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Summary

Background—Detection of dengue virus antibodies is important for understanding future
dengue virus risk and for prevaccination screening. We aimed to evaluate the performance of

a dengue IgG indirect ELISA in determining dengue seroprevalence in a cohort of children in the
Philippines, using a focus reduction neutralisation test (FRNT) as the reference test.

Methods—In this prospective population-based cohort study, we enrolled healthy children
residing in Bogo or Balamban, Cebu, Philippines, who were to be aged 9-14 years at the time of
a mass dengue vaccination campaign. Sera were collected from participants and batch tested by
indirect IgG ELISA and FRNT. The primary endpoint was dengue seroprevalence in the cohort,
detected by ELISA, and validated by that detected by reference FRNT. This study is registered
with ClinicalTrials.gov, NCT03465254.

Findings—We collected 2996 serum samples between May 2, and June 2, 2017, and we tested
each sample with IgG ELISA. Using 1961 samples (65- 5%) that were tested with FRNT, and
1035 samples (34-5%) with imputed results, we found that 320 (10-7%) of 2996 children were
dengue naive and 2676 (89:-3%) were seropositive for previous dengue virus infection. Based on
the 1961 non-imputed FRNT results classified as dengue seronegative or seropositive, the ELISA
(with a 0-9 index value cutoff) showed 95-2% sensitivity, 93-4% specificity, 6-6% false positivity,
and 4-8% false negativity. However, sensitivity of the ELISA was poor (77-1%) among children
with immunity to just one dengue virus serotype. Of the 11 sera that were false positive with
ELISA, seven samples (63:6%) were seropositive for Zika virus or Japanese encephalitis virus
with FRNT.

Interpretation—Most children (89-3%) assessed in our study and eligible to participate in
the mass dengue vaccination campaign were seropositive for previous dengue virus infection.
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Compared with FRNT, ELISA had high sensitivity and specificity (>90%), but the false-negative
and false-positive rates makes the test suboptimal for prevaccination screening. Individuals who
are falsely identified as seropositive by dengue IgG ELISA and then vaccinated might be at risk of
developing severe disease during a subsequent exposure to wild-type dengue virus. Those with a
monotypic profile would benefit the most from vaccination, but the sensitivity of the IgG ELISA
was much lower in this group than in those with a multitypic profile.

Funding—~Philippine Department of Health, Hanako Foundation, WHO, Swedish International
Development Cooperation Agency through the International Vaccine Institute, and University of
North Carolina, Chapel Hill, NC, USA.

Introduction

There are four dengue virus serotypes (DENV 1-4). Infection with dengue virus

produces durable, or sometimes lifelong, homotypic immunity against the infecting
serotype, but waning cross-protection against the other serotypes. Cross-protection wanes
in approximately 2 months to 2 years following primary infection.1~# Thus, individuals
living in dengue endemic areas can experience repeated dengue infections. Primary infection
usually presents as a mild or self-limiting illness. The risk of developing severe disease is
increased during secondary dengue infections by a serotype other than that which caused
the primary infection. Severe dengue is associated with a decay in cross-reactive antibodies
to subneutralising levels that enhance viral replication.>® During third or fourth dengue
infections, the antibody response is presumed to become broadly neutralising, thereby
reducing the risk of developing severe disease.”

The detection of dengue antibodies from previous natural infection is important for
understanding the future risk of severe dengue virus disease. Dengue serostatus also has
implications for the use of CYD-TDV (Dengvaxia, Sanofi Pasteur), which is currently the
only licensed dengue vaccine, and potentially for future dengue vaccines. Since December,
2015, CYD-TDV has been licensed on a three-dose schedule in several countries. Licensure
followed the completion of phase 3 trials in children aged 2—-14 years in five Asian
countries and children aged 9-16 years in five Latin American countries, which showed

a pooled vaccine efficacy over 25 months of 60% (95% CI 56-65) for all participants.10
Licensure was obtained for children aged 9 years or older because of an increased risk

of hospitalisation and severe dengue among the younger children. As only a subset of the
trial participants had dengue serostatus assessed at baseline, definitive conclusions about
the safety signal could not be made. On the basis of these results, WHO recommended

that countries with high dengue transmission consider introducing CYD-TDV in age groups
with seroprevalence of 70% or greater.11 Considering the substantial burden of dengue
infections in the Philippines, the Department of Health launched a mass dengue vaccination
campaign in children aged 9-14 years in high risk regions, which began on April 4,

2016; individual pre-vaccination dengue serostatus testing was not yet recommended at
that time. In November, 2017, the manufacturer of CYD-TDV issued a notice for relabelling
of the vaccine to indicate an additional risk.12 This notice was based on an extended
analysis of the phase 3 trial using a new test that could differentiate antibodies from
previous natural dengue infection versus those from CYD-TDV vaccination. The extended

Lancet Glob Health. Author manuscript; available in PMC 2022 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lopez etal.

Methods

Page 4

analysis showed that over a 5-year period, CYD-TDV conferred 76% (95% CI 64-84)
protection against virologically confirmed symptomatic dengue infection in seropositive
recipients aged at least 9 years, but resulted in overall poor efficacy and an excess risk

of hospitalisation and severe dengue virus disease in seronegative recipients.13 After the
performance of the vaccine was confirmed to vary by dengue serostatus, WHO revised

its recommendations and the US Food and Drug Administration has since recommended
that CYD-TDV should only be given to those with serological evidence of previous
infection.1415 A prevaccination screening strategy would require a readily available and
accurate test for dengue serostatus.18 Although there are debates on the ideal characteristics
of a prevaccination screening test,17:18 a sensitivity and specificity of at least 90% has been
recommended, with a desired sensitivity of 95% and specificity of 98%.19

Neutralisation testing is considered the gold standard for establishing dengue serostatus,
but is expensive, time and labour intensive, and requires advanced equipment, trained staff,
and technical skill. Although ELISAs have been developed for detecting dengue-specific
IgG antibodies, these assays have not been extensively evaluated for their performance in
prevaccination screening. We aimed to assess the dengue seroprevalence and to evaluate the
performance of a dengue 1gG indirect ELISA in determining dengue serostatus in a cohort
of children in the Philippines, using a focus reduction neutralisation test (FRNT) as the
reference test.

Study design and participants

The Philippines is endemic for dengue virus with multiple serotypes circulating at the same
time.20 Other flaviviruses, such as Zika virus and Japanese encephalitis virus, are also
present. Japanese encephalitis virus vaccination is not routinely given in the Philippines.
Cross-reactions with other flaviviruses is an important problem in the testing for dengue
antibodies. From April, 2016, to June, 2017, children aged 9-14 years in three northern
regions were invited to participate in a school-based mass dengue vaccination campaign and
were offered a three-dose vaccination series. In June, 2017, this campaign was extended

to community-based mass dengue vaccination of children aged 9-14 years in the Cebu
province of the Philippines. The estimated population of Cebu in 2015 was 4632 359,21

of which 285 242 children (6-16%) were targeted for the mass dengue vaccination. After
the November, 2017 announcement of the CYD-TDV safety risk, the mass three-dose
vaccination campaign in the Philippines was discontinued, such that only a single dose was
offered in Cebu.

This study is part of a longitudinal cohort study conducted in Bogo and Balamban, two
semi-urban areas in Cebu. From May 2, to June 2, 2017, just before the launch of the mass
dengue vaccination campaign in Cebu, we invited healthy children residing in Bogo and
Balamban, who were to be aged 9-14 years at the time of the mass dengue vaccination
campaign, to participate in the study. The children were recruited and are followed-up
through the Rural Health Units in Bogo and Balamban. A parent or legal guardian of

each participant provided written informed consent for them to take part. Verbal assent
was obtained from the participants and documented. We followed the STARD guidelines??
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and our protocol (appendix pp 2—-30) was reviewed and approved by the University of the
Philippines Manila Research Ethics Board.

Participants were asked to complete a brief questionnaire of basic demographic information
and to provide a 5 mL venous blood sample. The blood samples were collected in
anticoagulant-free vacutainer tubes, processed and aliquoted, and the sera were stored

at —80°C before testing. One batch of frozen sera was shipped to the University of

the Philippines Manila National Institutes of Health (Manila, Philippines) where they

were tested using the dengue IgG antibody indirect ELISA (PanBio; Brisbane, QLD,
Australia) following the manufacturer’s instructions. The manufacturer’s recommended
index cutoff values were as follows: less than 0-9 indicated seronegativity (no evidence

of previous dengue infection), 0-9-1-1 indicated an equivocal serostatus, and more than 11
indicated seropositivity (presence of detectable 1gG antibodies, indicating a previous dengue
infection). Because it was unclear whether the ELISA cutoff values recommended by the
manufacturer were suitable for prevaccination screening, we explored and sought to define
the most suitable cutoff value.

Another batch of frozen sera was shipped to the University of North Carolina (Chapel Hill,
NC, USA). To measure neutralising antibody titres to DENV 1-4, Zika virus, and Japanese
encephalitis virus in sera, we used a micro FRNT adapted to a 96-well plate format as
described previously.2324 The dengue virus strains used were those recommended by WHO
as reference strains for plaque reduction neutralisation testing and FRNT.25 These strains are
WP74 (corresponding to DENV 1), S-16803 (DENV 2), CH53489 (DENYV 3), and TVP376
(DENV 4). The Zika virus strain used was H/PF/2013 and the Japanese encephalitis strain
was rSA-14-14-2.26 96-well plates were plated with 2 x 104 Vero-81 cells per well and
incubated at 37°C for 24 h. For the full dilution FRNT, serial four-fold dilutions of each
serum were mixed with 50-100 focus-forming units of virus in Dulbecco’s modified Eagle’s
medium (Gibco; Grand Island, NY, USA) with 2% fetal bovine serum. The virus-antibody
mixtures were incubated for 1 h at 37°C and then transferred to the confluent monolayer

of Vero-81 cells on the 96-well plates. Following an additional 1 h incubation at 37°C,

the monolayers were overlaid with Opti-MEM (Gibco) containing 2% fetal bovine serum
and 1% (weight per volume) carboxymethyl cellulose (Sigma; St Louis, MO, USA). 50%
effective concentration (ECsp) values were calculated by graphing percentage neutralisation
versus serum dilution and fitting a sigmoidal dose response (variable slope) using Prism 8
(GraphPad Software; San Diego, CA, USA). Neutralising antibody titres (Neut50) represent
the dilution at which the serum neutralises 50% of the infection. Criteria to accept values to
be reported were an R? of more than 0-75 and a Hill Slope absolute value of more than 05.

Because of the large number of samples, we used a simplified single dilution neutralisation
test instead of performing serial dilutions of serum to calculate 50% FRNT titres. Samples
that were able to neutralise 70% of the infection or more at a 1/40 dilution was considered
positive for the presence of neutralising antibodies against the dengue virus serotype tested.
We have previously described and validated the single-dilution FRNT test as a substitute
for the more laborious and time-consuming serial dilution neutralisation test.>27 When
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the ELISA and FRNT results were concordant, no further testing was done. Full-curve
FRNT was performed for sera with discordant ELISA and FRNT results. For samples
tested by FRNT, the neutralisation of a single dengue serotype was classified as a primary
or monotypic response, indicating one previous dengue infection. Neutralisation of two
or more dengue serotypes was defined as a multitypic response, indicating two or more
previous dengue infections; these samples were included in full-curve FRNT.

Statistical analysis

The sample size of the longitudinal cohort study was based on its objective to determine the
relative risk of developing virologically confirmed dengue among children who received or
did not receive CYD-TDV, by dengue serostatus at baseline (appendix pp 2-30), and was
calculated using the following assumptions: 80% power, a of 5%, dengue seroprevalence of
80%, and a relative risk of 3.5 of developing dengue virus disease in seronegative children
compared with seropositive children.10 For the longitudinal study, we estimated that 2412
participants were needed, with an additional 20% to account for possible loss to follow-up
during the 5-year study, which is ongoing until October, 2022. The primary endpoint in this
paper used the convenience sample size from the longitudinal study and was the baseline
dengue seroprevalence of the cohort, detected by ELISA, and validated by that detected

by the reference FRNT. To assess if children with an ELISA index value of less than 0-2
were truly seronegative and if children with an ELISA index value of more than 3.0 were
truly seropositive, we randomly selected approximately 30% of samples with the lowest
ELISA index value results (<0-2) and 30% with the highest results (>3:0) for validation with
FRNT. These thresholds were empirically chosen to explore the most suitable cutoffs for
prevaccination screening. The other 70% of these results was imputed as seronegative (index
value <0-2) and seropositive (index value >3-0). All samples with ELISA index values in
the intermediate range of 0-2-3-0 were tested with FRNT to validate the children’s dengue
immune status.

The secondary endpoints were the definition of the most suitable ELISA cutoff value that
differentiates between dengue naive and seropositive, and the performance of the ELISA
using FRNT as the reference standard. To assess performance of the indirect IgG ELISA as
the index test (a secondary endpoint) using FRNT as the reference standard, non-imputed
results from 1961 samples achieved 85% power at an a of 5% using a two-sided equivalence
test of correlated seroprevalences, a reference seroprevalence by FRNT of 80%, a difference
between these two seroprevalences by ELISA and FRNT that still results in equivalence (or
the range of equivalence) of 2%, and an actual difference in seroprevalence of 0%.

We used a scatter and box plot to illustrate the distribution of the IgG ELISA data within
the FRNT classification as dengue naive or with a monotypic or multitypic dengue profile.
The FRNT serostatus group comparison of 1gG ELISA data to assess its performance was
done using the non-parametric Kruskal-Wallis test and the Wilcoxon test. We also did a
receiver operating characteristic analysis; in this curve, patients who were dengue naive
on FRNT were considered seronegative and patients with monotypic or multitypic dengue
profiles on FRNT were considered seropositive. We calculated the area under the curve
with 95% CI. The estimated area under the curve was considered an aggregate measure
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of the accuracy of the ELISA compared with FRNT across the binary classifications of
seropositive and seronegative, and values were classified as excellent (0-9 to 1-0), good (0-8
to <0-9), fair (0-7 to <0-8), poor (0-6 to <0-7), and failed (0-5 to <0-6). To evaluate the
predictive accuracy of the IgG ELISA compared with FRNT, we carried out the agreement
test using McNemar’s statistics and Cohen’s kappa statistics with 95% CI.28 There was no
adjustments for confounders. All analyses were done using SAS version 9.4. This study is
registered with ClinicalTrials.gov, NCT03465254.

Role of the funding source

Results

The funders of the study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.

From May 2 to June 2, 2017, we invited 3087 children residing in the Bogo and Balamban
sites to participate in the study. We enrolled 3001 children (97-2%) into the study and
collected sera from 2996 (97-1%; table 1, figure).

Of the 2996 samples, the dengue IgG ELISA index value results were less than 0-2 in

233 samples (7-8%), 0-2-3-0 in 1512 samples (50-5%), and more than 3-0 in 1251 samples
(41-8%; figure). We validated 79 (33:9%) of 233 samples with ELISA index value less than
0-2 with FRNT and found that 78 (98:-7%) were dengue naive (figure). Because of the high
concordance between the ELISA and FRNT in children with an ELISA index value less
than 0-2, all 233 children in this subgroup were classified as dengue virus seronegative. We
validated 370 (29:6%) of 1251 samples with ELISA index value more than 3.0 with FRNT;
370 samples (100%) neutralised one or more dengue virus serotype on FRNT, indicating that
an ELISA index value of more than 3-0 was strongly predictive of previous dengue virus
infection, and all 1251 children in this subgroup were therefore classified as seropositive.
1512 (50:5%) of 2996 samples had an intermediate ELISA index value between 0-2 and 3.0;
88 (5-:8%) of 1512 samples were dengue virus naive and 1424 (94-2%) were seropositive for
dengue virus with FRNT. Using the 1961 FRNT results (65-5%) and 1035 imputed results
(ie, 154 presumed seronegative children and 881 presumed seropositive children; 34-5%),
we determined that 320 (10-7%) of 2996 participants were dengue naive and 2676 (89-3%)
were seropositive.

FRNT showed that 166 (8:5%) of 1961 (non-imputed) samples were dengue seronegative
and 1795 (91-5%) had evidence of previous dengue infection; 292 (16-3%) of 1795 samples
had a monotypic response and 1503 (83-7%) had a multitypic response (table 2). Of the 292
samples with monotypic seropositivity, 37 (12:7%) were DENV 1 serotype, 181 (62-:0%)
were DENV 2, 21 (7-2%) were DENV 3, and 53 (18:1%) were DENV 4. The IgG ELISA
seropositivity varied by dengue virus serotype: 36 (97-3%) of 37 samples with DENV 1,
138 (76:2%) of 181 with DENV 2, 17 (81-0%) of 21 with DENV 3, and 32 (60-4%) of

53 with DENV 4 were seropositive with ELISA (p=0-0011). Of the 2676 sera classified as
seropositive by FRNT, 86 (3-:2%) were seronegative by dengue 1gG ELISA (false-negative).
68 (79-1%) of these 86 samples had a monotypic dengue profile.
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We generated a scatter and box plot of the 1961 dengue 1gG ELISA index values compared
with the dengue serostatus classification by FRNT as naive, monotypic, or multitypic
(appendix p 31). The 1gG ELISA index values showed significant differences among the
three serostatus groups (p<0-0001) and three pairwise comparisons (p<0-0001). We created
a receiver operating characteristics curve that identified an optimal cutoff point of 0-859

for 1IgG ELISA index value (appendix p 32). On the basis of this cutoff point, an IgG
ELISA index value of less than 0-9 was considered dengue seronegative. The estimated area
under the curve value was 0-98 (95% CI 0-97-0-99). There were only six samples within
the ELISA equivocal index value range of 0-9-1.-1, five of which were seropositive (three
multitypic and two monotypic) and one was seronegative.

We assessed the performance of the IgG ELISA using the 0-9 index value cutoff against the
FRNT binary outcomes of dengue seronegative versus seropositive, and dengue seronegative
versus seropositive with monotypic profile only (table 3). In the assessment of seronegative
versus seropositive samples, compared with FRNT, the ELISA had a sensitivity of 95-2%
(95% CI 94-2-96-2), a specificity of 93-4% (89-6-97-2), a positive predictive value of

99-4% (99-0-99:7), and a negative predictive value of 64-3% (58:3-70-4); kappa coefficient
0-75 (0-69-0-79); and McNemar’s test p<0-0001. In the assessment of seronegative versus
seropositive samples with a monotypic profile only, the ELISA showed a lower sensitivity of
77-1% (72-2-81-9), and unchanged specificity.

We did full dilution neutralisation testing of the 11 serum samples (table 2) that were

false positive by ELISA against dengue virus, Zika virus, and Japanese encephalitis virus
(appendix p 33). Four (36.4%) of the 11 samples were found to be seronegative for dengue
virus, Zika virus, and Japanese encephalitis virus, three (27-3%) were seropositive for Zika
virus, two (18-2%) were seropositive for Japanese encephalitis virus, and two (18-2%) were
seropositive for Zika virus and Japanese encephalitis virus.

Discussion

Based on an area under the curve value of 0-98, a sensitivity of 95-2%, and specificity of
93-4%, there was a high diagnostic accuracy and agreement of the ELISA compared with
FRNT across the binary classifications of seropositive and seronegative. However, if used as
a screening test, the 6-:6% of individuals who are falsely seropositive on dengue 1gG ELISA
could be erroneously vaccinated and might be at risk of developing severe dengue infection
during a subsequent exposure to wild-type dengue virus. 4-8% of individuals with falsely
seronegative dengue 1gG ELISA could also be erroneously left out of vaccination. Most of
the false-negative results on dengue 1gG ELISA had a monotypic dengue profile. The assay
was not efficient in detecting monotypic dengue immunity, which is the profile that would
benefit the most from CYD-TDV vaccination. The majority of the false-positive results

by dengue 1gG ELISA were due to cross-reactions with other flaviviruses. The dengue

IgG ELISA had a sensitivity that exceeded the ideal sensitivity threshold of 95%, but a
specificity that did not meet the ideal specificity threshold of 98%.

In our cohort of children eligible to participate in the mass dengue vaccination campaign,
a large majority (2676 [89.3%] of 2996) were seropositive for dengue virus, and 1503
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(76.6%) of 1961 had a multitypic response. Although the serological test results were not
available in time for screening before vaccination, it is useful to note retrospectively that
only 320 (10.7%) of the children in our study, who are likely to be representative of those
who were invited to participate in the mass dengue vaccination campaign, were dengue
naive. Particularly in settings of high dengue virus transmission, apart from identifying
dengue virus seropositivity and seronegativity, a test that can discriminate a monotypic
versus multitypic dengue antibody response would be ideal for optimal use of the vaccine.
Dengue vaccination of individuals with a dengue multitypic antibody profile might be less
cost-effective than in those with a monotypic profile, as current evidence suggests low risk
for developing severe disease during post-secondary dengue infections.”:8 Although vaccine
efficacy might be similar in monotypic sero-positivity to that in multitypic seropositivity,
vaccination of individuals with a monotypic profile, who have a higher risk of clinical
dengue virus disease, could potentially result in a greater public health impact.

A study from 2013 assessed an anti-dengue 1gG ELISA (Focus Diagnostics; Cypress, CA,
USA) for its utility in determining previous dengue virus exposure in pretravel specimens
from US residents.2? Validation of 121 results by plaque reduction neutralisation test showed
that the 19G ELISA had a sensitivity of 100% and a specificity of 24%; changing the ELISA
cutoff value from 1.0 to 3:0 improved its specificity to 96% but decreased the sensitivity to
85%. A systematic review in 2019 of dengue virus rapid diagnostic tests found no studies
that reported data for determining dengue serostatus and few data on cross-reactivity with
other viruses.3? The authors concluded that additional research was needed to determine
how rapid diagnostic tests would perform in relevant populations targeted for dengue
vaccination. A more recent study by the CYD-TDV manufacturer evaluated four dengue
IgG rapid diagnostic tests and two dengue IgG ELISAs in a sample panel of sera from CYD-
TDV clinical trials and from US donors to determine the suitability of the tests for dengue
prevaccination screening.3! For estimation of specificity, they used 534 samples that were
negative for previous dengue infection on neutralisation testing. Sensitivity was evaluated
using 270 samples from virologically confirmed dengue virus cases and samples that were
positive on neutralisation test. Cross-reactivity was assessed in dengue-seronegative samples
that were seropositive for yellow fever (n=57), Japanese encephalitis virus (n=37), West
Nile virus (n=59) or Zika virus (n=41). The rapid diagnostic tests showed high specificity
(>98%) and low flavivirus cross-reactivity, but low to moderate sensitivities (40-70%). This
finding is consistent with the rapid diagnostic tests design, as they were developed to detect
high antibody levels during dengue virus illness, not low antibody titres from previous
infection.32 The two ELISAs evaluated (PanBio and DxSelect, Focus Diagnostics) showed
high specificity (>98%) and sensitivity (99%). A similar study used a panel of samples to
assess a dengue virus rapid diagnostic test, and an ELISA available in Puerto Rico showed
high specificity (>99%) but moderate sensitivities (61% and 76%).33

By comparison, our study used a larger sample size from a real-life cohort in a site

that is endemic for dengue virus, but evaluated only one IgG ELISA. Our analysis was
more detailed and included comparisons of the ELISA results with naive, monotypic, and
multitypic profiles. Similarly to the previous study,3! the ELISA in this study was done

by trained and experienced laboratory research technicians and the results might not be
generalisable to when the test is done under normal conditions. ELISA testing must be done
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in a laboratory, and there is no option for point-of-care assessment, which might limit its
utility as a prevaccination screening test. Our study was done in a narrow age range and

in a setting with high dengue virus transmission, so the results might not be generalisable

to other age groups and sites. Another potential limitation of our study is the use of actual
and imputed FRNT results in the estimation of overall seroprevalence. Although FRNT

has a higher throughput than the classic plaque reduction neutralisation method, FRNT is
still technically demanding and labour intensive. Limiting the use of FRNT to the samples
with the highest and lowest ELISA index values allowed us to run the FRNT on all the
samples with ELISA index values in the middle range. In the calculation of the 1gG ELISA
performance estimates, we did not include the imputed 154 seronegative (index value <0-2)
and 881 seropositive (>3-0) results, so as not to upwardly bias the sensitivity and specificity.
However, by using only the 1961 samples with actual FRNT results, the specificity and
sensitivity were underestimated, as we excluded samples that were likely to be true positives
and true negatives.

In conclusion, we found that 89-3% of our cohort had evidence of previous dengue infection.
The dengue 1gG ELISA might be acceptable as a prevaccination screening test based

on recommended target profiles,17-19 but it is important to point out its shortcomings.
Dengue 1gG ELISA can only provide a binary seronegative or seropositive result and

does not differentiate between a monotypic and multitypic seropositive response. Dengue
IgG ELISA is particularly poor in identifying those with a monotypic profile who would
benefit the most from CYD-TDV vaccination for prevention of severe dengue virus disease.
Furthermore, individuals who are falsely identified as seropositive by dengue 1gG ELISA
and subsequently vaccinated, might be at risk of developing severe disease during a
subsequent exposure to wild-type dengue virus.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed for studies published in English between Jan 1, 2010, and

Oct 9, 2020, using the search terms: (“dengue” OR “dengue fever”) AND (“sero*”

OR “serologic” OR “serostatus™) AND (“enzyme-linked immunosorbent assay” OR
“ELISA” OR “neutralization test” OR “rapid diagnostic test” OR “RDT”’) AND
(“comparison” OR “validation” OR “screening”). We selected relevant articles on the
basis of the title and by reading the abstracts. A study from 2013 assessed dengue

IgG ELISA for its utility in determining previous dengue virus exposure in pre-travel
specimens from US residents and found high sensitivity but low specificity. A systematic
review from January, 2019, concluded that dengue IgG rapid diagnostic tests perform
reasonably well for the diagnosis of acute and recent dengue virus infection, but

no studies evaluated the performance of rapid diagnostic tests for past dengue virus
infection; therefore additional research is needed to determine how these tests would
perform as a screening tool for vaccination. Studies from 2019 and 2020 by the CYD-
TDV (Dengvaxia, Sanofi Pasteur) dengue vaccine manufacturer that used samples from
US residents and from CYD-TDV trial participants showed varying sensitivities and
specificities.

Added value of this study

Our study assessed dengue seroprevalence in a large number of Filipino children who
were eligible to participate in a mass dengue vaccination campaign in Cebu, Philippines.
Individual pre-vaccination screening was not yet recommended at that time but we

were able to obtain baseline sera just before the campaign, which were later tested. We
also evaluated the performance of the 1gG ELISA for determining dengue serostatus.
The comparator assay—the focus reduction neutralisation test—not only confirmed past
dengue infection, but classified it as either monotypic or multitypic infection. Although
the ELISA had overall high sensitivity and specificity for detecting seropositivity, it

had poor sensitivity for detecting those with a history of monotypic dengue infection—
the group that would benefit the most from CYD-TDV vaccination. We quantified the
ELISA false-positive results that were due to cross-reaction with Zika virus or Japanese
encephalitis virus.

Implications of all the available evidence

To our knowledge, this is the most comprehensive assessment to date of a dengue

IgG ELISA as a potential prevaccination screening tool. Experts recommend that a pre-
vaccination screening test should have a sensitivity and specificity of at least 90%, and
ideally a sensitivity of 95% and specificity of 98%. Although we found that the dengue
IgG ELISA had sensitivity and specificity of more than 90%, potential misclassification
due to false-positive and false-negative results must be considered.
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3087 children attended the study orientation and were assessed for eligibility

86 excluded
—» 15 age ineligible
71did not consent

| 3001 enrolled in the study

|

—b{ 5 excluded who refused blood sampling ‘

v

| 2996 had serum samples collected and tested by IgG ELISA ‘

v

‘ 233 had IgG ELISA index value <0-2

l

.

v ¢

1512 had IgG ELISA index value 0-2-3-0

| 1251 had IgG ELISA index value >3-0 ‘

|
v v

154 (66%) had 79 (34%) tested 1512 (100%) 370 (30%) tested 881 (70%) had no
no further with FRNT tested with with FRNT further
testing) FRNT testing

A l l i l i l A

154 presumed 78 seronegative 1 seropositive by 88 seronegative 1424 seropositive 0 seronegative by 370 seropositive 881 seropositive
seronegative by FRNT FRNT by FRNT by FRNT FRNT by FRNT by IgG ELISA
by IgG ELISA (imputed)
(imputed)

Figure: Flowchart of participants and testing of sera by dengue I gG indirect ELISA and FRNT
FRNT=focus reduction neutralisation test.

Lancet Glob Health. Author manuscript; available in PMC 2022 August 08.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lopez etal.

Table 1:

Participant demographics

Participants (n=2996)

Sex

Female

Male

Age, years
Mean (SD)
Median (range)
Area

Bogo

Balamban

1550 (51~7%)
1446 (48-3%)

10-39 (1-32)
10(8-14)

1557 (52-0%)
1439 (48-0%)

Data are n (%) unless otherwise stated.
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Sensitivity and specificity of the IgG indirect ELISA for dengue serostatus compared with the FRNT reference

Monotypic or multitypic profile

Monotypic profile only

Sensitivity (95% CI)
False-negative rate
Specificity (95% CI)

False-positive rate

95-2%% (94-2-96-2)
4-8%

93-4% (89-6-97-2)
6-6%

Positive predictive value (95% CI) ~ 99-4% (99-0-99-7)

Negative predictive value (95% CI)  64-3% (58-3-70-4)

77-1% (72-2-81-9)

22-9%

93-4% (89-6-97-2)
6-6%

95-3% (92—6-98-0)

69-8% (63-8-75-9)

FRNT FRNT=focus reduction neutralisation test.
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