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Abstract
Introduction: Based on the Banyuwangi Regency Health Office, the DHF 
incidence rate in Banyuwangi Regency in 2022 has experienced a significant 
increase of 30.14 per 100,000 inhabitants, previously 5.70. DHF can be affected 
by environmental factors such as mosquito larvae, rainfall, and house conditions. 
DHF control efforts can be carried out by mapping dengue vulnerability to 
formulate an appropriate policy. Conversely, the spatial analysis of DHF cases in 
Banyuwangi is rarely found. This study aims to analyze spatial factors at DHF IR 
and the relationship between an environmental factor and DHF IR in Banyuwangi 
Regency. Methods: This study used an ecological study approach. The data used 
was secondary data from 2020–2022. Data were obtained from Banyuwangi 
Regency Health Office and Banyuwangi Regency Central Statistic Agency. 
Moran's I and LISA determined the spatial autocorrelation. Spatial regression 
was also used in this study. Results and Discussion: DHF IR Banyuwangi 
Regency had spatial autocorrelation (p-value=0.0010) with clustered patterns 
(I=0.4789). The pattern of clustering dengue cases in an area could occur because 
of a relationship with previous dengue cases. Spatial autocorrelation was not 
found between DHF IR with LFI (p-value=0.4560), rainfall (p-value=0.0610), 
CBTS villages (p-value=0.1870), and healthy houses (p=value=0.3680). The 
independent variable in this study did not have a significant relationship with DHF 
IR. Conclusion: The average DHF IR in Banyuwangi Regency in 2020–2022 had 
a grouping pattern related to district proximity. LFI, rainfall, CBTS villages, and 
healthy houses had no significant relationship with DHF IR.
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INTRODUCTION

One of the health issues that persists in practically 
every region of the world is infectious diseases. Infectious 
diseases include those that are transmitted through 
vectors. One is Dengue Hemorrhagic Fever (DHF), 
spread by vectors. The World Health Organization 
(WHO) calls DHF one of the most prominent global health 
issues, evidenced by the spread of continuous cases (1). 
Indonesia is one of the countries that has dengue cases 
every year. Indonesia’s climatic conditions, including 
the tropical climate, become an endemic area of Aedes 
aegypti, and dengue cases can be found yearly (2–3). 

East Java, one of the provinces, has achieved 
an indicator of 75% of regencies/cities with DHF IR 
<49 per 100,000 inhabitants. In 2021, 34 (89.47%) 

regencies/cities in East Java Province have reached the 
DHF IR indicator, which is <49 per 100,000 inhabitants 
(4). Nevertheless, dengue cases continue to be found 
every year in regencies/cities in East Java. One of the 
regencies/cities in East Java where there are dengue 
cases every year is Banyuwangi Regency. Based on 
data from the Health Profiles of East Java Province, 
dengue cases in Banyuwangi Regency have increased 
from 2.11 to 13.77 per 100,000 inhabitants in 2018–2020 
and decreased to 5.70 per 100,000 inhabitants in 2021 
(4–7). A significant increase in cases occurred again in 
2022, with 522 cases with an incidence rate of 30.14 per 
100,000 inhabitants.

DHF is caused by dengue virus infection  (8). 
The virus-indexed Aedes aegypti mosquito bite is how 
the dengue virus is spread. The incubation period of 
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the dengue virus is 4–10 days until symptoms appear. 
DHF is characterized by sudden high fever and lasts 
2–7 days. DHF is the leading cause of fever cases that 
require hospital treatment (9). Bleeding can also occur, 
such as easy bruising and red spots on the skin, or in 
severe cases, patients can experience gastrointestinal 
bleeding (9). Dengue sufferers are also at risk of death 
if not treated appropriately immediately. Death due to 
DHF is mainly found in elderly patients and people with 
comorbidities (10).

Old age and people with comorbidities such 
as obesity are also risk factors for someone easily 
affected by DHF (11). These factors are classified as 
individual factors along with sex, primary or secondary 
infection, immune response, and clinical features. 
Other factors related to DHF are viral factors (types of 
serotypes and genotypes) and abiotic factors such as 
climatic and environmental factors (11). Climate factors 
such as rainfall, humidity, and temperature in an area 
affect dengue cases (12). Environmental factors such 
as mosquito larvae affect dengue cases (13). Mosquito 
larvae can measure by Larvae Free Index (LFI). High 
LFI indicates an area is a low-risk DHF (14). Other 
environmental factors related to house sanitation, such 
as ventilation and lighting, affect dengue cases (15). A 
healthy house parameter measures house conditions 
in Indonesia (16). The availability of clean water in the 
houses and the behavior of the resident of the house can 
support the breeding of Aedes aegypti (17). 

On the other hand, community-wide sanitation 
and hygiene practices are also related to dengue cases, 
such as waste management (18). To increase community-
wide sanitation and hygiene practices, the Health Ministry 
does some intervention programs through community 
empowerment called Community Based Total Sanitation 
(CBTS) (19). One of the indicators from that program is 
CBTS villages, which is the percentage of villages that 
applied the pilar of the program. The government hopes 
that this program can decrease infectious diseases in 
the community.

Multifactor in DHF, the complexity of etiology (11), 
and the discovery of continuous cases yearly encourage 
attention to DHF prevention and control programs. DHF 
vectors in the form of mosquitoes that can move from one 
region to another, and their breeding which is influenced 
by environmental conditions, makes the level of dengue 
vulnerability different for each area. Spatial analysis can 
map the vulnerability level of a disease incidence in an 
area (20). The spatial analysis results can be used as a 
reference in focusing on control and prevention programs 
in areas with high levels of vulnerability. With an approach 
to geographical phenomena, spatial analysis can also be 
used to identify the variables that affect the incidence of 
a disease (13).

Spatial analysis of DHF cases has been 
conducted in several areas in Indonesia. In Depok City, a 
spatial study of DHF cases in 2020 showed DHF incidence 
had clustered patterns, and spatial autocorrelation 
between DHF and hygiene and clean latrines has been 
identified (21). Research in Bali Province, with dengue 
infection cases reported during 2012–2017 data, has 
similar results: dengue incidence in Bali Province was 
spatially clustered (22). Spatial analysis of DHF cases in 
Banyuwangi Regency is still rare. The previous research 
that can be found is a spatial analysis of data from 2014–
2016, which produces a clustering pattern of DHF cases 
in the southeast of Banyuwangi Regency (23). But that 
research doesn’t analyze factors related to DHF IR and 
spatial influence. 

As a vector-borne disease, dengue cases may be 
related to location. Therefore, this study wants to answer 
how the spatial factors affect DHF IR and how the spatial 
relationship between environmental factors and DHF IR. 
This study aims to analyze the spatial factor at DHF IR 
and the relationship between LFI, rainfall, CBTS villages, 
and healthy houses to DHF IR in Banyuwangi Regency. 
It is expected that the findings of this study will be used 
as a guide by stakeholders to develop a successful DHF 
prevention program in Banyuwangi Regency.

METHODS
Research Design

This research was an ecological study. The 
analysis was conducted on Dengue Hemorrhagic 
Fever cases in Banyuwangi Regency in 2020–2022.
The analysis unit of this research included 25 districts in 
Banyuwangi Regency, as shown in Figure 1. 

Figure 1. The Geographical Location of the Research Area, 
Banyuwangi Regency

This study aimed to analyze the spatial factor 
at DHF IR and the relationship between environmental 
actors to DHF IR in Banyuwangi Regency.
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Data Sources
The research data used was in the form of 

secondary data. The research data was obtained from 
the Banyuwangi Regency Health Profile 2020–2021 
and Banyuwangi Regency in Figures 2021–2023. Both 
data sources can be accessed publicly on the official 
websites of the Banyuwangi Regency Health Office and 
the Banyuwangi Regency Central Statistic Agency. Some 
data for 2022, except rainfall data, were obtained from 
the Infectious Disease Prevention and Control Section 
and the Environmental Health, Occupational Health, 
and Sports Section of the Banyuwangi Regency Health 
Office. 

Variable
The variables in this study consisted of two 

types of variables in the form of dependent variables 
and independent variables. The dependent variable 
used was the DHF IR. The independent variables were 
LFI, rainfall, CBTS villages, and healthy houses. The 
operational definition of each variable can be seen in 
Table 1.

Table 1. Operational Definition of Variables

Variable Description
Dependent Variable

DHF IR

The average number of Dengue Hemorrhagic 
Fever cases is divided by the total population of 
each district multiplied by 100,000 inhabitants in 
2020–2022.

Independent Variables

LFI
The average percentage of houses or buildings 
free of larvae divided by the number of houses or 
buildings inspected by each district in 2020–2022. 

Rainfall

The average of the high levels of rainwater collected 
in the rain gauge in a flat place does not absorb 
water, seep in, or flow in the rain station in each 
district in 2020–2022.

CBTS villages

The percentage of villages implementing the five 
Community-Based Total Sanitation (CBTS) pillars 
is divided by the total number of villages per district 
multiplied by 100 in 2022.

Healthy houses

The average percentage of houses that match 
the parameters of healthy houses is divided by 
the number of houses inspected by each district 
multiplied by 100 in 2020–2022.

Data Analysis
Data were analyzed using a Geographic 

Information System (GIS) approach. Geoda 1.20 64-
bit (Version October 16, 2022) is used for analysis. 
Data were analyzed in three types. First, data were 
analyzed by descriptive with mapping each variable. 
Second, data were analyzed with Univariate Moran’s I 
to determine each variable’s spatial data distribution 
pattern by examining the proximity between regions. 
Third, data were analyzed with Bivariate Local Moran’s 
I to determine the influencing factors from the proximity 

area. The weighting used in the analysis with Moran’s 
I and LISA used queen contiguity. The weighting was 
based on the side-angle relationship between regions 
close to each other (24).

Univariate Moran’s I shows the p-value and 
Moran Index (I). Results spatial autocorrelation occurs 
when the value is p-value<0.05. The spatial pattern 
formed is seen by comparing the Moran Index (I) and 
its expectation value (E(I)). I>E(I) indicates a clustered 
pattern, I<E(I) means a dispersed pattern, and I=E(I) 
indicates the absence of spatial autocorrelation and 
random patterns (25). 

Bivariate Local Moran’s I shows the p-value and 
Moran Index (I). P-value<0.05 interprets independent 
variable at the proximity location surrounding the 
observed area does not influence the dependent variable 
at the observed area. Moran Index (I) in Bivariate Local 
Moran’s I have the same interpretation as Univariate 
Moran’s I. Local Indicators of Spatial Association (LISA) 
also showed in Bivariate Local Moran’s I. LISA shows 
four quadrants: High-High, Low-Low, High-Low, and 
Low-High. Location in the High-High quadrant means the 
observed area has a high value of a dependent variable 
and is surrounded by proximity location with a high value 
of other variables. Area in the High-Low quadrant has 
interpreted otherwise, observed location surrounded by 
proximity location with a low value of other variables. 

The analysis continued using the Spatial 
Regression Test. Spatial regression was done by referring 
to the schematic of Luc Anselin in choosing the suitable 
model for spatial regression. This schematic is relevant 
to the GeoDa used in this study. This study used Spatial 
Error Model (SEM) to partially analyze the relationship 
between independent and dependent variables and 
consider spatial factors. The p-value in each independent 
variable means no relationship with the dependent 
variable when low than 0.05 (p-value<0.05).

Ethics
This research has been declared ethical by 

the Ethics Commission of the Faculty of Public Health, 
Universitas Airlangga, with certificate number 65/EA/
KEPK/2023.

RESULTS
Distribution of DHF IR, LFI, Rainfall, CBTS Villages, 
and Healthy Houses 

Table 2 shows the average DHF IR, LFI, rainfall, 
CBTS villages, and healthy houses from 2020–2022 in 
each district in Banyuwangi Regency. DHF IR low of 
1.02 occurred in Kalibaru, and the highest was 47.67, 
which occurred in Banyuwangi. The distribution of DHF 
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IR can be seen in Figure 2(a), which was grouped into 
three quantiles automatically by the software used for 
data analysis. Eight districts that fell into the DHF IR 
high category were Banyuwangi, Glagah, Giri, Kabat, 
Kalipuro, Rogojampi, Blimbingsari, and Genteng.

Table 2. DHF IR, LFI, Rainfall, CBTS Villages, and Healthy 
Houses in Districts of Banyuwangi Regency 2020-2022 

District 
Name IR LFI

(%) RNF CBTSV
(%)

HH
(%)

Wongsorejo 14.13 92.20 79.56 9.09 84.14
Kalipuro 20.49 95.63 167.76 11.11 68.77
Giri 44.83 90.19 164.17 0.00 73.32
Glagah 26.23 91.70 140.45 0.00 85.37
Licin 11.24 91.50 234.67 0.00 75.52
Banyuwangi 47.67 92.17 144.80 0.00 86.08
Kabat 23.09 93.97 149.62 0.00 66.50
Blimbingsari 20.65 97.46 145.85 0.00 92.56
Rogojampi 31.05 93.00 227.47 0.00 83.63
Singojuruh 7.83 99.10 252.64 0.00 58.21
Songgon 5.76 97.83 390.77 0.00 16.83
Srono 15.32 95.04 174.83 10.00 57.70
Muncar 10.68 95.33 125.89 0.00 78.14
Tegaldlimo 10.42 88.96 142.87 0.00 51.89
Purwoharjo 15.21 88.96 126.70 0.00 79.65
Cluring 11.51 88.64 242.25 0.00 76.62
Gambiran 9.97 94.68 *NA 0.00 90.06
Tegalsari 9.49 96.66 181.62 0.00 91.77
Genteng 18.90 96.83 206.43 0.00 78.02
Sempu 12.29 96.16 290.69 0.00 74.29
Glenmore 8.38 91.53 244.80 0.00 75.75
Kalibaru 1.02 91.90 261.90 0.00 77.50
Bangorejo 7.06 83.54 163.18 0.00 78.63
Pesanggaran 2.47 90.58 186.10 0.00 80.32
Siliragung 18.40 93.00 163.58 0.00 84.75
*NA: Not Available

The highest LFI was 99.10 in Singojuruh. While 
the lowest was 83.54 in Bangorejo, other districts with 
a low LFI based on Figure 2(b) were Giri, Licin, Cluring, 
Glenmore, Pesanggaran, Bangorejo, Tegaldlimo, and 
Purwoharjo. Based on Figures 2(a) and 2(b), Giri districts 
classified DHF IR as high and LFI as low. 

The highest rainfall was 390.77 mm in Songgon 
and as low as 79.56 in Wongsorejo. No rainfall data was 
found on Gambiran. Figure 2(c) shows other districts 
with high rainfall: Licin, Cluring, Songgon, Singojuruh, 
Sempu, Rogojampi, Glenmore, and Kalibaru. Rogojampi 
was a district with high DHF IR and high rainfall, based 
on Figures 2(a) and 2(c).

Districts that had villages achieved CBTS, based 
on 2022, there were three districts. Kalipuro had the 
highest percentage of villages that had completed CBTS 
at 11.11%. Banyuwangi, Glagah, Giri, Kabat, Rogojampi, 
Blimbingsari, and Genteng districts had a high DHF IR 

with a percentage of 0% CBTS villages based on Figures 
2(a) and 2(d).

Figure 2. Distribution Map of DHF IR (a), LFI (b), Rainfall 
(c), CBTS Villages (d), and Healthy Houses (e)

Blimbingsari had the highest number of healthy 
houses at 92.56 and the lowest at 16.83 in Songgon. 
Based on Figure 2(e), the districts classified as having 
low healthy houses were Kalipuro, Giri, Kabat, Songgon, 
Singojuruh, Sempu, Srono, and Tegaldlimo. Based on 
Figures 2(a) and 2(e), districts classified as having a 
high DHF IR and low healthy houses were Giri, Kabat, 
and Kalipuro.

Spatial Influence on DHF IR, LFI, Rainfall, CBTS 
Villages, and Healthy Houses 

The results of Univariate Moran’s I listed in 
Table 3 used randomization with 999 permutations. 
The variables DHF IR, rainfall, and village CBTS had 
spatial autocorrelation (p-value<0.05). These results 
indicated that data from each variable had a relationship 
between locations, especially the areas adjacent to and 
surrounding them. Based on the value of (I) against the 
value of E(I) of the three variables showed a clustering 
pattern. LFI and healthy houses showed no spatial 
correlation between regions due to insignificant values 
(p-value>0.05). 

Table 3. Result of Univariate Moran’s I using Geoda

Variables I E(I) p-value
DHF IR 0.4789

-0.0417

0.0010
LFI 0.1286 0.1330
Rainfall 0.2052 0.0370
CBTS villages 0.2481 0.0380
Healthy houses 0.1648 0.0430
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Figure 3. Lisa Cluster Map of DHF IR

Figure 3 shows the LISA cluster map describing 
DHF IR data distribution between regions. Of the 25 
districts, there were 20 insignificant and five significant 
districts. It means significant areas had DHF IR related to 
DHF IR in other districts. Giri, Glagah, and Banyuwangi 
belong to the High-High quadrant. The district had a high 
DHF IR and was surrounded by areas with high DHF 
IR. Glenmore had the opposite condition. Siliragung was 
identified as having high DHF IR and was surrounded by 
areas with low DHF IR.

Spatial Relationship between LFI, Rainfall, CBTS 
Villages, and Healthy Houses on DHF IR

Bivariate Local Moran’s I showed insignificant 
spatial autocorrelation (p-value>0.05) between DHF IR 
with LFI (p-value=0.4560), rainfall (p-value=0.0610), 
CBTS Villages (p-value=0.1870), and healthy houses 
(p-value=0.3680). These results showed the absence 
of bivariate global spatial autocorrelation between 
dependent and independent variables. These results 
also could be interpreted that DHF IR in one district was 
not influenced by LFI, rainfall, CBTS Villages, or healthy 
houses in proximity surrounding districts. Meanwhile, 
on a district basis, several districts showed significant 
spatial autocorrelation of DHF IR with four independent 
variables. The colored LISA Cluster Map illustrates this 
in Figure 4. 

Figure 4(a) shows Rogojampi was located in 
the High-High quadrant, which means Rogojampi had 
a high DHF IR and was surrounded by areas with a 
high LFI. The opposite happened to Purwoharjo. DHF 
IR and Rainfall in Figure 4(b) showed Kabat in the 

High-High quadrant. Kabat had a high DHF IR and was 
surrounded by districts with high rainfall. The opposite 
was Bangorejo and Cluring. DHF IR and CBTS Village 
only found six outlier districts: Wongsorejo, Siliragung, 
Banyuwangi, Glagah, Kabat, and Blimbingsari. This 
condition can be seen in Figure 4(c). Wongsorejo had 
low DHF IR and was surrounded by an area with high 
CBTS villages. DHF IR and healthy houses were found 
in three districts, Songgon, Singojuruh, and Sempu, in 
the Low-Low quadrant, and Bangorejo, in the Low-High 
quadrant. This condition can be seen in Figure 4(d). 

Figure 4. Lisa Cluster Map of DHF IR and LFI (a), Lisa 
Cluster Map of DHF IR and Rainfall (b), Lisa Cluster Map 
of DHF IR and CBTS Villages (c), Lisa Cluster Map of 
DHF IR and Healthy Houses (d)

By considering spatial characteristics, 
spatial regression analysis was used to ascertain the 
relationship between the independent and dependent 
variables. In this study, finding out the relationship of the 
independent variable to the dependent variable partially 
referred to the SEM results. The SEM results showed 
that the LFI (p=0.5837), rainfall (p=0.9725), CBTS 
villages (p=0.7224), and healthy houses (p=0.3480) had 
no effect (p>0.05) on DHF IR in Banyuwangi Regency in 
2020–2022. 

DISCUSSION

Mapping dengue cases can be a form of 
anticipation of dengue outbreaks. Mapping based 
on Moran’s analysis of the average incidence rate in 
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Banyuwangi Regency in 2020-2022 showed a spatial 
autocorrelation with clustering patterns. This result was 
similar to the incidence rate of dengue fever in Depok 
City in 2020 (21). Spatial autocorrelation with clustered 
patterns in dengue cases was also found in Madurai, 
India, in 2009 and 2015 (26). Crowding dengue cases in 
an area occurred because of a relationship with previous 
dengue cases (25). The dengue virus transmission 
mechanism by Aedes aegypti mosquitoes that can be 
transmitted from one person to another in the immediate 
environment can cause this condition.

Mapping can also be done on factors that make 
an area prone to Dengue. LFI is one indicator to assess 
the dengue vulnerability area. LFI is the percentage of 
houses or other buildings with no larvae against the 
total number of places inspected (27). The LFI indicator 
nationally was set at ≥95% (28). The average LFI in 
Banyuwangi Regency in 2020–2022 was the highest at 
99.10% in Singojuruh. Meanwhile, 16 (64%) of the 25 
districts had an average LFI that had not reached the 
national indicator.

The result of Bivariate Local Moran’s I DHF IR 
in one area globally was not influenced by LFI in the 
surrounding area. However, Rogojampi had a high DHF 
IR with a high LFI of surrounding districts in each district. 
Low LFI indicated the discovery of many larvae from the 
site examined. This condition can increase susceptibility 
to dengue disease transmission (14). Thus, the conditions 
found in several districts in Banyuwangi Regency, such 
as Rogojampi and Purwoharjo, showed incompatibility 
with the theory of the existence of LFI against DHF IR. 
This result was similar to cross-tabulating the dengue 
incidence rate with LFI in Banjarbaru City in 2018–2019 
(29). The study in Banjarbaru City shows that areas 
with LFI at risk (<95%) have low dengue cases. Another 
factor that may cause this discrepancy is the mosquito’s 
ability to move quickly from place to place and population 
density (14). As human transportation has dramatically 
increased, the Aedes aegypti mosquito can move over 
long distances (30). The spatial discrepancy conditions 
found in this study also align with the results of LFI’s 
spatial regression of DHF. These results show no 
statistical spatial effect of LFI on the increase in DHF 
IR. The absence of a relationship between LFI and DHF 
IR was also found in research on dengue data in Blitar 
Regency in 2013–2017 (31). 

Rainfall is one of the risk factors for Dengue. The 
result of Univariate Moran’s I on the rainfall in Banyuwangi 
Regency shows the results of the influence of regional 
proximity. Rainfall data for 2013–2014 in Tegal Regency 
also show spatial patterns of rainfall clustering (32). 
The results of Bivariate Local Moran’s I show one area 

globally was not influenced by rainfall in the surrounding 
area. Judging from each district in Banyuwangi Regency, 
Kabat district has a high DHF IR and is surrounded by 
neighborhoods with high rainfall. Similar conditions in 
dengue cases in 2018 in Banyumas Regency showed 
dengue cases generally occurred in districts with 
moderate rainfall (33). The effect of rainfall on Dengue IR 
in this study showed no impact statistically. The results 
align with spatial research conducted on aggregate data 
of Jombang Regency in 2014–2018 (13). The same thing 
was also obtained from the research results in Tegal 
Regency in 2012–2018 (32). This condition is likely to be 
affected because some regions do not have rainfall data 
in a particular year, such as Gambiran, which does not 
have rainfall data from 2020–2022.

Rainfall contributes to the breeding habitat of 
Aedes aegypti as a vector of dengue disease. However, 
this condition does not directly affect DHF IR. The 
effect of rainfall can depend on the amount of rainfall, 
the frequency of rainy days, geography, the physical 
properties of the children, and the habitat type of the 
Aedes aegypti mosquito (34). The time it takes for 
mosquitoes to develop to transmit the virus to humans 
causes fluctuations in overall rainfall to not affect dengue 
incidence in the same month (1). Rainfall intensity also 
needs to be considered in assessing the effect of rainfall 
on dengue cases because if the power of rainfall is very 
high, it can wash away mosquito breeding sites (35).

Another dengue factor assessed in this study 
was the achievement of Community-Based Total 
Sanitation (CBTS) villages. CBTS is an approach 
through community empowerment to change hygienic 
and sanitary behavior by triggering (19). CBTS consists 
of five pillars: stopping open defecation, washing hands 
with soap, managing drinking water and household food, 
securing household waste, and securing household 
liquid waste. A village is said to be a CBTS village when 
it has reached the five pillars of CBTS. Research that 
directly discusses the relationship between CBTS and 
dengue cases has not been found. 

The result of Bivariate Local Moran’s I showed 
CBTS villages did not influence DHF IR in one area 
globally in the surrounding area. As for per district, 
Wongsorejo identified districts with low DHF IR 
surrounding neighborhoods with high CBTS villages. 
The results of spatial regression in this study showed no 
significant influence between the achievement of CBTS 
villages in the region and DHF IR in the same area. Align 
with CBTS spatial regression tests on DHF in Java and 
Bali in 2015-2019 showing insignificant results (36). 
That is, CBTS does not have a spatial effect on dengue 
cases. 
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Nevertheless, CBTS pillars, such as securing 
household and liquid waste, are relevant to preventing 
Aedes aegypti breeding. Connecting household waste 
in the CBTS pillar aims to avoid storing waste in the 
houses by immediately handling or managing waste. The 
principles in handling this waste include Reduce, Reuse, 
and Recycle. Garbage at houses is considered a risk 
factor for dengue cases (37). Some types of waste, such 
as used bottles, cans, and old tires, can be a breeding 
ground for Aedes aegypti mosquitoes (38). The chi-
square test results research conducted in Sendangmulyo 
Village, Tembalang District, in 2021 showed the results 
of a relationship between household waste management 
and dengue cases in 1 family (18). Poor environmental 
health conditions will increase the risk of environment-
based diseases. 

The cleanliness of the environment of the house 
is relevant to the variables of a healthy house in this study. 
A healthy house is a residence that meets the health 
requirements set by the Ministry of Health (16). A healthy 
house must at least meet the physical and biological 
conditions, sanitation facilities, and hygiene behavior 
of the house’s occupants. Spatial analysis in this study 
shows no correlation between the percentage of healthy 
houses and DHF IR. However, spatial research between 
DHF IR and healthy houses shows several areas with low 
DHF IR surrounded by low healthy houses percentage 
area. This condition is not following the existing theory 
where unhealthy housing conditions will be at risk of 
being a factor causing disease. Houses conditions that 
do not pay attention to health aspects will support the 
development of Aedes aegypti larvae (17).     

Research on dengue risk factors conducted 
in Bandung City in 2016 showed that unhealthy family 
status influences the increase in dengue cases (39). That 
is not in line with the results of spatial regression in this 
study, which shows no influence between the percentage 
of healthy houses and DHF IR in an area by considering 
spatial factors. Spatial regression analysis of healthy 
houses with DHF IR conducted on Jombang Regency 
data for 2014–2018 had similar results, namely having 
no relationship (13). This condition can occur due to the 
lack of maximum data from measuring healthy house 
indicators such as lighting and humidity. The house’s 
physical condition, such as poor lighting and humidity, 
clean water availability, garbage disposal facilities, 
and the behavior of house residents, can support the 
breeding of Aedes aegypti (17).

DHF risk factors, as described earlier, must be 
understood by the community to encourage preventive 
behavior. Prevention programs that the government 
has prepared cannot run well without the community’s 

involvement. Community triggering methods can be done 
to optimize existing programs. The triggering procedure 
is carried out by providing stimulus from the surrounding 
community in carrying out dengue prevention programs 
such as Mosquito Nest Eradication. This triggering 
method was previously studied in Rahandounda Village, 
Kendarai City, in 2019, with results showing the influence 
of triggering on LFI practices (40).
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CONCLUSION

The incidence rate of Dengue Hemorrhagic 
Fever in Banyuwangi Regency had a clustered pattern 
and was related to district proximity. The results of 
Bivariate Local Moran’s I showed that DHF IR in one 
district was not influenced by LFI, rainfall, CBTS villages, 
or healthy houses in a proximity surrounded area. The 
spatial regression test also showed that LFI, rainfall, 
CBTS villages, and healthy houses did not affect DHF 
IR.

To control and prevent this, the government must 
continue to improve the surveillance system in dengue 
cases and related factors such as LFI, rainfall, CBTS 
villages, and healthy houses. Community triggering 
methods can be applied to prevent dengue cases, such 
as reducing mosquito breeding sites, improving clean 
and healthy lifestyles, and supporting the implementation 
of CBTS. Researchers can then make a regression 
equation model by comparing several models to see 
how influential a DHF risk factor is on DHF cases. 
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