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Abstract
Indonesia is a member of Southeast Asia Regional Office (SEARO) ranked the first in dengue hemorrhagic fever (DHF) problem based on incidence rate (IR)
and case fatality rate (CFR). Several provinces in Indonesia experience an outbreak, one of which is the Mataram City in West Nusa Tenggara Province.
Mataram City is an endemic area of DHF because the DHF cases are always found in three consecutive years with the number of cases that fluctuate and
tend to increase. This study aimed to obtain factors that could be used to improve early warning systems in controlling DHF. This study used a case control
design with a ratio of 1:1 to 180 house holds. The results showed that home environmental factors, such as no ceiling, indoor and outdoor temperature that
had the potential for breeding places for mosquitoes, no wire net in ventilation, low lighting and high humidity, related to DHF transmission. Vector distibution
with entomology index showed that the existence of larvae, eggs and mosquitoes played a role in dengue transmission. The dominant factors affecting the
transmission of dengue in Mataram City are the condition of the ceiling and the existence of mosquito eggs in the house.
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Introduction
Dengue hemorrhagic fever (DHF) has spread

 throughout the world including in the WHO region
 namely Pan American Health Organization (PAHO),
Southeast Asia Regional Office (SEARO) and the
Western Pacific Region (WPRO).1 Indonesia is a
 member of SEARO, which during 1990-2015 was
 ranked the first in DHF  problems based on incidence rate
(IR) and case fatality rate (CFR).2 In Indonesia, the
 incidence rate of 2016 DHF increased by 77.96/100,000
population compared to the previous year, e.g.,
50.83/100,000 population was still very far from the
 national target < 49/100,000  population and several
 provinces in Indonesia expe rienced an outbreak.3 The
Mataram City is an  endemic area of dengue with the
 fluctuating number of the case because even though the
incidence rate in Mataram is lower than the national
 target, the area has  experienced an increase by up to
95.88% in the last two years, from IR 10.68/100,000 in
2015 with CFR 0%, to IR 20.92/100,000 residents with
CFR 0.75% in 2016.4

Transmission of DHF occurs due to the presence of
sufferers and carriers of the dengue virus. The current

expansion of dengue shows multifactorial and may
 include virus evolution, climate change, and social
 factors such as urbanization, population growth and
 development,  socio-economic, as well as global travel5
and population mobility caused a significant increase in
dengue cases.6 Other influential factors are climate
change, environmental changes and transmission of DHF
cases that indicate spatial and temporal patterns.7
Prospective cohort studies show a correlation between
the density of Aedes aegypti (Ae. aegypti) and the
 prevalence of dengue fever infection because vector
 density is associated with the tendency of mosquitoes to
suck blood from humans. This condition increases
 contact between humans and mosquitoes, or the
transmission of dengue virus is very easy; thus, the
 density of these vectors needs to be  reduced as low as
possible.8 The results of the study in Banjarnegara
District showed transovarial transmission with a
 frequency of 11.54% and larva free amount still below
95%.9

Several studies showed that mosquito species that
 have habitat around the human environment with
 inadequate living conditions and sanitation are Ae.
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 aegypti, Ae. albopictus and Culex quinguefasciatus.10,11

Physical  environmental factors are factors affecting the
 presence and level of Aedes larvae density such as light
intensity, ventilation, drainage, and distance of
 buildings,12 but different results are expressed in studies
in Yogyakarta and Mataram that humidity is the
 dominant factor associated with dengue transmission in
children.13,14 A study in Kupang City explained that
 water use, wall construction, ventilation area and
 availability of clean water facilities were factors related
to dengue cases.15 Water stored in containers for long
periods, long rainfall during the rainy season, humidity
and ambient temperature can increase the breeding of
Ae. aegypti mosquitoes.16

The aim of this study would show that predictor
 variables such as entomological index (existence of
 larvae, density of larvae, existence of eggs inside,
 exis tence of eggs outside, and existence of adult
 mosquitoes) and home environment (floor, wall, ceiling,
ventilation, temperature, light intensity, humidity)
 contribute to DHF in Mataram City. This factor has a
non-homogeneous and unstable nature in distribution
because it is related to the characteristics of society, thus
complicating the  assumption that epidemiological change
as a single  factor. Although physical environmental
 factors have a high complexity of vector distribution and
incidence of dengue cases, but it can be a useful tool for
the  preparation of scenarios for prevention of local
 outbreaks of DHF.17 The results were beneficial in
 developing  active surveillance model of DHF outbreak
by the  analysis of potential predictors, as well as in
 identifying high-risk areas for DHF outbreak, so that
 timely  management can be achieved.

Method
The study was an observational study used case con-

trol design. The current study was  conducted in the Sub-
dictrict of Pagutan, West Pagutan and Salagalas, Mataram
City from October 2019, during dry season.18 Study po-
pulation selected were all the  patients diagnosed with
DHF based on data from Epidemiological Investigation
with a number of samples using the Lameshow and
Lwanga formulas for hypothesis test for two population
proportions (two-sided test) study with ratio of 90 cases
and 90 controls. Then, the total sample of the populations
were 180 households. The sampling technique used pro-
portionate stratified random sampling, with households
in three sub-districts as  samples. Determination of the
number of samples for each head of sub-village with pro-
portional composition was then taken by systematic ran-
dom sampling. The case criterion was a patient diagnosed
in the last three months.  Frame sampling used medical
records of DHF patients based on Epidemiological
Investigation (Outbreak Investigation Form) and Early

Warning System scores used by hospital. The control cri-
terion was the closest   neighbor to the case by matching
the case based on age, sex and living place within a max-
imum of 100 meters from the patient's home.

The types of data collected were home enviroment
 factors, such as the room temperature that has the
 potential to breeding places for mosquitoes and where
mosquitoes lay eggs, the room air humidity > 60%, home
enviroment (floors and walls not waterproof, no ceiling
or ceiling < 2.5 m, wire-free ventilation and lighting < 60
lux meters). The factors of existance and vector density
based on entomology index were eggs, larvae and adult
female mosquitoes. The types of instruments used are:
aspirator backpack, lux meter, hygrometer, and
 carbondioxmeter that has been calibrated. Observation
guidelines for identifying vector densities and container
characteristics using vector data collection guidelines in
the field compiled by National Institute of Health
Research and Development, Indonesian Ministry of
Health 2016. The measurement for mosquito egg density
was carried out by spreading two ovitrap in each house
with a total of 360 ovitraps in 180 houses.

Univariate analysis is presented in the frequency
 distribution values. Bivariate and multivariate analysis
using simple and multiple logistic regression tests aimed
at analyzing the factors associated with transmission of
DHF which caused local outbreaks in Mataram City. The
results of simple logistic regression analysis were used to
select variables that met the criteria as candidates for the
control model of local DHF outbreaks in Mataram City
with p-value < 0.250.19 The analysis was continued by
 multiple logistic regression tests with the backward
 method to find out the predictor variables in the physical
environment and vector density associated with DHF
transmission, the strength of the relationship between
 these variables and the model or formula for predicting
dengue transmission in Mataram City. Model quality
 assessment was carried out to determine the
 discri mination value based on area under curve (AUC)
with the receiver operating curve (ROC) method, where-
as the model calibration using Hosmer and Lemeshow.
The formula was stated to have good discrimination if
the AUC value was closer to number 1 and was said to
have a good calibration if it has a value of p-value > 0.050
on Hosmer and Lameshow.20 This study is part of a study
approved for ethics by the Faculty of Health Science,
Respati University of Yogyakarta, with Protocol Number:
167.1/UNRIYO/PL/VII/2018 on July 2018.

Results
The present study was conducted in the Subdistricts

of Pagutan, West Pagutan and Salagalas, Mataram, West
Nusa Tenggara. These three locations have differences
with other subdistricts in Mataram City, because it is
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 inhabited by people coming from affects culture in
Indonesia, it is included in the category of high-endemic
dengue and stated to be a local outbreak of DHF in 2016-
2017. Most cases in Mataram City have a record of
 having been diagnosed with DHF once (96.7%), male
and female patients have almost the same proportion,
aged 5-11 years with an education level graduating from
elementary school (25.6%) and preschoolers (33.3%).

Observation and measurement of house enviroment
including flooring, wall, door, ceiling, ventilation,
 temperature, humidity and lighting were made to obtain
potential factors that favor mosquito breeding and
 dengue virus transmission in Mataram City are presented
in Table 1. Highest wind velocities were recorded during
August through December.   

Table 1 shows that physical environmental factor like
the condition of a house with no ceiling or with a height
of < 2.5 m is related to dengue transmission and raises
the risk of a local outbreak by 16 times with 95%CI =
7.237 - 36.769. Indoor and  outdoor temperature of the
house at 25 - 30oC is related to dengue transmission and
raises the risk of a local  outbreak of  2 until 4 times with
95%CI = 1.556 - 5.215 and 1.939 - 8.914 because the
temperature has the potential to become a breeding place
for mosquitoes. Unavailable wire net in ventilation is re-
lated to dengue transmission and raises the risk of a local
outbreak of 6 times with 95%CI = 1.758 - 22.36. Low
lighting < 50 lux meters is related to dengue transmission
and raises the risk of a local  outbreak by 6 times with
95%CI = 1.758 - 22.360. The level of humidity in the

house > 60% is related to dengue transmission and raises
the risk of a local outbreak by 18 times with 95%CI =
5.413 - 62.915. House environmental  factors not signifi-
cantly related to DHF transmission in Mataram City were
conditions of floors, walls,  temperature inside house, and
humidity outside house. The existence and vector density
factors of Aedes sp. with dengue transmission in
Mataram City can be observed in three life cycles of mos-
quitoes, that are eggs, larvae and adult mosquitoes.

Entomology index in Mataram City based on WHO
Density Figure.21 exist on scale of > 6 to 95%CI values
at 30%, scale 5 for house index (HI) values, this indicates
that the current area in Mataram have a very high vector
 density and declared vulnerable to dengue infection. The
description of the presence of eggs inside and outside the
house from the number of ovitrap spread was found by
mosquito eggs at 50.6% and 67.2%. This value shows
the level-1 classification. Description of the results of
 catching female Ae. aegypti mosquitoes in each part of
the house showed any potential of mosquitoes for
 hunting prey and laying eggs, with an average catching
result of one mosquito.

Table 2 shows that the existence of larvae is related
to DHF transmission and raises the risk of a local out-
break of 3 times with 95%CI = 1.755 - 6.726. Larva
 density > 21% is related to DHF transmission and raises
the risk of a local outbreak of 2.7 times with 95%CI =
1.132 - 6.646. The existence of eggs at home is related to
transmission of DHF and raises the risk of a local
 outbreak by 3 times with 95%CI = 1.704 - 5.752. The

Table 1. Analysis of Home Environment Factors with Transmission of Dengue Hemorrhagic Fever

      Frequency

Home Environmental        Category Case Control OR             95% CI p-value

n          %           n          %

Flooring Plain ground  6         6.7           3         3.3         2.07        0.502-8.552         0.497
Plastered/ tiled/ ceramics 84       93.3         87       96.7

Wall Non-water resistant 3         3.3           3         3.3         1.00        0.195-5.092         1.000
lastered, water resistant 87       96.7         87       96.7

Ceiling None or in several room or < 2.5 meters high      58       64.4           9       10.0       16.31      7.237-36.769     < 0.001
Present in all room or > 2.5 meters high 32       35.6         81       90.0

Ventilation No wire net 87       96.7         74       82.2         6.27      1.758-22.360         0.003
Wire net installed 3         3.3         16       17.8

Indoor air temperature       Potential for Aedes sp. breeding 58       64.4         35       38.9         2.85        1.556-5.215         0.001
Not Potential for Aedes sp. breeding 32       35.6         55       61.1

Outdoor air temperature    Potential for Aedes sp. breeding   33       36.7         11       12.2         4.16        1.939-8.914     < 0.001
Not Potential for Aedes sp. breeding  57       63.3         79       87.8

Indoor air temperature       Potential in placing mosquito eggs 3         3.3           7         7.8         0.41        0.102-1.634         0.330
Potential in placing  mosquito eggs 87       96.7         83       92.2

Light intensity Low (< 60 Lux Meter)  50       55.6           9       10.0       11.25      5.033-25.149     < 0.001
High  (≥ 60 Lux Meter) 40       44.4         81       90.0

Indoor humidity High (> 60%) 35       38.9           3         3.3       18.45      5.413-62.915     < 0.001
Low (≤ 60%) 55       61.1         87       96.7

Outdoor humadity High (> 60%) 27       30.0         24       26.7         1.18        0.616-2.256         0.741
Low (≤ 60%) 63       70.0         66       73.3

Notes: OR= Odds Ratio; CI= Confidence Interval 
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existence of adult mosquitoes is related to DHF transmis-
sion and raises the risk of a local outbreak by 4 times
with 95%CI = 1.815 - 8.814. The factor of the existence
of eggs found outside the home is not related to
 transmission of DHF in Mataram City. 

Multivariate analysis was applied to determine the 
 type of predictor variables of physical environmental
 factors associated with dengue transmission and that
 impact on local outbreaks. There were 6 variables in
 bivariate analysis with p-value < 0.25 namely roof,
 ventilation, indoor and outdoor temperature, indoor
 humidity and light intensity. The analysis was
 complemented by a model quality test consisting of two
stages, namely assessing the equality quality and the
 discrimination value. The model quality test results
 showed that environmental factors were declared feasible
to predict dengue transmission in Mataram City. Forward
Likelihood Ratio (LR) multiple logistic regression was
applied, multi-collinearity was checked and not found,
interaction was found, Hosmer Lemeshow test (p-value
= 0.914), area under the ROC curve (91.3%) was
 applied to check the model fit.

The results of the multivariate analysis showed that
the predictor variable of the physical environment of the
house that affected the transmission of DHF was none or

in several room or < 2.5 meters high (OR = 22.05), low
house lighting (OR = 10.11), indoor air temperature to
potential for Aedes sp. breeding (OR = 3.14) and low
humidity in house (< 60%) (OR = 3.79) (Table 3).

Multivariate analysis was to determine the type of
 predictor variables of entomology index with DHF
transmission and which had an impact on local
 outbreaks. There were three variables in bivariate
 analysis with p-value < 0.250 including existence of lar-
vae, indoor existence of eggs and existence of adult
 mosquitoes (Table 4). The analysis was complemented
by a model quality test consisting of two s  tages, namely
assessing the equality quality and the discrimination va-
lue. The model quality test results show that environ-
mental factors were declared feasible to predict dengue
transmission in Mataram City. Forward LR multiple lo-
gistic regression was applied, multi-collinearity was
checked and not found, Interaction was found, Hosmer
Lemeshow test (p-value = 0.741), area under the ROC
curve (77.5%) was applied to check the model fit.

The results of multivariate analysis showed that the
dominant factors in the presence and vector density of
Aedes sp. in the community affecting the transmission of
DHF were the presence of Aedes sp. mosquito eggs in
the house (OR = 3.34), the presence of Aedes sp.

Table 2. Analysis of Entomology Index with Transmission of Dengue Hemorrhagic Dengue

  Frequency

Vector Category Case Control OR           95% CI p-value

n             % n %

Existence of larvae Yes 40           44.4          17           18.9             3.44        1.755-6.726     < 0.001
No 50           55.6          73           81.1

Density of larvae High risk (> 21%) 19           21.1            8             8.9             2.74        1.132-6.646        0.035
Low risk/not risk (≤ 21%) 71           78.9          82           91.1

Indoor existence of eggs             Yes 58           64.4          33           36.7             3.13        1.704-5.752     < 0.001
No 32           35.6          57           63.3

Outdoor existence of eggs           Yes 37           41.1          27           30.0             1.63        0.880-3.016        0.161
No 53           58.9          63           70.0

Existence of adult mosquitoes     Yes 30           33.3          10           11.1             4.00        1.815-8.814        0.001
No 60           66.7          80           88.9

Note: OR= Odds Ratio; CI= Confidence Interval 

Table 3. Analysis of Physical Environment as Predictor Variables Related to Dengue Hemorrhagic Fever Transmission  

         95% CI  for Exp (β)
Variable β Sig.          Exp (β)

Lower Upper

Ceiling (none or in several room or < 2.5 meters high) 3.094     < 0.001         22.055            8.154             59.649
Indoor air temperature to Potential for Aedes sp. breeding          1.143         0.016           3.138            1.239 7.946
Light intensity  (< 60 Lux Meter)  2.314     < 0.001         10.113            3.508             29.149
Indoor humadity to potential in placing mosquito eggs 1.333         0.069           3.793            0.901             15.964

Constants  -2.612     < 0.001           0.073

Note: β = Coefficient Beta; Sig.= Significance; Exp (β)= Beta Exponential
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 mosquitoes (OR = 2.74), and the presence of Aedes sp.
larvae (OR = 2.64).

Discussion
From the preceding results, potential factors

 influencing occurrence of DHF in Mataram City were
 investigated further through observations made of the
housing physical environment, existence and vector
 density

For house flooring, it is preferred to have plastered,
or flooring made of tiles or ceramics in order to reduce
room humidity, interrupting mosquito breeding cycle.22

Flooring of plain ground will turn damp during rainy
 season, hence creating more humid environment suitable
for mosquito breeding.23 Similarly, plastered walls are
also preferred, so that dengue-carrying mosquitoes
 cannot enter the house through small holes in the walls.24

In this study, over 80% of total surveyed households,
both in case and control groups have already owned
houses with plastered flooring and walls. This may
 explain non-association between those factors and DHF
occurrence in the study population.

The presence of windows, doors, roofs, and
 ventilation were thought to be associated with dengue
 virus transmission in home environment.25 The current
study results showed that over 75% of the total surveyed
households had bedroom windows and doors in all the
rooms. The presence of doors and windows may result in
two different outcomes, namely reduced mosquito
 density due to reduced humidity and increased light
 intensity, or increased mosquito density due to presence
of more entryways for mosquitoes to enter the house
when they are left opened.13,26 However, these two
 factors did not demonstrate association with DHF
 occurrence in the present study. The presence of
 ventilations may also have similar outcomes, if the
 ventilations were not installed with wire nets. The use of
wire nets on ventilations for control group reached
96.7% higher than the case group at 82.2% of the total
observed houses. Wire nets installed in ventilations,
 doors, and windows may act as barriers for mosquitoes
to enter the house, preventing them to rest and to bite

 residing humans inside.27 Absence of roof may facilitate
the entry of mosquitoes in houses.28 Most houses in
Mataram City do not have a barrier between the upper
wall and the roof of the house. This condition is not much
different from a house that has a cracked and hollow
roof. The presence or the height of ceilings > 2.5 meters
in control group was at 64.4% higher than the case group
at 10%.

In addition, temperature, lighting, and humidity affect
mosquito bionomics as well, particularly feeding
 behavior and mosquito development. In the present
 study, humidity and temperature indoor and outdoor in
the case and control groups stated differently, and both
did demonstrate association with the occurrence of DHF
case. Environment with a temperature of 25 - 27°C is
 optimal for Ae. aegypti larvae development,29,14 and the
time required for mosquitoes to fully develop from egg to
adult depends on this range of température.30,31

Increased temperature may result in shorter time needed
for mosquito development, hence increasing mosquito
density and risk in transmitting dengue virus.32

Conversely, a humidity of less than 60% causes shorter
mosquito life span, decreasing their vectoral capacity as
dengue vectors.14 Most home lighting in DHF patients is
< 60 lux, so it has a risk of DHF. Light intensity is the
biggest factor that affects mosquito flight activities
 because low light and high humidity are good conditions
for mosquitoes. Ae. aegypti mosquitoes like to rest in
 rather dark places in damp spaces with low light
 intensity.33 Mosquitoes are likely to rest inside house
because the female Ae. aegypti never fly far away from
the place the eggs are laid.13 Most of the rooms can be a
comfortable resting place for mosquitoes, such as
 bedroom, living room, family room, kitchen to bath room
as long as they meet the requirements (dark and humid)
as a place for mosquitoes.34

Measurement of larvae density levels is used to
 suppress the spread of dengue disease and reduce the
economic and public health impacts, through a specific
strategy that is to reduce mosquito breeding places to
dengue vectors with bretau index (BI) < 5% and house
index (HI) < 1%.35 Based on these indicators, it can be

Table 4. Analysis of Existence and Vector Density as Predictor Variables Related to Dengue Hemorrhagic Fever Transmission    

CI 95% for Exp (β)
Variable β Sig.             Exp (β)

Lower Upper

Existence of larvae 0.971 0.012             2.641 1.237 5.639
Indoor existence of eggs  1.206 0.000             3.340 1.745 6.390
Existence of adult mosquitoes 1.008 0.025             2.741 1.137 6.606

Constants  -2.612 0.000             0.073

Note: β = Beta Coefficient; Sig.= Significance; Exp (β)= Beta Exponential
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interpreted that Mataram City can be considered as a
 medium-to-high-risk area for the spread of dengue
 disease and has the potential to experience local
 outbreaks in several areas.

The high density and presence of larvae, eggs and
mosquitoes were related to dengue fever in the city of
Mataram. This condition was because not all
 communities actively participated in implementing
Mosquito Nest Eradication properly. In this study, Ae.
aegypti mosquitoes were found in bathtubs or toilets,
hence according to them, it was very impractical if the
bath had to be closed. The observation results in most of
the respected houses found by larvae did not have good
lighting in the bathroom, thus the cadre examination
 process was not carried out carefully and there was still
an assumption that Ae. aegypti mosquitoes could not
breed in clean water. The conditions are in accordance
with the results of ra study in Sleman, Yogyakarta that
the cadres activeness and accuracy in monitoring their
environment are very important to prevent an increase in
dengue cases.36 Some people throw garbage in the
 garden and do not dispose  regularly once a week, so that
mosquitoes are suspected of having the opportunity to
lay eggs. The implementation of this study was carried
out during the rainy season, therefore, the chances of
used containers filled with water were found in the yard
and gardens near residential areas.

The emergence of dengue cases is caused by
 ineffective controls, uncontrolled population mobility,
 limited health infrastructure and the use of different larva
indicators.37 The entomology index (house index,
 building index, container index) is very influential on the
value of numbers of Larva Free Index, the higher the
 entomology index, the lower the numbers of Larva Free
Index value. Numbers of Larva Free Index that has not
reached the standard indicates that the area still has the
potential for dengue fever because numbers of Larva Free
Index is one of the epidemiological measures often used
in dengue control activities, one of which is by
 conducting a larva survey.3 This is consistent with study
in Tamil Nadu District, India for an early warning system
of dengue epidemic that needs to be carried out by  larvae
surveillance. Larva surveillance is not only to  determine
larvae density, but also to predict transmission by moni-
toring mosquito-breeding sites.38

Conclusion
Physical environmental factors, such as the

 unavailable ceiling, indoor and outdoor temperature have
the potential as mosquito-breeding places. Unavailable
wire net on ventilation, low lighting, and high humadity
are related to DHF transmission. Vector distibution with
entomology index shows the exixtence of larvae, eggs and
mosquitoes play a role in dengue transmission. The

 dominant factors affecting the transmission of dengue in
Mataram City are the condition of the ceiling and the
 existence of mosquito eggs in the house.

The Mataram City Health Office and all primary
 health care need to improve monitoring of larvae  survey
activities carried out by larva monitors and the 3M plus
(draining, covering, burying or utilizing/recy cling, and
terminating larvae) movement in the  community. This
program greatly assists the process of monitoring the
 implementation of disease control  program and is
 capable of breaking the cycle of vector breeding at an
early stage. A program to measure egg density that has
the potential for outbreaks can be  developed as an
 effective DHF control effort in the  community
 environment. This activity also needs to be supported by
providing education to the community about the healthy
physical environment of the house, so that it can reduce
the risk of dengue transmission which has an impact on
local outbreaks.
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