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Accuracy and efficacy of pre-dengue vaccination screening
for previous dengue infection with five commercially
available immunoassays: a retrospective analysis of

phase 3 efficacy trials

Carlos A Diaz Granados, Matthew Bonaparte, Hao Wang, Ming Zhu, Yaniv Lustig, Eli Schwartz, Remi Forrat, Gustavo H Dayan, Shekema Hodge,
Yasemin Ataman-Onal, Stephen J Savarino

Summary

Background The tetravalent dengue vaccine (CYD-TDV) has been shown to provide protection against dengue disease
over 5-year follow-up in participants with previous dengue infection, but increased the risk of dengue hospitalisation
and severe dengue during long-term follow-up in those without previous dengue infection. WHO recommended pre-
vaccination screening to identify those with previous dengue infection (ie, dengue seropositive) who would benefit
from vaccination. We re-evaluated CYD-TDV efficacy in those identified as dengue seropositive using five commercially
available immunoassays, and assessed immunoassay performance.

Methods We included participants in the immunogenicity subsets of the phase 3 CYD14 (NCT01373281) and CYD15
(NCT01374516) CYD-TDV efficacy trials, which enrolled children aged 2-16 years in 2011-12 in five countries in the
Asia-Pacific region (CYD14) and five Latin American countries (CYD15). Participants assessed had received at least
one injection of study drug (CYD-TDV or placebo) and had baseline samples available. We tested baseline samples by
IgG-based immunoassays to classify baseline dengue serostatus, using two ELISAs (EUROIMMUN and Panbio) and
three rapid diagnostic tests (RDTs; TELL ME FAST, SD BIOLINE, and OnSite). Vaccine efficacy in preventing
symptomatic, hospitalised, and severe virologically confirmed dengue was determined for participants who tested
positive by each immunoassay. The specificity and sensitivity of each immunoassay was determined as percentage
negative and positive agreement compared with the reference algorithm, which used dengue plaque reduction
neutralisation test with 50% and 90% cutoffs and non-structural protein 1 IgG ELISA results to assign baseline
serostatus.

Findings Samples were available for 3967 participants, 2735 (69-0%) of whom were classified as seropositive by the
reference algorithm. Vaccine efficacy against symptomatic virologically confirmed dengue in immunoassay-positive
participants was high across all five immunoassays (EUROIMMUN ELISA 88-2% [95% CI 77-3 to 93-9], Panbio
ELISA 87-6% [76-7 to 93-4], TELL ME FAST RDT 88-8% [67-0 to 96-2], SD BIOLINE RDT 82-8% [66-9 to 91-1], and
OnSite RDT 89-7% [64-6 to 97-0]), as was vaccine efficacy against hospitalised virologically confirmed dengue
(EUROIMMUN-ELISA 72-8% [38-9 to 87-9], Panbio ELISA 77-5% [52-8 to 89-3], TELL ME FAST RDT 92-4%
[37-81t099-1], SD BIOLINE RDT 87-2% [54- 5 to 96- 4], and OnSite RDT 73-7% [-5-1 to 93 - 4]) and severe virologically
confirmed dengue (EUROIMMUN ELISA 86-9% [-16-8 to 98-5], Panbio ELISA 91-3% [27-6 to 99-0], TELL ME
FAST RDT 100-0% [not estimable to 100-0%], SD BIOLINE RDT 89-4% [9-6 to 98-8], and OnSite RDT 73-4%
[-193-7 to 97 - 6]). The immunoassays exhibited high specificity (=98 - 8% for allimmunoassays apart from SD BIOLINE
RDT) but variable sensitivities, with higher sensitivities observed for the ELISAs (EUROIMMUN 89-2% [87-9 to 90- 3]
and Panbio 92-5 [91-4 to 93.5]) than the RDTs (TELL ME FAST 52.5% [50-6 to 54-4], SD BIOLINE 71-1%
[69-3 to 72-8], and OnSite 47-6% [45-7 to 49-5).

Interpretation Our findings suggest that these immunoassays could be used for pre-vaccination screening for
CYD-TDV as tools to assist risk stratification until more sensitive and convenient tests become available.

Funding Sanofi Pasteur.
Copyright © 2020 Elsevier Ltd. All rights reserved.

between 1990 and 2013.! More than 3-3 million cases
globally were reported to WHO in 2016,* and a further
increase in cases was seen in 2019,** with more than
3 million cases reported in the Americas alone.’ In
addition to the increase in cases in dengue-endemic

Introduction

There is a continued and urgent need for vaccination
against dengue. The global incidence of dengue has
continued to increase over recent years, with a reported
doubling of symptomatic infections every 10 years
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Research in context

Evidence before this study

The case-cohort analysis of the tetravalent dengue vaccine
(CYD-TDV) efficacy studies showed an increased risk of
hospitalised and severe dengue over 5 years of follow-up for
those without evidence of previous dengue infection before
vaccination (ie, dengue seronegative by measured or inferred
dengue serostatus). In those who had previous dengue
infection (dengue seropositive), CYD-TDV conferred robust
efficacy against subsequent virologically confirmed dengue
over 5 years. As a consequence of these findings, WHO
recommended pre-vaccination screening to determine dengue
serostatus in dengue vaccination programmes to minimise the
risk of inadvertently vaccinating those who are seronegative.
We searched PubMed using the terms “dengue”, “rapid
diagnostic test”, “enzyme-linked immunosorbent assay”, and
“IgG" for English-language papers published between

Jan 1,2015, and March 31, 2020. ELISAs and rapid diagnostic
tests (RDTs) might be suitable for identifying those with
previous dengue infection in clinical practice. While various tests
have been assessed in endemic and non-endemic regions in
people with suspected current dengue infection or in the
convalescent period, there is little evidence of their use in
detecting previous dengue infection. Previous assessment of
these assays using samples from dengue-endemic and

regions, an increase in dengue cases among travellers
has also been seen over recent years.”” The tetravalent
dengue vaccine (CYD-TDV) has been shown to reduce
the incidence of symptomatic virologically confirmed
dengue, hospitalised virologically confirmed dengue,
and severe virologically confirmed dengue in two phase 3
efficacy studies in dengue-endemic areas.*® A case-cohort
analysis of the results from three CYD-TDV efficacy
studies showed that the vaccine provided durable pro-
tection against hospitalised and severe virologically
confirmed dengue over 5 years in participants who
had a previous dengue infection (classified as dengue
seropositive in the study), whereas those without
previous natural exposure to the dengue virus (classified
as dengue seronegative) had an increased risk of being
admitted to hospital for dengue and of severe dengue
over the 5-year follow-up."

WHO has subsequently provided guidance for the use of
CYD-TDV in vaccination programmes, recommending the
pre-vaccination screening strategy in which only individuals
with evidence of previous dengue infection are vaccinated.
Individuals with no documented previous laboratory-
confirmed dengue infection (serological or virological
confirmation) need to undergo dengue serostatus deter-
mination, to ensure that only those who are dengue
seropositive are vaccinated." This guidance requires the
availability of suitable serological assays to assess dengue
serostatus with high specificity to minimise the risk of
severe outcomes from inadvertently vaccinating those who

non-endemic regions to determine previous dengue infection
have indicated their utility in classifying individual serostatus,
with moderate-high sensitivity and high specificity.

Added value of this study

To our knowledge, this is the first study in which currently
available dengue immunoassays were applied in a setting that
simulated pre-vaccination screening in populations considered
for dengue vaccination programmes. As such, the favourable
assessment of vaccine efficacy against symptomatic dengue
and hospitalised dengue in participants of the CYD-TDV phase 3
efficacy studies who tested positive before vaccination predicts
the benefits to test-positive individuals if these tests were
prospectively applied in actual vaccination programmes.

Implications of all the available evidence

The five immunoassays assessed in this study could be suitable
temporising tools for pre-vaccination screening in populations
in dengue-endemic areas as part of a vaccination programme.
The RDTs showed lower sensitivity compared with the ELISAs,
but ELISAs are usually less convenient in terms of costs,
practical use, and need for a laboratory, and might be more
difficult to implement. This finding highlights the need fora
test that is more sensitive than the currently available RDTs
but more convenient than ELISAs.

are seronegative. While risk minimisation stands as a
top priority, high sensitivity in an immunoassay is also
desirable to identify those who would benefit from vacci-
nation to maximise individual and public health impact.

Two methods could potentially be useful for the
determination of dengue serostatus in practice: ELISAs
and rapid diagnostic tests (RDTs). Both methods can detect
IgG antibodies against dengue virus in blood or serum
samples, which are useful serological markers as they can
persist over a person’s lifetime™ and have been shown
to be sufficient to determine previous dengue infection.” A
systematic review of studies assessing commercially
available RDTs found them to have a specificity of 75-80%
when compared with laboratory ELISA testing; however,
these studies evaluated the detection of IgG in those with
suspected dengue infection or on convalescent samples
after recent infection, and therefore did not assess
their accuracy for identifying remote previous dengue
infection.* Assessment of dengue IgG ELISAs and RDTs
to detect previous dengue infection using samples from
dengue-endemic and non-endemic regions have indicated
their utility in serostatus classification, with very high
specificity and moderate-high sensitivity, with the highest
sensitivity seen with ELISAs.”" These initial studies were
limited by using a sample population that was not fully
reflective of the vaccine target population and by not
having a single comparator for all groups.

In this current study, we use data and samples from
two phase 3 CYD-TDV studies to evaluate the efficacy of
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CYD-TDYV for the prevention of symptomatic virologically
confirmed dengue, hospitalised virologically confirmed
dengue, and severe virologically confirmed dengue in
those classified as dengue seropositive at baseline by
five currently available dengue immunoassays. Additio-
nally, we assessed the performance characteristics of these
immunoassays in a cohort representative of the vaccine
target population in dengue-endemic areas.

Methods

Study design and participants

The two phase 3 CYD-TDV studies (CYD14 and CYD15)
were randomised, placebo-controlled trials, and have been
described in detail elsewhere.*” CYD14 was done in five
countries in the Asia-Pacific region in children aged
2-14 years who were enrolled from June 3 to Dec 1, 2011
(NCT01373281), and CYD15 was done in five Latin
American countries in children aged 9-16 years who
were enrolled from June 8, 2011, to March 16, 2012
(NCT01374516). The children were randomly assigned
(2:1) to receive three doses of CYD-TDV or placebo
6 months apart; follow-up data were available up to 6 years.
A random subset of participants from each of these studies
enrolled in the first 24 months were selected for the
immunogenicity subsets: 19% (1983/10 275) of participants
enrolled in CYD14 and 10% (2000/20869) of participants
enrolled in CYD15. These participants provided pre-
vaccination and post-vaccination blood samples and were
included in the current study. This study adhered to the
principles of Good Clinical Laboratory Practice.

Procedures

Five commercially available immunoassays were used
to classify participants’ baseline dengue serostatus:
two ELISAs and three RDTs. These assays were chosen
from those that were commercially available and had
shown high specificity and low cross-reactivity in our
previous studies,?* with the inclusion of one additional
ELISA that was available in countries where the vaccine
was licensed at the time. The two ELISAs used in this
study were the EUROIMMUN anti-dengue virus IgG
ELISA (EUROIMMUN, Luebeck, Germany) and the
Panbio Dengue IgG Indirect ELISA (Abbott, Chicago,
IL, USA). The three RDTs used were TELL ME
FAST Dengue IgG/IgM Combo Test Device (Biocan
Diagnostics, Vancouver, Canada), SD BIOLINE Dengue
IgG/IgM WB (Abbott, Chicago, IL, USA), and the
OnSite Dengue IgG/IgM Combo Rapid Test CE (CTK
Biotech, San Diego, CA, USA). A summary of the
characteristics of these assays is presented in the
appendix (pp 2-3). Testing was done according to each
manufacturer’s instructions; EUROIMMUN ELISA,
TELL ME FAST RDT, and OnSite RDT testing was done
by Sanofi Pasteur’s Global Clinical Immunology
Laboratory (Swiftwater, PA, USA) and Panbio ELISA
and SD BIOLINE RDT testing was done externally by
the Central Virology Laboratory (Chaim Sheba Medical
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Center, Ramat Gan, Israel). The laboratory testing
personnel were blinded to study treatment group,
dengue clinical outcomes, dengue serostatus, or
previous dengue exposure of study participants who
provided the source samples.

Each immunoassay was done on baseline samples
from the immunogenicity subset where possible. The
immunoassays were initiated in sequence according to
the availability of testing kits and testing slots (OnSite
RDT first, TELL ME FAST RDT second, Panbio ELISA
and SD BIOLINE RDT third, and EUROIMMUN ELISA
last); therefore, for each successive immunoassay tested,
the number of available samples decreased due to
insufficient sample volumes.

For the reference baseline dengue serostatus, we used
results from previous assessments of each sample by
plaque reduction neutralisation test with 50% cutoff
(PRNT,) or 90% cutoff (PRNT,) and anti-dengue non-
structural protein 1 (NS1) IgG ELISA.”*" These methods
are considered the most reliable for determining dengue
serostatus, and the results of both of these assays were
used to classify samples as reference seropositive or
seronegative through assignment to one of six groups
(appendix p 4). These six groups represent a gradient of
certainty for identifying previous dengue infection, with
group 1 representing the closest possible reference to true
dengue seronegative (ie, negative results for all three
reference tests) and group 6 the closest reference to true
dengue seropositive (ie, positive results for both PRNT;,
and PRNT,). Participants categorised as belonging to
groups 1-3 were classified as reference dengue sero-
negative whereas those in groups 4-6 were classified as
reference dengue seropositive.

Outcomes

The prespecified outcomes of this study were the efficacy
of CYD-TDV in preventing symptomatic virologically
confirmed dengue and hospitalised virologically con-
firmed dengue for participants in the immunogenicity
subsets who tested positive by each of the immunoassays.
Symptomatic virologically confirmed dengue cases
during the active phase of the studies (months 0-25)
were defined as acute febrile illness (temperature =38°C
on at least 2 consecutive days) that were virologically
confirmed by dengue RT-PCR or dengue NS1 antigen
ELISA, as described in the original studies.* Hospitalised
virologically confirmed dengue cases during the entire
6-year study period (months 0-72) were defined as cases
with hospital admission associated with virological
confirmation by dengue RT-PCR or dengue NS1 antigen

ELISA.*® An additional outcome was the efﬁcacy of See Online for appendix

CYD-TDV against severe virologically confirmed dengue
cases in those who were immunoassay positive; severe
virologically confirmed dengue cases over 6 years of
follow-up (months 0-72) were those adjudicated to be
severe by the independent data monitoring committee,
as described in the original studies.*"**



CYD-TDV Placebo Vaccine efficacy
(95% C1)

Cases/positive Density incidence Cases/positive Density incidence

participants*® (95% Cl) participants® (95% Cl)
Reference algorithm ~ 20/1822 0-6 (0-3-0-9) 54/918 30(2:3-3:9) —e 81-6% (69-2-89-0)
EUROIMMUN ELISA 11/1575 o 4(0-2-0-6) 471796 3:0(2:2-4-0) o 88-2% (77-3-93-9)
Panbio ELISA 12/1637 -4 (0-2-0-6) 49/833 3:0(2:2-3-9) —e 87:6% (76:7-93-4)
TELL ME FAST RDT 4/935 -2 (0-1-0-6) 19/493 2:0(12-3-0) —e— 88:8% (67-0-96-2)
SD BIOLINE RDT 12/1289 :5(0-2-0-8) 35/649 2:7(1.9-3-8) et 82-8% (66-9-91-1)
OnSite RDT 3/867 -2 (0-0-0-5) 15/442 1.7 (1:0-2-8) et 89.7% (64-6-97-0)

0 50 100
Vaccine efficacy (%)

Figure 1: CYD-TDV efficacy against symptomatic virologically confirmed dengue up to month 25 in immunoassay-positive participants
Data are pooled from CYD14 and CYD15 studies from participants aged 2-16 years. Density incidence is per 100 person-years, with the person-years at risk being the
sum of the individual years for which the participants contributed to the analysis. RDT=rapid diagnostic test. *Immunoassay-positive participants.

CYD-TDV Placebo Vaccine efficacy
(95% C1)

Cases/positive Density incidence Cases/positive Density incidence

participants*® (95% Cl) participants* (95% Cl)
Reference algorithm ~ 15/1822 1(0-1t00-2) 30/918 0-6 (040 0-8) —— 74-9% (533 to 86-5)
EUROIMMUN ELISA 9/1575 -1(0-0t0 0-2) 17/796 0-4(0-2 t0 0-6) — e 72-8% (38-9 to 87-9)
Panbio ELISA 10/1637 1(0-1t00-2) 23/833 0-5(03t007) — e— 77-5% (52-8 to 89-3)
TELL ME FAST RDT 1/935 <0 1(0-0to 0-1) 71493 03(0-1t0 0-5) —_— e 92:4% (37-8t0 99-1)
SD BIOLINERDT 3/1289 <0-1(0-0t00-1) 12/649 03(02t00-6) —e— 87-2% (54-5t0 96-4)
OnSite RDT 3/867 <0-1(0-0t00-2) 6/442 02(01t0 0:5) ° 737% (-51t0 93-4)

0 50 1(I)0

Vaccine efficacy (%)

Figure 2: CYD-TDV efficacy against hospitalised virologically confirmed dengue up to month 72 in immunoassay-positive participants
Density incidence is per 100 person-years, with the person-years at risk being the sum of the individual years for which the participants contributed to the analysis.

RDT=rapid diagnostic test. *Immunoassay-positive participants.

Vaccine efficacy was not evaluated in test-negative
individuals as CYD-TDV is not intended for use in
seronegative individuals. Furthermore, the immunoassays
exhibited a wide range of sensitivities in identifying
previous dengue infections in our preliminary assess-
ments,"”" so a proportion of seropositive individuals would
be erroneously classified as seronegative. We therefore
elected not to include immunoassay-negative individuals
in our analyses to avoid generating misleadingly favourable
vaccine efficacy estimates in these subsets.

Statistical analysis

Outcomes were assessed in the pooled population of
participants of the immunogenicity subsets of the CYD14
and CYDI15 studies who received at least one study
injection and had available baseline samples.

The sensitivity and specificity of the five immunoassays
were derived using the reference algorithm as comparator.
For each immunoassay, true seropositive samples were
those determined as seropositive by both the immunoassay
and reference algorithm and true seronegative samples
were those determined as seronegative by both the
immunoassay and reference algorithm. The sensitivity of
the immunoassay was determined as the proportion
of samples correctly classified as seropositive by the

immunoassay, and specificity was calculated as the
proportion of samples correctly classified as seronegative
by the immunoassay. The positive predictive value (PPV)
was calculated as the number of true seropositive samples
divided by all seropositive samples identified by the
immunoassay, and the negative predictive value (NPV)
was calculated as the number of true seronegative samples
divided by all seronegative samples identified by the
immunoassay.

Incidence of symptomatic, hospitalised, or severe viro-
logically confirmed dengue was calculated as the number
of cases per 100 person-years, with the person-years at risk
being the sum of the individual years that participants
contributed to the analysis, with corresponding 95% Cls
calculated by the exact binomial method (Clopper-Pearson
method). For the efficacy assessment, a Cox regression
model using the vaccine group and study as fixed
effects was used and vaccine efficacy was calculated as
(1-hazard ratio)x100. 95% ClIs for sensitivity, specificity,
PPV, and NPV were estimated using the Clopper-Pearson
method. Main analyses were done on the prespecified
primary population of those aged 2-16 years to maximise
power for the evaluation of vaccine efficacy, while
additional sensitivity analyses included analysis by age
group (=9 years, <9 years, and =6 years).

www.thelancet.com/infection Vol 21 April 2021
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CYD-TDV Placebo Vaccine efficacy (95% Cl)

Cases/positive  Density incidence Cases/positive Density incidence

participants* (95% Cl) participants*  (95% Cl)
Reference algorithm ~ 3/1822 <0-1(0-0t0 0-1) 8/918 0-2(0-1t00-3) S —) 80-9% (28-1t0 94-9)
EUROIMMUN ELISA  1/1575 <0-1(0-0t001) 41796 <0-1(0-0t00-2) 86-9% (-16-8 t0 98:5)
Panbio ELISA 1/1637 <01 (0-0t0 0-1) 6/833 01(0-0t003) —————————e1  913%(27-6t099.0)
TELL ME FASTRDT ~ 0/935 00 (0-0to 01) 2/493 <01(0-0t00-3) ® 100-0% (not estimable to 100-0)
SD BIOLINE RDT 1/1289 <0-1(0-0t0 0-1) 5/649 0-1(0-1t0 0-8) b—————®— 89:4%(9-6t098-8)
OnSite RDT 1/867 <0-1(0-0t0 0-1) 2/442 <01(00t003) < 73-4% (<1937 to 97-6)

T 1
50 100
Vaccine efficacy (%)

Figure 3: CYD-TDV vaccine efficacy against severe virologically confirmed dengue up to month 72 in immunoassay-positive participants
Density incidence is per 100 person-years, with the person-years at risk being the sum of the individual years for which the participants contributed to the analysis.

RDT=rapid diagnostic test. *Immunoassay-positive participants.

Classification by reference Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% Cl) NPV (95% Cl)
Sero- Sero- Total
positive  negative
EUROIMMUN ELISA
Seropositive 2354 15 2369
Seronegative 286 1186 1472 «  0:892(0-879-0-903) «  0988(0:979-0993)  0-994(0-990-0-996) 0-806 (0-785-0-826)
Total 2640 1201 3841
Panbio ELISA
Seropositive 2456 10 2466
Seronegative 199 1197 1396 w0925 (0-914-0-935) »  0992(0:985-0-996)  0-996(0-993-0-998) 0-857 (0-838-0-875)
Total 2655 1207 3862
TELL ME FASTRDT
Seropositive 1414 12 1426
Seronegative 1280 1207 2487 - 0525 (0-506-0-544) v 0990(0-:983-0995)  0-992(0-985-0-996)  0-485 (0-466-0-505)
Total 2694 1219 3913
SD BIOLINE RDT
Seropositive 1887 48 1935
Seronegative 768 1159 1927 - 0711 (0-693-0728) »  0960(0:948-0-971)  0.975(0-967-0-982)  0-601 (0-579-0-623)
Total 2655 1207 3862
OnSite RDT
Seropositive 1301 6 1307
Seronegative 1434 1221 2655 - 0-476 (0-457-0-495) s 0995(0:989-0-998)  0-995(0-990-0-998)  0-460 (0-441-0-479)
Total 2735 1227 3962

— T T 1 1 1
00 02 04 06 08 10
Sensitivity

— 1 1T 1 1 1
00 02 04 06 08 10
Specificity

Figure 4: Immunoassay performance for dengue serostatus classification

Values presented here are specific for the observed dengue seropositivity by the reference algorithm in this study (69-1%); PPVs and NPVs for other seroprevalences would differ from the estimates
presented here. NPV=negative predictive value. PPV=positive predictive value. RDT=rapid diagnostic test.

Role of the funding source

This study was sponsored by Sanofi Pasteur. The study
sponsor participated in the trial design and managed all
operational aspects of the study, including monitoring data
collection, statistical analyses, and writing of the report.
Assays were done either at Sanofi Pasteur’s Global Clinical
Immunology Laboratory or at the Central Virology
Laboratory, with the latter funded by Sanofi Pasteur under
a research agreement. All authors had full access to all of
the data and had final responsibility for the decision to
submit for publication.

Results

Samples were available from 3967 participants in the
immunogenicity subsets of both studies, with determin-
ation of serostatus by one or more of the immunoassays
for 3962 participants. 2735 (69-0%) of 3962 participants
were classified as dengue seropositive at baseline by

www.thelancet.com/infection Vol 21 April 2021

the reference algorithm (appendix p 5). 2369 (61-7%) of
3841 participants tested positive by EUROIMMUN ELISA,
2466 (63-9%) of 3862 by Panbio ELISA, 1426 (36-4%) of
3913 by TELL ME FAST RDT, 1935 (50-196) of 3862 by SD
BIOLINE RDT, and 1307 (33-0%) of 3962 by OnSite RDT.
The baseline characteristics of those who tested positive
by each immunoassay were similar between those in
the CYD-TDV group and those in the placebo group
(appendix pp 6-10).

Vaccine efficacy against symptomatic virologically
confirmed dengue (months 0-25) in all test-positive
participants ranged from 82-8% (95% CI 66-9-91-1) by
SD BIOLINE RDT to 89-7% (64-6-97-0) by OnSite RDT,
which compared favourably to the estimate among
participants categorised as dengue seropositive by the
reference algorithm (figure 1). Similar results were
observed for each of the age strata (appendix p 11); for
participants younger than 9 years, efficacy estimates
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generated with the TELL ME FAST and OnSite RDTs
had consistent point estimates but the corresponding
95% CIs crossed the null due to lower number of dengue-
positive participants by these assays.

Vaccine efficacy against hospitalised virologically
confirmed dengue over the entire follow-up period
(months 0-72) ranged from 72-8% (95% CI 38-9-87-9)
by EUROIMMUN ELISA to 92-4% (37-8-99-1) by TELL
ME FAST RDT in test-positive participants, and efficacy
among participants categorised as dengue seropositive
by the reference algorithm was in the same range
(figure 2). The lower bound of the 95% CI was above the
null for all but the OnSite RDT. The vaccine efficacy
estimates against hospitalised virologically confirmed
dengue were more variable and less precise when
examined by the different age strata due to the low
number of events per age group (appendix p 12).

There were very few severe virologically confirmed
dengue cases over the entire follow-up (months 0-72) in
test-positive participants and, as such, vaccine efficacy
estimates lacked precision (figure 3); nevertheless, point
estimates were generally consistent with those observed
for hospitalised virologically confirmed dengue, and were
similar to the vaccine efficacy determined in those found
to be dengue seropositive by the reference algorithm.

All immunoassays, except SD BIOLINE RDT, exhibited
very high specificity (298-8%) for identifying previous
dengue infection (figure 4). The two ELISAs (EUROI-
MMUN and Panbio) exhibited higher sensitivities than the
three RDTs (figure 4). For the dengue seroprevalence
observed in these studies (2735 [69 - 09] of 3967 participants),
all the immunoassays exhibited high PPVs (=97-5%). The
NPVs were higher for the two ELISAs than for the RDTs

(figure 4).

Discussion

To our knowledge, this study is the first evaluation of
CYD-TDV efficacy in those with previous dengue infection
identified using currently available dengue IgG immuno-
assays that could be used for pre-vaccination screening.
For each of the five immunoassays, in test-positive
participants, there is evidence of robust CYD-TDV efficacy
against symptomatic virologically confirmed dengue over
2 years of follow-up and against hospitalised virologically
confirmed dengue over 6 years of follow-up. Vaccine
efficacy was consistent across the different immunoassays,
indicating the benefit of the pre-vaccination screening
strategy in populations generally representative of those
targeted for dengue vaccination. The results for vaccine
efficacy against symptomatic virologically confirmed
dengue in test-positive participants aged 2-16 years in this
study are consistent with estimates for those classified as
seropositive (by PRNT,, only) in the immunogenicity
subsets of CYD14 (74-3% [95% CI 53-2-86-3] in children
aged 2-14 years)’ and CYD15 (83-7% [62-2-93-7] in
children aged 9-16 years), or seropositive in the case-
cohort study (73% [59-82] in children aged 2-16 years)®

over 25 months. Vaccine efficacy estimates against
hospitalised virologically confirmed dengue are also
consistent with interim data in seropositive participants
from these studies.”

The ideal immunoassay for dengue pre-vaccination
screening should have very high specificity to minimise
the safety risk of inadvertently vaccinating individuals who
are seronegative but have tested as positive.”” The very
high specificity across the EUROIMMUN ELISA, Panbio
ELISA, TELL ME FAST RDT, and OnSite RDT suggests
that these tests would be of value in minimising inadvertent
vaccination of dengue-seronegative individuals. While the
observed specificity for the SD BIOLINE RDT was lower
than for the other assays, this assay was still associated
with high PPV given the dengue endemicity in the study
populations. However, the application of this test rather
than any of the others evaluated would result in more
inadvertent vaccination of seronegative individuals in
settings with lower dengue endemicity. High sensitivity
will maximise the benefits of vaccination through fewer
false negatives; with higher sensitivity, more individuals
who are eligible for vaccination would be identified and
could be vaccinated, leading to a higher coverage. The test
sensitivity was higher for the two ELISAs compared with
the three RDTs. Consequently, ELISAs would identify
greater numbers of people who would benefit from
vaccination with CYD-TDV. However, compared with
RDTs, in clinical practice ELISAs are less convenient,
logistically more difficult to implement, and likely to have
lower compliance due to the extra visit required for
screening. The OnSite and TELL ME FAST RDTs had
notably lower sensitivity than the ELISAs, at approximately
50% compared with approximately 90% for the ELISAs.
As a result, these tests would identify far fewer eligible
individuals and lead to lower vaccine coverage, thus
reducing the associated public health benefits. These data
highlight a gap for a test that is more sensitive than the
currently available RDTs, but more convenient than
ELISAs, to ensure the greatest public health benefit
of a dengue vaccination programme incorporating pre-
vaccination screening.

An assessment of commercially available dengue
IgG RDTs and ELISAs has previously been done by
Sanofi Pasteur’s Global Clinical Immunology Laboratory
in samples from dengue-endemic and non-endemic
areas.”” This current study supports the finding of very
high specificity and high sensitivity with the Panbio
ELISA, as found in the previous assessment. The
previous finding of very high specificity for the TELL ME
FAST and OnSite RDTs was also reflected in the current
study, whereas our sensitivity estimates are lower than
those of the previous study (52-5% vs 61-0% for TELL
ME FAST RDT, and 47-6% vs 67-0% for OnSite RDT).
This is likely to be explained by the difference in study
populations; the previous studies had more participants
with documented symptomatic dengue infection and
were therefore more likely to have higher IgG levels that
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would be more readily detectable by the RDTs, while in
the current study the immunosubsets from CYD14 and
CYD15 were more representative of the overall population
of dengue-endemic regions; therefore, the current data
are more informative. Finally, the SD BIOLINE RDT
shows a different performance profile between previous
experience (specificity 99-6%, sensitivity 53-7%) and the
current study (specificity 96-0%, sensitivity 71-1%).
Modelling studies of the potential impact of pre-
vaccination screening at a population level have shown
such a strategy improves efficiency compared with no
screening, with a larger number of hospital admissions
prevented per vaccination.” Also, the public health impact
of pre-vaccination screening was maximised in low
dengue transmission regions when test specificity was
high (which minimised individual harm), whereas in
high dengue transmission areas, high sensitivity was
important for maximising public health Dbenefits.”?
School-based screening in Vietnam was estimated to cost
US$9-25 per 9-year-old child screened, where ELISA kits
constituted the main costs and 22% of the costs related to
sample transfers to a laboratory.” The use of RDTs would
eliminate the need to transfer samples to a laboratory, as
well as the costs associated with laboratory staff, indicating
a potential cost advantage over ELISAs. Pre-vaccination
screening in combination with CYD-TDV vaccination
was projected to be highly cost-effective (cost-effectiveness
ratio 1x per-capita gross domestic product [GDP]) from a
health system perspective over a 10-year period using an
RDT with 70% sensitivity and 99% specificity for
most countries where at least 50% of 9-year-olds
were seropositive.” Another study predicted that pre-
vaccination screening and subsequent vaccination would
only be cost-effective (cost-effectiveness ratio 3xper-
capita GDP) from a public payer perspective (assuming
similar RDT performance, transmission rates, and
duration assessed) in countries with a relatively high per-
capita GDP (such as Mexico [$8201] or Thailand [$5807)),%
highlighting the need for further assessment at a local
level before implementation of pre-vaccination strategies.
Cross-reactivity of these immunoassays with other
flaviviruses that might be circulating in dengue-endemic
areas is another important consideration. Low cross-
reactivity is important because individuals from dengue-
endemic areas might also be exposed to other flaviviruses
or flavivirus vaccines. Exposure to these might result in
false positives in cross-reactive tests and the inadvertent
vaccination of people who are dengue seronegative. In
previous studies, we observed low-to-no cross-reactivity
with other flaviviruses (Zika virus, Japanese encephalitis,
yellow fever, and West Nile virus) for the immunoassays
evaluated here, with the exception of the Panbio ELISA,
which has exhibited high cross-reactivity with Zika virus
and West Nile virus.”” Of note, no cross-reactivity was
identified with the OnSite RDT immunoassay. Evaluation
of the EUROIMMUN ELISA showed no (yellow fever,
Japanese encephalitis) or low (Zika virus, West Nile virus)
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flavivirus cross-reactivity, distinguishing it from the
Panbio ELISA. Importantly, the CYD-TDV efficacy trials
were initiated before the emergence of Zika virus in Latin
America, and so the impact of Zika virus exposure on test
performance could not be directly evaluated in the present
study. However, this study is likely to be representative of
test performance and pre-vaccination screening outcomes
in the context of non-Zika flaviviruses, particularly yellow
fever in Latin America and Japanese encephalitis in Asia,
given that endemicity to these viruses or availability of
their corresponding vaccines preceded the execution of
the CYD14 and CYD15 studies.

One advantage of this study was the use of an
algorithm to determine the reference baseline serostatus
from each participant’s sample. We believe that this
algorithm is the most accurate method to determine
serostatus for pre-vaccination screening as it used a
combination of dengue PRNT,, PRNT,, and NS1 IgG
ELISA results. In addition, given that we used samples
and data from two double-blinded, randomised con-
trolled trials, the results generated here are expected to
be generally valid with a low risk for bias. However,
there are several limitations to this study. Given the use
of archived serum samples from phase 3 clinical trials,
this study might not be reflective of epidemiological
conditions that are expected to change over time to
some extent. Also, the RDT assays were done in a
controlled laboratory environment by trained staff, and
thus might differ from a practical, real-world, imple-
mentation of these assays.

Our study supports the use of these immunoassays for
pre-vaccination screening for CYD-TDV; those who were
identified as dengue seropositive by the immunoassays
were protected against virologically confirmed dengue
following vaccination with CYD-TDV. The immunoassays
assessed would be suitable tools until more sensitive or
convenient tests become available. The selection of an
appropriate immunoassay should take into consideration
local epidemiological context, testing infrastructure, and
test availability.
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