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Abstract
Kupang, East Nusa Tenggara is an area with low rainfall where the highest East Nusa Tenggara number of Dengue Hemorrhagic Fever (DHF) cases are
recorded; this number is also higher than the national figure. This study analyzed the relationship between housing conditions and DHF incidence in Kupang
City. This observational study used a case-control method with 240 DHF patient cases and 280 not patient controls without DHF from 12 villages in the rainy
season and 13 villages in the dry season. The following data were collected: house size, house lighting, house temperature, water usage, wall construction,
ventilation size, ventilation condition, and ownership of a clean water facility. These data were analyzed using t-test and Chi-square test. The following house
condition variables were significantly related to DHF incidence (p-value ≤ 0.05): house lighting, water usage, house wall, ventilation area, and ownership of
clean water facilities. This means that house condition is related to the incidence of dengue in Kupang City. Attention and intervention are needed in these a-
reas, as well as attention to other factors outside house condition. 
Keywords: Dengue Hemorrhagic Fever, house wall, lighting, ventilation, water 

Abstrak
Kupang merupakan daerah dengan curah hujan rendah dengan kasus demam berdarah dengue (DBD) selalu tertinggi di Provinsi Nusa Tenggara Timur dan
juga lebih tinggi dari angka nasional. Penelitian ini bertujuan untuk menganalisis hubungan antara kondisi rumah dan kejadian DBD di Kota Kupang. Penelitian
observasional ini menggunakan studi kasus kontrol dengan 240 pasien DBD sebagai kasus dan 280 bukan pasien DBD sebagai kontrol dari 12 desa di
musim hujan dan 13 desa di musim kemarau. Data kondisi rumah yang dikumpulkan meliputi luas rumah, pencahayaan, suhu, penggunaan air, dinding, luas
ventilasi, kondisi ventilasi dan kepemilikan fasilitas air bersih kemudian dianalisis dengan uji t dan uji kai kuadrat. Beberapa variabel kondisi rumah secara
signifikan berhubungan dengan kejadian DBD (nilai p ≤ 0.05), yaitu pencahayaan, penggunaan air, konstruksi dinding, area ventilasi dan kepemilikan fasilitas
air bersih. Hal ini berarti kondisi rumah berhubungan dengan kejadian demam berdarah di Kota Kupang, sehingga perlu ada perhatian dan intervensi secara
khusus terhadap kondisi rumah selain memperhatikan faktor-faktor lain di luar kondisi tersebut. rumah. 
Kata Kunci: Demam berdarah dengue, dinding rumah, pencahayaan, ventilasi, air 
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Introduction
Dengue Hemorrhagic Fever (DHF) is a vector borne

disease that is transmitted through the bite of Aedes sp.
mosquitoes infected with Dengue virus. Due to its con-
tribution to the disease burden, high mortality rates,
poverty, and social burden in the world, especially in-
tropical and subtropical regions, DHF is still a major
global problem.1-3 Globally, at least 128 countries in-
fected by Dengue and 4 million people live in at risk
Dengue transmission area.4 DHF is endemic to a number
of Indonesian regions, including the Province of East
Nusa Tenggara. In the city of Kupang, which is the capi-
tal of East Nusa Tenggara Province, they recorded the
highest number of dengue cases in East Nusa Tenggara
from1999 to 2014, and every year, the number of cases
in this region upper the national average.

Low rainfall is usually followed by low air humidity,
which correlated positively with each other in previous
studies.5 High rainfall, especially over 200 mm, also sta-
bilizes the density of Aedes mosquitoes, and the density
of Aedes usually rises after the rainy season arrives.6 This
is related to the increasing number of natural places for
Aedes to breed outside the house because of the practice
of storing water in outdoor containers.6 Previous studies
have shown that climate variables strongly influence
Dengue virus and Dengue vectors. These were such as
temperature influenced development, survival, and re-
production of Dengue vectors, and also influenced on
virus replication and transmission.7 However, these con-
ditions were different in Kupang City; even though it has
low rainfall, the number of DHF cases is always high. In
Kupang City, DHF cases are found in both the rainy and
the dry seasons. Patterns of DHF incidence rate (IR) in
Kupang City do not always follow rainfall patterns; for
example, in 2011, rainfall rose but IR fell, while in 2012,
rainfall fell but IR rose. In 2013, rainfall rose and IR
went down.8,9

The incidence of disease is a result of the interaction
between Host, Agent, and Environment, better known
as Triangle Epidemiology.10 Important elements of
dengue fever are the dengue virus, Aedes mosquitoes,
and humans, where the three elements are influenced by
the environment. The disease will continue to occur as
long as treatment is only applied in one area without try-
ing to control existing environmental risk factors and
current conditions. 

Diseases including DHF are local specific phenomena
that include ecosystems covering the environment, popu-
lation, and administrative areas.11 These various DHF
incidence factors differ from one place to another and
cause the degree of endemicity to differ by place and
time. Therefore, there is a need for a special study on
DHF incidence in the dry areas of Kupang City, which is
expected to be a factor in controlling dengue risk factors

in Kupang City.
Housing quality factors such as lighting, humidity,

temperature, and house construction, as well as home
sanitation conditions, also play a role in providing places
for the breeding and presence of Aedes sp..12 This study
demostrates the importance of the role of home condi-
tions on the presence of Aedes sp.; it also analyzes the re-
lationship of house condition to DHF incidence. It is ex-
pected that the result of this study will be useful in con-
trolling DHF incidence; namely, the prevention of dengue
fever by improving housing conditions in Kupang City. 

Method
This was an observational analytic study using a case-

control design that compares cases (DHF patients) and
controls (non-DHF patients), and then restrospectively
analyzes at risk factors. The study population was two
samples of people in Kupang City: cases or people with
dengue fever (DHF patients) and the control group of
people who were not DHF patients, all of whom lived in
proximity to dengue patients within a radius of 100 me-
ters in one village at the time the study was conducted.
The sample size was 20 people for each village consisting
of DHF patients and non-DHF patients. The total sample
was 500 people from 25 villages. The locations and sam-
ples used in the dry and rainy seasons differed depending
on the location of the cases at the time the study was
conducted. Samples were taken by cluster sampling be-
cause DHF cases were few and spread out among several
villages.13

Study variables were DHF (DHF and non-DHF),
house size, lighting, temperature, water usage, wall con-
struction (permanent and non-permanent), ventilation
size (qualify if at least 10% of house size and not qualify
if less than 10% of house size), the ventilation condition
(always closed and not always closed), clean water facili-
ty ownership (own and not own). All data were collected
by observation and measuring directly in sample houses.
The equipment used to collect data included a luxmeter,
checklist, thermometer, and length measurement instru-
ment. 

The collected data was then analyzed statistically us-
ing frequency distribution, bivariate analysis using t-test
for ratio data scale and chi square test for nominal data
scale. This study is part of a study approved for ethics by
the faculty of the Public Health Airlangga University,
protocol number: 521-KEPK, October 2016. 

Results
The average size of the houses did not differ much

between DHF patients and non-DHF patients; namely,
54.49 m2 for DHF patients and 55.61 m2 for non-DHF
patients. There was no statistically significant relation-
ship between house size and incidence of DHF (p-value
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> 0.05).
The natural house lighting house was lower in the

DHF patients’ houses, and there was a significant rela-
tionship between lighting and the incidence of DHF (p-
value ≤ 0.05), as shown in Table 1. House temperatures
were almost the same between the DHF patient group
and the non-DHF patient group, and they were statisti-
cally not related to DHF incidence (p-value > 0.05).
Table 1 also shows that water usage in Kupang City was
found to be significantly associated with DHF incidence
(p-value ≤ 0.05). 

Table 2 shows that the wall construction for most of
the houses is permanent, but non-permanent houses
were statistically associated with DHF incidence (p-value
≤ 0.05), with OR 9.240. House ventilation in DHF pa-
tients was more unqualified (< 10% of floor area).
Overall ventilation in houses that did not meet the re-
quirements had a risk of DHF 7.184 times higher than
those who met the requirements (p-value ≤ 0.05).

Most house ventilation are always open in both DHF
patient and non-DHF patients’ houses, and statistically
there is no relationship between ventilation condition
and the incidence of DHF (p-value > 0.05), as shown in
Table 2. Most of the existing clean water facilities are
not self owned (51.8%), and the risk of DHF incidence
is 2.196 higher than for those with self owned clean wa-

ter facilities (p-value ≤ 0.05 OR 2.196), as shown in
Table 2.

Discussion
This study found that several house conditions were

significantly related to DHF incidence; specifically, house
lighting, water usage, wall construction, ventilation size,
and ownership of clean water facilities. This study did
not find a relationship between DHF incidence and house
size, house temperature, and ventilation condition. 

House density depends on the size of the house com-
pared to the number of occupants, so a wider house ty-
pically has a lower density. However, in this study, this
condition proved different: the wider the house, the more
family members live there, so the density of the house is
higher. This is due to a strong family culture in East Nusa
Tenggara, especially for those who live at a higher eco-
nomic level. Often those with larger houses and econom-
ic levels will be more likely to invite relatives or other
non-family members to live in his house, both to be as-
signed to look after the house or to be educated to a high-
er level of education. This causes large houses will also
have a high occupancy density because of the extended
family culture.

A higher house density makes it easier for mosquitoes
to transmit DHF between more people in the house. This

Table 1. Relationship of Home Size, Lighting, Temperature, Water Usage, and Home Distance to the Plants with
Dengue Hemorrhagic Fever Incidence in Kupang City

Variable                                       Status                 Sample (n)           Mean             SD             Min–Max           p-Value

House size (m2)                          DHF                      37 (7.4%)           54.49          17.570                16–99            0.716
                                                   Non-DHF          463 (92.6%)           55.61          18.188              20–156                     
Home lighting (luks)                   DHF                      37 (7.4%)         51.700          32.768        21.5–209.8            0.038
                                                   Non-DHF          463 (92.6%)         61.661          27.592          9.5–224.8                     
Home temperature (°C)              DHF                      37 (7.4%)         32.184            1.819          28.8–35.3            0.060
                                                   Non-DHF          463 (92.6%)         32.778            1.466          28.6–36.5                     
Water usage (liter/person/day)    DHF                      37 (7.4%)         48.632          20.868        18.5–111.1            0.004
                                                   Non-DHF          463 (92.6%)         59.971          33.088          7.3–166.7
                                                   
Notes: SD= Standard Deviation; p-Value = significant value

Table 2. Relationship between Wall Construction, Size and Condition of Ventilation, Type and Ownership of Clean Water Facility
with Dengue Hemorrhagic Fever Incidence in Kupang City

Variable                                               Category                   DHF Patients        Non-DHF Patients         p-Value          OR (95% CI)

Wall construction                                 Not permanent            17 (45.9%)                     39 (8.4%)            0.000                        9.240
                                                           Permanent                   20 (54.1%)                 424 (91.6%)                             (4.476–19.080)

Ventilation size                                    Not qualify                 30 (81.1%)                 173 (37.4%)            0.000                        7.184
                                                            Qualify                          7 (18.9%)                 290 (62.6%)                             (3.089–16.707)
Ventilation condition                           Closed                         17 (45.9%)                 153 (33.0%)            0.157                        1.722
                                                            Opened                       20 (54.1%)                 310 (67.0%)                               (0.877–3.382)
Ownership of clean water facility        Not own                     26 (70.3%)                 240 (51.8%)            0.046                        2.196
                                                            Own                            11 (29.7%)                 223 (48.2%)                               (1.060–4.549)
                                                                                                                                                       
Notes: OR= Odds Ratio; CI= Confidence Interval; DHF= Dengue Hemorrhagic Fever
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can help explain why this study in Kupang City found
that DHF incidence was related more to house density
than to house size. That is, the higher the density of the
house, the higher the risk of dengue incidence. However,
low density houses can also have a high risk of dengue
transmission. This is because even if the house density is
low, if the mobility of people at home is also low based
on more routine activities without moving from the same
position, the possibility of mosquito bites will be higher
than for those who are more active in the house. Previous
studies have also shown that the frequency of mosquitoes
biting inside a house is influenced by the activity of peo-
ple inside the house (OR 3.3). People who are less active
have a 3.3 times higher risk of being bitten by mosquitoes
than those who are active.14 And, the higher the risk of
mosquito bites, the higher the risk of dengue infection. 

This study in Kupang City also found a relationship
between home lighting and dengue incidence. This is the
same as the study in Surabaya and Depok, which also
found a relationship between lighting and DHF inci-
dence.15,16 However, it is not like the study in Banyumas
that did not find a relationship between dark rooms and
DHF incidence.17 The relationship between lighting and
the incidence of dengue can be explained by mosquitoes’
preference for darkness both inside and outdoors.
Mosquitoes need places that are not directly exposed to
sunlight to lay their eggs or to rest during their gonotrop-
ic cycles. This means that dark places will have a high
density of Aedes mosquitoes, such as in bedrooms, toi-
lets, bathrooms, kitchens, under furniture, or behind
hanging objects such as clothes and curtains.18 There
was a relationship between lighting and the existence of
Aedes larvae in water container, with the incidence of
DHF and that is also related to man hour density
(MHD).19

This study found that house temperature had no sig-
nificant relationship with DHF incidence in Kupang City.
This finding differs from a previous study in Aceh that
found a significant relationship between house tempera-
ture and dengue incidence.14 The temperature of houses
in Kupang City is not related to DHF incidence because
in this study, the house temperature between DHF and
non-DHF patient groups did not show a difference.
However, in general, the temperature in the city of
Kupang allows optimal development of the virus in
mosquitoes’ bodies. This is according to the theory that
the extrinsic incubation period of Dengue virus in
mosquito bodies can last seven days at 32°–35°C and 12
days at 30°C.

Tolerance of temperature by each mosquito is differ-
ent depending on the species and geographical location
of the mosquito; the tolerance level for those that live in
polar regions differs from that of mosquitoes that live in
the tropics. Temperature affects egg development and

blood sucking activity. The role of home temperature is
very important in every stage of mosquito development
and every stage of development requires different tem-
peratures. For example, egg hatching requires a tempera-
ture of ≥ 13°C; egg laying requires a temperature of >
22°C; the emergence from the pupae requires tempera-
tures > 18°C; and mosquito growth stops at temperatures
< 10°C or > 40°C, with the optimum temperature of
mosquito development at 25°–27°C.20 The room tempe-
rature depends on the temperature outside the house.
During the rainy season, the temperature is relatively low
and the humidity is high, and during the dry season, the
air temperature is relatively high with low humidity.21

The rate of egg development and hatching into larvae
are also influenced by water temperature.22 The role of
the temperatures described thus far is very important in
each development stage of eggs, larvae, and pupae. This
has been proven in a Banjarbaru study that found a rela-
tionship between water temperature and the presence of
larvae in water container.23 This is different from a
Makassar study  that did not find any correlation between
water temperature and the presence of larvae in water
container.24

The use of water in the city of Kupang still did not
meet minimum requirements and was therefore statisti-
cally associated with DHF incidence. For urban areas or
big cities, water use should be 200–400 liters/day/per-
son, but in Kupang City is just 48.632 liters per
person/day, which is lower than the minimum require-
ment. Water is a basic necessity for life; people need wa-
ter daily for drinking, bathing, washing, and so on. A
small water supply requires people to save on water use.
The community also has to save water for daily needs in
numerous containers that are not cleaned as often as they
should be because of the limited water supply. In turn,
this condition invites mosquitoes to lay eggs and breed in
these containers. Many of these containers are found to
have larvae, increasing mosquito density and therefore
increasing the risk of DHF transmission.

Provision of water is less likely to have an impact on
the presence of water borne disease. DHF is not included
in water borne disease, but DHF incidence is also related
to the water supply because mosquitoes lay eggs and the
development of praimago stadium takes place in water.
The lack of water supply in Kupang City causes the com-
munity to try to save water, which in turns means that
the water container is rarely cleaned and water is stored
in various water containers. Water in containers is often
stored for a long time without washing the water con-
tainers regularly at least once a week, so they are a poten-
tial place for Aedes mosquitoes to breed.

This study showed that non-permanent homes have a
9.24 times higher risk of dengue fever occurrence than
permanent homes. This is because houses that are not
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permanent are usually made of wood or a mixture of
wood and cement, and they usually have less ventilation
and lighting. As a result, rooms inside the house will be
more dark and the density of mosquitoes will higher. In
turn, this causes the possibility of a higher risk of dengue
transmission in non-permanent homes. This finding is
different from a previous study which found that house
wall conditions are not related to DHF incidence.25

This study showed that unqualified ventilation that is
less than 10% of floor size will increase the risk of getting
DHF by 7.184 compared to qualified ventilation. If ven-
tilation is not qualified, rooms remain dark and moist in-
stead of allowing air and light to exit, and mosquitoes en-
joy these conditions, so mosquitoe density will be higher.
The extent of ventilation is related to DHF incidence, and
this finding is in accordance with a study in Surabaya
that found a relationship between ventilation and DHF
incidence.15

The rainy season usually causes houses to be darker
and more, and mosquitoes favor these conditions, so dark
and humid places will tend to have a higher density of
mosquitoes than bright places with fresher air. Many
homes with plenty of ventilation were found to be keep-
ing it closed, so they are not fulfilling their role in allow-
ing air and light to circulate, causing rooms to remain
dark and moist. This study found a higher risk of dengue
incidence in areas of lower ventilation, meaning that the
more open the ventilation, the lower the risk of dengue
incidence.

Without air, there is no life. The role of ventilation is
to allow air to circulate through the house, so air circula-
tion depends on the presence of ventilation. Ventilation
also affects humidity and room temperature by being a
place of light entry.21 In addition, the ventilation areas
and conditions affect DHF incidence, so there is a need
to increase the amount or extent of ventilation and keep
the ventilation always open so that air and light can enter
the home, preventing room humidity, cooler air temper-
atures, and fresher air. These conditions contribute to a
decrease in mosquito density because mosquitoes uncat-
egorically dislike them. 

Larvae density is also high in the city of Kupang, and
this aligns with a previous study in Kupang City which
found that only 95.7% of people are taking preventive
actions against DHF by washing and drying containers;
only 90.6% by closing water containers, and only 54.7%
by burying and recycling used materials.26 It is necessary
to eliminate larvae by draining, cleaning, and brushing
water containers at least once a week without throwing
away the clean water.

Types of clean water facilities in this study included
mostly dug wells and water piping, but these did not af-
fect DHF incidence. A previous study found that clean
water facility type is related to larval density. It has also

been reported that the type of water facility is related to
the presence of larvae, with the risk of non piping 13.78
times that of what is found for larvae compared to piping
type.27 A previous study found that water piping facilities
are at low risk for larvae because the water piping flows
more routinely. In Kupang City, water often flows only
once or twice a week, so it does not meet the people’s
need for water. In response, many people use boreholes
both privately owned or buy from tank cars that operate
every day with price more expensive than water piping. 

Most clean water facilities in Kupang City are not self
owned, which means they have a 2.196 times higher risk
of contracting DHF compared to those who own clean
water facilities. As many as 70.3% of DHF sufferers do
not own their own clean water facilities, so they must get
their clean water for daily needs from a neighbor, a public
place, or even from a tank car. If sourced from a tank
car, it costs IDR 75,000 to IDR 90,000 per tank (5000
liters). The lack of clean water supply has caused people
in Kota Kupang to try to save on water use. Not only do
they often they have to buy water from tankers, but they
must also prepare large or medium-sized shelters as stor-
age areas for water or small reservoirs in large quantities. 

Understanding the difficulty of accessing clean water
and the large expense to get clean water sheds light on
why a community might seldom drain their clean water
supply over the long term and is more likely to keep the
water stores full for as long as possible, increasing the
likelihood of breeding mosquitoes and increasing the risk
of dengue. This condition will get worse because many
communities in Kupang City do not understand that
breeding sites for Aedes sp as vectors of DHF not only
include bathtubs, but also water container lids (90.6%)
and pouring temefos in water containers (88.9%).26 In
this case, both the government and the community are
responsible for preventive action. The government must
increase public access to clean water, such as by increas-
ing piped water discharge, increasing the frequency of
water flowing into people's houses, and maintaining
health promotions about the importance of always clean-
ing water containers so they do not become a mosquito
breeding place.

Conclusion
The risk factors for DHF not only include climate con-

ditions such as rainfall, humidity, and temperature, but
also house conditions as found in this study. This study
found a significant relationship between DHF incidence
and house conditions; specifically house lighting (p-value
= 0.038), water usage (p-value = 0.004), wall construc-
tion (p-value = 0.000), ventilation size (p-value = 0.000),
and ownership of clean water facilities (p-value = 0.046).
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Recommendation
Communities are advised to ventilate houses by at

least 10% of the house size and to keep the ventilation
continually open for air exchange and to allow sunlight
into the house. The government must increase the quality
and quantity of the clean water supply for the community
and promote cleaning water reservoirs routinely by
brushing containers at least once a week.
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