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Abstract  Dengue Hemorrhagic Fever (DHF) is an 

infectious disease transmitted by female Aedes aegypti. 

Batam City is one of the cities in the Riau Islands Province 

which is included in the endemic cities for DHF in 

Indonesia, with 902 cases with IR = 56,12 in 2022. The 

method of this study is descriptive observation with a case-

control study design. The case and control population 

consists of DHF sufferers and non-DHF sufferers in 2022 

domiciled in Batam. The sampling was taken from 172 

respondents. The results were analyzed using chi-square 

test, overlay analysis, distribution pattern analysis using 

ANN analysis and spatial patterns with Morans I Index 

analysis. The results show that there is a relationship 

between the air humidity (p = 0,01), CI (p = 0,0001) and 

the implementation of the Mosquito Nest Eradication (PSN) 

3M Plus activities (p = 0,0001) with the incidence of DHF. 

The results of the ANN analysis are 0,402 (clustered 

pattern) and the results of the Morans Index analysis are 

0,0214 (random pattern) which means that the spatial 

pattern of DHF cases is no autocorrelated. There are 9 sub-

districts with a high risk of dengue fever due to high House 

Index (HI) (> 5%) and low Mosquito Larvae Free Number 

(ABJ) (<95%). The highest number of DHF cases during 

2022 was in January, July, and August followed by low to 

moderate rainfall (51-300 mm/month). 

Keywords DHF, Environmental Factor, Spatio-

Temporal Analysis 

 

1. Introduction 

Dengue Hemorrhagic Fever (DHF) is an 

environmentally based infectious disease transmitted by 

female Aedes aegypti and Aedes albopictus mosquitoes 

infected with the dengue virus [1]. The main clinical 

symptoms usually experienced by dengue fever sufferers 

are high temperature fever bleeding, hepatomegaly, and the 

onset of shock which is an advanced stage of DHF called 

Dengue Shock Syndrome (DSS) [2]. According to WHO, 

Indonesia is an endemic area of DHF during 1968-2001 [3]. 

This is due to the fact that most regions in Southeast Asian 

and South Asian countries still have a high number of 

dengue cases followed by high climate suitability [4]. 

Results from previous research in Brazil said that areas 

with high climate suitability were 37 times more likely to 

be at risk compared to areas with low climate suitability [5]. 

The number of DHF cases in Indonesia is increasing 

every year. In 2022, there were 143.184 cases in Indonesia 

with IR = 59. One of the provinces with the highest number 

of cases in Indonesia is the Riau Islands, and there are 2.102 

cases of DHF with IR = 96,43. Batam City is one of the 

cities that is always in the top 3 with the most DHF cases 

in the Riau Islands Province. In 2018 there were 638 cases 

of DHF with IR = 50; in 2020 there were 727 cases of DHF 

with IR = 52,83; in 2021 there were 710 cases with IR = 

49,93 and 902 cases in 2022 with IR = 56,1. DHF cases in 

Batam City spread across 12 sub-districts each year with an 

uneven number of cases.  
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One of the factors that influences the occurrence of DHF 

is the environmental factor [6]. Environmental factors 

consist of abiotic environment, biotic environment, and 

socio-cultural environment. The abiotic environment 

consists of temperature and humidity, rainfall, altitude, 

water type, wind and the existence of breeding places [7]. 

The biotic environment consists of the existence of resting 

places (the existence of vegetation), large livestock, and 

predator larvae [8]. The social environment that influences 

the incidence of DHF is the implementation of PSN 3M 

Plus activities, population density, and population mobility 

[9]. PSN 3M Plus is a movement to eradicate mosquito 

nests to prevent DHF initiated by the Indonesian Ministry 

of Health which consists of draining water reservoirs, 

covering and burying water reservoirs, recycling waste, 

sprinkling larvicide powder, using mosquito repellent, 

installing wire netting, planting mosquito repellent plants, 

and tidying up dirty clothes [10].  

The distribution of DHF cases in Batam City in each sub-

district is uneven, so it can be made into a pattern with the 

aim of identifying areas that have high potential to become 

DHF endemic areas. Previous research stated the 

distribution of cases in China was uneven and tended to be 

high in July and November [11]. Geographic Information 

Systems (GIS) can be used to create disease distribution 

patterns. GIS is able to integrate the health sector and 

geography by displaying all types of geographic data so 

that it can facilitate data visualization related to spatial 

aspects [12,13]. GIS-based spatial analysis is very 

necessary to describe and analyze the distribution of DHF 

disease and its relationship to environmental factors [14]. 

Therefore, this study aims to determine the distribution 

pattern and factors related to the incidence of DHF in 

Batam City.  

2. Materials and Methods 

2.1. Research Design and Location 

This study uses an observational analytical method with 

a case-control study design and spatial- temporal analysis. 

This research was conducted in Batam City, Riau Islands 

Province, Indonesia from October 2023 to January 2024.  

2.2. Population and Sample 

The population was people domiciled in Batam City who 

had suffered from DHF in 2022 for the case population and 

had never suffered from DHF in 2022 for the control 

population. The sample in this study as a whole was 172 

respondents, consisting of 86 respondents from the case 

group and 86 respondents from the control group using 

minimum sample calculation. Samples will be taken from 

all sub-districts that have different populations using the 

proportional random sampling technique so that 10 

respondents were obtained from Sekupang District, 6 

respondents from Batu Aji District, 5 respondents from Sei 

Beduk District, 13 respondents from Sagulung District, 7 

respondents from Lubuk Baja District, 4 respondents from 

Batu Ampar District, 12 respondents from Bengkong 

District, 6 respondents from Nongsa District and 23 

respondents from Batam Kota District. The sample was 

selected using a purposive sampling technique by 

considering the inclusion and exclusion criteria. The 

inclusion criteria for the case group were DHF sufferers in 

2022 who were domiciled in Batam City, if the respondent 

was <15 years old, the person interviewed was a parent, and 

was willing to be interviewed by filling out an informed 

consent form.  

2.3. Variables 

The independent variables in this study included air 

temperature and humidity, container index, and 

implementation of PSN 3M Plus activities. The techniques 

used in collecting data were environmental observation, 

interviews, and recording the coordinates of the 

respondent's house in the case group. Air temperature will 

be measured in the respondent's house using a 

thermohygrometer and the results will be grouped into at 

risk (25o C – 30o C) and not at risk (<25o C or > 30o C). Air 

humidity will be measured in the respondent's house using 

a thermohygrometer and the results will be grouped into at 

risk (≥ 70%) and not at risk (<70%). The container index is 

the percentage comparison of containers found with larvae 

with all containers checked in the respondent's house. The 

calculation results will be grouped into at risk (DF > 1) and 

not at risk (DF ≤ 1).  

2.4. Research Instrument 

In this study, air temperature and humidity were 

measured using a thermohygrometer. Checking larvae for 

the container index variable requires a flashlight. 

Implementation of PSN 3M Plus activities will be 

measured using a questionnaire containing 9 questions. 

Question no. 1 is the implementation of the drainage of 

water reservoirs which is done weekly. Question no. 2 is 

the implementation of the closure of the water reservoirs 

used. Question no. 3 is the implementation of recycling of 

goods that are no longer used. Question no. 4 is the 

behavior of hanging clothes carried out by respondents or 

their families. Question no. 5 is the use of wire gauze in 

house ventilation. Question no. 6 is the use of mosquito 

repellent by respondents. Question no. 7 is the use of abate 

powder for water reservoirs. Question no. 8 is the 

maintenance of mosquito repellent fish by respondents. 

Question no. 9 is the maintenance of mosquito repellent 

plants by respondents. The answer "no" to questions no. 1, 

2, 3, 5, 7, 8, and 9 has a score of 1, and the answer "yes" to 

questions no. 1, 2, 3, 5, 7, 8, and 9 has a score of 2. While 

in question no. 4, the answer "yes" has a score of 1 and the 

answer "no" has a score of 2. The accumulation of scores 
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from all questions from the variables will be tested for 

normality which results in all variables being distributed 

abnormally so that the categories in the PSN 3M Plus 

activity implementation variables consisting of bad and 

good will be adjusted to the median value. The maximum 

score of this variable is 18 and the minimum score is 9, and 

the results of the score calculation will be grouped into bad 

(score <13) and good (score ≥13). 

2.5. Analysis and Test Method 

The analysis used in this study consists of univariate 

analysis (frequency table), bivariate analysis (chi-square 

test), overlay analysis, and spatial analysis. The spatial 

analysis used is the Morans I Index and Average Nearest 

Neighbor (ANN). The Morans I Index is used to determine 

the relationship or correlation between regions from the 

pattern of distribution of DHF cases using data on the 

number of cases per region [15]. The range of Morans 

index values (I) is -1 to +1. If I > 1 means a clustered spatial 

pattern (positive autocorrelation), I < 1 means a random 

spatial pattern (negative autocorrelation), and I = 0 means 

a scattered spatial pattern (no autocorrelation) [16][17]. 

ANN is an analysis that converts an object into a single 

point whose distance will be measured with the nearest 

point by considering the distance between points, the 

number of points, and the area. If NNR < 1 means a 

clustered pattern, NNR = 1 means a random pattern, and 

NNR > 0 means a scattered pattern. 

2.6. Ethical Clearence 

Health Research Ethics Commission of the Faculty of 

Public Health, Diponegoro University with the number No: 

622 / EA / KEPK-FKM / 2023. 

3. Results 

3.1. Environmental Variables 

The result of the bivariate analysis is there is a 

relationship between the container index and the incidence 

of DHF (p = 0,0001). Respondents who have a container 

index have an 11 times greater risk of contracting DHF. CI 

value: 95% = 5,1 - 23,6 which means that air temperature 

is a risk factor for DHF. According to previous research by 

Kamgang [18], there was a relationship between the 

container index and the incidence of DHF in Sao Tome and 

Principe.  

The result of the bivariate analysis is there is a 

relationship between the implementation of PSN 3M Plus 

activities and the incidence of DHF (p = 0,001). 

Respondents who have poor habits of implementing PSN 

3M Plus activities have a 3 times greater risk of contracting 

DHF. CI value: 95% = 1,6 - 5,6 which means that air 

temperature is a risk factor for DHF. According to previous 

research by Setiawan [19], there was a relationship between 

the activity of draining the landfill, closing the landfill, 

getting rid of or recycling used goods, hanging clothes in 

the house, the habit of using wire gauze, and using 

mosquito repellent with the incidence of DHF at the 

Umbulharjo Health Center, Yogyakarta.  

The result of the bivariate analysis is that the incidence 

of DHF and air temperature are not related (p = 0,066). The 

odds ratio value is OR = 2 and CI: 95% = 1 - 4,2, which 

means that air temperature is a risk factor for DHF. 

According to previous research by Yanto [20], the 

relationship between air temperature and the incidence of 

DHF in Denpasar City was not significant.  

Table 1.  Results of Bivariate Analysis 

No. 
Variable 

Case Control 
p-value OR 

95 % CI 

 f (%) f (%) Low Up 

1. Container Index 

At Risk (DF > 1) 

Not At Risk (DF ≤ 1) 

  

53 

33 

  

61,6 

38,4 

  

11 

75 

  

12,8 

88,2 

0,0001* 11 5,1 23,6 

2. Implementation of PSN 3M Plus 

Bad 

Good 

  

46 

40 

  

53,5 

46,5 

  

24 

62 

  

27,9 

62,1 

0,0001* 3 1,6 5,6 

3. Temperature 

At Risk (25oC - 30oC) 

Not At Risk (< 25oC or > 30oC) 

  

24 

62 

  

27,9 

72,1 

  

14 

72 

  

16,2 

83,8 

0,066 2 1 4,2 

4. Humidity 

At Risk (70% - 80%) 

Not At Risk (< 70% or > 80%) 

  

22 

64 

  

25,6 

74,4 

  

9 

77 

  

10,5 

89,5 

0,01* 3 1,3 6,8 

Note: * (significant) 
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Figure 1.  Overlay Map of Batam City in 2022 
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The result of the bivariate analysis is the incidence of 

DHF and air humidity are related (p = 0,01). The OR is 3 

and CI: 95% = 1,3 - 46,8, which means that air humidity is 

a risk factor for DHF. Air humidity greatly affects the 

length of time mosquitoes live, flight distance, 

reproduction process, biting behavior and resting. At ideal 

humidity (70%-90%) the embryonation process in eggs and 

mosquitoes will have a longer life, thereby increasing the 

spread of the dengue virus. According to previous research 

by Figueredo [21], air humidity had a moderate correlation 

with the incidence of DHF in Alagoinhas, Bahia, Brazil. 

Based on Table 1, the variables that have a significant 

relationship with DHF are Container Index and PSN 3M 

Plus. 

3.2. Spatial Analysis 

Based on Figure 1, there are 9 sub-districts that have an 

HI level of > 5%, namely Batam Kota, Bengkong, Batu 

Ampar, Lubuk Baja, Sekupang, Batu Aji, Sagulung, and 

Sei Beduk. The results of the previous study, Izza [22], 

show that the house index in Bangilan District was ≥5% 

which was categorized as high. There are 9 sub-districts 

that have an ABJ level <95%, namely Batam Kota, 

Bengkong, Batu Ampar, Lubuk Baja, Sekupang, Batu Aji, 

Sagulung, and Sei Beduk. According to previous research 

by Kuwa [23], the ABJ percentage indicates the density of 

larvae in an area, and low ABJ indicates a high density of 

larvae and the population of Aedes aegypti mosquitoes in 

an area. 

Based on Table 2, the spatial pattern of Batam City per 

month in 2022 is a random pattern. The highest number of 

cases is in January, July, and August, which indicates that 

the number of cases does not affect the spatial pattern of 

DHF distribution in Batam City in 2022. 

The distribution pattern of DHF cases in Batam City is a 

clustered pattern with an ANN value of 0,402. This 

indicates that the location of the respondent's residence is 

clustered in several areas. According to previous research 

from Ximenes [24], the distribution pattern of DHF cases 

in the Oesapa Public Health Center Working Area was a 

clustered pattern.  

The spatial pattern of DHF cases in Batam City in 2022 

is a random pattern with a Moran I Index value of 0,0214. 

This indicates that the spatial autocorrelation in DHF cases 

has a no spatial autocorrelation which can be interpreted as 

the case distribution pattern random. According to previous 

research from Iryanti [25], the spatial pattern of DHF in the 

Sei Panas Health Center Working Area was a random 

pattern. 

3.3. Rainfall Variable 

Based on Figure 2, the highest number of DHF cases 

during 2022 was in July, August, and January, followed by 

low to moderate rainfall of 51 - 300 mm/month. Meanwhile, 

the lowest cases during 2022 were in February, April, and 

May, which were also followed by low to high rainfall of 

101 - 500 mm/month. According to previous research by 

Akter [26], there was a significant association between 

rainfall and house terraces and the incidence of dengue in 

Queensland. 

Table 2.  Results of Spatial Analysis 

No Month Cases I Spatial 

Pattern 

1. January 85 0,016888 Random 

2. February 65 0,015255 Random 

3. March 75 0,019386 Random 

4. April 62 0,018653 Random 

5. May 63 0,009470 Random 

6. June 71 0,012340 Random 

7. July 98 0,017695 Random 

8. August 89 0,019267 Random 

9. September 76 0,018482 Random 

10. October 80 0,023509 Random 

11. November 59 0,026486 Random 

12. December 77 0,022282 Random 
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Figure 2.  Rainfall Overlay Map in Batam City in 2022 Per Month 
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4. Discussion 

The types of containers that were often found during 

field observations were water reservoirs in dispensers, 

drums, bathtubs, used water containers, and pot stands. The 

density of the Aedes aegypti mosquito vector is influenced 

by the container index because the higher the percentage, 

the greater the number of Aedes aegypti mosquito larvae 

[27]. The increasing density of Aedes aegypti mosquitoes 

will increase the potential for dengue virus transmission so 

that DHF cases will increase [28]. 

The results of field observations and interviews found 

that there were respondents who did not drain water 

reservoirs once a week, the respondents' water reservoirs 

were not covered, used goods were immediately turned into 

trash, some ventilation from the respondents' houses was 

not fitted with wire gauze, there were clothes piled up 

behind the door or in front of the respondents' cupboard 

doors, they did not use mosquito repellent and abate, and 

they did not keep fish and mosquito repellent plants. 

Previous research in the city of Bandung, stated that 

knowledge, attitudes, perceptions, and motivation to carry 

out PSN 3M Plus are urgently needed for the prevention of 

DHF [29]. The use of mosquito repellents such as sprays 

and topicals is important as a preventive measure to avoid 

mosquito bites and reduce the number of mosquitoes in the 

house [30]. The water reservoirs have the potential to 

become a place for mosquitoes to lay eggs so it needs to be 

drained and covered so that the mosquito eggs at the bottom 

of the TPA are destroyed and mosquitoes do not enter. The 

color of the water reservoirs, which tends to be dark and is 

made of ceramic or cement, has a greater potential to 

become a place for mosquitoes to lay eggs. Dark and humid 

places can be a place for mosquitoes to rest, such as piled 

clothes so it is advisable not to pile up clothes. Mosquitoes 

can usually move from house to house through ventilation, 

so wire mesh with small pore holes is needed so that 

mosquitoes cannot enter. The installation of wire gauze is 

considered effective for areas with close distances between 

houses and high population density.  

Climate factors such as temperature and humidity play a 

role in the transmission of DHF virus. Transmission of 

dengue virus can occur starting from the mosquito phase 

still in the form of eggs which is called transovarial 

transmission [31]. The transitional season can cause 

uneven distribution of rain which results in changes in 

temperature and humidity. Increased humidity in the rainy 

season can increase the biting activity of mosquitoes so that 

the mosquito's life can be longer and produce more eggs. 

Hatching of Aedes aegypti eggs is usually stimulated by 

three factors, namely the concentration of ambient oxygen 

in water, the condition of the egg environment temperature 

(oviposition) which ranges from 26,6–27 oC, and relative 

humidity which ranges from 50–80% [32]. 

The duration of the pre-adult Aedes aegypti mosquito, 

blood digestion metabolism, biting frequency, egg 

production and maturation processes, and the virus 

infection process in the body of the Aedes aegypti mosquito 

can vary according to temperature [33]. The optimal 

average temperature for Aedes aegypti mosquitoes to grow 

is 25 oC – 30 oC, while the metabolism of Aedes aegypti 

mosquitoes will decrease at a temperature of 10o C and will 

stop at a temperature of 4,5o C [34]. Differences in the 

results of temperature measurements in each respondent's 

house were caused by environmental conditions of the 

respondent's house, such as the presence of ventilation and 

vegetation outside the house, which can affect the air 

temperature inside the house. At optimal temperatures, 

Aedes aegypti mosquito eggs will enter the complete 

embryonation phase and will hatch more quickly than at 

non-optimal temperatures [35]. During environmental 

observations in respondents' homes, most of the ventilation 

in respondents' homes was tightly closed or did not have 

ventilation and some houses surveyed have vegetation such 

as large trees and bushes so that the humidity in the house 

can be high. When looking for a place to rest, mosquitoes 

tend to choose a place to rest with high humidity and 

minimal light. In addition, mosquitoes like to rest in places 

close to their breeding grounds.  

In Batam City, the pattern of DHF incidence is clustered 

and the spatial pattern is random. This clustered pattern 

indicates that the distance between sufferers is quite close 

geographically so that they can easily contract DHF. Areas 

that have a clustered disease pattern and geographically 

close distances can increase the risk of DHF transmission 

[36]. DHF cases in Batam City spread only on Batam Island 

which consists of 9 sub-districts with medium and low 

population densities randomly, while 3 sub-districts 

outside Batam Island with low population densities have 

only 0 to 3 cases so that the DHF distribution pattern is 

random. The HI value obtained by the local health center 

officers is HI > 10% so it is included in categories 7-9 based 

on the Density Figure (DF) which means it has a high 

mosquito density and it has a high risk of DHF transmission 

because the breeding and spread of mosquitoes are very 

high in these areas [37]. Mosquito densities that have a high 

HI value have a high risk of dengue fever transmission. 

Low ABJ plays a major role in the transmission and spread 

of DHF [38]. 

The distribution and number of DHF cases in a certain 

month increase when rainfall is low - moderate which was 

previously followed by moderate - high rainfall. There is a 

tendency for an increase in DHF cases when entering the 

transition period, where air temperature and rainfall 

increase. In fact, in certain months each year, there is an 

increase in dengue fever cases of up to five times compared 

to other months [39]. The distribution and number of DHF 

cases in a particular month increased when rainfall was low 

- moderate. In January, July, and August, rainfall in Batam 

City is classified as low-moderate (0-300 mm). In the dry 

season, dry containers are not filled with water so that 

mosquito eggs cannot hatch. When rainfall starts to 

increase, the containers will be filled with water again so 

that eggs that have not previously hatched can hatch again. 
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In addition, increased rainfall can create new puddles of 

water that have the potential to be breeding grounds for 

Aedes aegypti mosquitoes. The containers that have the 

most potential to become breeding grounds for mosquitoes 

are containers outside the house such as used goods (used 

bottles, used tin cans, and used buckets), tree holes, coconut 

shells, and others. However, extreme rainfall events can 

cause water reservoirs to overflow so that the larvae are 

carried away by the water. Another study also finds that 

extreme rainfall of 330 mm over a period of about 4 weeks 

can temporarily reduce DHF epidemics [40]. Rainfall can 

also affect air temperature and humidity, which will affect 

the survival of mosquitoes [41,42]. In Colombo District, 

Sri Lanka, there has been an increase in cases due to 

variable rainfall, causing air temperature and humidity to 

reach the optimal point for mosquito breeding and growth 

[43]. When the temperature and humidity reach optimal 

levels for mosquitoes (air temperature <30o C and air 

humidity >70%), the growth and reproduction of 

mosquitoes are getting better, which is directly 

proportional to the increasing number of DHF cases [44].  

The weather in Batam City often changes so that rain 

often cannot be predicted, this can happen because of 

global climate change which causes air temperatures to 

increase and Batam City consists of a group of islands 

surrounded by oceans. The blowing of the Asian monsoon 

winds, namely from the Asian continent to the Australian 

continent, also affects the high sea waves in the Riau 

Islands area and increased rainfall. In addition, the 

occurrence of El Nino which causes sea surface 

temperatures in the northeastern Pacific Ocean to increase 

has an impact on most areas including Batam City. 

Unpredictable and unpredictable rainfall is one of the 

supporting factors for the increase in dengue fever cases 

because it is prone to causing waterlogging. Result from 

temporal analysis found that there is anomaly rainfall in 

2022 that has qonsequences with the high incidence of 

DHF incidende in January, July and August.  

5. Conclusions 

The conclusion obtained based on the results of the study 

is that there were 902 cases of dengue fever found in Batam 

City in 2022. DHF cases are related to environmental 

factors (air humidity and container index) and behavioral 

factors (implementation of PSN 3M Plus activities). Most 

sub-districts have a high risk of DHF because they have 

high HI and low ABJ. The pattern of DHF case distribution 

in Batam City is clustered and the spatial pattern is no 

autocorrelation with a random pattern. The highest number 

of DHF cases during 2022 was in July, August, and January, 

followed by low to moderate rainfall (51-300 mm/month). 

It is expected that the government in collaboration with the 

Batam City Health Office can create policies in efforts to 

prevent and control DHF and it is expected that the 

community plays an active role in preventing and 

controlling DHF by implementing the PSN 3M Plus 

program. In addition, the government can form the 1 House 

1 Mosquito Larvae Movement (G1J1) which is a training 

for one representative from each family as a mosquito 

larvae monitor so that they can control the presence of 

larvae in the house. 
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