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Abstract

¶Most dengue infections in young children (<15 years) are asymptomatic or marginally symptomatic. A study of
schoolchildren in Thailand found only 13% of those infected missed more than one day of school because of
illness*. The importance of clinically inapparent cases as “viraemic subjects” may not be underestimated, as
inapparent cases could maintain silent transmission as observed in Tonga.** – Editor
* Burke DS, Nisalak A, Johnson DE and Scott RM. A prospective study of dengue infections in Bangkok. Am J Trop Med Hyg, 1988, 38(1): 172-180.
** Gubler DJ, Reed D, Rosen L and Hitchcock JR Jr. Epidemiologic, clinical and virologic observations on dengue in the Kingdom of Tonga. Am J Trop
Med Hyg, 1978, 27(3): 581-589.

sthammapalo@hotmail.com

To evaluate the occurrence of dengue cases at home and at school, a case-control study was carried
out at Songkhla, southern Thailand, during October – December 2001. The dengue haemorrhagic
fever cases were inpatients having clinical manifestation fulfilling the criteria of the World Health
Organization, with positive serological results by ELISA. The controls were inpatient fever cases diagnosed
as due to other infections and matched by age with each case. Overall, 98 cases and 174 controls were
recruited. Data were collected by interviews, home and school visits and by investigating environmental
factors related to dengue transmission. The results revealed that DF/DHF cases were more likely to live
in a shophouse (odds ratio=2.77; 95% CI, 1.26–5.88), have discarded containers around the house
(odds ratio=1.76; 95% CI, 1.01–3.05) and have a neighbour diagnosed to be DF/DHF case in the past
month (odds ratio=2.39; 95% CI, 1.24–4.58). Schools with DF/DHF cases were more likely to have
water jars and tanks (odds ratio=2.30; 95%; CI, 1.16–4.56) but the presence of previous cases in the
classroom was not different from the controls (odds ratio=0.32; 95% CI, 0.78–2.12). It was concluded
that the spread of DF/DHF from a case to his/her neighbours was more likely to take place at home
rather than at school because of the absence of febrile viraemic students. However, water containers at
school have the potential for the transmission.
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Introduction

Dengue fever/dengue haemorrhagic fever (DF/
DHF) is an important vector-borne disease. Its
transmission involves the dengue virus, with
Aedes mosquitoes and humans as hosts. The

female mosquito takes a blood meal for egg
development, getting infected by feeding on
human blood with the dengue virus. As a day-
biting species, Aedes aegypti females are
frequently interrupted during feeding and may
feed on several persons during each
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gonotrophic cycle. Consequently, the host
receives the dengue virus from the infected
mosquito. A previous study has demonstrated
that the mosquito’s dispersal for oviposition was
related with the propagation of the disease and
its multiple feeding in a single gonotrophic cycle
may enhance dengue transmission[1-4].

Schools are considered to pose a high risk
of transmission because around there are
potential breeding containers for Aedes
mosquitoes and an aggregation of students
during daytime, the prime biting time of Aedes
mosquitoes. Moreover, young schoolchildren
(5–14 years old) are known to have the highest
attack rate of DF/DHF[5]. The DF/DHF control
programme lays more emphasis on the control
of breeding sites in schools rather than in
households, partly due to the ease of
implementation. However, there does not exist
any documentation demonstrating the
comparative risk of DF/DHF transmission in
schools.

The knowledge about the site of
transmission helps in proper planning of
interventions to prevent transmission.
Therefore, this study aimed to document
whether DF/DHF cases in children were
preceded by cases among their neighbours or
schoolmates. Contributory environmental
factors for transmission at home and at school
were also evaluated.

Materials and Methods

Study setting

The study design was a case-control study.
While most case-control studies compare
exposure history among cases and controls to
test the association of a single hypothesis or
explore a series of risk factors, the present study
focused on a comparison of two risk factors:

exposure to infection of DF/DHF at school and
at home. Both cases and controls were
recruited and initially interviewed at Songkhla
Hospital (320 beds) during October–December
2001. The residence of the subjects involved
in this study and the fieldwork were confined
to two districts of Songkhla province: Muang
and Singhanakorn. Muang district is an urban
area (2001 mid-year population: 161 954),
whereas Singhanakorn district is a sub-urban
(2001 mid-year population: 76 692) bordering
Muang district. The reasons for choosing these
two study sites were: (i) the attack rates of
DF/DHF in Muang district were 357.94/
100 000 and 175.04/100 000 population
during the outbreaks of 1998 and 2001
respectively. The same figures for Singhanakorn
district were 491.97/100 000 and 251.02/
100 000 population for 1998 and 2001
respectively; and (ii) most of the patients from
these two localities usually sought medical care
and services at Songkhla Hospital because of
geographical proximity and transportation
convenience.

Methods and materials

To ascertain the suspected cases, all children
who visited the hospital with fever were
examined and diagnosed by paediatricians as
per WHO case definition criteria[6]. The clinical
criteria for diagnosis of DHF included at least
two out of four manifestations: acute onset of
fever, haemorrhagic evidence (at least a positive
tourniquet test), hepatomegaly and shock. The
laboratory criteria included at least one of the
two factors: thrombocytopenia (platelet count
less than 100 000 cell/mm3 and haemo-
concentration (a rise in haematocrit of at least
20%). The inclusion criteria were: age between
3 to 14 years, being a student in school, and
residing in Muang or Singhanakorn districts. All
potential cases needed serological
confirmation.
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The potential controls were consecutively
selected from those who were diagnosed as
fever cases due to other non-dengue infections.
Each control was matched with a case by age
(±3 years).

Two blood specimens were drawn from
each potential as well as control case using
Nobuto’s paper technique. The first specimen
was obtained on the first day of the diagnosis
and the other on a follow-up day (within seven
days following discharge). All specimens were
examined to detect dengue virus antigen using
enzyme-linked immunosorbent assay (ELISA)
at the Center of Medical Science, Region 11,
Trang province. A fourfold rise of antibody was
the criterion to confirm a dengue case. Cases
which were clinically compatible with DHF
but whose second serological test was not
available were dropped from the study.
However, if the second test showed a less
than fourfold rise, they were reclassified as
controls. Conversely, controls whose
serological tests showed a fourfold rise were
reclassified as dengue cases.

Data collection

The study was approved by the Ethics
Committee of Prince of Songkhla University.
After informed consent, both cases and controls
were initially interviewed at hospital using the
same structured questionnaire by well-trained
health personnel from the Office of Vector-
Borne Disease Control, Region 4. With prior
appointment and within 7 days after discharge
from the hospital, a health personnel team
visited the subjects’ homes and school. A
systematic gentle inspection of environmental
factors in the house such as house type, type of
drinking water and washing water, presence of
window screens, air-conditioning, water
drainage, discarded containers, tyres and water
jars was made. A local health volunteer was
trained and employed to interview neighbouring

households for DF/DHF cases within 100 metres
of the index (case or control) house during the
one-month period preceding the diagnosis of
the index case. At school, environmental factors
such as location of classroom and similar data
on items as undertaken in house inspections
were observed. The teachers of each case’s or
control’s classroom and of two adjacent
classrooms were interviewed to determine if
there had been any students with symptoms
suspected to be DF/DHF in the month
preceding the index case. Only the same and
two adjacent classrooms were chosen because
of the availability of more numbers of children
in classrooms as the mosquito would have
greater probability of getting the next blood meal
from these rather than the far-away classrooms.
The suspected students were interviewed.
Information on previous suspected cases in
neighbouring households or schoolmates was
validated against the medical records at the
hospital. A case definition of the previous DF/
DHF cases based on clinical and laboratory
findings that fulfil WHO criteria, but no
serological confirmation, was made.

Data analysis

Descriptive statistics were used for initial
comparison of case and control. Unconditional
univariate and multiple logistic regression were
performed using STATA version 7.0[7] to test
the final hypothesis.

Results
Initially, a total 160 potential cases and 160
potential controls were recruited. After
serological tests, 98 potential cases were
confirmed, 48 possible dengue cases without
second laboratory confirmation were dropped,
and 14 potential cases with negative results
were reclassified to be controls. All 160
potential controls were confirmed by negative
serological test. The control pool was added
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with 14 potential cases whose serological tests
were negative. Finally, we ended up with 98
cases and 174 controls.

Of the 98 dengue cases, 45 were males
and 53 females, and the mean age ±SD was
7.6±2.9 years. Among 174 controls, 89 were
males and 85 females, with the mean age ±SD
7.3±2.7 years.

Table 1 shows the results of univariate
analysis of environmental factors at the house.
‘Previous DF/DHF cases in neighbouring
house’ was the variable with the strongest
significant relationship with DHF incidence.
Other ‘house factors’ such as type of housing,
drinking bottled water, presence of drainage
and discarded containers in the house were
not statistically significant. In Table 2, which
shows the results of univariate analysis of
potential factors in the school, only ‘presence
of water jars and tanks in school’ was a
significant factor related to DHF. ‘Previous DF/
DHF cases in neither the same classroom’ nor
adjacent classrooms was significantly related
to DHF occurrence.

Table 3 shows the best fitting multiple
logistic regression model. Three factors in the
model are house factors, namely, house type,
presence of discarded containers and previous
DF/DHF cases in neighbouring house. Among
all types of houses, traditional houses had the
lowest risk while shophouses (houses in a row
connected to one another by a common
walking path) had the highest one. Children
living in a house with discarded containers had
odds which was 1.76 times higher than those
living in a house without them. The occurrence
of a DHF case in a neighbouring house in the
preceding month increased the odds of a child
developing DHF 2.39 times. Among school
factors, only the presence of water jars/tanks
in the school independently increased the odds
of DHF 3.5 times.

Discussion

This study demonstrated that DHF cases in
this series were more likely to have been
exposed to a preceding case among
neighbours more than the controls. The
likelihood of these being a precedent case at
school was not different between the two
groups of subjects. Environmental factors at
home and school included living in a
shophouse, presence of discarded containers
in the house and presence of water jars and
tanks in the school.

The finding that the presence of dengue
cases in a neighbouring house was a strong
risk factor for dengue transmission has been
repeatedly reported in previous studies such
as in Taiwan[8], Puerto Rico[9], Mexico[10] and
Australia[11]. However, none of those studies
focused on the possibility of transmission at
school. We demonstrated that previous cases
in the same classroom or adjacent classroom(s)
had no significant association, suggesting that
the transmission at school in the study area
was probably not a serious problem. A possible
explanation could be that students who were
sick from DHF were likely to be absent from
school during the febrile period when the
subject was most viraemic[12]. These viraemic
children who stayed at home had greater
chances of infecting the mosquitoes which
then transmitted the virus to the susceptible
neighbour.

Although the previous DF/DHF cases in
neighbouring households and schoolmates
were mainly defined on the basis of the
clinical criteria of WHO, the previous study
showed that WHO criteria has high sensitivity
(96.8%) and specificity (90–100%), compared
to serological information[13,14]. Thus, the
accuracy of diagnosis of previous cases should
be considered reliable.
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Table 1. Univariate logistic regression for factors in house
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Table 2. Univariate logistic regression for factors in school
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Table 3. Best fitting model from multiple logistic regression for risk factors of DHF cases

The presence of water jars and tanks was a
significant risk factor at school. Most of the jars
and tanks at school were of large size, with the
opening 3–4 metres above the ground. A
previous study showed that the percentage of
big jars with larvae was 32.3% and that of cement
tanks was 4%, while the infestation of larvae in
small jars was 63.7%[15]. However, given that a
big jar/tank has a large volume, it may
accommodate a large number of larvae which
escape inspection due to the high opening.
Nevertheless, the lack of evidence of local
transmission at school contradicts the hypothesis
‘the school acting as an important breeding
place’. If a big jar/tank is not an important
breeding place of Aedes larvae at school, another
plausible explanation is its attractant role to the
gravid Aedes mosquitoes. It is common to find
these adult mosquitoes in school when there is
no breeding place (personal experience).
Having big jars/tanks at school may attract gravid
Aedes mosquitoes, increasing the infective
mosquito pool and the risk of infection at school
even without a preceding case.

The type of housing may influence dengue
transmission by producing breeding places and
enhancing or protecting human-mosquito
contact[8]. In our study area, most houses had
doors and windows which remained open all
daytime and the inside was relatively dark. This
can be a preferable resting place for adult Aedes
mosquitoes[16,17]. Moreover, these houses
provide easy access to humans with little barrier.

Discarded containers in a house might play
a role as potential breeding sites. A previous
study reported that discarded containers
contained plenty of organic matter and
subsequently tended to produce large adult
Aedes mosquitoes which had faster
development and better survival[18]. Studies in
Taiwan, Puerto Rico and Australia confirmed that
the presence of discarded items was associated
with outbreak occurrence[19-21]. In addition,
according to the bionomics of Aedes mosquito,
dispersal is usually confined to the area around
potential breeding sites. After laying eggs, the
female mosquito would take blood meal for the
next gonotrophic cycle in that area[22]. Thus,

**Likelihood ratio test
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children living in houses with those containers
have a high risk of being bitten by mosquitoes.

Our study demonstrated that transmission
from symptomatic cases to neighbours is more
likely to occur at home than at school. More
intensive measures to prevent the outbreak
should be emphasized at home level. The
breeding places, especially discarded
containers, should be properly removed. All
febrile cases should sleep under a mosquito
net or in a screened room to reduce
transmission at home. At school, the role of
water jars and tanks as a risk factor implies a
need for more effective vector control in these
types of containers.
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