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ABSTRACT Serological diagnosis of Zika virus is challenging due to high cross-
reactivity of Zika virus with other flavivirus antibodies. Recently, a Zika NS1-based
enzyme-linked immunosorbent assay (ELISA) was developed and shown to be highly
specific for Zika antibody detection; however, sensitivity was evaluated for only a
small number of confirmed Zika-infected patients. In this study, we measured the
sensitivity and kinetics of Zika IgM and IgG antibodies using the Zika NS1-based
ELISA in 105 samples from 63 returning travelers infected with Zika virus (proven by
PCR or neutralization assay) from Israel, Czech Republic, Italy, Belgium, Germany, and
Chile. Zika virus IgM was detected from 2 to 42 days post-symptom onset (PSO)
with an overall sensitivity of 79% in the first month and 68% until 2 months PSO,
while 1gG antibodies were detected from 5 days to 3 years PSO with 79% sensitivity.
Interestingly, significant differences in IgM sensitivity and IgM detection period were
observed between Israeli and European/Chilean Zika-infected travelers, adding to
the complexity of Zika infection diagnosis and suggesting that other diagnostic
methods should be complemented to reduce false-negative results.
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ika virus (ZIKV) is a Mosquito-borne flavivirus that has spread in the last year to >50

countries and territories throughout the Americas (1). Laboratory diagnosis of ZIKV
infection is based on detection of Zika RNA in body fluids, such as serum, urine, saliva,
and whole blood, or detection of IgM and IgG antibodies against ZIKV in serum.
However, Zika diagnosis is challenging due to high cross-reactivity of Zika with other
flavivirus antibodies and the limited time that ZIKV RNA is detected in body fluids (2-5).

ZIKV has a single positive-sense RNA genome that is translated into 3 structural (C,
PrM, and E) and 7 nonstructural (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) proteins.
Nonstructural protein 1 (NS1) forms a homodimer inside the cells and is necessary for
viral replication and late infection. NS1 is also secreted by infected cells into the
bloodstream, interacting with and stimulating components of the immune system to
produce NS1 antibodies (6).
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Sensitivity of NS1 ELISA in Zika-Infected Travelers

Recently, an enzyme-linked immunosorbent assay (ELISA) based on the detection of
antibodies against ZIKV NS1 antigen has been developed and shown to be a highly
specific tool for the serodiagnosis of ZIKV infections, eliminating cross-reactions with
antibodies to dengue virus (DENV) and other flaviviruses (7). In this study, we investi-
gated the sensitivity of detection and the kinetics of Zika IgM and IgG antibodies in
Zika-infected returning travelers, evaluating them with Zika NS1-based ELISA.

RESULTS

In order to examine the sensitivity of the Zika NS1-based ELISA, we obtained 105
samples from 63 ZIKV-infected travelers returning from areas where ZIKV is endemic.
Thirty-three samples were obtained from residents of Israel, 38 from the Czech Repub-
lic, 13 from central Italy, 9 from Belgium, 6 from Chile, and 6 from Germany. Diagnosis
of all Zika patients was performed in their resident country either by detection of ZIKV RNA
in whole blood, urine, semen, or serum samples (18 patients) (4), by neutralization assay (26
patients), or by both Zika RNA detection and neutralization (19 patients) (Table 1). Some of
the positive PCR patients were also sequenced (8). All samples from Zika-positive patients
were subjected to Zika NS1-based ELISA in the patient’s resident country.

Table 1 summarizes Zika NS1 ELISA IgM and IgG antibody data obtained from all
patients. Our results (Table 1 and Fig. 1A) demonstrate that IgM antibodies can be
detected from as early as 2 days until 42 days from the onset of symptoms while IgG
antibodies are first detected at day 5 and can still be present 3 years post-symptom
onset (PSO), although this was observed for only 1 patient (Fig. 1A). Overall, IgM
sensitivity during the first month (from day 2 to 26 days PSO) and until 61 days PSO was
found to be 79% and 68%, respectively, while 1gG sensitivity starting from day 8
post-symptom onset was 79% (Fig. 1B). The combined sensitivity of IgM and IgG was
81% from day 1 and 88% from day 5 PSO.

Interestingly, a marked difference was observed in the IgM sensitivities of Israeli and
European/Chilean travelers (Fig. 2). In the first month (until 26 days PSO), the sensitivity
of IgM antibodies was 83% in European/Chilean travelers, which was not significantly
higher than the 72% sensitivity observed for Israeli travelers. However, a significant
difference was observed between Israeli and European/Chilean travelers in the first 61
days PSO with sensitivities of 81% and 52%, respectively (Fig. 2B). The IgG sensitivity of
samples obtained more than 7 days PSO was 85% in European/Chilean travelers, which
is not significantly different from the 68% sensitivity observed for Israeli travelers. In
both groups, the highest detection rate was observed between 8 and 26 days PSO for IgM
and 27 and 61 days PSO for IgG (Fig. 2). It is important to note that several samples from
Zika-infected Israeli travelers that were tested in 3 different laboratories yielded similar
results, reducing the possibility for technical variation factor between labs. Comparable
results and differential sensitivities between the 2 groups of travelers were also observed
when taking into account only samples from Zika real-time PCR (RT-PCR)-positive patients
(without including samples from patients detected by neutralization assay).

DISCUSSION

Accumulating evidence suggests that ZIKV infection during pregnancy is a cause of
congenital brain abnormalities, including microcephaly (9). Recently, congenital ZIKV
infection without microcephaly at birth has been reported (10) as has postnatal
development of microcephaly in infants presumed to be infected congenitally (11).
Consequently, follow-up ultrasound examinations may not detect all Zika infection
abnormalities, and other highly specific and sensitive diagnostic methods for Zika
infection must be implemented. Since ZIKV RNA, like that of other flaviviruses, can be
detected for only a short time post-symptom onset (although we have shown that in
rare cases Zika RNA in whole blood can still be detected 2 months after onset of
symptoms [4]), a negative PCR result should be followed by serological testing.

The serological tests that are currently available for Zika diagnosis are designed to
detect IgM and IgG antibodies for either the envelope or the NS1 proteins. The
envelope-based tests are sensitive but lack specificity due to high cross-reactivity with
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FIG 1 Overall performance of Zika NS1-based ELISA. A total of 105 samples from ZIKV-infected travelers returning from areas where ZIKV is endemic were tested

with IgM and IgG Zika NS1-based ELISA. Number of samples for each day post-symptom onset (A) and

percentage of samples obtained 1 to 7, 8 to 26, 27 to

61, and >61 days post-symptom onset (B) are presented. Negative (Neg), positive (Pos), and equivocal IgM and IgG antibodies are indicated.

other flaviviruses, primarily dengue (3), and therefore are considered nonspecific and
require confirmation with neutralization assay, which is time-consuming and unavail-
able in many laboratories (12). The new method of NS1-based ELISA was demonstrated
to be highly specific with almost no cross-reactivity with other flaviviruses (7). Addi-
tionally, in a recent publication, high IgM (100%) and lower IgG (60%) sensitivities were
observed in RT-PCR-confirmed ZIKV-infected travelers returning from areas where ZIKV
is endemic (13); however, these data were collected from only 8 samples, and antibody
kinetics were not shown. Here, we examined the performance of IgM and IgG antibody
detection by the NS1 ELISA for 105 samples obtained from 63 travelers returning from
countries where Zika is endemic. Our results point to 79% sensitivity of IgM in the first
26 days PSO, suggesting that false-negative results in IgM detection may occur.
Similarly, 79% sensitivity was observed for IgG testing starting from day 8 PSO.

A major advantage of our study was the availability of several follow-up samples
from many of the Zika-infected patients and the high number of samples tested (105),
which allowed us to assess the overall duration of detectable IgM and IgG antibodies
against NS1. The detection time frame of IgM antibodies suggests that NS1 IgM testing
is useful only in the first month after symptom onset, whereas IgG antibodies should be
tested at least 8 days PSO in order to allow maximum sensitivity.

Of particular interest is the significant difference in IgM sensitivity of the Zika
NS1-based ELISA observed in this study between Israeli and European/Chilean travelers.
Recently, only 41.7% anti-NS1 IgM sensitivity was detected in RT-PCR-confirmed ZIKV
infection among residents of areas where ZIKV is endemic (13). In Israel, a 41%
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FIG 2 Differential sensitivity of IgM antibodies in Zika NS1-based ELISA. Samples obtained from travelers
from Israel and European/Chilean countries with neutralization or RT-PCR-positive ZIKV infection were
subjected to IgM and IgG Zika NS1-based ELISA. (A) Percent of negative (Neg), positive (Pos), and equivocal
IgM and IgG antibody results from samples obtained 1 to 7, 8 to 26, 27 to 61, and >61 days post-symptom
onset are presented. Number of samples in each time frame is indicated. (B) IgM detection rate of samples
obtained from Zika-Infected patients; 1 to 26 and 1 to 61 days post-symptom onset in European/Chilean
and Israeli travelers are presented. **, P value of <0.05.

prevalence of West Nile virus (WNV) antibodies has been observed in adults (14), and
therefore, many Israeli travelers may have WNV background immunity. Due to cross-
reactivity with ZIKV, we could not test the actual WNV immunity in this cohort. Based
on these data, it is not farfetched to speculate that ZIKV infection in Israeli travelers may
generate lower levels of IgM antibodies compared to European/Chilean travelers and as
a result IgM antibodies are lower than the threshold of the NS1-based ELISA in samples
from Israeli travelers, particularly when starting to decline. This may be the reason for
the difference in sensitivities observed specifically between 1 and 2 months after
symptom onset. Conversely, the high flavivirus background present in several European
countries, such as the 26.3% seroprevalence of tick-borne encephalitis (TBE) in several
areas of the Czech Republic (15), indicates that other factors may impact the differential
NS1 antibody sensitivity observed between Israeli and European/Chilean travelers.
Future studies should investigate the performance of NS1-based Zika serology kits for
Zika-infected patients with known flavivirus history to assess the effect of different
flavivirus backgrounds on Zika diagnosis.

The limited sensitivity of the NS1 IgM and IgG tests measured in our study suggests
that some of the Zika-infected patients may be undetected using this assay alone.
Combined testing of both IgM and IgG antibodies for all samples obtained from
Zika-suspected patients more than 5 days PSO has an 88% detection rate and, there-
fore, should be recommended. However, since analysis of Zika RNA in both urine (2)
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and whole blood (4) has been shown to be effective in the first weeks after symptom
onset, our results confirm that both molecular and ELISA NS1 serological tests should

be performed in acute (up to 2 months) ZIKV-suspected patients.

the sensitivity of Zika antibody detection should be developed.

From the beginning of the outbreak, Zika turned out to be an elusive virus and a
complicated algorithm is required for optimal diagnosis of infection. Despite its high
specificity (6, 11), the study performed here underscores the limitations of the current
Zika NS1-based ELISA. Therefore, other serological diagnosis tests that would increase

MATERIALS AND METHODS

Zika patients and samples. A total of 105 samples from 63 ZIKV-infected travelers returning from

areas where ZIKV is endemic were tested with ZIKV NS1-based ELISA. The median age of the 29 female
patients was 32 and overall age ranged between 17 and 66, while the 34 male patients had a median
age of 35 and ranged between 4 and 74. Symptoms were mostly comprised of rash, fever, and arthralgia
or myalgia. PSO is defined as the number of days since the start of symptoms. None of the patients were
pregnant. All samples arrived to the lab at 4°C, were tested for Zika serology, and were consequently
stored at —20°C or —80°C.

All patient samples were tested for ZIKV infection with RT-PCR, NS1-based ELISA, and neutralization

assay in their country of origin as depicted in Table 1. Patients were tested at the Central Virology
Laboratory in Israel; at the Institute of Public Health in Ostrava, Czech Republic; at the Istituto Superiore
di Sanita in Rome, Italy; at the Institute of Tropical Medicine in Antwerp, Belgium; at the University
Medical Centre in Hamburg, Germany; and at the Pontificia Universidad Catolica de Chile in Chile.

Zika RT-PCR. Zika RNA in samples obtained from Israeli travelers was detected as previously

described (4). In Italy, Zika RNA was detected as published in reference 3, in Belgium as published in
reference 16, and in the Czech Republic by the RealStar ZIKV RT-PCR kit (Altona diagnostics GMBH,
Hamburg, Germany).

Zika neutralization assay. For neutralization, samples tested in Israel were subjected to microneu-

tralization assay (17) with 100 50% tissue culture infective dose (TCID,,) Zika MR-677. Samples from the
Czech Republic were tested by virus neutralization assay in micromodification (18) with 100 TCID,, Zika
MR-677. Samples from Belgium were tested with a virus neutralization (VNT) using Vero cells and 90%
neutralizing titer (NT,,) (16), while plaque reduction neutralization (PRNT) was performed for samples
from Italy (15).

ZIKV NS1-based ELISA. Zika-positive patients were subjected to Euroimmun ZIKV ELISA (Euroim-

mun, Libeck, Germany) according to the manufacturer’s recommendations. In brief, serum samples were
diluted 1:101 in sample buffer and incubated at 37°C for 60 min. Before IgM detection, serum samples
were preincubated with sample buffer containing rheumatoid factor absorbent as recommended. After
several incubation and washing steps, the optical density (OD) was measured in a Tecan Sunrise system
(Austria, GMBH). A signal-to-cutoff ratio was calculated, and values of <0.8 were regarded as negative,
values of =0.8 to <1.1 were regarded as borderline, and value of =1.1 were regarded as positive.
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