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Background. Determining serotype-specific, age-stratified dengue virus (DENV) and Zika virus (ZIKV) seroprevalence rates is
crucial for implementing vaccines and vector control strategies. Therefore, we sought to assess the age-stratified seroprevalence of
monotypic or multitypic exposure in a community cohort in Sri Lanka.

Methods. DENV-specific serostatus was assessed in 4161 children aged 4 to 16 years, using an in-house DENV-specific IgG
enzyme-linked immunosorbent assay (ELISA), and results were compared with those of a widely used commercial assay
(Panbio Dengue IgG Indirect ELISA). We also used a multiplexed, microsphere-based serological assay to characterize
monotypic vs multitypic responses and to differentiate exposure rates to different DENV serotypes and ZIKV in a subcohort of
children (n = 604).

Results. By IgG ELISA, DENV seropositivity was 72.34% (3010/4161), and the seropositivity rate significantly increased with
age (Spearman r = 1.0, P = .003). The estimated force of infection was 0.16 (95% credible interval, 0.14-0.17). Of the 604 individuals
tested by Luminex, 258 (42.7%) had a monotypic dengue response, whereas 209 (34.9%) had a multitypic response. Moreover, 100
(16.5%) had evidence of a past infection to Zika, while 20 (3.33%) children had antibodies only to ZIKV. Of the 258 individuals with
evidence of a monotypic response to DENV, DENV2 (56.83%) and DENV1 (30.57%) accounted for the most infections. There was

an inverse correlation between exposure to ZIKV and age (Spearman r=—0.72, P =.007).

Discussion.

An overall 72.3% of children were seropositive for dengue, with 42.7% having been infected with only 1 DENV in

the past. The data suggest that prior immunity to DENV may reduce the risk of ZIKV infection, which should be further assessed.
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Dengue is the most rapidly emerging mosquito-borne viral in-
fection, with 13 million cases in 2024 [1]. The burden attrib-
uted to dengue is predicted to rise due to climate change,
rapid urbanization, and population displacements [2] and
has been named in the World Health Organization’s R&D
Blueprint as a pathogen of pandemic potential [3]. Although
it has caused outbreaks in many tropical and subtropical
countries for >5 decades, few innovations have been devel-

oped in vector control strategies, diagnostics, treatments,
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and development of vaccines. Although 2 vaccines have
been licensed for prevention of dengue, CYD-TDV had limit-
ed efficacy against some dengue virus (DENV) serotypes, with
a potential to cause an increase in hospitalization and severe
dengue in individuals who were dengue naive [4]. The most
recently licensed vaccine, TAK-003 (Qdenga), is again not
DENV
Furthermore, the World Health Organization has recently
recommended that TAK-003 be used in children aged 6 to
16 years in high-transmission settings, while not recommend-

equally effective against all serotypes  [4].

ing it for use in low- or moderate-transmission settings [5].
Therefore, to implement vaccine strategies and integrated
vaccination-vector control strategies [6], it is crucial to un-
derstand the dynamics of dengue transmission in different
settings in endemic countries.

Sri Lanka has been experiencing regular dengue outbreaks
since 1989, with a gradual rise in the number of cases in recent
years [7]. Although dengue outbreaks are reported from all
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over the country, 50% of the cases are from the Western prov-
ince, in the Colombo and Gampaha districts [7]. Based on pop-
ulation studies conducted in 2003, 2013, 2017, 2022, and 2024
in the Colombo district [7-10], age seroprevalence curves have
been gradually shifting to higher seroprevalence rates in youn-
ger groups, consistent with a rise in dengue transmission [7, 8].
However, our recent island-wide, age-stratified dengue sero-
prevalence study demonstrated significant heterogeneity across
districts in Sri Lanka, with differences among urban, rural, and
estate areas [11]. For instance, while the estimated force of in-
fection (FOI) for the city of Colombo is 0.149, the FOI for sub-
urban areas in Colombo was an estimated 0.068 [10]. For some
districts in Sri Lanka, the FOI has been estimated to be low:
0.011 in Badulla, which is predominantly an estate region,
and 0.012, 0.014, and 0.013 in Kurunegala, Matara, and
Kandy, respectively, which are predominantly rural areas [10].

Although age-stratified seroprevalence studies give some
indication of the burden of infection in a community, the as-
says used in these studies (ie, DENV-specific IgG detection as-
says) detect cross-reactive antibodies for other flaviviruses
and cannot differentiate between a past infection due to 1
DENV serotype (monotypic infections) and infection due to
several DENV serotypes (multitypic infections) [8, 12, 13].
Differentiating monotypic vs multitypic exposure to DENV
would provide better granularity in understanding the trans-
mission dynamics of dengue infections. Furthermore, differ-
entiating cross-reactive flavivirus antibody responses is
important to understand how population immunity to differ-
ent flaviviruses affects the emergence and spread of dengue
outbreaks. For instance, it has been shown that infection
with the Zika virus (ZIKV) enhances dengue disease severity
during subsequent dengue infections [14]. As IgG antibodies
to DENV and ZIKV highly cross-react with each other [15],
DENV- or
ZIKV-specific IgG would not provide reliable information re-

conventional assays that measure either
garding past infection with DENV serotypes or ZIKV.
Although surveillance for the presence of ZIKV has not
been routinely carried out in Sri Lanka, a recent study showed
that ZIKV was identified in 1% of individuals presenting with
dengue-like illness from 2017 to 2019 [16]. Given that Zika
outbreaks have been reported in many countries, including
South Asia, it would be important to determine exposure rates
to ZIKV in age groups in Sri Lanka [17, 18] to understand how
infection with different flaviviruses may modulate transmis-
sion of dengue and clinical disease outcomes.

To understand the dengue transmission dynamics, the rates
of monotypic or multitypic DENV infection, as well as past in-
fection with ZIKV in Sri Lanka, we studied the age-stratified
seroprevalence in a large cohort of children and proceeded
to use a multiplexed, microsphere-based serologic assay
(Luminex assay) to differentiate exposure rates to DENV sero-

types and ZIKV in an endemic region in Sri Lanka.

MATERIALS AND METHODS

Study Participants

This study was carried out under the AEGIS study (Advancing
Evidence for the Global Implementation of Spatial Repellents),
which aims to generate evidence for implementation of novel
vector control strategies.

Children (N =4161) aged 4 to 16 years were recruited from 3
divisions of the Medical Officer of Health (ie, MOH areas) from
the Gampaha district, Sri Lanka, which reported a high inci-
dence of dengue. An MOH area refers to a specific administra-
tive division that is overseen by an MOH, who is responsible
for implementing and managing public health services. This
study was conducted as part of baseline studies for a vector
intervention trial with a randomized controlled design with
30 clusters (10 from each MOH area).

Sampling Technique

All houses within the selected clusters that gave their consent
were mapped, and houses with children aged 4 to 16 years
were offered enrollment. Enrollment continued in each cluster
until the target sample size of 130 per cluster was achieved.
Blood samples were collected from these children by trained
health care professionals using standard venipuncture proce-
dures within a period of 5 months from June 2023 to
October 2023 [6]. The collection was carried out in a controlled
and sterile environment to ensure the safety and comfort of the
children.

Ethical Approval

Ethical approval for the study was obtained from the Ethics
Review Committee, University of Kelaniya, Sri Lanka, and ap-
proved by the institutional review boards of the World Health
Organization’s Ethical Review Committee (ERC.0003619) and
the University of Norte Dame (21-05-6629). All participants
were recruited into the study after the provision of informed
consent from their parents or guardians, with assent obtained
from children where appropriate.

Development and Optimization of an In-house Dengue IgG Enzyme-Linked
Immunosorbent Assay to Determine Serostatus

An in-house enzyme-linked immunosorbent assay (ELISA)
was developed and optimized to measure the presence of
DENV-specific IgG antibodies in the children. The in-house
ELISA was validated by foci reduction neutralization assays
[19] as the gold standard and compared with a commercial as-
say, the Panbio Dengue IgG Indirect ELISA (henceforth,
Panbio assay), which has been widely used to detect the seros-
tatus of individuals in community serosurveillance studies in
Sri Lanka and elsewhere. Details of the development and vali-
dation of the in-house DENV-specific IgG assay are given in
the Supplementary Methods.
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Children (4 to 16 years) enrolled
following informed consent/assent,
(n=4161)

|

Blood samples collected from males

(n=4161) and females (n=2160),

In-house DENV-specific 1gG assay to determine
DENV serostatus in all samples (n=4161)

The Panbio Indirect IgG ELISA in
randomly selected samples
(N=1374)

Multiplexed, microsphere-based
serological assay (Luminex assay) in
20% of randomly selected samples

(n=604) to determine
monotypic/multitypic responses to
dengue and responses to Zika

Figure 1.  Study summary flowchart. A summary of participant selection, sample processing, and assay allocation used in this study. Samples are processed and then
subjected to assays. Abbreviations: DENV, dengue virus; ELISA, enzyme-linked immunosorbent assay.

Multiplexed, Microsphere-Based Serologic Assay to Determine Infection
History

A multiplexed, microsphere-based serological assay (Luminex
assay) was carried out as previously described [20] to determine
if children who were DENV seropositive had been exposed to
only 1 infection (monotypic), many infections (multitypic),
or Zika. Developed by Prof Lakshmanane Premkumar
(Department of Microbiology and Immunology, School of
Medicine, University of North Carolina), this assay uses anti-
gens of the most variable region of DENV and ZIKV (EDIII)
to differentiate antibody responses to DENV serotypes and
ZIKV [20]. Due to limitations in resources, these assays were
carried out on 20% of the samples (n = 604) that gave a positive
response with the in-house DENV-specific IgG assay. We ran-
domly selected children using stratification by age group and
gender to ensure representation across these categories. To en-
sure equal representativeness of all age groups and both gen-
ders, we used a stratified random sampling procedure.
Stratification was done across districts (Kelaniya, Negombo,
Wattala), age categories (4-7, 8-11, and 12-16 years), and gen-
der. Within each stratum, 20% of the available positive samples
were randomly selected. This ensured that the subcohort

retained the same proportional distribution of age and gender
as the full seropositive population.

See details of the Luminex methodology and statistical anal-
ysis in the Supplementary Methods. Participant selection, sam-
ple processing, and assay allocation are summarized in
Figure 1.

RESULTS

Age-Stratified Dengue Seroprevalence of the Children

Out 0f 4161 children in the study, 2160 (51.91%) were male and
2001 (48.09%) were female. The median age was 10 years (IQR,
7-13). The serostatus of the children was assessed by the in-
house DENV-specific IgG ELISA. Accordingly, the overall se-
ropositivity rate of the cohort was 72.34% (3010/4161), with
DENYV seropositivity rates gradually rising from 56.93% in chil-
dren aged 4 to 5 years to 82.44% in those aged 14 to 16 years
(Table 1). A significant increase in the age-stratified seroposi-
tivity rate was seen (Spearman r=1.0, P=.003; Figure 2A).
The overall seropositivity rate in females was 71.17%, with rates
rising from 55.36% in children aged 4 to 5 years to 80% in those
aged 14 to 16 years. Similarly, in males, seropositivity rates
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Table 1. Age-Stratified Seropositivity Rates of Children in Gampaha
District, Sri Lanka

Children, No. (%)

Age, y Total Seropositivity Seronegativity
4-5 613 349 (56.93) 264 (43.07)
6-7 643 418 (65.01) 225 (34.99)
8-9 722 509 (70.50) 213 (29.50)
10-11 687 513 (74.67) 174 (25.33)
12-13 647 521 (80.53) 126 (19.47)
14-16 849 700 (82.45) 149 (17.55)
Total 4161 3010 (72.34) 1151 (27.66)

The presence of dengue virus—specific IgG antibodies was measured in 4161 children aged
4 to 16 years by using an in-house enzyme-linked immunosorbent assay.

increased with age, with 58.33% seropositive at 4 to 5 years of
age and 84.68% at 14 to 16 years of age, with an overall seropo-
sitvity of 73.43% (Supplementary Table 1). However, there was
no difference (P =.37) in age-stratified seropositivity rates in
females vs males (Figure 2B) in this cohort.

Comparison of the In-house DENV-Specific IgG Assay With the Panbio
Assay

As the Panbio assay had been widely used in determining
dengue seroprevalence in Sri Lanka and elsewhere [11, 21],
we compared the age-stratified seroprevalence rates given by
the in-house IgG assay with those of the Panbio assay in a sub-
cohort of children (n=1374). While 1047 (76.2%) children
were shown to be dengue seropositive by the in-house
DENV-specific IgG ELISA, the Panbio assay gave a positive re-
sult for 941 (68.48%) children, with an equivocal result for 14
children. To assess agreement between the assays (ie, how con-
sistently they classified the same individuals), the Cohen « sta-
tistic was used, and it was 0.33 (95% CI, .27-.38), suggesting fair
agreement between the assays in classifying dengue seropositiv-
ity. To assess if there was a significant difference in the number
of positive results between the assays, the McNemar y test
showed a significant difference in seropositivity classification
between the in-house DENV-specific IgG ELISA and the
Panbio assay (y°=25.85, P<.001), with the in-house assay
classifying a greater number of individuals as seropositive.
Furthermore, a statistical interaction test via linear regression
showed a significant interaction between age and assay type
(P =.01), indicating that the relationship between age and sero-
prevalence differs significantly between the Panbio and in-
house assays (Figure 2C). Comparison of the age-stratified se-
ropositivity rates of the 2 assays showed that with the in-house
DENV IgG ELISA, the seropositivity rate was 63.86% among
children aged 4 to 5 years, which gradually increased to
82.13% in the 14- to 16-year-old group. However, the Panbio
assay showed a lower seropositivity rate of 44.06% at ages 4
to 5 years, which rose progressively to a similar rate of
83.27% at ages 14 to 16 years (Supplementary Table 2).

The sensitivity of the in-house IgG ELISA was 91.8% with a
specificity of 75% (Supplementary Methods). In contrast, the
sensitivity of the Panbio assay was 83.7% with a specificity of
87.5%. Therefore, the in-house IgG ELISA had higher sensitiv-
ity than the Panbio assay in detecting multitypic infections
(100% detection), with better correlation with the foci reduc-
tion neutralization assay.

Age-stratified seroprevalence was modeled by a bayesian cat-
alytic framework assuming a constant FOI. The estimated FOI
was 0.16 (95% credible interval, 0.14-0.17) for the in-house
DENV-specific IgG ELISA and 0.13 (95% credible interval,
0.12-0.14) for the commercial Panbio assay, indicating a slight-
ly higher estimated rate of DENV exposure with the in-house
assay. The in-house assay, however, showed a less consistent
fit under the constant FOI assumption, with the observed sero-
prevalence in the 8- to 9-year age group notably exceeding
model predictions, suggesting that a constant FOI may not fully
capture the exposure pattern detected by this assay. This dis-
crepancy likely reflects the higher analytic sensitivity of the in-
house ELISA. Despite this limitation, the in-house assay consis-
tently yielded higher seropositivity estimates across all age
groups as compared with the Panbio assay, and the model-
derived trajectories and 95% credible intervals for both assays
supported a meaningfully higher cumulative detection sensitiv-
ity for the in-house assay (Figure 2D).

Dengue and Zika Exposure Rates in Children Who Were Dengue
Seropositive

Using a Luminex-based bead array, which uses antibodies spe-
cific to the EDIII of the 4 serotypes of DENV and the EDIII of
ZIKV [20], we proceeded to characterize exposure rates to
DENV serotypes and Zika. These assays were carried out in
20% (n =604) of children who were DENV seropositive, and
this subcohort was selected randomly to proportionately repre-
sent all age groups and genders of the children included in the
study. The number of children tested in each age group for the
Luminex assay is shown in Supplementary Table 3. The table
shows that the monotypic responses were similar across all
age groups, with the lowest being at 33.33% among children
who were 6 years old and the highest at ~55% in those who
were 11 and 15 years old.

Of this DENV-seropositive subcohort, 258 (42.7%) had been
infected with only 1 DENV in the past (monotypic dengue re-
sponse), while 209 (34.89%) were infected with many DENV
serotypes (multitypic response). Some children who had past
monotypic dengue infection were also infected with Zika, and
some who had a past multitypic dengue infection had been ex-
posed to Zika (Table 2). Furthermore, 20 (3.33%) children had
antibodies to only ZIKV, indicating that the in-house
DENV-IgG ELISA could detect cross-reactive flavivirus anti-
bodies. Of the 278 individuals who had a monotypic DENV re-
sponse and Zika exposure, the main serotype was DENV2
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Figure 2. Age-stratified seropositivity rates in children. A, Dengue IgG levels were measured in 2160 males and 2001 females between the ages of 4 and 16 years
(n=4161) from the Gampaha district by an in-house DENV-specific IgG ELISA, and dengue seropositivity rates were correlated with the age. B, Dengue antibody positivity
rates were also correlated with age in males (blue) and females (purple). Dotted lines indicate the 95% confidence intervals. The dengue IgG seropositivity rates were also
determined for the in-house ELISA and the commercial Panbio Dengue IgG Indirect ELISA (n = 1374). Solid lines represent the best-fit simple linear regression models for each
assay, showing the relationship between age and seropositivity. C, A statistically significant interaction between age and assay type was observed (P=.01), indicating
differences in the age-seroprevalence slopes between assays. [, The observed and estimated age-stratified seroprevalence per the in-house DENV-specific IgG ELISA
and the commercial Panbio assay was carried out on 1374 children. Dots and triangles represent observed seropositivity proportions by age group, while shaded curves

represent bayesian model-based estimates of seroprevalence with 95% credible
DENV, dengue virus; ELISA, enzyme-linked immunosorbent assay.

intervals. The force of infection was estimated via the bayesian catalytic model.

(56.83%), followed by DENV1 (30.57%). Moreover, 37 (6.13%)
children who gave a positive response with the in-house DENV
IgG ELISA had a negative response with the Luminex assay.

Differences in Age-Stratified Exposure to DENV Serotypes and ZIKV

There was no difference in the proportion of children who had
a monotypic vs multitypic response to dengue (Figure 3A).
However, there was a significant increase (Spearman r = 0.62,
P =.026) in monotypic responses with age, suggesting that
many children who were seronegative were continuously
exposed to DENV (Figure 2B). We also observed an inverse
correlation between exposure to ZIKV and age (Spearman

r=—0.72, P=.007; Figure 3B). Yet, there were very few chil-
dren included in the age group of 4 to 5 years as compared
with the older groups. There was no difference in the propor-
tion of children who had experienced multitypic infections
with age.

Of the children with monotypic responses, DENV2 was the
most prominent (Figure 3C). DENV4 exposure was not detect-
ed in any of the children aged <10 years. While no significant
correlation was seen in exposure to DENV2 and DENV3 with
age, exposure to DENV1 (Spearman r=0.63, P=.03) and
DENV4 (Spearman r=0.69, P=.01) significantly increased
with age (Figure 3D).
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Table 2. Exposure to DENV Serotypes and ZIKV in a Subcohort of Children Who Were DENV Seropositive in the Gampaha District

Exposure to DENV or ZIKV Children Who Tested Positive, No. (%) Serotype Response to Each DENV Serotype, No (%)
Monotypic 258 (42.72) DENV1 78 (30.23)

DENV2 148 (57.36)

DENV3 19 (7.36)

DENV4 13 (5.04)
Monotypic + ZIKV 20 (3.31) DENV1 7 (35.00)

DENV2 10 (50.00)

DENV3 3(15.00)

DENV4 0
Multitypic 209 (34.60) Cannot be determined
Multitypic + ZIKV 60 (9.93) Cannot be determined
ZIKV 20 (3.31) Not applicable
Negative 37 (6.13) Not applicable

The presence of antibodies to DENV serotypes and ZIKV was measured in 604 children who were DENV seropositive by a Luminex assay that uses antigens (EDIII) that can differentiate such

antibody responses.
Abbreviations: DENV, dengue virus; ZIKV, Zika virus.

Relationship Between Circulating DENV Serotypes and Infections Seen in
Children

Our laboratory carried out surveillance of DENV serotypes in
the Colombo district (adjacent to the Gampaha district) from
2009 until 2024, which has been published [7, 22, 23]. The
data from these surveillance activities were used to determine
the changes in DENV serotypes throughout this period
(Figure 4). Our data show that DENV1 was the predominant
serotype from 2009 to 2016 and DENV2 from 2016 to 2019,
with DENV3 emerging toward the end of 2019. During 2020
and 2021, the incidence of dengue markedly decreased, and
only limited DENV surveillance activities were carried out.
Although DENV?2 was still the predominant serotype in 2021,
it was gradually replaced by DENV3 since 2023 [22]. Because
DENV2 was the predominant serotype from 2016 to 2023, it
was considered the main serotype causing past infection in chil-
dren with monotypic dengue responses. DENV1 was seen in
30.57% of children with monotypic responses, as it had been
circulating from 2009 and again in recent years. DENV4 had
been detected in Colombo until the second quarter of 2018 in
2% to 8% of individuals with dengue infections. It was again de-
tected in the fourth quarter of 2019 in 2.6%. In our cohort, no
one aged <10 years with monotypic responses was infected
with DENV4 in the past.

DISCUSSION

In this study, we have determined the age-stratified dengue se-
roprevalence in a large cohort of children in the Gampaha dis-
trict, which reports the highest number of dengue infections in
Sri Lanka, along with the Colombo district [6]. Our overall se-
ropositivity rate was 72.34%, which was comparable to that in
urban populations of Malaysia, Dhakka (Bangladesh), Sao
Paulo (Brazil), and Cambodia but lower than in Thailand,

Laos, and the Philippines [10, 25-27]. The estimated FOI was
0.16 for the Gampaha district in this study, which was higher
than what we previously reported for Sri Lanka in 2022, where
DENV seroprevalence was assessed by the Panbio assay [10,
11]. The Panbio assay has been shown to be less sensitive in de-
tecting previous exposure to DENV, especially in children with
a monotypic dengue response, as shown in Cebu, Philippines
[28]. In this study, our in-house IgG ELISA was more sensitive
than the Panbio assay, and we possibly got higher seropositivity
rates than those previously reported. However, the areas cho-
sen for this study were those with the highest dengue incidence
in recent years, as assessing the age-stratified seropositivity
rates in these areas was carried out as part of a clinical trial
to evaluate the effectiveness of a spatial repellent [6].
Therefore, unlike our previous study for assessing age-stratified
DENV seroprevalence [11], which included urban, rural, and
estate areas, areas reporting the highest incidence were chosen
for this study, which might have overestimated the FOI in the
whole district.

Females have been shown to have a higher risk of developing
severe dengue, and since higher case fatality rates have been re-
ported in females [29-31], we proceeded to determine if there
were differences in age-stratified seropositivity rates in females
vs males. Age-stratified seropositivity rates were similar in fe-
males and males despite the higher severe dengue incidence
and mortality among females. The reasons for higher disease
severity and mortality in females does not appear to be associ-
ated with higher exposure in this group but likely due to “yet to
be defined” risk factors or gender-based case management dif-
ferences. For instance, females develop per vaginal bleeding as a
complication, which has shown to associate with an increased
risk of dengue hemorrhagic fever and dengue warning signs
[32]. Furthermore, gender differences influence disease sus-
ceptibility, immune responses to vaccines, and the magnitude
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Figure 3. Differences in age-stratified exposure to DENV serotypes and ZIKV. The proportion of children in age groups having a past exposure to only 1 DENV serotype
(monotypic response), several DENV serotypes (multitypic infections), ZIKV, or a monotypic or multitypic response with ZIKV was assessed by a multiplexed, microsphere-
based serologic assay (Luminex assay). A, This assay was carried out on 20% of the seropositive samples (n = 604). B, The presence of a monotypic response (gray) or past
exposure to ZIKV (blue) was correlated with the age of the children. Dotted lines indicate the 95% confidence intervals. C, The multiplexed, microsphere-based serologic
assay (Luminex assay) was also used to identify the DENV serotype in those with monotypic responses in age groups. D, The exposure to DENV serotypes in children with
monotypic responses was correlated with age. The Spearman rank order correlation coefficient was used to evaluate the correlation between age and monotypic and ZIKV
past infection rates and between infection rates and DENV serotypes. All tests were 2-sided. DENV, dengue virus; ZIKV, Zika virus.

and quality of immune responses [33]. Therefore, the increased
risk of severe dengue among females could be due to biological
factors in addition to social factors, such as delay in seeking
health care due to family responsibilities, which should be fur-
ther investigated.

Although we and others have conducted several studies to
determine age-stratified seroprevalence rates in districts in Sri
Lanka and over time in Colombo [7, 8, 11], this is the first
time that exposure rates to DENV serotypes have been estimat-
ed. As such, we were able to define serotypes in primary infec-
tions represented by a monotypic response, whereas those with
a multitypic response probably represented primarily second-
ary infections with some primary infections with cross-reactive
antibodies. This cohort will be sampled annually to estimate in-
cidence rates to evaluate the protective efficacy of a spatial re-
pellent-based vector control intervention in members who
are naive or monotypic because of the difficulty associated
with identifying new secondary infections serologically.

Among children who were dengue seropositive, 42.7% had ex-
perienced only 1 DENV infection in the past, which again indi-
cated higher transmission rates than in northern, western, and
eastern regions of India but similar to the trends seen in coun-
tries such as Indonesia [34, 35]. Although the seropositivity rate
in the children in our study (72.34%) was similar to that seen in
southern India in children of the same age (69.6%), most chil-
dren had a multitypic infection in southern India, indicating
higher transmission rates than in our cohort. This highlights
the importance of characterizing the proportion of past dengue
infections, which are monotypic or multitypic in nature, as it
gives more granularity regarding dengue transmission dynam-
ics and the decision regarding vaccine rollout. For instance,
TAK-003 has been recommended to be implemented in high-
transmission settings, as indicated by a seroprevalence rate
>60% by 9 years of age [5]. Therefore, implementation of
TAK-003 in the study areas, which had a high incidence of
dengue, is likely to reduce the dengue burden, especially given
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that 42.7% of children who were dengue seropositive had a
monotypic response. However, our island-wide seroprevalence
studies have shown that the seropositivity rates were <33% in
other areas of the same district, and in many areas in Sri
Lanka, the seropositivity rates were <20% in 10- to 12-year-olds
[11]. Therefore, in such instances, implementation of TAK-003
in certain regions is likely to be beneficial, as opposed to imple-
mentation in the whole country.

Due to the highly cross-reactive nature of flavivirus antibod-
ies, the presence of IgG antibodies to DENV [14, 36] could in-
dicate infection with cross-reactive flaviviruses such as ZIKV,
West Nile Virus, and Japanese encephalitis virus, which
have been shown to circulate in Sri Lanka [16, 37, 38].
Furthermore, seropositivity rates alone do not indicate the ex-
posure rates to DENV, as it would not indicate if an individual
has been infected once or several times. In this study, we were
able to differentiate between monotypic and multitypic re-
sponses and to identify the past infecting serotype in children
with monotypic infections, using an assay that detects antibod-
ies to EDIII of DENV and ZIKV, which were shown to be
specific with limited cross-reactivity [20]. However, as this
Luminex assay detects antibodies only to the EDIII region of
DENV and ZIKV, individuals who have lower levels of anti-
bodies to these regions would not be detected, which may be
the reason why 6.13% of children who were positive by the in-
house IgG ELISA were negative by Luminex. Therefore, this
Luminex assay is likely to be less sensitive than the Panbio as-
say, which detects antibodies to the whole envelope protein,
and our in-house IgG ELISA, which detects antibodies to the

whole virus. The lower levels of serotype-specific antibodies
to EDIII may lead to misclassification of some individuals as
having multitypic responses. Yet, as our in-house DENV-IgG
ELISA is likely to detect antibodies to the whole DENV, it
would have a higher sensitivity but lower specificity due to de-
tection of cross-reactive antibodies, which could be due to pre-
vious exposure to ZIKV or Japanese encephalitis virus, which
co-circulate in the same region. This is one of the major limi-
tations in flavivirus antibody assays because, as the assay specif-
icity increases by including detection of specific epitopes, the
sensitivity is likely to decline.

In this study, we found that DENV2 (56.83%) was the main
serotype that had infected most children, followed by DENV1
(30.57%). These findings are consistent with our surveillance
data carried out over the years in the Colombo district (adja-
cent district), which showed that DENV2 was indeed the pre-
dominant circulating serotype from 2016 until the end of
2022 [23] (Figure 4). There was a trend toward a reduction of
exposure to DENV2 with age, which could be due to individu-
als being infected with other DENV serotypes resulting in mul-
titypic infections. DENV4 was not identified in our surveillance
after 2018, which had been detected in very low frequency in
the fourth quarter of 2019. Consistent with our surveillance
data, we did not identify children aged <10 years who had
been infected with DENV4. DENV3 emerged in 2023, after it
had not been detected since 2008, although it was detected
for a brief period during the fourth quarter of 2019 [22]. We
saw an equal proportion of children exposed to DENV3 in all
ages. Therefore, in the absence of past surveillance data,
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determining exposure rates to DENV serotypes in age groups
by these multiplexed, microsphere-based serological assays
(Luminex assays) would enable us to characterize the exposure
history and get an idea regarding the transmission of DENVs in
a particular geographic location in relation to time.

Although we and others had studied the seroprevalence of
dengue over many years and in many geographic locations,
the seropositivity rates for ZIKV had not been characterized.
We found that 16.5% of children also had evidence of past
infection with ZIKV, with 3.33% showing evidence of infection
with only ZIKV, not DENV, despite the in-house DENV-
specific IgG giving a positive result. As virologic surveillance
for ZIKV has not been previously carried out in Sri Lanka, there
are no data regarding when ZIKV was first introduced to Sri
Lanka or how long the virus has been circulating here.
However, the first time that ZIKV was identified in Sri Lanka
was in patients presenting with dengue-like illness from 2017
to 2018 to a tertiary care hospital [16], which does not obviously
indicate that ZIKV was not circulating prior to 2017. In this
study, ZIKV was detected in 1% (6/595) of samples by real-time
polymerase chain reaction [16]. Interestingly, we saw that
infection rates with ZIKV significantly declined with age.
Although the reasons for this are not clear, it is possible that
prior multitypic infection with DENV reduces the risk of infec-
tion with ZIKV. Alternatively, it would be due to the sensitivity
of the assays used in detecting ZIKV-specific IgG to EDIII in
the context of multitypic responses to DENV. In fact, it has
been shown that preexisting higher antibody titers to DENV
were associated with a lower risk of symptomatic Zika [39].
As ZIKV infection was seen only in younger children, with low-
er infection rates of ZIKV in older children, it is likely that
ZIKV was recently introduced to Sri Lanka, as older children
who were dengue seropositive, possibly with multitypic infec-
tions, were protected from ZIKV. Therefore, as the rate of
DENV infection increases with age, this could lead to the risk
of infection with ZIKV, which would explain our observations.
Robust longitudinal cohort investigations incorporating com-
prehensive virologic and clinical characterization of dengue
and Zika infections are essential to determine the extent to
which each virus modulates the transmission potential, host
susceptibility, and disease manifestations of the other.

In conclusion, we found that 72.3% of children were seropos-
itive for dengue in the Gampaha district in Sri Lanka, which is
one of the districts that report the highest number of cases. The
dengue seropositivity rate significantly increased with age, al-
though 42.7% of children who were seropositive had been in-
fected with only 1 DENV in the past (monotypic infection).
The predominant infecting serotype was DENV2, followed by
DENV1, which is consistent with data for the DENV serotype
circulating in the last 10 years. Interestingly, infection rates
with ZIKV significantly declined with age, suggesting that prior
immunity to DENV may reduce the risk of ZIKV infection.

These data show that in addition to age-stratified seropositivity
data, understanding the proportion of monotypic and multi-
typic infections and exposure to other flaviviruses is likely to in-
form better decision making in implementing vaccines and
novel vector control strategies.
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Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
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