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The current Zika virus (ZIKV) epidemic in the Americas
caused an increase in diagnostic requests in European
countries. Here we demonstrate high specificity of the
Euroimmun anti-ZIKV IgG and IgM ELISA tests using
putative cross-reacting sera of European patients with
antibodies against tick-borne encephalitis virus, den-
gue virus, yellow fever virus and hepatitis C virus. This
test may aid in counselling European travellers return-
ing from regions where ZIKV is endemic.

Current interim guidelines in Europe for symptomatic
patients and pregnant women returning from regions
endemic for Zika virus (ZIKV) recommend serological
testing from day 5 after onset of disease [1]. However,
serological diagnosis remains challenging because of
extensive cross-reactivity between antibodies against
flaviviruses [2]. In Europe, tick-borne encephalitis virus
(TBEV) is the most relevant flavivirus and might cause
diagnostic problems in sera from European travellers
returning from ZIKV endemic regions. Recently, an
ELISA based on ZIKV NSi1-antigen has been developed
and shown to diagnose ZIKV infections [3]. Here, we
evaluated the specificity of this novel ZIKV ELISA using
sera from European patients with laboratory-confirmed
and putative cross-reacting antibodies against differ-
ent flaviviruses and other acute viral infections.

Human serum samples

Samples with a high potential of causing cross-reac-
tions in serological flavivirus assays were chosen:
acute TBEV infection, acute dengue virus infection,
recently boostered tick-borne encephalitis (TBE) vac-
cination with high levels of TBEV IgG, recent yellow
fever vaccination and viraemic hepatitis C virus (HCV)
infection. TBEV, dengue and HCV sera contained labo-
ratory-confirmed high levels of IgG antibodies against
these viruses. All 26 dengue virus antibody-positive
sera were from German travellers. Of these, 16 acute
dengue sera were positive for anti-dengue virus IgM
and for dengue virus NS1 antigen and were positive
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in dengue virus RT-PCR. Follow-up sera were available
from 10 patients after laboratory-confirmed acute den-
gue infection and were anti-dengue virus IgG-positive
only.

For evaluation of the ZIKV IgM ELISA, we used in addi-
tion sera from patients with polyclonal IgM stimula-
tion (acute Eppstein-Barr virus (EBV) infection (n=22),
acute Mycoplasma pneumoniae infection (n=8), pri-
mary cytomegalovirus (CMV) infection in pregnancy
(n=9), and primary human immunodeficiency virus
(HIV) infection (n=13)). All sera were submitted to the
Institute of Virology, Freiburg, for routine diagnostics
and were stored at —20°C in an anonymised biobank
before testing.

To confirm the capability of the ZIKV ELISA to detect
ZIKV antibodies, we analysed 10 patient samples from
Brazil with acute or recent ZIKV infection. For labora-
tory confirmation of ZIKV infection in these patients
we used an indirect immunofluorescent assay (IIF) as
described [4]. IIF titres for anti-ZIKV IgM ranged from
1:1,280 to 1:320,480, and for anti-ZIKV IgG from 1:320
to 1:>20,480. All 10 Brazilian sera had previously tested
negative at the Bernhard Nocht Institute for Tropical
Medicine for IgM and IgG against dengue virus, and
negative for dengue virus NS1 antigen. In addition, two
serum samples from a German tourist returning from
Brazil with ZIKV infection were available to us. The
first sample had been taken on day 3 after symptom
onset in 2015, a second sample one year later. The
first serum sample tested ZIKV RT-PCR-negative, but
a saliva sample from the same day (three days after
symptom onset) tested RT-PCR-positive, confirming the
diagnosis of acute ZIKV infection.

Laboratory investigation

We used the Euroimmun ZIKV ELISA (Euroimmun,
Libeck, Germany) according to the manufacturer’s
recommendation. In brief, sera were diluted 1:101 in



FIGURE 1

Anti-ZIKV signal/cut-off ratios in different cohorts, determined by the ZIKV ELISA for (A) IgG and (B) IgM
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CMV: cytomegalovirus; ELISA: enzyme-linked immunosorbent assay; HCV: hepatitis C virus; TBE: tick-borne encephalitis; TBEV: tick-borne

encephalitis virus; YF: yellow fever; ZIKV: Zika virus.

TABLE 1

Serological test results for different cohorts using the ZIKV IgG ELISA

Number of samples

Result ZIKV I1gG ELISA

Origin of infection

Negative Borderline Positive
TBEV infection? 21 Germany 21 o o
TBE vaccination? 52 Germany 52 (o] o]
Dengue virus infection® 10 Endemic regions 10 o] o]
Yellow fever vaccination® 15 Germany 15 (o] (o]
HCV infection? 16 Germany 16 o o
Acute ZIKV infection® 11 Brazil 1 5
Past ZIKV infection® 1 Brazil o o 1

ELISA: enzyme-linked immunosorbent assay; HCV: hepatitis C virus; 1gG; immunoglobulin G; IgM: immunoglobulin M; TBE: tick-borne

encephalitis; TBEV: tick-borne encephalitis virus; ZIKV: Zika virus.

2TBEV IgM and IgG detection was performed with Serion classic ELISA TBE IgM and I1gG quant assay (Virion/Serion, Wiirzburg, Germany).
® Confirmed with SD dengue NS1+Ab Combo (MT Promedt Consulting, St. Ingbert, Germany).

¢ Documented yellow fever vaccination.

4 Detection of HCV antibodies was done using the Architect Anti-HCV assay (Abbott, Wiesbaden, Germany).
¢ Detection of ZIKV antibodies was done using IIF as described in the text.

sample buffer and incubated at 37°C for 60 min in a
microplate well. Before IgM detection, sera were pre-
incubated with sample buffer containing rheumatoid
factor absorbent as recommended. Further steps were
done as described elsewhere, and the optical den-
sity (OD) was measured in a BEP Il system (Siemens
Healthcare, Munich, Germany). A signal-to-cut-off ratio
was calculated, and values<o,8 were regarded as nega-
tive, 20,8 to<1,1 as borderline, and 21,1 as positive.

ZIKV IgG ELISA

The ZIKV IgG ELISA was positive or borderline in six of
10 samples from Brazilian patients with clinical and
laboratory-confirmed acute ZIKV infection (Table 1).
The first sample of a German tourist tested ZIKV IgG-
negative, but was ZIKV IgG-positive one year after
acute ZIKV infection (past ZIKV infection, Table 1). No
IgG ELISA reactivity above the threshold for positivity
was seen in any of the potentially cross-reacting sam-
ples (Figure).
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TABLE 2

Serological test results for different cohorts using the ZIKV IgM ELISA

Result ZIKV IgM ELISA

Cohort Number of samples Origin of infection Negative Borderline Positive
TBEV infection® 38 Germany 38 o] o]
Dengue virus infection® 16 Endemic regions 16 o o
Yellow fever vaccination® 15 Germany 15 o] o
Polyclonal IgM 52 Germany 49 2 1
ZIKV infection 11 Brazil 14 o 10

ELISA: enzyme-linked immunosorbent assay; 1gG; immunoglobulin G; IgM: immunoglobulin M; TBEV: tick-borne encephalitis virus; ZIKV: Zika

virus.

2TBEV IgM and IgG detections were performed with Serion classic ELISA TBE IgM and IgG quant assay (Virion/Serion, Wiirzburg, Germany).
®SD dengue NS1+Ab Combo (MT Promedt Consulting, St. Ingbert, Germany), RT-PCR was done using the RealStar dengue RT-PCR kit (Altona

Diagnostics, Hamburg, Germany).
¢ Documented yellow fever vaccination.
4 German tourist day 3 after symptom onset.

Overall, specificity of the ZIKV 1gG ELISA was 100%
(95% confidence interval: 95.9-100.0).

ZIKV IgM ELISA

All 10 sera from the Brazilian patients tested positive
using the ZIKV IgM ELISA (Table 2). One sample from a
German patient with a polyclonal IgM (reactivity in TBE
virus IgM and EBV IgM assay) was positive in the ZIKV
IgM ELISA. Two samples from patients with acute EBV
infection showed borderline results in the ZIKV IgM
ELISA. None of the samples from patients with acute
TBE virus infection, dengue fever, or recent yellow fever
vaccination showed reactivity above the threshold for
positivity, demonstrating the high specificity of the
Euroimmun ZIKV IgM ELISA (Figure).

Discussion

There is now evidence of a causal relationship between
ZIKV infection during pregnancy and severe birth
defects [5,6]. In Europe, laboratory diagnosis should
be performed in pregnant women returning from ZIKV
endemic regions [7]. Follow-up ultrasound examina-
tions and counselling are recommended for those with
markers of recent ZIKV infection. In light of the possi-
ble severe consequences for pregnant women and their
fetus, it is imperative that serological testing is highly
specific.

The high degree of cross-reactivity of currently avail-
able serological flavivirus assays is a major issue of
concern [8,9]. In Europe, TBEV is the most relevant fla-
vivirus and TBE vaccination coverage ranges from 20%
(southern Germany) to more than 80% (Austria) [10]. Of
note, yellow fever vaccination is recommended for trav-
ellers to Brazil and other South American countries. In
recent years, an estimated 300,000 to 350,000 travel-
lers from Germany, Austria and Switzerland have visited
Brazil and thus are currently at risk of having acquired
ZIKV infection. Our results provide strong evidence that
the Euroimmun ZIKV IgG ELISA is a specific tool and
can be safely used to rule out ZIKV infection even on
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the background of pre-existing antibodies to different
flaviviruses and other acute infections. Importantly,
this also applies to dengue-positive sera as shown on
a limited number of dengue virus antibody-containing
sera from European travellers. However, more data
is needed from regions where dengue is endemic,
e.g. South America. Of note, IgM and IgG antibodies
against ZIKV were unambiguously identified in positive
patient sera. This ZIKV ELISA allows easy, specific and
high-throughput testing of suspected cases. However,
neutralising antibody detection assays remain the
gold standard for diagnosis and evaluation of tests,
although they are restricted to specialist laboratories
and allow low to medium throughput only [11]. Clearly,
further studies are needed to determine the sensitiv-
ity of the assay using a larger set of samples taken at
different time points of the infection. Alternatively, a
limited number of other commercial ZIKV serology tests
are on the market or will be available in short time, but
extensive validation data is pending to date.

The ZIKV ELISA may primarily aid gynaecologists and
clinicians in travel medicine in the diagnosis of recent
ZIKV infection and public health officials in developing
guidelines on diagnostic algorithms for ZIKV infection.
Interestingly, in the acute phase, testing of saliva sam-
ples using RT-PCR can increase the detection rate as
seen in our German tourist and as reported elsewhere
[12]. Of note, acute EBV can cause false positive IgM
reactions in the ZIKV IgM ELISA, owing to a polyclonal
stimulation of B cells, which makes it necessary to rule
out acute EBV infection in ambiguous cases [13]. This
was also seen in our results.

All sera with high antibody titres were retrieved from
our local biobank. The availability of well-defined
sera to validate novel assays is important for emerg-
ing pathogens [14]. Thus, collecting and sharing of
sera by (national) laboratories should be promoted to
strengthen preparedness for emerging diseases.



Conclusion

We provide evidence that the Euroimmun ELISA is
highly specific and reliable when used for patients
with previous flavivirus exposure or vaccination. This
also applies to TBEV, which is of particular relevance
for European patients. This diagnostic tool will aid in
counselling patients, pregnant women and travellers
after returning from ZIKV-endemic regions to Europe.
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