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Abstract
In November 1998, the largest officially-documented dengue haemorrhagic fever (DHF)
epidemic since 1943 occurred in Taiwan. This epidemic resulted in more than 110 dengue
fever (DF) cases and at least 36 DHF cases. A case-control study was conducted to explore
the risk factors of dengue infection. Thirty-four cases and 68 matched controlled cases were
included for statistical analysis. After further adjusting the confounders and intra-household
correlation by random effect model, three distinctive risk factors were identified. These were:
the presence of empty houses, spare tyres, neighbourhood ponds or temples (OR=3.17, 95%
CI: 0.95-10.63) which was first identified in the papers, water containers with covers in the
house (OR=5.77, 95% CI=1.08-30.8), and screened windows and doors (OR=0.71, 95%
CI=0.32-0.89). Control measures were aimed at these risk factors and the epidemic subsided
in January 1999 when the last dengue case was reported.
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Introduction
The dengue virus infection is the most
common
arthropod-borne
disease
worldwide, with an increasing incidence in
the tropical regions of the Americas and

Asia, including Taiwan. The spectrum of
dengue diseases ranges from the febrile flulike illness, DF, to the severe forms of DHF
and dengue shock syndrome (DSS) with high
morbidity and mortality. The virus is
primarily transmitted by mosquitoes, Aedes

1 For correspondence: a1234567@ccms.ntu.edu.tw
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aegypti and Aedes albopictus. It is estimated
that around 100 million cases of DF occur
worldwide and over 200,000 DHF/DSS
cases are reported to the World Health
Organization (WHO) every year(1-4).

correlation of the clustered data collected
after our outbreak investigation.

Following a nearly 40-year silence of
dengue epidemic since 1942-43, the dengue
virus serotype 2 (DEN-2) was introduced
into Hsiao-Liu-Chiu, an islet off southern
Taiwan in 1981, which caused over 1,700
dengue cases(5). Since then, different sizes of
outbreaks have been reported from different
locations in Taiwan. The Department of
Health established several surveillance
systems to detect dengue patients, including
doing active and passive surveillance. In
1998, Tainan, an urbanized city in southern
Taiwan, exploded with the largest epidemic
of DHF in Taiwan in the last 30 years. This
epidemic resulted in more than 110 DF
cases and at least 36 DHF cases. A casecontrol study was conducted to investigate
the predisposing factors for the risk factors
for the infection.

Study populations

Many epidemiological studies of
dengue epidemics have focused on using a
statistical method of logistic regression for
independent measures on cases and
controls. However, dengue cases usually
cluster in certain local areas, and this type of
clustering reflects common environment in
the sampling block or other unknown
factors. A unique feature of those clustering
dengue cases was that they exhibited intracluster
and
inter-cluster
correlation.
Therefore, we used the random effect model
with the generalized estimation equation
(GEE) approach developed by Liang and
Zeger (1986) (6) to analyse the possible
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Materials and methods
Tainan city is located in tropical southern
Taiwan. Our study populations involved
laboratory-confirmed dengue cases. The
case group recruited at least one confirmed
dengue case within one house unit while the
control group recruited local residents who
were both dengue-IgM sero-negative and
without febrile illness, within one month of
our interview during the epidemic period.
This neighbourhood control group selected
those who lived in different lings (the official
name of sub-district area) from the cases but
in the same li (the official district covering
areas larger than ling). One case was
matched with two neighbourhood controls.
If the possible source(s) of infection for cases
were judged from the working or school
sites, the controls were then also selected
from the same ling of the working or school
sites of the cases.

Household interview and
environmental inspection
All cases and controls were interviewed
blindly by the interviewer, and standardized
on the appraisal of environmental conditions
such as vector-breeding sites, screens and
sanitary conditions in the subjects’ living
places, including markets, open sewers or
ditches within 50 metres. The questionnaire
was designed as structured and pre-tested.
The variables in the questionnaire included
general demographical characteristics, past
47
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or present existence of mosquito-breeding
sites on the premises (including waterstorage tanks, flower vases, tin cans,
containers, unused tyres, flower vases, water
trays of the refrigerator), use of screens on
windows and doors, types of screen, travel
history, presence of pets, indoor spray of

insecticides, use of traps or mosquito coils,
size of household, type of housing and
population density in each house. Both the
medical history and blood samples were
taken from all family members in each
household.

Table 1. Univariate analysis of dengue virus infection by predisposing risk factors in case and control
groups in 1998 in Tainan, Taiwan
Risk Factors

Empty house, spared tyres, pond or
temple around
Yes
No
Water containers around the house
Yes
No
Water containers without covers
around the house
Yes
No
Planting at backyard
Yes
No
Planting with plates at backyard
Yes
No
Water containers inside house
Yes
No
Water containers with covers inside
the house
Yes
No
Discarded trash
Yes
No
Refrigerator with plates
Yes
No
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Cases

Controls

Odds Ratios

95% Confidence
Intervals

24
10

37
31

2.011

0.835-4.841

7
26

27
41

0.409

0.156-1.074

0.373

0.127-1.098

5
28

22
46

21
13

47
21

0.722

0.305-1.709

1
32

7
61

0.272

0.032-2.311

11
23

18
50

1.329

0.541-3.261

19
15

40
28

0.887

0.386-2.037

15
19

34
34

0.789

0.345-1.805

6
27

21
47

0.497

0.179-1.384
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Laboratory diagnosis
Acute-phase serum samples were collected
from patients within seven days after the
onset of fever and stored in –70oC freezer
for reverse transcriptase-polymerase chain
reaction (RT-PCR) and virus isolation(7). If the
results were negative, the convalescent
serum was withdrawn for antibody
confirmation by the dengue virus specific
IgM-ELISA method(8).

Statistical analysis
Data were entered in Epi-Info 6.0 and
double validated. For better correlation
analysis, a household was used as the
analysis unit. Dengue cases which flocked
together were classified as a cluster, and
seven clusters in total were determined
because each cluster potentially shared the
same environmental factors attributed to the
transmission of dengue virus. The odds ratio
and 95 per cent confidence interval were
calculated by univariate analysis. The
random effect model with GEE was used for
adjusting the confounders by using the
statistical analysis system computer package
(SAS release 6.12). For hypothesis testing, a
α-level of 0.05 was chosen.

Results
Of the 141 confirmed dengue cases, 81
cases agreed to participate and were
interviewed. However, some of them were
from the same household or no compatible
controls were found. Therefore, 34 cases in
total were included for data analysis. None
of these cases had travelled abroad during
the year of the epidemic, nor had they been
diagnosed as dengue patients before. Sixtyeight geographically-matched and selected
neighbourhood controls were interviewed
for analysis.
Dengue Bulletin – Vol 24, 2000

Table 2. Univariate analysis of dengue virus
infection by predisposing protective factors
in case and control groups in 1998
in Tainan, Taiwan
Protective
Factors

Screened
windows
Yes
No
Screened doors
Yes
No
Screened
Windows and
doors
Yes
No
Use mosquito
coil, insecticide,
repellent or
sleeping net
Yes
No

Odds
ratio

95% confidence
interval

41
27

0.89

0.56-1.34

16
18

33
35

0.77

0.61-1.28

22
12

46
23

0.85

0.64-1.19

18
16

49
19

0.436 0.185-1.028

Case

Control

18
16

The univariate analysis showed that the
risk of contracting dengue virus infection was
not associated with factors such as empty
house, spared tyres, presence of a pond or a
temple around the house or water
containers in or around the house, water
containers with or without lid, planting at
the backyard with or without water plates,
discarded trash, presence of water plates at
the bottom of refrigerators, and the size and
number of residents in each house (Table 1).
In other words, all those major predisposing
risk factors were found to be not statistically
significantly associated with the dengue virus
infection in l998 in Tainan. On the other
hand, protective factors such as screened
doors, screened windows or the use of
mosquito coils, insecticides, mosquito
repellents or sleeping nets were also not
significantly associated with the dengue virus
infection (Table 2).
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Table 3. Multivariate analysis of dengue virus
infection by random effect model in case and
control groups in 1998 in Tainan, Taiwan
Coefficient

INTERCPT
With empty
house,
spared tire,
pond or
temple
around
Use
mosquito
coil,
insecticide,
repellent or
sleeping net
Water
containers
around the
house
Water
containers in
the house
and with
covers
Discarded
trash
Water
containers
around the
house and
without
covers
Screened
Windows
and doors
Doors open
frequently
a

-0.6273
1.1544

Standard
deviation

OR (95%CI)a

0.7434
0.6168 3.17(0.95-10.63)*

Discussion
-0.7794

0.6145

0.46 (0.14-1.53)

0.4926

0.6585

1.64 (0.45-5.95)

1.7534

0.8542 5.77 (1.08-30.8)*

0.2208

0.4619

1.25(0.5-3.1)

0.3164

0.4225

1.37(0.6-3.14)

-0.3436

0.1143 0.71(0.32-0.89)*

0.0903

0.0709

1.09(0.95-1.26)

CI: confidence interval

*p<0.05 with statistical significance

After further adjusting for confounders
by multivariate analysis of the random effect
model, we found that the presence of empty
house, spared tyres, neighbourhood pond or
temple odds ratio (OR) = 3.17, 95%
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confidence interval (CI: 0.95-10.63), water
containers with covers in the house (OR=
5.77,95% CI = 1.08-30.8) and screened
windows and doors (OR = 0.71, 95% CI =
0.32-0.89) were statistically significantly
associated with dengue infection (Table 3).

The risk factors of the dengue virus infection
that had been documented previously were
wooden housing, absence of screens on
windows or doors, existence of mosquito
breeding sites on the premises, and presence
of domestic animals(9-13). Our case-control
study demonstrated that the three major
risk/protective
factors
associated
with
contracting the dengue virus infection were:
(1) empty containers in the house; (2) empty
houses or ponds around the dwelling; and
(3) screen on both windows and doors.
Since dengue virus is primarily transmitted
by mosquitoes, empty containers serve as
the best breeding places close to local
residents in epidemic areas. On the other
hand, screened windows and doors acted as
protective shields when the mosquito tried
to fly into the house from outside. Therefore,
these two factors were consistent with
previous findings(10-13). In addition, we first
identified the emergent factor (our third
factor) of empty houses or ponds around
living premises which were associated with
the dengue virus infection in Tainan [odds
ratio = 3.17 (95%CI: 0.95-10.63)]. In fact,
Tainan city is an old city with many old
buildings, many of them being empty. Those
old buildings which were filled up with trash
provided the best breeding sites for
mosquitoes and usually were neglected by
public
health
practitioners
and
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environmental
inspectors.
Therefore,
mosquito density around empty houses
should also be monitored for better
prevention and control of dengue.
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