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Summary
Background Dengue shows high geographic heterogeneity within and across endemic countries. In the context of
increasing burden and predicted outbreaks due to climate change, understanding the heterogeneity will enable us to
develop region specific targeted interventions, including vaccination. World Health Organisation (WHO) suggests
standard methodologies to study the burden and heterogeneity at national and subnational levels. Regional studies
with robust and standard methodology to capture heterogeneity are scarce. We estimated the seroprevalence of
dengue in children aged 9–12 years and the force of infection in Kerala, India, from where Zika cases also have been
reported recently.

Methods We conducted a school-based cross-sectional survey in 38 clusters; selected by stratified random sampling,
representing rural, urban, high burden and low-burden administrative units. Validation of Indirect IgG ELISA was
done by Plaque Reduction Neutralization Test (PRNT90) using the local isolates of all four serotypes. Force of
infection (FOI) was estimated using the WHO-FOI calculator. We conducted a follow-up survey among a
subsample of seronegative children, to estimate the rate of sero-conversion.

Results Among 5236 children tested, 1521 were positive for anti-dengue IgG antibody. The overall seroprevalence in
the state was 29% (95% CI 24.1–33.9). The validity corrected seroprevalence was 30.9% in the overall sample, 46.9%
in Thiruvananthapuram, 26.9% in Kozhikkode and 24.9% in Kollam. Age-specific seroprevalence increased with age;
25.7% at 9 years, 29.5% at 10 years, 30.9% at 11 years and 33.9% at 12 years. Seroprevalence varied widely across
clusters (16.1%–71.4%). The estimated force of infection was 3.3/100 person-years and the seroconversion rate
was 4.8/100 person-years. 90% of children who tested positive were not aware of dengue infection. All the four
serotypes were identified in PRNT and 40% of positive samples had antibodies against multiple serotypes.

Interpretation The study validates the WHO methodology for dengue serosurveys and confirms its feasibility in a
community setting. The overall seroprevalence in the 9–12 year age group is low to moderate in Kerala; there are
regional variations; high burden and low burden clusters co-exist in the same districts. The actual burden of dengue
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exceeds the reported numbers. Heterogeneity in prevalence, the high proportion of inapparent dengue and the
hyperendemic situation suggest the need for region-specific and targeted interventions, including vaccination.

Funding World Health Organization.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched PubMed, for estimates of the seroprevalence of
dengue infection among children. We identified 144 papers
published between 2017 and 2022; of which 29 were from
Southeast Asia and 15 from India. A national-level survey
conducted in India in 2017 reported highly variable estimates,
the lowest in the Northeastern region (1.6%) and the highest
in the northern region (47%). It could not consider the
cumulative nature of seroprevalence with age, as suggested in
the methodology by WHO. This limits the validity of the
estimates and the scope for comparison.

Added value of this study
‘Govt of Kerala-WHO Dengue study’ used one of the largest
cohorts in India to precisely estimate the seroprevalence of
dengue using methodology recommended by WHO (Indirect
IgG ELISA validated with PRNT90 in children in the 9–12-year
age group). The precise and narrow age band reflects the
sero-conversions in the recent past and the data in this age
group is critical for targeting vaccination policy. We
conducted the study in the school setting in Kerala, where
school enrolment is universal. We selected 5–7 administrative
units (AUs) from each district, by stratified random sampling,
representing rural and urban settings, with high and low
prevalences, based on the surveillance data. Along with the

estimates of seroprevalence and force of infection, the study
generated serotype-specific data on dengue prevalence in
subgroups. It has also built a large community-based cohort
of children that can be used for follow-up evaluations. We
found that 30% of the children are sero-converted and are at
risk of antibody-mediated enhancement. The presence of
antibodies against multiple serotypes was detected in 40.38%
of positive samples (11.7% of the total). More importantly,
90% of children with serological evidence of dengue were
unaware of the infection. It indicates the burden of
inapparent dengue in a hyperendemic community and the
need for urgent public health actions.

Implications of all the available evidence
This study estimated age-specific dengue seroprevalence and
force of infection (FOI), calculated using the WHO-FOI
calculator. This is the first field application of a validated WHO
methodology. It reflects not only the rural–urban differences,
but also the significant variability among high prevalent and
low prevalent clusters within districts. Accurate burden
estimates of dengue infection can help us plan targeted and
region-specific interventions and guide us in formulating
dengue vaccination and prevention policies. This paper
provides a practical framework for replicating similar studies
in different settings within and outside India.
Introduction
Dengue is the most prevalent mosquito-borne disease
globally. There are around 100–400 million infections
per year and nearly half the world’s population is at
risk.1 The clinical spectrum ranges from asymptomatic
infections to severe dengue. When multiple serotypes of
Dengue Virus (DENV) circulate, rates of severe dengue
are high.2,3 Traditional surveillance will not capture all
infections4; WHO Global strategy highlights the urgent
need to estimate the dengue burden.5 Cross-sectional,
population-based, age-stratified seroprevalence studies
can measure both the dengue burden and the historical
disease transmission intensity in the region.6–8 Sero-
prevalence in children is a sensitive indicator and a
more reliable measure of background incidence. Sero-
prevalence in children of 9–12 years is critical to
decide policies, while that in the 5–8 year group is
desirable.6

In India, West Bengal, Uttar Pradesh, Punjab, Har-
yana, Delhi, Gujarat, Kerala, Karnataka and Tamil Nadu
are the high dengue burden states.9 Kerala reports a
high number of dengue cases; the highest from Thir-
uvananthapuram from where Zika cases were reported
recently. During 2017, Kerala witnessed a large outbreak
of dengue and Integrated Disease Surveillance Project
(IDSP) reported around 20,000 confirmed cases.9 In this
background the Government of Kerala conducted an in-
depth epidemiological study on dengue, in collaboration
with the World Health Organization. We estimated
seroprevalence of dengue infection using indirect IgG
Enzyme-linked Immunosorbent Assay (ELISA) in chil-
dren, in the 9–12-year age group and force of infection,
www.thelancet.com Vol 22 March, 2024
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through follow-up of seronegative children. We also
estimated seroprevalence in the 5–8 year age group in a
hospital setting.
Methods
Study design and participants
We conducted a school-based cross-sectional survey
among 9–12-year-old children in 38 clusters of 19
Administrative Units (AU) selected from three districts
of Kerala; Thiruvananthapuram (December 2017), Kol-
lam (October 2018, January 2019) and Kozhikode
(December 2018). Geospatial distribution of surveyed
districts is given in Fig. 1. We estimated the sample size
to be 1250 in each age stratum; assuming seropreva-
lence of 30%, absolute precision of 4%, design effect 2,
and confidence interval of 95%; added 200 cases to ac-
count for potential missing information on the outcome
status.

Thiruvananthapuram district was included in the
study because of epidemiological reasons; it reported
the highest number of dengue cases. Kollam and Koz-
hikode were randomly selected from the list of southern
and northern districts. From each district, we chose five
to seven Administrative Units (AU), by stratified
random sampling; two/three high prevalent rural (HR)
units, two/three low prevalent rural (LR) units, one high
prevalent urban (HU) unit and one low prevalent urban
(LU) unit (list in the Supplementary File). An incidence
proportion of 50 per 100,000, based on surveillance data
was the cut-off point to decide whether the area is high
or low prevalent. We randomly selected two schools
from each AU and one classroom for each grade from 4
to 7; assuming that these grades in Indian schools
represent age strata 9–12 years. We recruited all eligible
children from the randomly selected classroom. This
has resulted in less number of children in the lower age
band (less number of 9-year old children in grade 4) and
higher number of girls in the overall sample, since some
of the selected classrooms had more girls. Moreover one
of the randomly selected schools was a girls’ only school.
All children from the selected classroom were invited to
participate, due to practical reasons. We conducted class
wise parent-teacher meetings to explain the objectives of
the study, the data collection process and risk and
benefits to the child and all eligible children in selected
classrooms were invited to participate. Almost all par-
ents were willing and gave consent and were eager to
know the results of the testing. We obtained permission
from the General Education and local self-government
departments and interacted with people’s representa-
tives, school management and teachers to appraise them
about the objectives, process and expected outcomes of
the study. The human ethics committee of Government
Medical College, Thiruvananthapuram approved the
study protocol (IEC No. 14/37/2017/MCT date 28/11/
2017). We obtained written informed consent from
www.thelancet.com Vol 22 March, 2024
parents, assent from children and subsequently
informed their test results, along with appropriate risk
communication.

After the initial survey of 5236 children, a follow-up
survey was done in 386 children; 316 children from
Kozhikode (2019) and 70 from Thiruvananthapuram
(2020). We could not complete the follow-up survey
because schools got closed due to COVID-19. Indirect
IgG for dengue was done among 291 children who were
seronegative in the initial survey. From a subsample of
92 children, who were seropositive in the initial survey,
we collected data on fever and hospitalization during
the one year follow up period. For the hospital-based
survey, we recruited 153 children in the age group of
5–8 years, from Government Medical College, Thir-
uvananthapuram. Children suffering from acute febrile
illness, chronic illnesses and long-term medications
were excluded from both school-based and hospital-
based surveys.

Procedures
Medical doctors from the Department of Community
Medicine led the trained data collection teams. Socio-
economic status was assessed by the type of ration card10

of the household and by the educational and occupa-
tional status of family members. Trained staff nurses
and qualified laboratory technicians collected blood
samples (3 ml) under standard infection control pre-
cautions, in 5 ml screw-capped tubes and transported
them to the State Public Health Laboratory in cold boxes
on the collection day. The serum was separated from the
whole blood and stored as aliquots at −20 ◦C.

Serological analysis and Plaque Reduction
Neutralization (PRNT) assay
Indirect IgG Enzyme-linked Immunosorbent Assay
(ELISA) (Panbio™) was used for the qualitative detec-
tion of anti-dengue IgG antibodies. An in-house PRNT
assay was developed and standardized for the study in
line with the approved protocols suggested by WHO.11

Kerala is hyperendemic for dengue; four viral strains
were in circulation; we used the local isolates of all four
serotypes. DENV-1 isolate RGCB419/2008 (GenBank
JN903579); DENV-2 isolate RGCB880/2010 (GenBank
KY427084); DENV-3 isolate RGCB1734/2017: and
DENV-4 isolate RGCB1814/2019 were used. All the vi-
rus strains, originally isolated in C6/36 mosquito cells,
were further passaged at least once in Vero cells. Briefly,
10-fold dilutions of heat-inactivated serum samples were
incubated with 100 plaque-forming units (pfu) of the
virus at 37 ◦C for 1 h for neutralization. The mixture
was used for infecting confluent monolayers of Vero
cells in 24-well culture plates in duplicate wells for each
dilution. Serum-untreated, but virus-infected controls
and uninfected controls were kept. After the initial in-
cubation for virus adsorption, the monolayers were
overlayed with carboxymethyl cellulose to a final
3
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Fig. 1: Administrative unit level dengue seroprevalence among 9–12 year old children.
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concentration of 1.5% in 1X DMEM (Sigma) added with
2% Foetal Bovine serum (Gibco™) and 1X Antibiotic-
antimycotic cocktail (Sigma). After six days of incuba-
tion at 37 ◦C in a 5% CO2 atmosphere, the cells were
fixed overnight with 30% formaldehyde solution and
stained with 0.1% crystal violet. The number of plaques
in each well corresponding to each of the serum di-
lutions was counted and compared against the serum-
untreated, but infected wells and the % reduction in
plaques were calculated. A 90% or more reduction in
plaque numbers (PRNT90) at the 1:10 dilution of patient
serum against a DENV- serotype was taken as a positive
www.thelancet.com Vol 22 March, 2024
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result for the presence of antibodies against that sero-
type (Fig. 2).

We used 55 random samples from the IgG positive
group and 50 random samples from IgG negative group
for the PRNT assay; restricted to a subset since the assay
is cumbersome and resource intensive. Even with 105
samples, the number of PRNT tests performed was 420
because each sample must be tested individually against
all the four serotypes. We purposefully used more pos-
itive samples for PRNT to increase the yield of serotype-
specific infections contributing to a positive PRNT.
Since Kerala is a dengue-endemic area, we used high-
stringency criteria for PRNT positivity; PRNT90. The
strength of our PRNT assay is the use of locally circu-
lating isolates.

Statistical analysis
We estimated seroprevalence using indirect IgG ELISA;
validated and corrected it using the sensitivity and
specificity estimates of the test against PRNT. Corrected
prevalence was calculated using the formula; (apparent
prevalence + specificity − 1)/(sensitivity + specificity −

1). We present the interval estimates for the clustered
data.12 Force of Infection (FOI) was calculated from the
increasing trend of seroprevalence with age, using the
WHO-FOI calculator,4 which assumes a constant force
of infection over time. The seroconversion rate was
Fig. 2: Plaque Reduction Neutralization Assay

www.thelancet.com Vol 22 March, 2024
estimated from the follow-up data. Trend analysis was
done using Extended Mantel–Haenszel Chi-square for
linear trend.

Role of funding source
None.
Results
We enumerated 5566 children from 38 clusters;
excluded 269 children, due to the non-availability of
parental consent. We recruited 5297 children, from
whom data and blood samples were collected; 61 sam-
ples were discarded due to lysis. Data from 5236 chil-
dren are included in the analysis.

Our sample had more girls (3206/5236, 61.2%) and
more children were in the 12 year age band (1740,
33.2%). Most (90%) parents had at least secondary
schooling. More mothers were homemakers (64.3%),
while fathers (98.6%) were employed (Table 1). Five
percent of children gave a history of dengue infection
during their lifetime (264), suspected or confirmed;
while 16% of children reported that at least one family
member was ever infected (845). Nearly half (2567,
48.5%) had a history of fever during the previous one-
year; while 167 (6.5%) had clinical dengue, 83 (3.2%)
had laboratory confirmation.
(PRNT90) using the local DENV isolates.

5
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Variable Category Number Percentage (%)

Age (years) 9 672 12.83

10 1344 25.67

11 1480 28.27

12 1740 33.23

Gender Male 2030 38.77

Female 3206 61.23

Socioeconomic status (SES) indicated by colour of ration card Yellow (lowest SES) 298 5.69

Pink (low SES) 1873 35.77

Blue (high SES) 1639 31.30

White (highest SES) 387 7.39

Data not available 1039 19.84

Educational status of father (years of education) No formal education 11 0.21

Primary (≤7 years) 675 12.89

Secondary (8–10 years) 2891 55.21

Higher secondary (11–12 years) 827 15.79

Technical training 94 1.79

Graduate/post graduate degree 712 13.59

Professional degree 26 0.49

Educational status of mother (years of education) No formal education 16 0.31

Primary (≤7 years) 413 7.88

Secondary (8–10 years) 2625 50.13

Higher secondary (11–12 years) 937 17.89

Technical training 84 1.60

Graduate/post graduate degree 1127 21.52

Professional degree 34 0.65

Occupation of father Unemployed 71 1.36

Unskilled worker 1465 28.20

Semiskilled worker 1155 22.23

Skilled worker 1615 31.08

Clerical/shop owner/farmer 620 11.93

Semi professional 197 3.79

Professional 72 1.38

Occupation of mother Unemployed/home maker 3369 64.34

Unskilled worker 661 12.62

Semiskilled worker 331 6.32

Skilled worker 304 5.81

Clerical/shop owner/farmer 273 5.21

Semi professional 199 3.80

Professional 99 1.89

Table 1: Socio-demographic characteristics of the study participants (n = 5236).
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Of the 5236 sera tested, 1521 (29%) were positive,
3599 (68.8%) were negative and 116 (2.2%) were
equivocal for IgG antibodies. We considered equivocal
samples as negative. Overall seroprevalence for Kerala
was 29% (95% CI 24.1%–33.9%); after validity correc-
tion based on validation against PRNT90, seroprevalence
was 30.9%. The seroprevalence in Thiruvananthapuram
was 41.2% (34.2%–49.5%), Kozhikode, 25.9% (24.0%–

27.8%) and Kollam, 24.4% (19.3%–29.6%). Corrected
seroprevalence was 46.9%, 24.9% and 26.9% in Thir-
uvananthapuram, Kollam and Kozhikkode, respectively
(Table 2).

The heterogeneity in seroprevalence was evident
across clusters in Thiruvanathapuram (35%–71.4%),
Kollam (16.1%–60.3%) and Kozhikkode (25.0%–30.1%).
The lowest seroprevalence was in a rural cluster (16.1%)
and the highest was in urban cluster (71.4%). There was
high variability in seroprevalence, even between AUs
with geospatial proximity. The distance between a high
prevalent urban cluster (60.3%) and a low prevalent
(16.1%) rural cluster within the same district was hardly
20 miles (Table 3 and Fig. 1).

The seroprevalence is higher among higher age
groups and lower among girls. Hence the higher
number of children in the higher age group in our
sample might have inflated the seroprevalence while the
higher number of girls might have deflated it. As a
sensitivity analysis, we applied the stratum-specific
www.thelancet.com Vol 22 March, 2024
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Variable Category IgG positive IgG negative Seroprevalence (%) Corrected seroprevalence (%)

District (5236, 100%) Thiruvananthapuram (1261, 24%) 520 (41.2%) 741 (58.8%) 41.2 46.9

Kollam (1970, 37.6%) 481 (24.4%) 1489 (75.6%) 24.4 24.9

Kozhikode (2005, 38.3%) 520 (25.9%) 1485 (74.1%) 25.9 26.9

Age (5236, 100%) 9 years (672, 12.9%) 169 (25.1%) 503 (74.9%) 25.0 25.7

10 years (1344, 25.7%) 376 (27.9%) 968 (72.1%) 27.9 29.5%

11 years (1480, 28.2%) 431 (29.2%) 1049 (70.8%) 29 30.9

12 years (1740, 33.2%) 545 (31.3%) 1195 (68.7%) 31.3 33.9

Gender (5236, 100%) Girls (3206, 61.2%) 889 (27.7%) 2317 (72.3%) 27.7 29.2

Boys (2030, 38.8%) 631 (31.1%) 1399 (68.9%) 31.1 33.7

Overall 1521 (29%) 3715 (71%) 29.0 30.9

Table 2: Seroprevalence of IgG antibodies against dengue virus in different districts, age groups and gender.

Articles
seroprevalences to a standard population with equal
proportions of the population in all age-gender strata.
The adjusted seroprevalence obtained by the sensitivity
analysis is 28.95%, while the unadjusted seroprevalence
is 29.02% (Supplementary File).

Seroprevalence among 5–8-year-old children
(hospital-based)
Among 153 children in the 5–8-year age band, 37 were
positive for IgG antibodies. The age-specific seropreva-
lences were 25% (11/25), 20% (9/45), 25.6% (10/39) and
28% (7/25) for 5–8-year age groups, respectively. The
overall validity corrected seroprevalence in the age 5–8
District Name of AU Reported incidence of dengue Ru

Thiruvananthapuram Vilavoorkkal High Rur

Karakulam High Rur

Vamanapuram Low Rur

Pulimath Low Rur

Chemmaruthy Low Rur

Nemom High Urb

Njandoorkonam Low Urb

Total

Kollam Punalur High Rur

KS Puram High Rur

Mynagapally High Rur

Anchal Low Rur

Kadakkal Low Rur

Palathara High Urb

Ramankulangara Low Urb

Total

Kozhikode Thalakulathoor High Rur

Kakkoor High Rur

Nanmanda Low Rur

Ramanattukara High Urb

Corporation Low Urb

Total

“71.4” is the highest seroprevalence in the study population. “16.1” is the lowest serop

Table 3: Seroprevalence of IgG antibodies against Dengue Virus in Administr

www.thelancet.com Vol 22 March, 2024
year age group was 24.6% and in each age band 25.7%,
19.1%, 26.5% and 29.6%, respectively.

Validation of IgG against Plaque Reduction
Neutralization Test (PRNT90)
Among the 55 samples that tested positive in indirect
IgG ELISA, 48 (87.27%) were positive in PRNT assay
and out of 50 negative samples, 46 (92%) were true
negatives. So, the positive predictive value and negative
predictive value of indirect IgG ELISA in our setting
were 87.27% and 92%, respectively. Applying this data
to the existing situation of 29.04% test positivity, the
sensitivity and specificity were 81.7% and 94.6%,
ral/urban Samples tested Samples positive Seroprevalence (%) Corrected seroprevalence (%)

al 240 107 44.6 51.4

al 145 47 32.4 35.4

al 159 51 32.1 35.0

al 216 77 35.6 39.6

al 185 62 33.5 36.8

an 267 160 59.9 71.4

an 49 16 32.6 35.7

1261 520 41.2 46.9

al 149 32 21.5 21.1

al 343 71 20.7 20.1

al 220 39 17.7 16.1

al 607 126 20.8 20.2

al 283 70 24.7 25.3

an 111 57 51.4 60.3

an 257 86 33.5 36.8

1970 481 24.4 24.9

al 141 40 28.4 30.1

al 349 86 24.6 25.3

al 322 82 25.5 26.3

an 425 104 24.5 25.0

an 768 208 27.1 28.4

2005 520 25.9 26.9

revaelnce in the study population.

ative Units.
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DENV serotype

Monotypic

DENV-1

DENV-2

DENV-3

DENV-4

Multitypic

DENV-1 & DENV-2

DENV-1 & DENV-3

DENV-1 & DENV-4

DENV-2 & DENV-3

DENV-2 & DENV-4

DENV-1, DENV-2 & DE

DENV-1, DENV-2 & DE

DENV-1, DENV-2, DEN

Table 4: Serotype specific

Articles
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respectively. We used this sensitivity and specificity to
estimate the corrected seroprevalence.

The pattern of the serotype-specific antibody as per
PRNT assay
The predominant serotype in our study was DENV-2
(73%). The pattern of serotype-specific antibodies,
observed in PRNT-positive samples (n = 52) was as
follows; DENV-1, 24 (46.2%); DENV-2, 38 (73%); DENV-
3, 14 (26.9%); and DENV-4, 2 (3.8%). All the four false
negative samples (PRNT positive but ELISA negative)
tested positive for DENV-2. The presence of antibodies
against multiple serotypes was detected in 21 (40.38%)
samples; of which the commonest combination was
DENV-1 and DENV-2 detected in 11 (21.1%) samples
(Table 4).

Force of infection (FOI) and seroconversion rate
Seroprevalence increased with age; from 25.7% at age 9
to 33.9% at 12 years in the school-based survey (Tables 2
and 5 and Fig. 3) and from 25.7% at five years to 29.6%
at the age of eight in the hospital-based survey. The
estimated FOI in the 9–12 year band was 3.3 per 100
person-years and in 5–8 years, it was 4.3 per 100 person-
years. In the follow up study, among the 291 seroneg-
ative children seroconversion was observed in thirteen
children in Kozhikode (n = 246) and three in Thir-
uvananthapuram (n = 45). Seroconversion rate was 5.3
per 100 person-years in Kozhikode and 3.3 per 100
person-years in Thiruvananthapuram. The overall sero-
conversion rate was 4.8 per 100 person-years. On follow-
up, two (2.17%) children from the seropositive cohort
(92) developed fever and the diagnosis was dengue. Both
were hospitalized and one child required ICU care and
prolonged hospitalization (14 days).

Among 1521 children who were IgG positive, only
171 reported history of confirmed or suspected dengue
Number N = 52 Percentage (100%)

6 11.5

20 38.5

5 9.6

0 0%

11 21.1

1 1.9

0 0

1 1.9

0 0

NV-3 6 11.6

NV-4 1 1.9

V-3 & DENV-4 1 1.9

antibodies in PRNT positive samples.
(11.2%). Seroprevalence was significantly higher among
children with reported family history of dengue (38.6%)
compared to those who did not report family history
(27.1%).

Seroprevalence showed a positive trend with age
(Extended Mantel–Haenszel Chi-square for linear trend,
p value = 0.002). Boys had significantly higher seropre-
valence (33.7%) compared to girls (29.2%) (p = 0.009).
The lowest socioeconomic stratum reported the highest
seroprevalence. Factors associated with seroprevalence
are given in Table 5. High seroprevalence is observed in
families adopting mosquito control measures like
burning anti-mosquito incense inside the rooms, using
mosquito coils and liquidator/vaporizer. However,
closing windows and doors to prevent mosquito bites
was protective.
Discussion
Our study reports a seroprevalence of 30.9% among
9–12 year old children and 24.6% among 5–8 year old
children; this can be classified as low to moderate
(<50%). The sample size for this study is 5236 which is
the largest for a study done for the 9–12 year age band
recommended by WHO till date. The reported sero-
prevalence in Kerala is higher than Singapore,13 but is
lower than most endemic countries such as Cambodia,
Mexico, Vietnam and Indonesia.14–18 Despite the high
reported incidence in the surveillance data, the sero-
prevalence of dengue in Kerala is lower than that in
many other regions in India. The age-specific seropre-
valences reported from our study are closer to that of
areas with lower seroprevalence in a nationally repre-
sentative study done in 2017, which reported an overall
seroprevalence of 48.7% (95% CI 43.5–54.0), 28.3%
(21.5–36.2) among children aged 5–8 years and 41.0%
(32.4–50.1) among children aged 9–17 years.19 Seropre-
valence and force of infection are highly variable across
countries and often underestimated.18,20 Areas with good
surveillance, report more infections but the actual
burden may be less than an area with poor surveillance.
Seroprevalence among children in Singapore is just
above 10%,13 whereas, in Indonesia it is more than
80%.14

Our study also affirms that the seroprevalence is more
in urban areas and among the lower socio-economic
group.19,21 Urban-to-rural spread is seen across India, in
recent decades.22 The three principal drivers for the
emergence of epidemic dengue are urbanization, glob-
alization and lack of effective mosquito control.23 Thir-
uvananthapuram is the most urbanized among the
regions studied and has the highest seroprevalence.

A Brazilian study reported that 60% of children in
the deprived group are infected and the force of infec-
tion in that group is three times compared to the
affluent group.24 Potential risk factors of dengue trans-
mission at the household level are low socioeconomic
www.thelancet.com Vol 22 March, 2024
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Variable Category Number of positives Total IgG seroprevalence (%) p value

Age in years 9 169 672 25.0 0.024

10 376 1345 27.9

11 431 1481 29.0

12 545 1741 31.3

Gender Boys 631 2031 31.1 0.005

Girls 889 3206 27.7

Colour of ration card Yellow 105 293 35.8 <0.001

Pink 584 1858 31.4

Blue 424 1625 26.1

White 104 380 27.4

NA 268 995 26.9

Reported history of confirmed or suspected dengue fever Yes 171 262 65.3 <0.001

No 1335 4932 27.1

Family member affected by dengue fever Yes 323 837 38.6 <0.001

No 1180 4360 27.1

Table 5: Factors associated with dengue IgG seroprevalence.
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status, littering in and around the home and poor san-
itary and water storing facilities.17,25,26 Boys have signifi-
cantly higher seroprevalence in our study; this may be
due to difference in pattern of clothing and activities.
Increasing seroprevalence with age is well documented
and is attributed to the force of infection.25,27–29 We
estimated the force of infection from the primary data
on age-specific seroprevalence rates, using the WHO-
FOI calculator. We estimated the seroconversion rate
per 100 person-years as a measure of the force of
infection in a subset of originally seronegative children.
The triangulated data confirms that the force of infec-
tion in Kerala is three to five percent per annum, which
can be considered as a low to moderate rate among the
endemic regions of the world. The FOI reported in
Indonesia and Vietnam is high (more than 10%).14,21
Fig. 3: Age specific seroprevalence of Ig

www.thelancet.com Vol 22 March, 2024
Another study from India estimated an annual force
of infection of 11.9%.30 The incidence reported in our
study is less than that from Maharashtra, another state
in India; which reported an overall incidence rate of
primary dengue as 54.2 infections/1000 children years
(95% CI 43.0–67.3), in the 5–15 year age group.31

Apparent dengue represents the tip of the iceberg;
only one in 10 children with serological evidence of
dengue was aware of dengue infection. Most dengue
infections result in either no perceptible symptoms or
symptoms so mild that they go undetected by surveil-
lance systems. The proportion of inapparent infections
was earlier estimated to be 80%; in our study 89% of
children with positive IgG did not know that they had
dengue in the past.32 Individuals undetected by surveil-
lance systems may be the primary reservoir of dengue
G antibodies against dengue virus.
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virus transmission and that policy for dengue control
and prevention must be revised accordingly.32

According to the PRNT data, the dengue infection is
largely contributed by DENV2, which is the dominating
strain elsewhere in India. However, there was a signif-
icant contribution by DENV1 also. The large outbreak of
2017 in Kerala was due to the emergence of DENV1 in
an endemic situation dominated by DENV 2, while in
subsequent years DENV 4 and more recently DENV 3
cases are on the increase.33 Our study affirms the hy-
perendemic situation in Kerala, where all the four se-
rotypes circulate; with high incidence of multiple
infections dominated by DENV2-DENV1 combination.32

The presence of antibodies against multiple serotypes
was detected in 40.4% of positive samples (11.7% of
total). In 2021, Zika cases were reported from Thir-
uvananthapuram, the first ever reports from Kerala and
in 2022, from Kollam. Chikungunya cases are also re-
ported from these districts.

Our data on anti-mosquito measures has the risk of
reverse causality. Practices like the burning of anti-
mosquito incense and the use of mosquito mats or coils
may be a surrogate measure of mosquito menace itself.
However, the seroprevalence of dengue was lower among
children from houses which practised closure of windows
and doors regularly to prevent the entry of mosquitoes.

We adopted stratified random sampling and in the
last step all students in the randomly selected classrooms
were recruited. This resulted in less number of children
in the 9 year age band and more girls in the sample. As a
sensitivity analysis, we applied the stratum-specific
seroprevalences to a standard population with equal
proportions of the population in all age-gender strata.

The overall seroprevalence and force of infection of
dengue among children in the 9–12 year age group is
low to moderate in Kerala; however there is high
variability across clusters and there are high burden
clusters even in the geographic proximity of low
burden clusters. The overall seroprevalence is lower
compared to reported number of cases and seropre-
valence reported in this age group from many high-
burden countries; but the high heterogeneity in the
seroprevalence between clusters within the same dis-
tricts has important implications, for the vaccination
policy and clinical outcomes. Dengue infections in this
population have been mostly asymptomatic and chil-
dren are unaware of their positivity status. Multiple
serotypes are in circulation in the same area and one in
ten children was already infected with more than one
serotype. Preventive measures need to be strengthened
urgently to prevent high morbidity and mortality due
to severe dengue. Heterogeneity across the country
and even within the same state underscores the
importance of conducting repeated cross-sectional
studies following robust methodology to better
inform dengue vaccination policies. In this context, the
WHO methodology used here was found feasible and
may be used for future comparison across different
settings. FOI calculator and the burden estimation tool
kit are now incorporated in the WHO website ‘A toolkit
for national dengue burden estimation’.4
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