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Summary
Background Dengue fever is listed among the top ten global health threats by WHO. Prompt identification of dengue
virus can guide clinical management and outbreak response, yet laboratory diagnosis is complex, costly, and lacks
consensus on performance evaluation. This systematic review aims to provide reliable diagnostic accuracy estimates in
order to inform global guidance and evaluate novel rapid diagnostic tests.

Methods In this systematic review and meta-analysis, we searched nine literature databases on Feb 16, 2021, for
reports on five common reference tests for dengue infection: NS1 ELISA, IgM ELISA, IgG ELISA, RT-PCR, and
viral neutralisation test. Articles were included if they reported primary data from more than five participants to
complete 2×2 tables comparing one of these tests (on human serum) with any comparator. Diagnostic accuracy
was estimated using Bayesian random-effect meta-analysis, which does not require a gold-standard comparator.
Risk of bias was assessed using QUADAS-2. This review is registered with PROSPERO (CRD42022341552).

Findings Data were extracted from 161 articles, allowing analysis of multiple timeframes for three tests of interest.
Pooled sensitivities of RT-PCR (0–4 days after symptom onset), NS1 ELISA (0–4 days), and IgM ELISA (1–7 days) were
95% (95% credible interval 77–99), 90% (68–98), and 71% (57–84), respectively. The corresponding pooled estimates
of specificity were 89% (60–98), 93% (71–99), and 91% (82–95). A subanalysis of only studies at low risk of bias
demonstrated similar estimates.

Interpretation IgM ELISA shows poor diagnostic accuracy early in the symptom course. NS1 ELISA shows similar
diagnostic accuracy to RT-PCR, which has important implications for global public health policy, given its relatively
low cost and accessibility.
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Introduction
Dengue fever is identified by WHO as one of the top ten
threats to global health.1 Dengue incidence has increased in
recent years, with 5⋅2 million reported cases in 2019, a
ten-fold increase since 2000.2 Actual cases are likely
underestimated as many are self-limiting.3 WHO catego-
rises dengue into three clinical groups: with warning signs,
without warning signs, and severe.4 Dengue can also be
categorised as primary, defined as an individual’s first
dengue virus (DENV) infection, or secondary, referring to
DENV infection in an individual who has been previously
infected by another DENV serotype.5

Diagnostic methods for suspected DENV infection are
setting-dependent. WHO defines laboratory confirmation
of a probable case of dengue as one of: RT-PCR or viral
culture positive; IgMor IgG seroconversion inpaired serum
samples; or four-fold IgG titre increase in paired serum
samples.4 Laboratory results highly suggestive of acute
dengue include IgM positivity, IgG positivity with a
haemagglutination inhibition titre of 1280 or greater, or
www.thelancet.com/microbe Vol 6 July 2025
detection of NS1 antigen by ELISA or rapid test, all of which
relate to a single serumsample.4Novel rapid diagnostic tests
(RDTs) for DENV are increasingly used, reflecting the need
for timely diagnostics that do not require laboratory capacity
in high-incidence settings, and align with the REASSURED
criteria (highlighting real-time connectivity, ease of use, and
environmental impact, in addition to the traditional
ASSURED criteria).6 Multiplex RDTs enable simultaneous
testing for co-circulating pathogens with similar symptoms.
To develop, evaluate, and regulate RDTs, the diagnostic
accuracy of reference tests must be characterised.
Diagnostic accuracy of tests for acute dengue depend on

multiple factors; critical among these is the timingof the test
relative to disease progression, oftenmeasured in days post-
onset of symptoms (DPO). Dengue viraemia is estimated to
peak at 0–4 DPO. While methods that identify the virus,
suchasRT-PCR, are thought to bemost accurate during this
timeframe,methods focused on antibody response, such as
IgMELISA, peak later in the disease and remain positive for
a longer period, limiting utility in detecting acute infection.7
1
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Research in context

Evidence before this study
A PubMed searchwas performed to identify diagnostic accuracy of
five common tests for acute dengue infection. No large-scale
recent meta-analyses of diagnostic accuracy were identified.
Furthermore, only traditional diagnostic accuracy meta-analytical
methods had been used to estimate diagnostic accuracy of
reference laboratory tests for dengue virus (DENV). The lack of a
perfect comparator test is a major limitation of these methods.
Estimates of diagnostic accuracy for each individual test vary based
on which comparator is used. In clinical practice, DENV RT-PCR is
seen as a gold standard, but performing this assay is expensive and
difficult in resource-limited settings, and the short viraemic period
in DENV infection limits its utility.

Added value of this study
This systematic review and meta-analysis is novel in terms of
methods, size, and scope. To our knowledge, this is the largest

review of the accuracy of dengue laboratory diagnostics to date.
We used Bayesian effect latent-class analysis to compare tests of
interest with any comparator, enabling us to capture a broad range
of real-world data. We screened 11 048 articles and analysed data
from 161 full texts to estimate the diagnostic accuracy of five
reference laboratory tests for dengue.

Implications of all the available evidence
Our results indicate that IgM ELISA should not be used as a single
test in the first 4 days of symptom onset, due to poor diagnostic
accuracy in this period. Furthermore, we found that the diagnostic
accuracy of NS1 ELISA is similar to RT-PCR, with implications for
public health policy given ELISA’s relatively low cost and ease of
access. These estimates can also be used in future diagnostic
accuracy studies, for example in the evaluation of novel rapid
diagnostic tests, which have the potential to further improve
dengue diagnosis in high-need settings.

See Online for appendix 1
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The IgM antibody response to dengue starts around 4DPO,
and remains high for 2–3 months post-infection, while
the IgG antibody response starts around 5 DPO.5,8

Antibody responses can be more rapid in secondary infec-
tion. While NS1 antigen presence is related to viraemia,
NS1 is detectable up to 10 DPO.9

Under-reporting andmisdiagnosis of dengue due to other
febrile illnesses, including co-circulating flaviviruses,
necessitate quality-assured diagnostics for outbreak sur-
veillance and assessment of control interventions.9,10

Although published evaluations of dengue diagnostics
exist, the lack of consensus on a gold standard and subse-
quent variation in reference standardsmakes interpretation
of these difficult. To overcome these limitations, we
undertook a large-scale systematic review andmeta-analysis
of the performance of five reference laboratory tests for
dengue diagnosis: NS1, IgM, and IgG ELISA, RT-PCR, and
viral neutralisation test (VNT). These tests were chosen
because of their presence in the WHO and Pan American
Health Organization (PAHO) guidelines, their use in
reference laboratory testing for dengue, and the relative
paucity of recently published accuracy estimates.2,4,11

The primary purpose of this systematic review and meta-
analysis is to publish accuracy estimates to inform the
evaluation of novel tests. We estimate sensitivity and
specificity using a Bayesian framework that assumes that
the comparator tests are imperfect.

Methods
Search strategy and selection criteria
A search strategy was compiled in the OvidSP MEDLINE
database. This included strings of terms, synonyms, and
controlled vocabulary terms to reflect two concepts: dengue
and diagnostic test of interest (TOI; ie, PCR, ELISA, or
VNT). The search strategy was refined until the results
retrieved reflected the scope of the project. Nine databases
were searched on Feb 16, 2021: OvidSPMEDLINE, OvidSP
Embase, OvidSP Global Health, Wiley Central Database of
Controlled Trials, Web of Science Science Citation Index,
Web of Science Social Sciences Citation Index, Elsevier
Scopus, EBSCOhost Africa-Wide Information, and WHO
Global Index Medicus (appendix 1 pp 1–16).
Results were initially limited to articles published from

2000 to the search date. This range was adjusted to a 10-year
period (Jan 1, 2011, to Feb 16, 2021) at the full-text screening
stage.
Citations were imported into EndNote 21 and duplicates

removed. Unique results were imported into a systematic
review software, CADIMA,12 for abstract screening.
Papers were selected if they reported primary evidence

from over five participants, were in English, Spanish,
French, or Portuguese, were published in a peer-reviewed
journal, and presented results for at least one TOI
(NS1, IgG, or IgM ELISA, RT-PCR, or VNT) against a
comparator using the same human serum sample. For
serology (ie, IgGor IgMELISA), paired sampleswereused if
the first sample was tested against the comparator.
Papers also needed to report accuracy data (sensitivity and
specificity with denominators or a 2×2 table).
Abstracts were screened against the selection criteria by at

least one of four reviewers (KP, EF, ZNL, BNM), using
CADIMA.12 Before screening, all reviewers conducted a
consistency check of 50 abstracts with good concordance
(kappa>0⋅80). Disagreements were discussed to clarify and
harmonise the approach. Additionally, 10% of abstracts
were screened by two reviewers independently to monitor
consistency, which remained high (kappa>0⋅80). Abstracts
marked as “unclear” were included for full-text screening.
Full-text articles were screened by at least one of seven

reviewers (KP, SHK, EF, LM-S, ES, OT, CA). Consistency
checks for every reviewer were compared with outcome
based on review by KP and SHK, with good concordance
www.thelancet.com/microbe Vol 6 July 2025
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(kappa >0⋅80). Any full texts marked “unclear” were
reviewed by a second reviewer (KP, SHK). A total of
570 (33%) full texts were reviewed independently by two
reviewers. Discordant results were flagged for discussion in
group meetings with a third reviewer, during which a
consensus decision was made.
Data were extracted in duplicate by two independent

reviewers (KP, SHK). Discordance between reviewers was
minimal and any disagreements resolved by discussion.
The followingdatawere extracted: country of data collection,
DENV serotype, participant population (including study
selection criteria and demographic and clinical details),
TOI and comparator used including brand and method-
ology, duration of sample storage, DPO, and a 2×2 table
between TOI and comparator. For articles with multiple
comparator tests, 2×2 tableswere extracted for eachpairwise
comparison.

Data analysis
The quality of each study included was assessed using the
Quality Assessment of Studies of Diagnostic Accuracy
Approach-2 (QUADAS-2).13Wemodified this tool tomake it
suitable for our reviewquestion (appendix 1 pp53–54). Each
study was assessed in duplicate (KP and ES).
Meta-analysis estimated the diagnostic accuracy of the

TOIs for acute dengue infection, with acute defined as
symptom onset within the previous 2 weeks.14 Data on
timing of diagnostic testing days post-onset of symptoms
were categorised into three groups depending on the design
of the original studies, hereafter referred to as DPO sub-
groups: 0–4 days, 1–7 days, and an overall category of all
acute symptomatic cases. The first two groups are mutually
exclusive; no study was included in both the 0–4-day and
1–7-day groups. An additional DPO subgroup of 5–14 days
was considered for IgM ELISA only. These were chosen to
reflect the virological and immunological events used as
diagnostic test targets and the resultant differences in
diagnostic accuracy of TOIs at different DPO.10,15–17 For NS1
ELISA and RT-PCR, the 0–4 days subgroup represents the
primary analysis model. For IgM and IgG ELISA, the pri-
maryanalysismodel is the0–7days subgroup.Anadditional
analysis of the most frequently reported IgM ELISA brand
(Panbio Capture IgM ELISA [Panbio, Brisbane, QLD,
Australia]) was performed for the all acute symptomatic
group.
Where data were stated to be from symptomatic individ-

uals but no DPOwas given, these data were included in the
all acute symptomatic analysis. Data from asymptomatic
individuals, data where neither DPO nor symptom status
was reported and data from symptomatic individuals with a
statedDPO range that exceeded 14 days were excluded from
all analyses. If a DPO subgroup had fewer than four studies,
no meta-analysis was carried out.
Where articles included data from multiple comparator

tests from the same individuals and DPO subgroup,
multiple 2×2 tables were extracted. For all analyses, each
2×2 table represented a comparison between a TOI and a
www.thelancet.com/microbe Vol 6 July 2025
reference test within a unique cohort of individuals
(hereafter referred to as a “study”; one published articlemay
therefore provide multiple “studies” if reporting numerous
diagnostic test comparisons).
We estimated pooled and predicted sensitivity and

specificity, including 95% credible intervals (CrI), for each
TOI.Pooledestimates represent themedianaccuracy across
studies included in this analysis while predicted estimates
represent the expected accuracy in another hypothetical
future study. We used an extension to the Hierarchical
SummaryReceiverOperatingCharacteristicModel,18which
relies onBayesian latent-class analysis and is recommended
in the Cochrane Handbook for Systematic Reviews of
Diagnostic Test Accuracy.19 This approach assumes that the
sensitivity and specificity of the TOI from each study lies on
an underlying receiver operating characteristic curve and
takes into accountwithin-study and between-study variation
as well as accounting for imperfect comparator tests.
Heterogeneity was explored by comparing the difference

in pooled and predicted estimates20 as well as by comparing
the primary analysis DPO subgroup with the other sub-
groups. Initial plans to explore heterogeneity by participant
age and study country were not possible due to small
subgroup numbers. Sensitivity analyses included only
studies at low risk of bias and with high external validity
(appendix 1 p 54). Analyseswere carried out inR 4.2.0 using
Stan.21 A full model specification is in appendix 1 (p 16).

Role of the funding source
There was no funding source for this study.

Results
Search results identified 28 043 articles, reducing to
11 048 after removing duplicates, to 2943 after abstract
screening and to 2136 after restricting the publication date
range (figure 1). After full-text review, 193 articles were
identified as eligible (98 for RT-PCR, 123 for IgM ELISA,
64 for IgG ELISA, 67 for NS1 ELISA, and 12 for VNT). The
included articles contributed 214, 122, 112, 219, and 28 of
the 2×2 comparisons (studies) for IgM, IgG, and NS1
ELISA, RT-PCR, and VNT, respectively.
A full list of studies included in the meta-analyses is

available in appendix 1 (pp 45–53). The results presented
here are for IgM ELISA, NS1 ELISA, and RT-PCR
(n=245 studies). The results for IgG ELISA were
limited by lack of reporting of convalescent samples, sub-
stantially reducing their utility. There were insufficient
data available to perform a meta-analysis for VNT
performance. IgG ELISA and VNT results can be found in
appendix 1 (pp 55–56) and appendix 2 (p 6).
IgM ELISA had the largest number of studies (n=107),

representing 67 828 individuals (table). Included studies
reported data from five of six WHO regions. Overall,
half (137 [49%] of 282)were from theSouth-EastAsia region
and 124 (91%) of these were from India.
37 (15%) of 245 studies reported data separately

for children and adults (eight [13%] of 60 for NS1 ELISA,
3
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 193 met eligibility criteria

 1715 full texts assessed for eligibility

 2136 full texts sought for retrieval

 11 048 abstracts screened

28 043 records identified from database searching

 32 eligible full texts excluded from analysis
   12 asymptomatic patients
   10 no symptom status stated
   7 DPO range not within 0–14 days
   3 insufficient studies for analysis
    (viral neutralisation)

 1522 reports excluded
   243 not peer-reviewed
   23 language criteria not met
   54 primary evidence not reported
   474 no results for test of interest
   84 not performed on human serum
   130 tests not performed on same
    samples
   493 unable to extract a 2 × 2 table
   7 sample size <5
   14 duplicate

 421 full texts not found
   410 likely meet exclusion criteria
   11 unclear 

 8105 ineligible abstracts
 807 texts out of date range

16 995 duplicate records removed
  electronically

 161 full texts used for analysis
 282 studies (ie, 2 x 2 comparisons) included
  in analysis
   107 IgM ELISA
   78 RT-PCR
   60 NS1 ELISA
   37 IgG ELISA

Figure 1: Study selection
DPO=days post-onset of symptoms.
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11 [14%] of 78 for RT-PCR, and 18 [17%] of 107 for IgM
ELISA). Similarly, 25 (14%) of 245 studies reported data
separately for inpatients and outpatients (12 [20%] of 60 for
NS1ELISA, 12 [15%] of 78 forRT-PCR, and 21 [20%] of 107)
for IgM ELISA; table).
Extracted data showed variability regarding the timing of

diagnostic testing after onset of fever (figure 2). 101 (41%) of
245 studies stated that testing for acute dengue was per-
formed on symptomatic individuals without listing DPO.
This proportion was similar across TOIs (22 [37%] of 60 for
NS1 ELISA, 37 [47%] of 78 for RT-PCR, and 42 [39%] of
107 for IgM ELISA).
Estimated sensitivity and specificity from our analysis for

eachTOI is shown infigure 3. Individual study estimates for
both sensitivity and specificity for each TOI in each DPO
subgroup are presented in appendix 1 (pp 45–53), which
demonstrate the heterogeneity of results and variation in
comparator tests.
Comparing results reported at 0–4 DPO, 1–7 DPO, and

the all acute symptomatic group showed that sensitivity of
RT-PCRandNS1ELISAdecreasedwith timeafter symptom
onset. RT-PCR sensitivity decreased from 90% (95% CrI
68–98) to 86% (68–96) at 0–4 and 0–7 DPO, respectively.
Similarly, NS1 ELISA decreased from 95% (77–99) to
85% (69–93). The overall point estimates for sensitivity
and specificity of RT-PCR remained above 85% and
90%, respectively. Similarly, NS1 ELISA point estimates for
sensitivity remained above 85% irrespective of DPO sub-
group, with specificity above 90% (figure 3). Forest plots
showing all studies for each TOI for each timeframe are in
appendix 2 (pp 1–7).
Subgroup analyses of results reported at 1–7 DPO

comparedwith 0–4DPOdemonstrated amarkeddifference
in IgM ELISA sensitivity, at 71% (95% CrI 57–84) and
17% (3–51), respectively (figure 3). Comparing the IgM
ELISA primary analysis model (1–7 DPO) with the
model containing all acute symptomatic data, sensitivity
and specificity estimates were lower at 62% (45–75) and
85% (76-91%), respectively. Sensitivity of IgM ELISA at
5–14 DPO versus 1–7 DPO was 82% (49–96) and
82% (45–96), respectively. The sensitivity and specificity of
the PanBio Capture IgM ELISA (for all acute dengue) were
86% (68–94) and 87% (72–95), respectively (appendix 2 p 7).
Heterogeneity was seen across all meta-analyses as indi-

cated by wider CrI for the predicted estimates when com-
pared with the pooled estimates. For all TOIs, the model
with the narrowest CrI for the predicted estimates was the
primary analysis model and the widest CrI was seen for the
all acute symptomatic model (figure 3).
Figure 4 summarises the risk of bias and applicability

concerns for studies from each TOI. Overall, 107 (44%) of
245 studies were judged as having a low risk of bias and low
concern regarding applicability.ByTOI, thiswas26 (43%)of
60 for NS1 ELISA, 29 (37%) of 78 for RT-PCR, and 52 (49%)
of 107 for IgM ELISA. The lowest risk of bias was found in
the index and comparator tests. 95 (39%) of 245 studies had
high risk of bias from the flow and timing domain, mainly
due to testing in the acute periodwith no specificDPO range.
148 (60%) of 245 studies had low applicability

concerns regarding the timeline. A meta-analysis for the
all acute symptomatic subgroup of studies with a low
risk of both bias and applicability concerns is in
appendix 1 (pp 54–55). This shows similar results to
those presented in figure 3.
www.thelancet.com/microbe Vol 6 July 2025
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Brand or technique, n (%)* Study size,
median (IQR)

Cohort, n (%) Patient location, n (%) Number of studies by
WHO region, n (%)

DPO subgroup (number of
studies; number of individuals)

NS1 ELISA
(n=60)

Panbio 22 (37%); Platelia
13 (22%); J mitra 10 (17%)

193 (96–533) Adults 4 (7%); children 4 (7%);
both 27 (45%); not stated
25 (42%)

Outpatients 7 (15%); inpatients
5 (8%); both 6 (10%); not
stated 42 (70%)

AFR 0 (0%)
AMR 9 (15%); EUR 1 (2%);
EMR 3 (5%); SEAR 38 (63%);
WPR 7 (12%); multiple 2 (0%)

0–4 days (10; 1814); 1–7 days
(16; 7949); all acute
symptomatic (60; 31 084)

RT-PCR
(n=78)

Real-time 22 (28%);
conventional 2 (3%);
not stated 54 (69%)

183 (98–307) Adults 4 (5%); children 7 (9%);
both 36 (46%); not stated
31 (40%)

Outpatients 5 (6%); inpatients
7 (9%); both 13 (17%); not
stated 53 (68%)

AFR 4 (5%)
AMR 23 (29%); EUR 1 (1%);
EMR 2 (3%); SEAR 29 (37%);
WPR 17 (22%); multiple 2 (0%)

0–4 days (4; 622); 1–7 days
(27; 7519); all acute
symptomatic (78; 21 402)

IgM ELISA
(n=107)

Panbio 34 (32%);
NIV 24 (22%); J mitra 8 (7%)

164 (67–461) Adults 9 (8%); children 9 (8%);
both 51 (48%); not stated
38 (36%)

Outpatients 9 (8%); inpatients
12 (11%); both 21 (20%); not
stated 65 (61%)

AFR 5 (5%)
AMR 21 (20%); EUR 2 (2%);
EMR 4 (4%); SEAR 57 (53%);
WPR 14 (13%); multiple 5 (5%)

0–4 days (7; 1209); 1–7 days
(35; 20057); all acute
symptomatic (107; 69488)

All (n=245) NA 176 (80–376) Adults 17 (7%); children
20 (8%); both 114 (47%);
not stated 94 (38%)

Outpatients 21 (9%); inpatients
24 (10%); both 40 (16%); not
stated 160 (65%)

AFR 9 (4%); AMR 53 (22%);
EUR 4 (2%); EMR 9 (4%);
SEAR 124 (48%);
WPR 38 (17%); multiple 9 (4%)

0–4 days (21; 3645); 1–7 days
(78; 35 525); all acute
symptomatic (245; 1 219 74)

n refers to a study (defined for this review as a 2×2 comparison between a test of interest and a reference test within a unique cohort of individuals), not an article.WHO regions: African region (AFR), region of the Americas (AMR),
European region (EUR), EasternMediterranean region (EMR), South-East Asia region (SEAR),Western Pacific region (WPR). DPO=days post-onset. NA=not applicable. NIV=National Institute of Virology. *The threemost common
brands or techniques for each test of interest are displayed. For companies or organisations listed in the table, product details are as follows: NS1 ELISA—NS1 antigen capture ELISA fromPanbio (Brisbane, QLD, Australia),
Platelia NS1 Ag from Bio-Rad (Hercules, CA, USA), Dengue NS1 AgMicrolisa from J Mitra (New Delhi, India); IgM ELISA—Dengue IgM Capture ELISA from Panbio (Brisbane, QLD, Australia), In-house IgM ELISA from NIV
(Pune, India), Dengue IgM Microlisa from J Mitra (New Delhi, India).

Table: Characteristics of studies included in analyses by test of interest

IgM ELISA NS1 ELISA RT-PCR

0 4 7 14 0 4 7 14 0 4 7 14

0

100

200

300

DPO range reported DPO range reportedDPO range reported

St
ud

y

Test of interest

IgM ELISA NS1 ELISA RT-PCR

3+ 1–7 1–10

Figure 2: Reported DPO of test date by test of interest and study
DPO subgroups are: 0–4 days, 1–7 days, and all acute symptomatic, which includes studies that did not report a DPO range but did state that testing was performed on
symptomatic individuals for acute dengue (shown as grey bars spanning 0–14 days DPO). One additional analysis of 5–14 DPO was performed for IgM ELISA. Vertical
dashed lines indicate DPO subgroup upper limits. The red arrow indicates the window of biological detection. DPO=days post-onset of symptoms.

Articles
Discussion
We report, to our knowledge, the most comprehensive
review to date of the accuracy of common reference
laboratory tests for acute dengue detection. Our analysis
www.thelancet.com/microbe Vol 6 July 2025
estimates the sensitivity and specificity of NS1 ELISA
(0–4 DPO) at 90% (95% CrI 68–98) and 93% (71–99),
respectively. Our results suggest NS1 ELISA to be more
sensitive and less specific than previous published data
5
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NS1 ELISA

RT-PCR

IgM ELISA

DPO
subgroup

0−4 days*

1−7 days

All acute
symptomatic 

0−4 days*

1−7 days

All acute
symptomatic 

0−4 days

1−7 days*

5−14 days

All acute
symptomatic

Number of
studies

10

16

60

4

27

78

7

35

12

107

Number of
comparators 

5

3

11

2

8

8

3

9

5

11

0 0·1 0·2 0·3 0·4 0·5 0·6 0·7 0·8 0·9 1

Partially pooled
sensitivity

0·90 (0·68–0·98)

0·86 (0·68–0·96)

0·85 (0·76–0·91)

0·95 (0·77–0·99)

0·85 (0·69–0·93)

0·86 (0·63–0·93)

0·17 (0·03–0·51)

0·71 (0·57–0·84)

0·82 (0·49–0·96)

0·62 (0·45–0·75)

0 0·1 0·2 0·3 0·4 0·5 0·6 0·7 0·8 0·9 1

Partially pooled
specificity

0·93 (0·71–0·99)

0·92 (0·80–0·97)

0·90 (0·83–0·94)

0·89 (0·60–0·98)

0·96 (0·90–0·99)

0·96 (0·84–0·98)

0·84 (0·47–0·97)

0·91 (0·82–0·95)

0·82 (0·45–0·96)

0·85 (0·76–0·91)

Figure 3: Summary forest plot of pooled (black solid line) and predicted (grey dashed line) estimates of sensitivity and specificity from separate meta-analyses for each test of interest
Stratified by DPO subgroup. Data in parentheses are 95% credible intervals. DPO=days post-onset of symptoms. *Indicates primary analysis subgroup for each test of interest.

0% 25% 50% 75% 100%

RT-PCR

0% 25% 50% 75% 100%

NS1 ELISA

Applicability—timeline

Applicability—
patient population

Bias—flow and timing

Bias—comparator test

Bias—test of interest

Bias—patient selection

0% 25% 50% 75% 100%

Low risk of bias High risk of bias  

IgM ELISA
BA C

Figure 4: Summary of the risk of bias and applicability concerns across six domains in the accuracy of dengue diagnostics for the detection of acute dengue
Four domains for risk of bias and two domains for concerns for applicability were used, adjusted from QUADAS-2.13
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(one study estimated sensitivity of 74% [95% CI 63–82] and
specificity of 99% [97–100]).22 Generally, previous analyses
of NS1 ELISA accuracy have used RT-PCR as a gold-
standard comparator test,23,24 making the assumption that
RT-PCR is 100% sensitive and 100% specific. If this
assumption is incorrect, previous estimates of NS1 ELISA
diagnostic accuracy will have been underestimated
(assuming conditional independence).One study compared
NS1 ELISA and RT-PCR using a third diagnostic
method as a gold-standard comparator and found that
the two tests had similar diagnostic accuracy, reflecting
our findings.25 In comparison with the 0–4 DPO sub-
group, where RT-PCR has a better sensitivity than NS1
ELISA, in the 1–7 DPO subgroup, NS1 ELISA was
found to have a similar sensitivity (86% [95% CrI
68–96]) to RT-PCR (85% [69–93]). These results high-
light NS1 ELISA as a practical alternative to RT-PCR,
given the persistence of the NS1 antigen in the blood-
stream and the common presentation of patients after
4 DPO.
IgM ELISA was found to be 17% sensitive and 84% spe-
cific at 0–4 DPO, reflecting the lag in DENV IgM antibody
titres in response to infection.26,27 Our results suggest that
IgM ELISA in a single acute sample must be interpreted
with DPO in mind given the increase in sensitivity after
4 DPO, and, as perWHO guidance, should not be used as a
confirmatory test.4 At 1–7 DPO, pooled sensitivity and
specificity of IgM ELISA were 71% (95% CrI 57–84) and
91% (82–95), respectively, reflecting increasing antibody
titres. These results are likely to underestimate the actual
diagnostic accuracy of IgM ELISA in the 5–7 DPO sub-
group, given the inclusion of samples from less than 5DPO.
One previously reported estimate of IgM ELISA sensitivity
and specificity was 38⋅1%and 100%, respectively.23 Notably,
although these estimates were not stratified by DPO, the
majority of patients included in the analysis (44 of 86) were
in the 1–3 DPO range, which might explain the poor
sensitivity reported. Similarly, the higher sensitivity of
82% (95% CrI 49–96) and specificity of 82% (45–96) of IgM
ELISA at 5–14 DPO in our study is physiologically
www.thelancet.com/microbe Vol 6 July 2025
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consistent, although the CrI is wide and overlaps with
the 1–7 DPO results, reflecting the smaller number of
studies in this subgroup. These results confirm the
clinical relevance of IgM detection during this common
timeframe for health-seeking behaviour and peak IgM
response.
However, IgM titres rise less in response to secondary

infection compared with primary DENV infection, limiting
the utility of this test particularly in dengue-endemic
regions.26 Few studies in this review distinguished pri-
mary from secondary infections,28–30 preventing sub-
analysis. While IgM ELISA is often used as a single test in
the acute phase, its accuracy might be increased by using
paired samples, interpretation as a ratio with IgG ELISA, or
using a single measurement in combination with other
diagnostic methods as part of a diagnostic algorithm.10,27

Meta-analyses to ascertain diagnostic accuracy of dengue
algorithms should be a priority.
Differences in the diagnostic performance of commercial

ELISA tests for NS1 and IgM ELISA for acute dengue
infection have been demonstrated.31 While there were
insufficient data to perform additional analyses for each
unique commercial test at each timeframe, a sub-analysis of
the PanBio Capture IgM ELISA within the all acute symp-
tomatic group suggested higher sensitivity (86% [95% CrI
68–94]) compared with all brands (62% [45–75]), although
CrIs overlapped. Our findings highlight the need for
comparative studies of commercial ELISAs using
well-characterised serum panels to guide assay selection.
Strengths of this review include the comprehensive and

robust search strategy, covering five reference laboratory
tests for dengue diagnosis, across 11 bibliographic data-
bases, which identified studies from 43 countries with
diverse comparators. Furthermore the methodology used
was adherent to QUADAS-2 and PRISMA guidelines. We
used a Bayesian analysis that did not assume that any
comparator was perfect. Although this approach has
previously been used for rapid tests for dengue,32 to our
knowledge it hasnot previouslybeen applied to a dataset this
large for our TOIs.
The included studies had multiple limitations. Firstly,

dengue diagnostics have been shown to have optimal
performance at certain DPOs, depending on the diagnostic
target.10However, studies reported overlappingDPOranges
for acute dengue from 1 DPO to 36 DPO for all TOIs
(figure 2). We were therefore unable to stratify results into
discrete DPOwindows (ie, 0–4, 5–7, and 8–14 DPO), which
would have strengthened interpretability. This inconsistent
reporting highlights a lack of consensus on timeframes for
acute dengue diagnosis, which hinders the ability to per-
formmeta-analyses. Secondly, heterogeneity in reporting of
important variables limited our ability to perform subgroup
analysis. Such variables include DENV serotype, patient
population (including clinical suspicion of dengue infec-
tion, which would affect the pre-test probability), primary or
secondary infection, brand of TOI, and geographical loca-
tion of study. The DPO subgroup analysis, although adding
www.thelancet.com/microbe Vol 6 July 2025
depth to our conclusions, resulted in data paucity for some
timeframes. Notably, the 0–4 DPO RT-PCR was based on
only four studies, and should be interpreted with caution.
Lack of differentiation between primary and secondary
infections in particular could affect our estimates of diag-
nostic accuracy, given that previous antibody production is
likely to alter the diagnostic accuracy of IgM andNS1 ELISA
in secondary infection when compared with primary
infection. Given the previously described limitations in data
reporting, a sub-analysis of these groups could not be per-
formed. However, since primary and secondary infections
are often indistinguishable at the time of presentation, our
estimates of diagnostic accuracy remain useful in clinical
practice. Thirdly, in order tomaximise the data available for
analysis, we included any clinical study that met the inclu-
sion criteria, rather than restricting inclusion to diagnostic
accuracy studies. Consequently, many studies poorly
described aspects of testmethodology and population group
studied, highlighted by the results of QUADAS-2, with
potential impacts on the overall estimates of both sensitivity
and specificity.
Our meta-analytical approach also has limitations. While

our analysis framework improvesuponpreviousanalysesby
accounting for imperfect comparator tests, there are other
model assumptions necessary that can lead to biased
estimates of sensitivity and specificity, notably the choice of
prior distributions for the comparator tests’ diagnostic
accuracy and the assumption of a two-state latent-class
model.33

To summarise, our results show that IgM ELISA should
not be used as a single test in the first days of symptom
onset, due to poor diagnostic accuracy in this period.
Additionally, we find that the diagnostic accuracy of NS1
ELISA is similar to RT-PCR. Our estimates provide a basis
for future accuracy assessments of dengue tests designed
for near-patient use, for example in the evaluation of novel
RDTs and diagnostic algorithms, using both Bayesian and
traditional analysis approaches. These findings have
implications for dengue diagnostic test development,
evaluation, and regulation, as well as global health and
surveillance policy, especially in relation to the utility of NS1
ELISA.
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