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Abstract

Background: Dengue diseases have been a major public
health problem in Thailand over the past 50 years. Clinical
dengue has traditionally affected children with rare cases
among adults. Even though the incident number of cases
does not seem to have decreased, a shift towards older
age groups has been observed over the past years. The
reasons for this shift have not been elucidated.

Methods: The age-stratified serological study conducted
among school aged children living in the district of Mueang
district in Rayong, Thailand. Schools and classrooms were
sampled probabilistically from all schools serving the
district. Samples were analyzed using single dilution
neutralization testing. We estimated and compared the
age-specific seroprevalence for the two serosurveys in 1980
and 2010. To explore the factors associated with
seropositivity in 2010, we fit a mixed-effects model with a
random intercept for school.

Results: A total of 1,811 children, from 90 classes in 25

A 4

schools participated in the study. The overall response
rate for the study was 53%. Overall, 69% of the sampled
children showed evidence of prior exposure to Dengue
virus and 46% of the samples showed immunological
evidence of exposure to Japanese encephalitis. The age-
specific seroprevalence to dengue virus in the 2010
serosurvey as compared to the 1980 serosurvey while
according to the survey conducted in 1980, 96% of the
population had been exposed to dengue by age 11 years,
the 2010 survey suggests that only 74% of children aged
11 years a have been exposed. By age 18 years, 16% of the
population remains susceptible to dengue virus. As
expected, age was the factor most strongly associated with
seropositivity in all analyses (OR 1.16, 95%Cl 1.10, 1.23).
Attending one of the schools in the single industrial
subdistrict was also associated with a significantly greater
risk of seropositivity (OR 3.17, 95%Cl 1.51, 6.67). Although

there was a trend towards a negative association
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between owning a car/motorbike and seropositivity (OR
0.48, 95%Cl 0.22, 1.02).

Discussion: Our results, from two studies conducted in the
same location, 30 years apart, and show that underlying
this shift there has been a significant increase in the age at
exposure to dengue virus. Multiple factors might be
responsible for the changes in age at exposure. A decrease
in the hazard of infection may indicate decreased contact
with the mosquito, as a result of decreasing vector

populations or to improved housing.

Keywords: dengue, seroprevalence, school, Thailand
XK E XX KRR XX XXX XXXXXXXXXXRXXXXRXXRRN

Introduction

Infection by dengue virus continues to cause
significant morbidity in Thailand; the number of cases
reported during 2010 was 48,514, and of these 25,661 were
cases of dengue hemorrhagic fever (DHF) or dengue shock
syndrome (DSS). However, even though the number of
cases has remained high, there has been a significant shift
in the age distribution of dengue fever (DF) and DHF/DSS
cases over the last 30 years. *! While in the 1980’s the
mean age of clinical cases was 8-10 years of age, the mean
age of cases reported during more recent years has
increased to 18 years. Similar shifts have been described

in other Southeast Asian countries.
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For most infectious diseases, an increase in the
mean age of cases can be interpreted as a decrease in
the hazard of infection (transmission intensity) leading
to exposure later in life. This is the case of many
childhood diseases such as measles and rubella, in
which the age distribution of cases can be expected to
be representative of the age distribution of infections.
6] However, for diseases where the probability of clinical
disease after infection depends on age, inference from
age distribution of cases can be misleading. In such
instances, age at exposure can only be determined
through age stratified serological surveys.

Dengue virus consists of four closely related, but

genetically distinct serotypes. [

Infection by one
serotype confers lifelong immunity against infection by
that same serotype but seems to enhance subsequent
heterologous infections. I & The spectrum of disease
ranges from asymptomatic and mild febrile illness (DF)
in the majority of infections, to severe hemorrhagic
fever (DHF) in a varying proportion of cases. (9,101 11 Eyen
though secondary infection is considered to be the
main risk factor for severe disease, the role of other
factors such as age, sequence of infecting serotypes and
viral factors is not clear. ™ The association between age,
risk of infection and clinical disease has been
particularly elusive; in many hyperendemic settings
severe dengue occurs almost exclusively in children
but this age range coincides with that of secondary
infections. In addition, some studies have suggested
that primary infection might be more severe when it
occurs among adults.

Understanding whether the epidemiologic shift
that is being observed in Thailand and much of
Southeast Asia reflects an increase in the age at
exposure has implications for clinical practice and
public health. The shift could certainly reflect a
decrease in the hazard of infection, but changes in the
surveillance patterns and/or in the virus itself could
potentially have generated similar phenomena. Insight

on the nature of the shift and of the factors that might

be driving it is fundamental in order to adequately plan
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future control interventions.

An age-stratified, school based serological survey
was conducted in Mueang district, Rayong, Thailand, in
1980 as part of an ongoing cohort study.'? Blood
samples were collected from 1,009 children aged 0-11
years and tested for dengue neutralizing antibodies. We
conducted a new serosurvey, in the same location, in
December 2010. To make the results comparable, our

study was designed to resemble the original serosurvey.

Methods

Study design

School based age-stratified serological survey
conducted in Mueang district, Rayong province,
Thailand. Serum samples were obtained from children
aged 4-18 years in eligible schools and classes and
tested for neutralizing antibodies against dengue virus.

Study setting

Rayong province, located in southeast Thailand,
is hyperendemic for dengue and has historically
reported one of the highest number of cases in
Thailand. In 2010, the incidence of dengue was
202.9/100,000 persons and of these, 111.7/100,000
persons were cases of DHF Mueang district is the
provincial capital, with a total area of 514.5 km? and a
population of 243,502 (2010). **! There are 68 schools
in the district.

The Thai school system consists of 14 basic years
(2 pre-primary, 6 primary levels and 6 secondary levels).
It is estimated that over 95% of children attend to
primary grade 6 or higher.

Participants

We obtained a two-stage probabilistic sample of
schools and classes. After selecting schools (primary
sampling unit), we obtained a sample of classes
(secondary sampling unit), stratified by grades. Figure 1
shows the location of the participating schools.

All children enrolled in the selected classes and
aged 4-18 years were invited to participate. Exclusion
criteria included medical conditions that precluded
blood sample collection and inability to give assent

Signed consent was obtained from parents during

information meetings and by sending information
packages home prior to sample collection.

Study procedures

Participants were asked to provide a 3 mL of
peripheral venous blood sample and to complete a
brief questionnaire that asked for basic demographic
(e.g. age, sex) and socioeconomic (e.g. household
characteristics) information. All study procedures were
completed during a single visit.

Blood samples were collected in anticoagulant-
free Vacutainer tubes and transported to Rayong
hospital where they were centrifuged within 4 hours of
collection. Samples were then transported to AFRIMS,
Bangkok, and stored at -20°C until serological testing.
Prior exposure to dengue virus was measured using the
single dilution neutralization test (SDNT).

Single dilution neutralization testing

A detailed description of the SDNT assay used is
available in the study.'* Briefly, serum samples were
considered positive for dengue neutralizing antibodies
if they neutralized > 50% of plaques at a single 1:10
dilution. This dilution/neutralization level has been
shown to be optimal to differentiate people who have
been exposed to dengue from those who are
immunologically naive, but is suboptimal for classifying
homotypic vs heterotypic immunity.

Statistical analyses

Characteristics of participants were compared
using tests of equality of proportions and t-tests. To
compare age to exposure in 1980 and 2010, we

estimated and compared the age-specific
seroprevalence for the two serosurveys. To explore the
factors associated with seropositivity we fit a mixed-
effects model with a random intercept for school. All
statistical analyses were performed in STATA 1C/10.1.

Ethical review

The protocol for this study was reviewed and
approved by the institutional review boards of the
Institute for the Development of Human Research
Protection (IHRP), Thailand on 17" March 2010. All of

the samples were collected in December 2010.
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Results

Characteristics of the sample

A total of 1,811 children, from 90 classes in 25
schools participated in the study. Three additional
selected schools refused to participate. Enrolled schools
were located in 9/15 of the subdistricts within Mueang
district representing urban, rural and industrial areas.
Figure 2 shows the locations of the enrolled schools.

The overall response rate for the study was 53%.

Participation rates varied between schools and grades and
were lowest among children enrolled in the two grades of
pre-primary education (26% and 24% respectively). Due
to the low response rate, children in these two grades
were not included in statistical analyses.
Table 1 summarizes the characteristics of participants.
The majority of children (n=1,016, 56%) were enrolled
in urban schools. The proportion of females enrolled
was higher in rural and industrial schools (57% and 57%,
respectively) than in urban schools (51%). Reported
access to electricity was universal (>99% of the enrolled
children reported having electricity at home), but only
82% of children reported tap water at home. The reported
access to tap water was significantly lower in children
enrolled from rural and industrial settings (72% and
75%, respectively) than in children enrolled in urban
schools (88%). Children enrolled in the single industrial
subdistrict reported having lived in that particular location
2.8 years less than children from urban subdistricts, and
this was significant even after adjusting for age.

Prior exposure to dengue virus

Overall, 69% of the sampled children showed
evidence of prior exposure to dengue virus. And 46% of
the samples showed immunological evidence of
exposure to Japanese encephalitis, but this result has
to be interpreted with caution due to known cross-
reactivity with other flaviviruses. Figure 3 shows the age-
specific seroprevalence to dengue virus in the 2010
serosurvey as compared to the 1980 serosurvey. While
according to the survey conducted in 1980, 96% of the
population had been exposed to dengue by age 11

years, the 2010 survey suggests that only 74% (95%ClI

61-87%) of children aged 11 years a have been exposed.
By age 18 years, 16% (95%CI 0-32%) of the population

remains susceptible to dengue virus.
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Figure 1: Dengue incidence and mean age of dengue

cases in Rayong, 1985-2010

Figure 2: Map of Rayong showing location of schools,

areas, and area of original study

Factors associated with seropositivity

As expected, age was the factor most strongly
associated with seropositivity in all analyses (OR 1.16,
95%Cl 1.10, 1.23). Attending one of the schools in the

single industrial subdistrict was also associated with a
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significantly greater risk of seropositivity (OR 3.17, 95%ClI
1.51, 6.67). Although there was a trend towards a
negative association between owning a car/motorbike
and seropositivity (OR 0.48, 95%CI 0.22, 1.02), none of
the socio-economic characteristics measured were
significantly associated at the 5% significance level.
There was significant heterogeneity in seropositivity
between schools. After adjusting for age and other

individual level covariates, differences between schools

accounted for 10% (95%CI 5%, 9%) of the variance in

seropositivity to dengue. Including school-level
covariates, in particular whether the school was urban,
rural or industrial, accounted for part of this variance
but differences between schools still accounted for 5%
(95%Cl 2%, 10%) of variance in the outcome. The fit of
the model did not improve by including additional
levels of clustering, such as the specific class or the

subdistrict of the school.

Table 1: Characteristics of study participants

Urban Rural Industrial
Characteristics Al
(A,B,CF) (B DEGH) 0]

No. Children 1016 564 228 1808
No. Schools 16 9 3 25
No. Subdistricts 4 5 1 9
Mean age (se) 13.1 (.11) 11.7 (.15) 10.8 (.23)* 12.3 (.09)
Female% (n) 51 (522) 57 (324)** 57 (129) 54 (975)
Years in location (se) 9.5 (.2) 8.1 (.2)* 6.7 (.3)* 8.7 (.2)
Household Characteristics

Median no. of members (range) 4 (1-11) 4 (1-10) 4 (2-10) 4 (1-11)

Electricity% (n) 100 (1016) 99 (560)** 100 (228) 99.8 (1804)

Tap Water% (n) 88 (896) 72 (409)** 75 (171)** 82 (1476)

Auto/motorbike% (n) 97 (989) 96 (543) 96 (218) 97 (1750)

3 children excluded from analysis because of insufficient/damaged sample

* p<0.05 as compared to Urban (reference) in t-test

** p<0.05 as compared to Urban (reference) in test of equality of proportions

Table 2: Factors associated seropositivity in school-age students, Mueang district, Rayong, Thailand, 2010

Univariate model

Adjusted (individual-
level model)

Adjusted Model
(Full-model)

Factors

Hazard Hazard Hazard
Ratio 95% CI Ratio 95% CI Ratio 95% Cl

Individual-level predictors
Age in years 1.16 1.09-1.23 1.17 1.10-1.25 1.16 1.10-1.23
Female 1.27 1.01-1.59 1.21 0.96-1.51 1.19 0.95-1.49
Number of household members 1.09 0.99-1.15 1.07 0.99-1.16 1.07 0.99-1.16
Auto/motorbike 0.48 0.23-1.01 0.48 0.22-1.02 0.48 0.22-1.02
Electricity 1.13 0.15-8.74 2.33 0.29-18.60 2.19 0.28-17.4
Tap Water 0.81 0.60-1.10 0.84 0.62-1.14 0.84 0.62-1.14
Years in location 1 0.97-1.02 0.98 0.96-1.01 0.98 0.96-1.01
School-level predictors
Private School 0.83 0.29-2.46 0.87 0.41-1.83
Location of school

Urban Ref - Ref

Rural 0.82 0.47-1.43 0.79 0.50-1.27

Industrial 3.83 1.61-9.12 3.17 1.51-6.67
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Discussion

Thailand and several Southeast Asian countries
have experienced a dramatic shift in the age distribution
of dengue cases over the last 30 years. While
traditionally severe dengue affected young children,
during recent years cases have become increasingly
common among adolescents and young adults 24, in
spite of a roughly constant incidence. Our results, from
two age-stratified serological studies conducted in the
same location, 30 years apart, and show that underlying
this shift there has been a significant increase in the age
at exposure to dengue virus. Multiple factors might be
responsible for the changes in age at exposure. A
decrease in the hazard of infection may indicate
decreased contact with Aedes aegypti, the principal
vector involved in dengue transmission, as a result of
decreasing vector populations or to improved housing.
151 vector control programs started in Thailand in the
1960’s and efforts were reinforced in the 1990’s,
particularly against Ae. aegypti. It has also been
proposed that demographic changes such as the
decrease in birth rate and the increase in life
expectancy might be driving the decrease in hazard of
infection®.

Even thought the 2010 study was designed to
resemble the serological study conducted in 1980, there
are several differences between the two studies that
must be taken into account.

First of all, the 1980 seroprevalence study were
limited schools within the municipal area of Rayong and
adjacent suburban villages. The total area of the 1980
study region was 73 km? while the area covered in the
2010 serosurvey included the full district, with an area
of approximately 514 km? (Figure 1) "), Limiting our
analysis to the schools within the same area as the
original study does not change the results, but does
obscure the heterogeneity observed in schools.

Moreover, Rayong district has changed considerably
over the past 30 years, becoming an industrial and
and

touristic center in central/eastern Thailand

attracting migrants from other districts and provinces.

The registered population of Rayong city has increased
from 38,000 in 1980 to 58,000 in 2010, and might be
much larger if the population that has recently migrated
is taken into account. " *® Similarly, the density of the
population has increased from 2,194/km? to 3,439/km?
in the city.

The serologic test used for the 1980/81 study was
the single dilution neutralization assay (SDNT) at a 1:30
dilution (70% reduction) along with full PRNT (multiple
sequential dilutions) on a subset of samples. [*?! The
decision to use a single 1:10 dilution (50% reduction)
for the current study was based on it's better
performance when classifying exposed vs. unexposed
individuals. A single 1:10 dilution has shown a very high
sensitivity and specificity in classifying individuals as
exposed/unexposed, at the expense of a very poor
performance in classifying immunity as monotypic or
heterotypic. Higher dilutions perform better at
differentiating the type of immune response but tend
to misclassify some exposed people as unexposed.

The fact that this study does not provide
information about the age at primary vs. secondary
exposure is a limitation. Secondary exposure is regarded
as the principal risk factor for developing severe clinical
manifestations and therefore, knowing whether children
are monotypically or multitypically immune would
inform about age-groups that are at risk of severe
disease. ! Multiple dilution neutralization assays are
in terms of

considered the g¢old-standard, both

classifying people as exposed/unexposed and

monotypic/heterotypic, but there is no universal

agreement of the optimal cut-point when analyzing

data from serological surveys. ]
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