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INTRODUCTION

Dengue fever/dengue hemorrhagic fever
(DF/DHF) is found in tropical and sub-tropical
regions around the world, predominantly in ur-
ban and semi-urban areas. The viruses which
cause DF and DHF belong to the fami ly
Flaviviridae, genus Flavivirus. There are four se-
rotypes of dengue viruses, designated DEN-1,-
2,-3 and -4; the major vector is Aedes aegypti

(WHO, 1993, 1999a,b). In 1954, the first out-
break of DF occurred in Southeast Asia, the first
place it occurred in was the Philippines in 1956;
the second outbreak also occurred in the Phil-
ippines (WHO, 1993). The outbreak in 1958 was
the largest epidemic, stimulating the government
and people to be concerned about this prob-
lem. After that, dengue outbreaks occurred in
other countries of Southeast Asia, including Thai-
land. Thailand had the first outbreak in Bangkok-
Thonburi in 1958. In both the Thailand and Phil-
ippines outbreaks, most of the patients were
children under ten years old. After the first out-
break of DF in Southeast Asia, an epidemic oc-
curred every year in the Philippines, Thailand,
Myanmar, Malaysia, Singapore, Indonesia and
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Abstract. A hospital based case-control study was conducted from October 2002 to November
2003 among children aged 0-14 years at Queen Sirikit National Institute of Child Health (Children’s
Hospital), Bangkok, Thailand. This study focused on body size and severity of dengue hemorrhagic
fever (DHF) in children. One hundred five patients diagnosed as having DHF grade III or IV were the
cases and 105 diagnosed as having DHF grade I or II were controls. They were matched at a ratio of
1:1 by their gender and age (within 5 years). Normal growth charts were used to differentiate child
body size into normal, thin and obese. Data were collected using face to face interviews with
caregivers, questionnaires, laboratory and physical examination reports as research tools. Multiple
logistic regression analysis revealed that only two variables were related to severity of DHF: obesity
(OR = 3.00, 95 % CI = 1.20-7.48) and dengue virus type II (OR = 4.94, 95 % CI = 2.57-9.47),
respectively. Other variables were childhood factors: duration of breast-feeding, education, and parity;
caregivers factors: age, gender, marital status, education, occupation, family income, knowledge of
DHF, antipyretic type, treatment before hospitalization, and duration of fever; environmental factors:
history of DHF patients in house, house pattern, time from house to hospital, and residence; and
etiological factors: type of infection and history of DHF among children. These factors showed no
significant association (p>0.05). This result can be utilized in a preventive and control program,
particularly in more aggressive management of overweight children. Health personnel should con-
tinue to provide health education, particularly, signs and symptoms of shock, to the community and
private sectors. Government and Non-Government Protective Projects in primary schools (5-9 years
children) should be continued in the high risk groups.
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Vietnam, The number of cases in Thailand in-
creased for 45 years. In 1960 the morbidity rate
was 7 per 100,000 population. In 2001 the mor-
bidity rate was 224 per 100,000 population. In
2002 the morbidity rate was 185 per 100,000
population. Even though this was less than in
2001, it is still high. These data indicate the den-
gue control program in Thailand has not succeed.
The trend in dengue mortality has decreased con-
tinuously from 10 % during the first outbreak in
1958 to 0.08% in 2004 (Kalayanarooj, 2004).
During the past five years (2000-2004), the 5-9
years age group had the highest morbidity, the
next was the 10-14 years old group. Even though
the mortality rate has decreased compared to
the past (1958), the incidence is still high. The
death to case ratio is high compared to the past,
particularly in remote areas which lack health
care centers or medical doctors. Nearly univer-
sal anecdotal clinical observations show that
DHF/DSS is rarely seen in children with protein
energy malnutrition (PEM). Studies of DHF
(Thisayakorn and Nimmanitya, 1993; Kowsathit
and Chantarojsiri, 2000) found that DHF oc-
curred more frequently in obese children. This
study investigated the factors, especially body
size, involved in the severity of DHF in children
(0-14 years), in an attempt to reduce the mor-
tality due to DHF in children.

The study evaluated the effects of the fol-
lowing factors on the severity of DF/DHF: child-
hood factors: duration of breast-feeding, edu-
cation, and parity; caregivers factors: age, gen-
der, education, occupation, family income, body
temperature reduction method, treatment before
hospitalization, duration of fever before hospi-
talization and knowledge of DHF; environmental
factors: history of DHF patient in the house,
house pattern, time from house to hospital and
residential area; and etiological factors: type of
dengue virus, type of infection and history of DHF
associated with the severity of DHF in children
of various body sizes.

MATERIALS AND METHODS

A hospital based case-control study was
conducted among children age 0-14 years old
admitted to Queen Sirikit National Institute of

Child Health, Bangkok between October 1, 2002
and November 30, 2003.

The cases were the DHF patients, grades
III or IV diagnosed by the attending physicians
from clinical and laboratory finding according to
WHO classification (WHO, 1999a). They were
randomly selected based on specific inclusion
criteria of age, gender and willingness to enroll
in the study. There were 105 cases.

The controls were DHF patients, grade I or
II diagnosed using WHO classification (WHO,
1999a). They were randomly selected using  the
same criteria, as cases. There were 105 con-
trols. They were matched at a ratio of 1:1 by
gender and age (within 5 years).

Exclusion criteria

The patients were excluded if the final di-
agnosis by the physician was DF or viral infec-
tion, or there was no data for weights and
heights. The sample size was calculated using
the formula of Lemeshow et al (1990):

n =

When  Zα/2 = 1.96  at α = 0.05, Zβ = 1.28 at
β = 0.10, P1 = proportion of overweight among
cases as 0.66, P0 = proportion of overweight
among controls as 0.43. An adequate sample
size was at least 97 for each group. The data
were collected from the medical records and
questionnaires. The questionnaires were pre-
tested among 30 caregivers. The reliability of the
questionnaire on DHF knowledge was 0.66 (KR-
20). Factors of interest were gathered by
caregiver interview. Medical records were col-
lected after caregivers gave informed consent.
Knowledge of caregivers meant a knowledge of
DHF (signs and symptoms, signs of shock), first
care before hospitalization, vectors and trans-
mission, prevention and control. Knowledge lev-
els were classified by low level (score less than
group mean) and high level (score equal or higher
than group mean).

Definition of variables

Caregivers who often take care of children:
father, mother, grandfather, grandmother, aunt,
uncle, baby-sitter, etc.
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Body size or nutritional status which is de-
fined by a normal growth chart using weight for
age and weight for height scales and catego-
rized into three groups as follows: normal (mean
±1.5 SD); malnutrition or thin (1.5 SD below
mean or lower); obese (1.5 SD above mean or
greater) (Kittigul et al, 2003).

Type of dengue virus identified by hemag-
glutination inhibition (HI) test from patient blood.

Type of infection, in which primary infec-
tion is the first infection, and secondary infec-
tion means the patient has previously been in-
fected with at least one serotype of dengue vi-
rus before this recent infection. The data were
collected from laboratory.

Grading severity for dengue hemorrhagic fever

DHF is classified into four grades of sever-
ity, where grades III and IV are considered to be
DSS. The presence of thrombocytopenia with
concurrent hemoconcentration is difined as
grades I and II DHF.

Grade I. Fever accompanied by non-specific
constitutional symptoms; the only hemorrhagic
manifestation is a positive tourniquet test and/
or easy bruising.

Grade II. Spontaneous bleeding in addition to
the manifestations of Grade I, usually in the form
of skin or other hemorrhages.

Grade III. Circulatory failure manifested by a
rapid, weak pulse and narrowing of pulse pres-
sure or hypotension, with the presence of cold,
clammy skin and restlessness.

Grade IV. Profound shock with undetectable
blood pressure and pulse (WHO, 1999 a).

Data analysis

Chi-square test and t-test were utilized to
compare general characteristics between cases
and controls. Odds ratio (OR) and 95% confi-
dence intervals for OR were performed to de-
fine each associated factor’s relationship with
DHF. Multiple logistic regression was used to
define the associated factors after adjusting for
confounding factors.

RESULTS

General characteristics of children

The largest age range for both group was

5-9 years (50.0%). Most had normal body weight
(59.6%). The numbers of those with grades III
and II DHF were 37.6% and 34.3%, respectively.
Most of those under age 5 had been breast-fed
(97.1%). The average length of breast-feeding
was three months (54.6%). The majority of them
studied in primary school (60.5%) and were the
first or second child (57.1% and 36.4%, respec-
tively). Most did not have a previous history of
DHF (88.6%). Seventy-six of them lived in
Bangkok.

General characteristics of caregivers

The majority age of caregivers were 35-44
years old (45.7%). Eighty-seven percent were
female, married (85.7%), mothers (74.3%), had
a primary school education (52.9%), were em-
ployees/labors (49.5%), had a family income
5,000 -10,000 baht/month (36.2%), or 10,001-
20,000 baht/month (32.9%).

Knowledge and practice of caregivers

The majority of caregivers 68.1% had a high
knowledge level. Most used tepid sponge and
paracetamol (50.0% and 46.9%) for reducing
fever. When their children got sick, they first took
them to a clinic before going to the hospitals
(38.6%). The secondary most common choice
was to take them to a government hospital. Most
(63.8%) had a duration of fever of 3-4 days be-
fore hospitalization.

Comparison of the knowledge of caregivers

The majority of caregivers (53.3%) in the
cases had a high knowledge level, unlike the con-
trols, they had a low knowledge level (62.9 %)
which was statistically significant (p = 0.018). Most
caregivers had a low knowledge level of the signs
of shock for both the cases and controls (77.1%
and 94.3%, respectively). The majority of subjects
had no history of DHF (85.7% of cases, and
91.4% of controls).There was no significant dif-
ference in having a history of DHF between the
cases and controls (p=0.193). There was a sig-
nificant difference between the type of dengue
virus between the cases and controls (p=0.001).
Most cases (54.3%) had DEN-2 virus and most
controls (64.7%) had DEN-1 (Table 1).

The associated factors and severity of DHF

Univariate analysis was conducted on po-
tential risk factors and their association with the
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severity of DHF. The patients who had obesity
were at increased risk for more severe DHF (OR
= 2.77, 95 %CI 1.19 - 6.45) compared to those
at normal weight. The caregivers of the cases
had a higher level of knowledge about DHF than
controls (OR = 1.93, 95 %CI 1.11 - 3.36). The
patients whose (PCR) test showed DEN-2 had
a higher risk for more severe DHF than those
with DEN-1, -3 or -4 (OR = 4.75, 95 %CI 2.53 -
8.92).

Unconditional multiple logistic regression
was provided by controlling for the effects of
weight, knowledge of caregivers regarding DHF,
type of dengue virus, age and gender of
caregivers. After controlling for the confounding
factors, there were 3 risk factors found: body
size, knowledge of caregivers regarding DHF and
type of dengue virus (Table 2).

DISCUSSION

Weight was defined by a normal growth
chart using height for age and weight for height
scales and categorized into three groups: nor-
mal, underweight and overweight. The study
subjects who were overweight on the weight-
for-height scale by more than +1.5 SD were 2.77
times more likely to develop more  severe DHF
(OR = 2.77, 95%CI 1.19-6.45 ) than those at
normal weight. After adjusting for variables by
multiple logistic regression analysis, this was still

significant (OR = 3.00, 95%CI 1.20-7.48). These
findings suggest a direct correlation between
increasingly being overweight and the severity
of DHF, which agrees with Halstead (1980) who
found that DSS is rarely seen in clinically-mal-
nourished children. Thisayakorn and Nimmanitya
(1993) reported rare finding of DHF in undernour-
ished children.

The major pathophysiologic hallmarks of
DHF/DSS are abnormal hemostasis and in-
creased vascular permeability, leading to plasma
leakage. A critical loss of plasma leads to hypo-
volemic shock and death (WHO, 1999a). The
synergy between malnutrition and infection is
well recognized (Thisayakorn and Nimmanitya,
1993). The development of DF/DHF depends on
the host immune response. Malnourished chil-
dren have less severe DHF/DSS because they
have a decreased cellular immune response
(Halstead, 1997). Obese children are expected
to have a stronger immune response than mal-
nourished children so they are at higher risk of
developing DF/DHF.

Most caregivers knew that DHF is a disease
transmitted by mosquito bite and occurs in chil-
dren. The most common mosquito breeding
places are water containers and reservoirs.
Paracetamol is the first drug of choice. Using a
tepid sponge to reduce fever was also well
known. There was no significant difference be-

Etiological factors p-valuea

Number Percentage Number Percentage

Type of dengue virus
     DEN-1 34 32.4 68 64.7 0.001b

     DEN-2 57 54.3 24 22.9
     DEN-3   8   7.6   6   5.7
     DEN-4   6   5.7   7   6.7
Type of infection
     Primary 10   9.5 12 11.4 0.652
     Secondary 95 90.5 93 88.6
History of DHF
     Yes 15 14.3   9   8.6 0.193
     No 90 85.7 96 91.4

aPearson’s chi-square test.  bSignificant at p-value < 0.05

Table 1
Comparison of etiological factors between cases and controls.

Cases Controls
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tween the knowledge of caregivers in the two
groups after controlling for other variables.

Many studies have suggested that the
knowledge level of caregivers is an important
factor in the severity of DHF. However, this study
found that the caregivers in the cases had a
better knowledge than the controls. This may
be because their children were admitted to the
hospital. This gave them the opportunity to ob-
tain knowledge regarding DHF and the signs and
symptoms of shock (Kittigul et al, 2003).

Many previous studies have found that DHF
is more severe when there has been a prior DHF
infection (Sangkawibha et al, 1984; Rodriguez-
Figueroa et al, 1995; Kalayanarooj et al, 2004;
Wichmann et al, 2004). One study conducted
on 3,185 children in Rayong Province in 1980
found the risk factor for DSS in Rayong Prov-
ince was a secondary infection with DEN-2, and
a primary infection with DEN-1, DEN-3 or DEN-
4 (Sangkawibha et al, 1984). Most of the samples
in both cases and controls (90.5% and 88.6 %,
respectively) had a prior infection with dengue
virus. Only DEN-2 was found to be significantly
associated with the severity of DHF. Many re-
searchers have suggested that the type of den-
gue virus is an important factor in the severity of
DHF (Sangkawibha et al, 1984; Thein et al, 1997;

Vaughn et al, 2000; Nisalak et al, 2003). Nisalak
et al (2003) found that DEN-2 caused a more
severe form due to the presence of heterotypic
dengue antibody, rather than immunologic prim-
ing of cellular or T-cell immunity.

In conclusion, the 2 main purposes of this
study was to determine the factors associated
with the severity of DHF among children aged
0-14 years, and to evaluate relationships among
these risk factors. DEN-2 had a significant as-
sociation with the development of DHF. Know-
ledge of DHF among caregivers had no signifi-
cance. However, the caregivers’ knowledge of
the signs of shock was significant (p = 0.001).
Most caregivers had a low knowledge of the
signs of shock. The results revealed that over-
weight children as measured by weight for age
and weight for height (the standard growth curve
of Thai children, Department of Health, 2000),
and type of dengue virus, were risk factors for
DHF severity.

We recommend: 1. Children with DHF, es-
pecially overweight children, should be diag-
nosed and treated early, and have special moni-
toring of the severity of DHF; 2. Health person-
nel should advise caregivers regarding proper
nutrition. 3. Caregivers should be educated
regarding the signs and symptoms of shock.

Risk factors Crude 95 %CI Adjusted 95 %CI p-valuea

OR OR

Body size
     Normal   1      1
     Thin 0.77 0.40 - 1.47 0.76b 0.38 - 1.55 0.451
     Obese 2.77 1.19 - 6.45 3.00b 1.20 - 7.48  0.001e

Knowledge
     Low   1      1
     High 1.93 1.11 - 3.36 1.66c 0.90 - 3.04 0.102
Type of dengue virus
     DEN-1   1      1
     DEN-2 4.75 2.53 - 8.92 4.94d 2.57 - 9.47   0.001e

     DEN-3 2.67 0.86 - 8.30 2.63d 0.82 - 8.44 0.105
     DEN-4 1.71 0.53 - 5.50 1.36d 0.39 - 4.74 0.628

a Chi-square test, b Adjusted for type of dengue virus, c Adjusted for body size and type of dengue virus,  dAdjusted
for body size, e Significant at p-value < 0.05

Table 2
Associated factors and severity of DHF.
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4. Laboratory diagnosis of the type of dengue
virus is important since it predicts the severity
of DHF.
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