.

Based on Table 3, the results of the Pearson
Correlation Test on temperature with DHF events
(p) is 0.324 (> 0.05). The correlation coefficient (r)
is —0,312; hence, it has no significant relationship be-
tween temperature and DHF prevalence. Humidity
with DHF prevalence (p) is 0.018 (< 0.05). The cor-
relation coefficient (r) is 0.668, significantly affecting
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Table 1. Frequency distribution of temperature, humidity, rainfall, and wind velocity and prevalence of DHF
during 2020 in Bandung Municipality

Month Temperature Humidity Rainfall Wind Velocity Prevalence
January 257 73.9 207.6 2.1 248
February 25.2 76.4 337.0 1.9 330
March 25.8 73.9 291.0 1.5 479
April 25.9 74.4 271.0 1.4 409
May 25.9 74.3 292.0 1.3 365
June 26.0 68.4 30.0 1.8 335
July 25.4 65.1 64.0 1.9 209
August 26.2 64.1 42.0 1.9 107
September 26.9 59.7 88.0 2.1 77
October 25.8 69.8 327.0 1.9 60
November 26.2 68.4 207.0 17 74
December 25.4 70.5 262.0 2.7 97

Source: Taken from Bandung Municipality Health Office and Bandung City Central Statistics Agency report in 2021.

humidity and DHF prevalence. Rainfall with DHF
prevalence (p) is 0.383 (> 0.05). The correlation coef-
ficient (r) is 0.277; hence it be concluded that it has
no significant relationship between rainfalland DHF
prevalence. Wind velocity with DHF prevalence
(p) is 0.028 (< 0.05). The correlation coefficient (r)
is —0.629, which means it has a significant relation-
ship between wind velocity and DHF prevalence.

This significant correlation between p and
the correlation coefficient concluded that the close-
ness of the relationship between humidity and DHF
prevalence has a tight positive correlation. It means
the higher humidity is, the more prevalence of DHF
cases increases. The closeness of the relationship be-
tween wind velocity and DHF prevalence has a tight
negative correlation. It means the lower the wind ve-
locity is, the higher prevalence of DHF cases.

Discussion

The highest prevalence of DHF in Bandung
Municipality during 2020 was 479 cases in March
with a temperature of 25.8°C, while the lowest preva-
lence of DHF was 60 cases in October with a tem-
perature of 25.8°C.

This is because the temperature in Bandung City
changes relatively every month. This same tem-
perature is caused by the peak rainfall in the city
of Bandung occurs in November to March while
rainy days begin to increase since September. This
means that in October the beginning of rainfall in-
creases, so that people usually immediately antici-
pate dengue transmission, while in March, is the
end of high rainfall, in this period people usually
begin to neglect preventive measures. In line with
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Table 2. Mean, median, standard deviation, minimum maximum value of temperature, humidity, rainfall,

wind velocity and prevalence of DHF in Bandung 2020

Variable Mean Median SD Min Max
Temperature 25.867 25.850 0.4499 25.2 26.9
Humidity 69.908 70.150 5.0403 59.7 76.4
Rainfall 201.550 234.800 115.0138 30.0 337.0
Wind Velocity 1.850 1.900 0.3705 1.3 27
Prevalence 232.50 228.50 148.766 60 479

Table 3. Results of correlation analysis between temperature, humidity, rainfall, and wind velocity
to prevalence of DHF during 2020 in Bandung

Variable Incident of DHF Signification
p-value (p) Correlation coefficient (r)
Temperature 0.324 -0.312 The correlation is no significant
Humidity 0.018 0.668 The correlation is significant, the positive is strong
Rainfall 0.383 0.277 The correlation is no significant
Wind Velocity 0.028 -0.629 The correlation is significant, the negative is strong

this research, the problem of climate and weather
variability in Indonesia is changing in several regions
in Indonesia. Previous studies in Java and Bali using
the Local Indicator of Spatial Association (LISA)
portrayed DHF case distribution patterns. They re-
sulted in information on the aggregation of dengue
cases through observation every month in January,
June, August, and November [25].

Dengue is an infectious disease transmitted by
tropical mosquitoes and caused by an arbovirus [27].
In the city of Bandung, the types of mosquitoes that
are often encountered are aedes aegypti and aedes al-
bopictus. These mosquitoes can survive at low tem-
peratures that is the range of 10°C. The metabolic will
decrease and can even be triggered when the temper-
ature drops below the critical temperature of 4.5°C.
Atemperature higher than 35°C also changes because
physiological processes are slower. The optimum av-
erage temperature for mosquito growth is 25—30°C.
Air temperature affects the development of the virus
in the mosquito body, the speed of biting, the behav-
iour of rest and mating, and the spread and duration
of the gonotrophic cycle [16, 28].

Previous studies have stated that changes
in temperature and humidity are significantly as-
sociated with an increased incidence of dengue fe-
ver [4]. A study in Taiwan evaluating the impact
of weather variability on dengue incidence us-
ing the Autoregressive Integrated Moving Average
(ARIMA) model showed that weather variability
is a significant indicator of an increase in dengue
incidence in metropolitan cities. Assessing the ad-
verse health impacts associated with climate change
often requires analysis at different geographic scales
and times. Large-scale prediction models are known
to provide valuable information that projects global
potential in dengue epidemics when there is an in-
crease in temperature [35]. This research is in line
with Wirayoga, which proves that changes in humid-
ity provide a significant relationship with moderate

Table 4. Result of prediction of DHF prevalence
and simultaneous test of temperature, humidity,
rainfall, and wind velocity to prevalence of DHF
during 2020 in Bandung

Dependent Variable: Prevalence

R 0.863
R Square 0.745
F 5.102
Anova (Simultan) 0.030

levels. Positive relationships and relationships are
increased humidity followed by an increase in the
prevalence of DHF disease and vice versa. However,
this is only partially the case in almost every occur-
rence because there are times when humidity in-
creases and the incidence of DHF decreases [33].
Mosquitoes use the respiratory system of air pipes
(trachea) with holes in the walls of the mosquito body
(spiracles). The spiral is wide open without any regu-
latory mechanism. If low humidity can cause water
to evaporate from the body, this causes fluids in the
body to mongering. It is known that one of the ene-
mies of mosquitoes is evaporation. Clamps can affect
mosquito lifespan, rest, biting habits, flight distance,
and breeding speed [32]. Optimum temperatures and
low humidity can increase vector production, while
low humidity can decrease mosquitoes’ survival ef-
fectiveness. Diverse variations in humidity, tempera-
ture, and rainfall play an essential role and influence
mosquito populations [37]. Previous studies have
stated a tendency to increase the incidence of den-
gue in tropical regions in Indonesia, such as Sumatra
and Sulawesi, that have the potential to be affected
by climate warming. The occurrence of dengue cases
is sporadic in Kalimantan due to the burning of for-
ests and land, which results in an increase in tem-
perature and humidity, which has an impact on the
dynamics of large mosquito populations in the sur-
rounding environment. In Java Island, the popula-
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tion density continues to increase, resulting in eco-
logical transformation so that humans and the people
are deficient against dengue infection [2, 37].

Climatic variations can substantially modify
vector-borne diseases. Aedes aegypti is the primary
vector of several infectious diseases transmitted by
vectors. Its ecology is currently an essential focus
because, climatically, it is the primary determi-
nant of mosquito habitat [6]. Different climatic fac-
tors affect the growth and survival of aedes aegypti;
temperatures regulate reproduction rates, matura-
tion and death, and precipitation results in breed-
ing grounds for larvae and pupae. Unlike other spe-
cies of mosquitoes, aedes aegypti eggs are laid above
the water’s surface and hatch only when the water
level rises and wets them. The long survival time of its
dried eggs gives aedes aegypti a competitive advan-
tage over other mosquito species during long periods
of drought. Still, winter rains can force the hatching
and subsequent death of larvae. Determining how
climate change affects these mosquitoes’ geographi-
cal distribution cannot be underestimated [30].
Studies in Japan studied the continuity of hid larvae
in Nagasaki. They argued that winter rainfall could
cause mosquito eggs to hatch before spring so that lar-
vae could die from low temperatures [29]. Similarly,
field studies in Taiwan showed that larval mortality
increases rapidly due to cold weather. Since rainfall
can trigger the hatching process, winter rainfall can
negatively impact aedes aegypti and can colonise new
areas, especially in «cool margins» areas [3].

Wind velocity at sunrise and sunset at which mos-
quitoes fly in or out of the house determines human
contact with mosquitoes. Wind velocity ranging from
11—14 m/s affects or impedes mosquito flight. Wind
velocity will affect the flight distance of mosquitoes.
A study in Banjarmasin City, Indonesia, states an
average wind velocity of 4—6 knots. This speed can-
not inhibit mosquitoes from flying and can be ideal
for mosquito vectors [14]. Previous analysis also
found that winds could affect spatial patterns of den-
gue transmission in Iquitos. It has been observed that
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in Bandung. It is necessary to increase mosquito
nest eradication activities to prevent DHF transmis-
sion considering that this disease has the potential
to spread at any time. Further studies need to be car-
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