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The recommended test guidelines for Z ika virus (ZIKV) include using both molecular and
serological tools. While the molecular tools are useful for detecting acute infection, the
serological tools are useful for the detection of previous infections. Nevertheless, detection
of ZIKV-specific antibodies remains a challenge due to the high cross-reactivity between
ZIKV and other flaviviruses such as dengue virus (DENV) and Japanese encephalitis virus
(JEV). The objective of this study is to evaluate the commercially available enzyme-linked
immunosorbent assay (ELISA) for the detection of ZIKV IgG. In this study, we evaluated 6
commercially available anti-ZIKV IgG ELISA kits. Pre-characterized serum panels consisting
of 70 sera were selected for the evaluation. The diagnostic accuracy of each ELISA kits was
determined and compared to the gold standard, Foci Reduction Neutralization Test (FRNT).
The present study established that the performance of the NS1-based anti-ZIKV IgG ELISA kit
was superior to that which uses of the E protein as antigen. Overall, commercial ZIKV IgG
ELISA showed varying test performances, with some achieving moderate to high test
sensitivities and specificities. When compared against the FRNT, the test sensitivities ranged
from 7.1% to 78.6%, whereas, the test specificities ranged from 40.0% to 100%. Limitation to
the study includes the cross reactivity between flavivirus and specificity of the kit in
addressing the cross reactivity.
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Organization (WHO) for the laboratory diagnosis of Zika virus
infection is limited to a positive reverse-transcription
polymerase chain reaction (RT-PCR) within 2 weeks of post-
symptoms onset for confirmation of Zika virus infection, and
a negative dengue-IgM test to exclude dengue virus infection
(Rabe et al., 2016; WHO, 2016a). Moreover, a positive IgM tests
need to be confirmed by a more specific neutralization test
only when IgM test shows positive to both DENV and ZIKV.
Detection of ZIKV RNA in the laboratory diagnosis is highly
specific but limited to the short detection window (within
one week after symptoms onset) (Fourcade et al., 2016). Both
neutralizing (primarily IgG class) and non-neutralizing anti-
ZIKV antibodies are produced during infection. Anti-ZIKV IgM
antibodies are detectable from the first week to 4 weeks of
post-infection, whereas, anti-ZIKV IgG antibodies remain
detectable from 4 weeks onward post-infection (Landry & St
George, 2017). Generally, anti-ZIKV IgM and non-specific
antibodies both decline after several months, but anti-ZIKV
IgG can be detected for many months and may persist for
decades (Landry & St George, 2017). Meanwhile, an IgG test
is not routinely recommended.

INTRODUCTION

Zika virus (ZIKV) is an emerging mosquito-borne virus that
belongs to the Flavivirus genus and in the Flaviviridae family.
There are other medically important flaviviruses which
include dengue virus (DENV), Japanese encephalitis virus
(JEV), West Nile virus (WNV), and yellow fever virus (YFV)
(Dick et al., 1952). The virus was first isolated from a captive
rhesus macaque (Macaca mulatta) from the Z ika Forest,
Uganda in 1947 (Dick et al., 1952). A single blood meal by
infected Aedes species mosquitoes (e.g., Ae. aegypti and Ae.
albopictus) is enough to infect human with the virus (Gutiérrez-
Bugallo et al., 2019). The spread of mosquito vectors and
the viruses they carry are facilitated by human mobility and
travel (Musso & Gubler, 2016). The virus presence is well
established around the world, especially in the Pacific
Islands and the Americas (Musso et al., 2019). The
autochthonous transmission of ZIKV has been reported in
over 87 countries and territories (WHO, 2019).

The current guidelines by the United States Centers for
Disease Control and Prevention (CDC) and the World Health
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Most antibodies elicited by flavivirus infection recognize
the structural envelope (E) protein and the nonstructural
protein 1 (NS1). As the E protein contains the major
neutralizing epitopes, serological tests for flaviviruses have
previously focused on the E protein (Dai et al., 2016). However,
due to the extensive cross-reactivity of ZIKV with other
flaviviruses, ZIKV NS1 has been used as the alternative to E
protein in many studies (Saba Villarroel et al., 2018; Langerak
et al., 2019; Nguyen et al., 2020). ZIKV NS1 is highly conserved
and structurally similar with other flavivirus NS1 protein
(Song et al., 2016). Its unique surface electrostatic potential
could alter the binding properties to known protective
(neutralizing) antibodies to other flavivirus NS1 protein,
giving a specific NS1 surface characteristic among other
flaviviruses (Song et al., 2016). However, the cross-reactivity
of anti-NS1 antibodies in patients with previous dengue
infections cannot be fully excluded. In addition, DENV and
Chikungunya virus (CHIKV) are co-circulating in overlapping
regions with ZIKV, and all are being transmitted by the same
mosquito species (Wilder-Smith et al., 2018). Although
CHIKV is an Alphavirus, serological cross-reactivity in acute
dengue cases was reported (Lima et al., 2021). Therefore,
a commercially available serological assay with good
reliability is urgently needed to enable surveillance study
to be undertaken commercially in determining the extent of
ZIKV prevalence and its potential risk to the population.
This is especially important for the development of a Z ika
virus vaccine where its potential use is important in regions
where Z ika virus infection is endemic.

Currently, a large number of kits for the detection of
antibodies against ZIKV are commercially available (Ohst
et al., 2018). However, the utility of ELISA kits in ZIKV
seroprevalence studies remains a challenge due to the high
cross-reactivity between flaviviruses. A comparative
evaluation of a selection of these kits is of interest for the
screening of antibodies against Z ika virus infection.
Therefore, the objective of this study is to evaluate the
performance characteristics of six commercially available
enzyme-linked immunosorbent assay (ELISA) kits for their
potential use in Malaysia.

MATERIALS AND METHODS

This study was conducted in compliance with the Standards
for Reporting of Diagnostic Accuracy (STARD) guidelines
(Bossuyt et al., 2015).

Approval
The Institutional Review Board (IRB) approval for the study
was obtained from the University of Malaya Research Ethics
Committee (UM.TNC2/UMREC-680) for the access to the
archived serum samples.

Selection of pre-characterized human serum panels
The present study used the archived serum samples received
from Tropical Infectious Diseases Research and Education
Centre (TIDREC). These samples were screened for IgG
antibodies screening using anti-ZIKV IgG ELISA kits. All
samples were stored at -80°C after routine diagnostic testing
until included in this study for evaluation. The inclusion
criteria for the sample selection were presence of data for
all the diagnostics tests involved and sufficient sample
volume. A total of 70 of the 621 archived serum samples met
the inclusion criteria and were selected as the serum panels
for this study. The serum panels were classified as ZIKV
subgroup and non-ZIKV subgroup, as shown in Table 1. ZIKV
subgroup consisted of 10 serum samples (designated as

ZIKV+) previously characterized positive for ZIKV IgG only but
negative for DENV NS1, DENV IgM, DENV IgG, JEV IgG, and
CHIKV IgG. Non-ZIKV subgroup consisted of 60 serum samples
that were negative for ZIKV IgG. Among these, there were 12
samples positive for DENV IgG (designated as DENV+); 12
samples positive for JEV IgG (designated as JEV+); 12 samples
positive for CHIKV IgG (designated as CHIKV+); and 24 samples
absence of IgG for all the viruses (designated as negative
controls).

Selection of anti-ZIKV IgG ELISA kits
A total of six readily available anti-ZIKV IgG ELISA kits were
evaluated. These six commercially available anti-ZIKV IgG
ELISA kits: Brand A ELISA kit (UK), Brand B ELISA kit (USA),
Brand C ELISA kit (Germany), Brand D ELISA kit (USA), Brand E
ELISA kit (USA), and Brand F ELISA kit (USA). The basic features
of the ELISA kits were summarized (Supplementary Table S1,
available upon request). Brand C ELISA kit used recombinant
NS1 protein as the antigen. All the remaining NS1-based
ZIKV ELISA kits (Brand A, B, D, E) used an unspecified Zika
virus antigen, whereas only the Brand F ELISA kit used
recombinant E as the antigen. The selection of kits was
based on their availability of the ELISA kits in the market in
Malaysia.

Enzyme-linked immunosorbent assays
All the ELISA kits were assessed based on the accuracy of
results and comparative features of each kit. Kits were
received in good condition and were stored at the
manufacturers’ recommended storage condition. Results
were classified according to the instructions of the individual
kit and repeat testing of samples with equivocal results
were not performed. All samples were tested using each
kit strictly based on the manufacturer ’s specifications.
Supplementary Table 1 summarizes the sample dilution,
antigen type coated on ELISA kits, and interpretation of the
cut-off value of the test results. Serum samples with ZIKV
seropositive on ELISA but was from the non-ZIKV subgroup
panel were further validated using FRNT assay.

Foci reduction neutralization test
The FRNT assay was implemented as previously described
(Sam et al., 2019; Khor et al., 2020) with slight modification
using mouse anti-ZIKV NS1 monoclonal antibodies (Abcam,
UK) and HRP antibody (Abcam, UK) as secondary antibodies
to stain foci formed by infected Vero cells (CCL-81). FRNT90

was performed to validate the ELISA results and address
potential bias to any commercially available ELISA kits.
Neutralization was defined as the serum dilution that
resulted in 90% reduction in the number of virus-induced
foci (FRNT90) as compared to control wells (virus control and
negative control). Serum dilution was performed at the final
dilution of 1:40 after adding an equivalent volume of virus
(200 ul). PRNT90 titers were recommended by WHO for flavivirus
PRNT application to improve specificity, by decreasing the
background serum cross-reactivities among flaviviruses
(Roehrig et al., 2008; WHO, 2016b). PRNT which was
recommended as reference standard for ZIKV as previously
described was subsequently substituted by FRNT (Rabe et
al., 2016). This is because FRNT method stained the ZIKV
infected cells directly, whereas, PRNT depended on the
plaque formation which might also be affected by the non-
infected cells that being fell off (Vaidya et al., 2010).

Statistical analysis
Statistical analysis was performed using the IBM SPSS version
25.0 (IBM Corp., Armonk, NY). Diagnostic accuracy and
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agreement rates were calculated together with sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) for each kit. Receiver operating
characteristic (ROC) was also performed and the area under
the ROC curve (AUC) that measured how well predictions
were ranked, and were used for the whole picture depiction
of the accuracy of each kit. In particular AUC of > 0.89, 0.50 to
0.89, and < 0.50 were indicative of excellent, moderate, and
poor in differentiating ZIKV-infected serum sample from a
non-ZIKV-infected serum sample, respectively based on FRNT
results (Hajian-Tilaki, 2013).

RESULTS

In this study, a two-stage evaluation of ELISA kits was
implemented. This comprised an evaluation using the
developmental serum panels in Phase I and a validation
panel in Phase II (Table 1). The developmental serum panels
in Phase I (n=70) comprised serum panel pre-characterized
by ELISAs for all the viruses, whereas, validation serum
samples in Phase II (n=19) sought confirmation by ZIKV FRNT.
An algorithm for ZIKV serostatus clarification using anti-ZIKV
NS1 IgG ELISA, anti-DENV NS1 IgG ELISA, and FRNT90 was
presented in Figure 1.

Evaluation of anti-ZIKV IgG ELISA kits
Results from all the anti-ZIKV IgG ELISA kits were examined
to determine their sensitivity and specificity using the
developmental serum panel (n=70). Sixty-nine percent (48/
70) of the samples were negative in all the ELISAs, while no
sample was positive in all the ELISAs. The remaining 31%
(22/70) of the samples were positive in at least one of the
ELISAs. As shown in Table 2, in the ZIKV+ samples, the NS1-
based ELISA sensitivity ranged from 10%-100%. Sensitivity for

the Brand C ELISA kit was 100%, followed by Brand A ELISA kit
with 20%. The Brand B, Brand D, and Brand E ELISA kits showed
only 10% sensitivity.

Assay specificity was assessed by testing against 36
cross-reactive samples and 24 negative controls. The NS1-
based ELISA specificity ranged from 93.3% to 100%, where 2/
12 (16.7%, CHIKV), 3/12 (25%, DENV), and 2/24 (8.3%, negative
controls) samples were found to be anti-ZIKV IgG positive,
while the remaining were negative. Both false-positive
samples from the negative controls were identified from
the Brand D and Brand E ELISA kits.

Although the Brand B ELISA kit showed a specificity of
100%, it has low sensitivity (sensitivity =10%) as it identified
90% (n=9) of ZIKV+ samples as negative. Specificity of the
Brand A ELISA kit was 95% followed by 93.3% for Brand C,
Brand D, and Brand E ELISA kits. False positives reported
from these ELISA kits were 5% (n=3) to 6.7% (n=4), respectively.
Overall, false-negative results were high in all the ELISA kits
when the results were at the borderline (equivocal) reading
except for the Brand C ELISA kit.

Cross-reactivity was also analyzed from the 36
potentially cross-reactive samples. The Brand A ELISA kit’s
false-positive results were observed in DENV+ (n=1/12), and
CHIKV+ (n=2/12) samples. On the other hand, the false-
positive results observed in the Brand D ELISA kit were in
DENV+ (n=1/12), CHIKV+ (n=1/12), and negative controls (n=2/
24). However, for the Brand C ELISA kit, the majority of the
false-positive results were observed in DENV+ (n=3/12)
followed by JEV+ (n=1/12) samples. Both the Brand B and
Brand E ELISA kits did not have false-positive results reported.
In contrast, unlike all the aforementioned ELISA kits, the
Brand F ELISA kit which used ZIKV E protein had all samples
resulting as false-positives.
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Figure 1. Algorithm for Zika serostatus classification using anti-ZIKV NS1 IgG ELISA, anti-DENV NS1 IgG ELISA, and FRNT90. ZIKVwpDENV
infection: Zika virus infection with previous dengue virus infection. sDENV infection: secondary dengue virus infection.

Diagnostic accuracy of ELISA in comparison to FRNT
The diagnostic accuracy of each evaluated ELISA kit based
on FRNT with the parameters: sensitivity, specificity, PPV –
positive predictive value, NPV – negative predictive value,
AUC – area under the receiver operating characteristic curve
analysis were presented in Table 3. The AUC analyse
revealed overall moderate values (0.271 to 0.793) for ZIKV
IgG tests. Among the NS1-based assays only, the sensitivity

observed from the Brand C ELISA kit was 78.6%, with AUC=0.793
(95% CI: 0.549-1.000). The sensitivity of Brand D ELISA kit ranked
second, which was 21.4%, followed by the Abcam kit with
14.3%. Both the Brand B and Brand E ELISA kit obtained low
sensitivity of only 7.1%. On the other hand, the highest
specificity was obtained with the Brand B and Brand E ELISA
kits which were at 100% respectively. Both the Brand C and
Brand D ELISA kits obtained a specificity of 80.0%, respectively,
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Table 3. Diagnostic accuracy and parameters of each ELISA kit compared against FRNT90 (n=19)

Antigen ELISA SS SP PPV NPV AUC (95% CI)

    NS1 Brand A 14.3% 40.0% 40.0% 14.3% 0.271 (0.00 – 0.558)

Brand B 7.1% 100% 100% 27.8% 0.536 (0.243 – 0.828)

Brand C 78.6% 80.0% 91.7% 57.1% 0.793 (0.549 – 1.000)

Brand D 21.4% 80.0% 75.0% 26.7% 0.507 (0.206 – 0.808)

Brand E 7.1% 100% 100% 7.1% 0.536 (0.243 – 0.828)

      E Brand Fa 100% 0% 26.3% 0% 0.500 (0.198 – 0.802)

aUnable to generate data for the parameters due to high level of positive values potentially caused by cross-reactivity. The results are not comparable.
SS- sensitivity, SP – specificity, PPV – positive predictive value, NPV – Negative predictive value. AUC – area under the receiver operating characteristic
curve.

and lastly the Brand A ELISA kit showed the specificity of
40.0%.

As shown in Table 1, 14 samples were reported as ZIKV
FRNT positives. Eight samples that were identified as ZIKV+
showed ZIKV FRNT90 titer >1:40. In addition, six samples
previously identified as positive to other viruses (JEV=1;
DENV=4; CHIKV=1) also presented ZIKV FRNT90 titer >1:40. The
reasons for these are many and warrant further investigation.

DISCUSSION

In the present study, six commercial ELISA kits to detect ZIKV
IgG antibodies were evaluated and compared to the
reference FRNT. Five out of six ELISA kits employed NS1 as
the antigen, whereas only the Brand F ELISA kit used the E-
protein corresponding to ZIKV epitopes. Our findings
suggested that antibodies to E protein were highly cross-
reactive between ZIKV, DENV, JEV, and CHIKV, whereas
antibodies to the NS1 protein tended to be more virus-
specific, this being which was in agreement with findings
from previous studies (Stettler et al., 2016; Fritzell et al., 2018).

The sensitivity determined for the NS1-based ELISA
varieds significantly from 7.1% to 78.6%. Variations in
sensitivity could be due to the unspecified ZIKV antigen used
for each kit; low sensitivity could give false-negative results.
These variations were also reported in several earlier
studies, likely caused by the assay formats and detection
system (Groen et al., 2000; Basile et al., 2018). In the present
study, the Brand C ELISA kit had an overall sensitivity of 78.6%
and specificity of 80.0% when compared against the FRNT. In
an earlier study, the IgG kit was reported to have a high
specificity (94.2%) but a lower sensitivity of 34.4% (Huzly et
al., 2016). Perhaps because the study only used symptomatic
patients’ acute samples for the evaluation. Other studies
reported similar findings where the kits could be used with
high background of pre-existing antibodies to other
flaviviruses in endemic regions (Priyamvada et al., 2016).
Notably, the Brand C ELISA kit had AUC values of 0.793 (95% CI:
0.549-1.000) which reflected its ability to differentiate true
positive and true negative samples. On the other hand, while
the specificity for both the Brand B and the Brand E ELISA kits
reached 100%, they had a very low sensitivity of 7.1%. Although
specificity is important to distinguish ZIKV from other viruses,
sensitivity was crucial in determining the ELISA kit ’s
usefulness. Confirmation with gold-standard FRNT can
overcome false-positive results caused by specificity issues.
However, false-negative results caused by poor sensitivity
could miss the actual ZIKV positive sample and not be
followed up for further testing.

The complexity of serological cross-reactivity in the
detecting antibodies against flaviviruses is well documented
(Fritzell et al., 2018; Paixão et al., 2018). The discrepancies
between the ELISA tests and FRNT was observed among the
validation serum panels with 19 sera in Phase II. Six samples
previously identified as positive to other viruses were also
positive to ZIKV FRNT. This may be due to a recent flavivirus
infection that elicited cross-reactivity antibodies to ZIKV
detected by ZIKV FRNT, causing false-positivity (Kikuti et al.,
2018; Chao et al., 2019). Considering these 4 individuals could
have had previous infection from the respective viruses, a
4-fold higher titer value against ZIKV as compared to other
viruses should be expected. However, it is well reported
that DENV-positive serum samples, especially those from
secondary DENV infection, may cross-react with ZIKV
(Dejnirattisai et al., 2016; Priyamvada et al., 2016; Swanstrom
et al., 2016). Moreover, previous studies that performed 4-
fold higher titer value against ZIKV as compared to DENV
could not conclude a specific cutoff value for the respective
PRNT due to cross-reactivity (Netto et al., 2017; Schwarz et al.,
2017; Mathé et al., 2018; Chien et al., 2019; Alves et al., 2020).
The ZIKV and DENV PRNT titer could range from 1:10 to 1:100
000 in secondary flavivirus infections (Lanciotti et al., 2008).
In addition, the possibility of double infections, however,
cannot be excluded as both infections could be present. It
remains unclear if the ELISA seropositivity had resulted from
the presence of ZIKV antibodies due to co-infection with
ZIKV (true-positive) in the dengue infected patients’ sera or
from cross-reactivity (false-positive). Despite that, most of
the evaluated ELISA kits in our study showed high specificity
(80.0 – 100%) using well-characterized, achieved serum
panels, including ZIKV, DENV, JEV, and CHIKV, which are
representative of populations in many tropical countries. It
may represent a significant improvement on current
commercially available ZIKV IgG diagnostic tools.
Furthermore, since DENV is hyperendemic in Malaysia, both
DENV and ZIKV circulate in the same geographic locations.
Therefore, it is important to include serum samples from
individuals with current DENV infection with prior exposure
to ZIKV in future studies. Unfortunately, these types of serum
collections are currently not available, but these samples
may be included in the future as part of our research.

One major limitation of the present study was the small
sample size of the Z ika validation serum panels.
Unfortunately, the serum collections were lacking due to the
low presence of Z ika infection among the rural Malaysian
population where serum samples were obtained. Secondly,
the serum panels were only validated by FRNT90 (1:40)
against ZIKV without performing FRNT against DENV to



619

Khoo et al. (2021), Tropical Biomedicine 38(4): 613-621

differentiate serum panels that were reactive towards DENV
from ZIKV. A two-tier FRNT study performed earlier showed
that some samples cross-reacted with DENV (Sasmono et al.,
2018). However, in the present study, we were unable to
perform FRNT for all the viruses; it would have been be
laborious, expensive, and would have used up a large amount
of the serum samples. Therefore, establishing algorithm that
only involve ELISAs to differentiate ZIKV infection from
different DENV infections, especially secondary DENV
infection, is urgently needed. This strategy is crucial for
developing countries, where cell culture and PCR facilities
are not widely available.

Notably, the present study still evaluated a large number
of ZIKV serologic assays and contributed valuable
information for their test performances in a dengue-endemic
region. Based on the performance estimates reported here,
using most NS1-based ELISA kits in dengue-endemic settings
in screening would be expected to minimize false-positive
results. This study highlighted the performance and technical
experience using the ELISA kits for ZIKV detection. However,
this would only be true for the serum panels used in our
study. More follow-up studies using more samples would
need to be done to verify if this suggestion remains
acceptable.

CONCLUSION

Overall, the present study established that the performance
of the NS1-based anti-ZIKV IgG ELISA kit was superior to that
which uses of the E protein as antigen. The performance of
the NS1-based IgG ELISA, however, varies between the
different kits. Cross-reactivity against other viruses especially
DENV remains a challenge in the confirmation of previous
Zika virus infection.
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