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DETECTION OF HUMAN ANTI-ZIKA VIRUS IgG BY ELISA USING AN ANTIGEN FROM in vitro
INFECTED VERO CELLS: PRELIMINARY RESULTS

Laura Masami SUMITA(1), Jaqueline Polizeli RODRIGUES(2), Noely Evangelista FERREIRA (1), Alvina Clara FELIX(1),
Nathalia Caroline Santiago SOUZA (1), Clarisse Martins MACHADO(1) & Heitor Franco de ANDRADE JUNIOR(2)

SUMMARY

Zika virus (ZKV) infection is a huge public health problem in Brazil because of the increased incidence of microcephaly in
neonates from infected mothers. Detection of specific IgG antibodies in maternal serum samples constitutes an important approach
for diagnosing ZKYV infection and evaluating its relationship with neonatal microcephaly. However, as there is no serological test
produced in Brazil to detect IgM and IgG antibodies against ZKV, we sought to examine specific IgG in serum samples from patients
or suspected mothers to detect previous infection and to test for specificity with regard to flaviviral infections occurring in the same
area. Brazilian Zika virus native antigens were obtained from infected Vero cell layers or free virions in the culture medium and
then used in ELISA. We tested sera from eight ZKV RNA-diagnosed infected patients (ZKVR), seven neonates with microcephaly
and their mothers after delivery (MM), 140 dengue virus IgM-positive (DM) and IgG (DG)-positive patients, and 100 yellow fever
(YF)-vaccinated patients. According to the ELISA, ZKVR samples were mostly positive (7/8), and all the MM serum samples were
positive for ZKV IgG (7/7). In contrast, cross-reactions for dengue or yellow fever-vaccinated patients were observed, including DM
(48/95), DG (10/45) or YF (3/100) serum samples; however, these cross-reactions exhibited low antigen avidity so that 6 M urea largely
removed this cross-reactivity, with only a few cross-reacting samples remaining (8/140). ELISA based on extracted virions was much
more specific, with all ZKVR (8/8) and MM sera being positive for ZKV IgG (7/7) and only borderline cross-reactivity found for
DM (6/95), DG (3/45) or YF (4/100)-vaccinated serum samples. This technique (ELISA) can identify specific IgG in ZKV-infected
patients and may be helpful in diagnosing congenital infetions after maternal RNA virus clearance or in epidemiological studies.
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INTRODUCTION

Congenital infections are acute infections whose etiological agents
cross the placental barrier, infecting the fetuses, preventing maternal
immune cells from controlling the infections'. Despite the control of
acute infection in the mother, the agent usually causes several progressive
lesions in the fetus because the fetal immune system is still developing?.
Unknown fetal lesions are mainly diagnosed by ultrasound imaging,
which is improving but fails to detect minute early lesions’. Some
congenital infections are treatable, such as toxoplasmosis, and huge
efforts have been made to detect fetal infections as early as possible by
applying several serological approaches to maternal serum samples so as
to accurately date the infection, and thus estimating the gestation age at
which the vertical transmission has taken place*. Most causative agents
of congenital infections have a high prevalence and low morbidity in the
general population, constituting a health problem when a pregnant woman

presents with acute infection®. Indeed, the immunity controlling these
infections usually protects the mother and their fetuses, but this scenario
typically requires screening of acute infections in a population with a
large fraction of immune individuals, as for toxoplasmosis®. A specific
IgG is a marker of a past contact with agents, and its detection only
confirms a previous infection of the host. IgG avidity is a useful marker
of recent acute infections such as rubella and toxoplasmosis, allowing the
distinction between chronic non-pregnancy-related infections and acute
infections. This approach is preferred over the specific IgM detection,
which has lost efficiency due to the appearance on the market of highly
sensitivity assays’.

Zika virus (ZKV) infection has become epidemic in Northeast Brazil®
and in the rest of the world due to the spread of the virus and the presence
of Aedes aegypti mosquitoes, the most probable culicine vector®. Since
December 2015, an increasing number of neonates with microcephaly has
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been reported and attributed to ZKV maternal infection associated with
an epidemic of ZKV in South America'®. When suspected, ZKV detection
in amniotic fluid samples is mandatory''. However, in cases of a negative
result, the absence of fetal infection cannot be ruled out because fetal
Central Nervous System (CNS) infection can progress despite the lack of
evidence of the virus in fetal body compartments'2. Detection of specific
IgG in maternal serum samples after delivery would be a very specific
approach for diagnosing ZKV infection and to determine its relationship
with eventual microcephaly in the neonates'’. The presence of IgG
antibody in the serum samples of mothers of neonates with microcephaly
would identify ZKV infection, regardless of viral particles clearance, as
RT-PCR only detects acute infections. Furthermore, IgG avidity assays
will help in the detection of recent acute infection'.

Members of the Flavivirus family, such as ZKV, dengue virus, Yellow
Fever virus and West Nile encephalitis viruses, are closely related and
exhibit vector and antigen similarities, which poses a difficult challenge
for producing a specific IgG ELISA". According to genomic studies,
flaviviruses share similar sequences, vectors and hosts’. However, the
occurrence of distinct human diseases suggests specific immunity,
regarding both antibodies and cells, which must result in a possible
specific immune-based diagnosis. The ZKV strain from South America
has been recently isolated, and this strain is available for cell culture. We
used a classical in vitro cell infection and antigen production, as has been
previously established for measles virus'®and rubella virus antigens'’, in
the Virology Laboratory of the Institute of Tropical Medicine, University
of Sao Paulo, Brazil, to standardize and validate an IgG ELISA for
diagnosing ZKV virus infection in samples positive for ZKV RNA
detection in acute disease or in serum samples from mothers or neonates
with microcephaly. We compared the results of positive ZKV samples
with those from patients infected with other flaviviruses.

MATERIAL AND METHODS
Zika virus antigen production

Zika virus

The Brazilian Zika virus strain used was isolated and provided by
the Evandro Chagas Institute in Belém, Pard State, to the Institute of
Biological Sciences, University of Sao Paulo (ICB/USP)™.

Cell and viral culture

African green monkey kidney (Vero) cells were maintained at 37 °C
in Eagle’s Minimal Essential Medium (MEM) containing 5% fetal bovine
serum-FBS (Gibco™, Life Technologies®, Carlsbad, Califérnia, USA)
supplemented with sodium pyruvate (Gibco®), non-essential amino acids
(Gibco®), 10 pg/mL gentamicin and 1 uM amphotericin B. Confluent
monolayers of Vero cells were inoculated with the Brazilian Zika virus
strain followed by virus adsorption at 37 °C for 1 h. The cells were
maintained in the medium described above, with 2% FBS (Gibco®), and
incubated at 37 °C for four days; the cells were observed daily until the
cytopathic effect (CPE) occurred. When the cells showed 90% CPE, the
media and cell layers were harvested for antigen production.

Electron microscopy

The medium of ZKV strain-infected Vero cells at 50% CPE was
removed, and the cells were fixed with 2 mL buffered 4% glutaraldehyde
for 1 hin an ice bath. After fixation, the cell monolayer was scraped and
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transferred to 1.5 mL centrifuge tubes. The suspension was centrifuged
to 10,000 x g for 2 min, and the supernatant was removed. The pellet was
suspended in 1% osmium tetroxide and maintained in an ice bath for 1
hour. The fixed cells were recovered by centrifugation at 10,000 x g for 2
min; the pellet was overlaid with phosphate-buffered saline pH 7.4 (PBS)
and centrifuged at 10,000 x g for 10 min at 4 °C. The supernatant was
removed. The dense pellet was processed for Araldite® embedding and
sectioning, and 0.2 uM slices were observed using a Jeol Ultramicroscope
(JEOL Ltd. Tokyo, Japan) with digital imaging.

Protein antigen from the cell layer

After four days of infection, the cell layer and medium was harvested
and centrifuged at 2,000 x g at 4 °C for 20 min. The pellet was washed
twice in PBS and centrifuged under the same conditions. The washed
pellet was suspended in 1:50 of the original volume using PBS containing
0.5% sodium deoxycholate. The sample was sonicated in an ice bath
using several 1 min pulses until maximum cell disruption was observed
under phase-contrast microscopy. The suspension of disrupted cells was
cleared by centrifugation at 14,000 rpm and 4 °C for 15 min and stored
at -80 °C until use.

Protein antigen from ultracentrifuged virions

The cell culture medium obtained from the 2,000 x g centrifugation
in the previous step was stored at -20 °C. Pooled samples from several
75 cm? cultures were thawed, pooled and cleared by centrifugation at
10,000 x g at 4 °C for 10 min. The cleared supernatant was concentrated
by ultracentrifugation at 100,000 x g at 4 °C for 2 h. The supernatant was
carefully and completely removed, and the antigen pellet was suspended
in TNE buffer (0.05 M Tris/HCI, 0.075 M NaCl, 10 mM EDTA, 0.5%
DOC and 1% formaldehyde). The protein content was determined by the
Bradford method, aliquoted and stored at -80 °C until use.

SDS-PAGE and Western blot analysis

Antigens were analyzed using 12.5% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Briefly, 10 uL of
protein at 0.5 mg/mL were mixed with 5 uL loading buffer (pH 7.4)
containing 1% SDS, 25 mM Tris-HCI, 0.5% -mercaptoethanol and
0.001% bromophenol blue. The sample was heated at 95 °C for 5 min
before loading onto the gel. Staining was performed using Coomassie
blue G250 (Sigma®, St. Louis, Missouri, USA) reagent, followed by
electrophoretic transfer to nitrocellulose membranes. Western blotting
was performed following the Towbin protocol'®. The membranes were
blocked with 5% fat-free milk in PBS with 0.01% Tween-20 (PBS-T).
Convalescent serum samples obtained from RNA-positive ZKV
patients were incubated with the antigens for 18 h at 4 °C. After careful
washing with PBS-T, bound antibodies were detected by incubation
with peroxidase-conjugated anti-IgG for 1 h, followed by washing, and
then reacted with 4-chloronaphthol developing solution for 30 min with
digital recording.

Serum samples

The study population comprised 308 serum samples obtained from
the biorepository collection of the Virology Laboratory (IMTSP, USP);
the samples were stored at -80 °C until use. The serum samples were
derived from four groups of patients: 95 samples from acute dengue
patients with IgM anti-dengue virus (DM); 45 samples with isolated
IgG anti-dengue virus (DG); 53 nonreactive samples, i.e., without
dengue virus antibodies (N); 100 samples from yellow fever-vaccinated
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patients at 45 days after vaccination (YF); 7 samples from mothers (5)
and neonates with microcephaly (2) with suspected ZKV infections, from
Sdo Paulo, Brazil, collected after birth (MM); and 8 samples collected
from patients 15-20 days after the confirmation of diagnosis (Zika RNA
detection) during an outbreak of ZIKV in Araraquara, Ribeirdo Preto and
Sdo Paulo counties (Sdo Paulo State). Dengue serology was performed
using commercial IgM, IgG, and NS1 ELISA (Dengue Virus IgM and
IgG DxSelect, Focus Diagnostics, Cypress, CA 90630 USA)

ELISA

We developed an in-house ELISA with high performance for
detecting anti-Zika virus IgG antibodies. Briefly, a 384-well microplate
(Corning®, New York, USA), was coated with antigen obtained either
from cell culture or ultracentrifuged virions at 5 ug /mL (30 puL) per
well using ELISA plates coated with sodium carbonate buffer (Na,CO,-
NaHCO, 0.1 M, pH 9.5); the plate was incubated overnight at 4 °C in a
humid chamber. The plate was washed with PBS containing 0.05% Tween
20 (PBS-T). To avoid non-specific binding, the wells were blocked with
60 pL of 5% skim milk (Molico®, Nestlé, Vevey, Switzerland) in PBS-T
for 1 h at room temperature. Diluted serum samples (1:100, 30 pL)
were added to the wells and incubated for 1 h at 37 °C. The microplate
was washed four times with PBS-T, and 30 pL of an anti-human IgG
peroxidase conjugate (DAKO A/S, Denmark®) at 1: 5,000 in 1% skim
milk and PBS-T was added per well and incubated for 1 h at 37 °C. The
microplate was again washed four times with PBS-T, and 30 uL TMB
substrate solution (3,3’,5,5’-tetramethylbenzidine, Dade Behring®
were added to each well. The microplate was incubated in the dark at
room temperature for 15 min, and the reaction was stopped. The optical
density at 450 nm was determined using a spectrofluorometer Multi-mode
FilterMax F5 Microplate Reader (Molecular Devices®, California, USA).
To perform a high-avidity IgG immunoassay, an additional incubation
step with 6 M urea (pH 7.4), for 15 minutes at 37 °C (PBS-T in the
control well) was performed after the serum samples incubation step;
this was followed by washing with PBS-T and subsequent conjugate and
chromogen incubations, as previously described.

Statistical analyses

The cut-off threshold (99%) was determined using the mean plus
three standard deviations obtained from 53 serum samples that were
negative for dengue virus. The receiver operating characteristic curve
(ROC) analysis and serological indices (specificity, sensitivity, positive
and negative predictive values and likelihood ratio) were performed
using the GraphPad Prism 5.0 software (GraphPad Software, La Jolla
California, USA) and RNA-positive serum samples. Significance was
considered when the probability of equality was less than 5% (p < 0.05),
with a power of at least 90%.

RESULTS
ZIKY Brazilian strain, electron microscopy and Western blotting

The Brazilian ZIKV strain was inoculated into monolayers of Vero
cells in 150 mL plastic flasks, and cell infection was monitored daily
under an inverted Leica microscope at 320 x magnification. Figure 1
shows the morphology of the Vero cell monolayer; Figure 1A shows
Vero cell monolayers not infected with ZIKV, and Figure 1B shows the
cytopathic effect of ZIKV in Vero cells. The electron microscopy shows
that infected cells presented a large number of active ribosomes in the

cytoplasm and viral particles budding (Fig. 1C). Complete virions with
viral nucleic acid surrounded by a lipid envelop were also observed near
the cells (Fig. 1D).

Viral antigens purified as described in Methods were subjected to
SDS-PAGE and transferred to nitrocellulose membranes. Membranes
containing antigens prepared by two methods reacted with serum samples
from a convalescent patient, from a RNA-positive patient obtained at 21
days after the molecular diagnosis, as revealed using an anti-human IgG
peroxidase conjugate and 4-chloronaphthol. The digitalized membrane is
shown in Figure 2. Only a few bands in both antigen preparations were
recognized by the convalescent serum, the most important of which is a
band of 60 kDa corresponding to the viral capsid protein. Note that there
is a small difference in molecular weight between the two fractions, most
likely due to protein processing after particle formation.

Detection of anti-Zika virus IgG using protein antigens from the cell
layer in a classic solid-phase immunosorbent assay (IgG ELISA ZV)
and after washing with 6 M urea (IgG ELISA ZVU)

We assayed 308 serum samples from positive and negative patients
for dengue virus, yellow fever and Zika virus by classical ELISA, as
well as ELISA followed by urea 6 M washing and compared the results
to a reference panel of 8 serum samples from patients RT-PCR-positive
for Zika virus. The reactivity of serum samples in the anti-Zika virus
IgG detection by classical ELISA is shown in Figure 3A and by ELISA
with 6 M urea is shown in Figure 3B. The cut-off value was established
using 53 negative samples, as described in Methods, for each of the
assays. Of the 95 serum samples obtained from dengue virus IgM-
positive patients, 48 samples were positive by IgG ELISA ZV and 6 by
IgG ELISA ZVU. Of the 45 serum samples obtained from dengue virus
IgG-positive patients, 10 were positive by IgG ELISA ZV and two by
IgG ELISA ZVU. Among the 100 serum samples obtained from yellow
fever-vaccinated patients, three were positive by IgG ELISA ZV, and all
samples were in concordance with the IgG ELISA ZVU reference test.
Of the eight serum samples obtained from patients positive for Zika virus
by RT-PCR, seven samples were positive by IgG ELISA ZV and four
by IgG ELISA ZVU. Regarding the seven serum samples from mothers
and neonates, all of them were positive by both IgG ELISA ZV and IgG
ELISA ZVU. A high frequency of discordant results compared with the
reference test was found for IgG ELISA ZV, though only one sample
positive for Zika virus by RT-PCR was not identified by the classical
ELISA, resulting in 87% sensitivity. The IgG ELISA ZVU showed lower
sensitivity but high specificity of 97%, most likely due to the elimination
of cross-reacting antibodies.

Detection of anti-Zika virus IgG using antigens from virions prepared
by ultracentrifugation in a classical solid-phase immunosorbent
assay (IgG ELISA ZVYV) and after washing with 6 M urea (IgG
ELISA ZVVU)

We also tested the samples using protein antigens from virions
obtained by ultracentrifugation in solid-support IgG ELISA assays; the
results are shown in Figure 4. The cut-off value was established using
53 negative samples, as described in Methods, for each of the assays. Of
the 95 serum samples obtained from dengue virus IgM-positive patients,
six samples were positive by IgG ELISA ZVV (Fig. 4A) but only three
after the 6 M urea washing (Fig. 4B). Regarding the 45 samples from
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Fig. 1 - Morphological aspects of Vero cells infected with Zika virus (ZKV). A- Vero cell monolayers not infected with ZKV (A). At four days after ZKV infection, showing the cytopathic

effect of ZKV in Vero cells. (B). ZKV-infected Vero cell showing biosynthetic activity in the cytoplasm and virus particle processing (arrows in C). ZKV viral particles outside the monolayer

(arrows in D).

Virions infected cell

1 2
MWM

kDa

220 >
160 >

120 >
100 »>
80>
70 >

60 >
50 >

40>

30>
25> o

20 >

e

Fig. 2 - Protein patterns on immunoblots after SDS-PAGE of the two antigen fractions used in
ELISA. Lane 1- Protein antigen of the cell layer. Lane 2- Protein antigen of ultracentrifuged
virions. MWM: markers with known molecular weights. Digital imaging.
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dengue virus IgG-positive patients, three were positive by IgG ELISA
ZVV but only one after washing with urea. By IgG ELISA ZVYV, four
samples from yellow fever-vaccinated patients (100) were positive, which
increased to six after urea washing, despite being in the grey zone, i.e.,
near the cut-off. Among the eight serum samples positive for Zika virus
by RT-PCR, all were positive by IgG ELISA ZVV; however, three were
below the cut-off after washing with urea, corroborating the low avidity
of acute infection antibodies. The serum samples obtained from MM
mothers (5) were positive by IgG ELISA ZV'V. Virion antigens appear
to be more sensitive and specific for detecting IgG anti-ZKYV, resulting
in 100% sensitivity and 95.6% specificity. Washing with urea resulted
in reduced efficiency, which appears more related to the avidity than to
the removal of cross-reacting antibodies.

ROC curves and serological indices for ZIKV IgG ELISA assays

We performed a ROC analysis for all the IgG ELISA results, as
shown in Figure 5 (assays are described in the legend). Four analyses
were performed using samples from ZKV infections confirmed by RNA
(as positive samples); all of the other Flavivirus models and negative
samples were combined as the control pool. The best discriminating
assay was achieved using the ultracentrifuged virion antigen-based
assay: ELISA ZVV (Fig. 5C), without urea washing, which allowed for
both high sensitivity and specificity. Although good serological indices
were obtained for ELISA using the ZKV protein antigen obtained from
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Fig. 3 - Quantitative reactivity of ELISA for anti-Zika virus IgG (A) and high-avidity anti-Zika virus IgG (B) in serum using protein antigen from the cell layer in solid support. Sample

origin: DM: acute dengue virus infection with positive IgM serology. DG: dengue virus infection with positive IgG serology. YF: Yellow fever vaccination patients. N: negative controls from

patients without history of travel to endemic areas. ZKVR: Acute patients with Zika virus with previous RNA detection. MM: Samples after delivery from mothers with microcephaly babies.

Interruptions in the axes show the cut-off point of the assays. Serological indices are presented in the table below using RT-PCR-positive patient serum as a reference test.
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Fig. 4 - Quantitative reactivity of ELISA for anti-Zika virus IgG (A) and high-avidity anti-Zika virus IgG (B) in serum using protein antigen from ultracentrifuged virions in solid support.

Sample origin: DM: acute dengue virus infection with positive IgM serology. DG: dengue virus infection with positive IgG serology. YF: Yellow fever vaccination patients. N: negative controls
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(A, C) and IgG avidity ELISA assay (B and D).

the cell layer (Fig. 5A), this approach requires urea washing to remove
cross-reacting antibodies from other flaviviral infections.

DISCUSSION

The model applied to produce antigen for Zika virus IgG detection
showed that infection of Vero cells is a good approach for producing
antigens for ZKV ELISA, both with regard to antigens obtained using
the infected cell layer or virions concentrated from the supernatant.
Our ultrastructural data are compatible with the few data available for
ultrastructure of Zika virus in the literature' with typical cytoplasm
involvement and virion production by infected cells. In addition, infective
particles present in the medium can be concentrated by ultracentrifugation.
This is a typical method of producing antigens for ELISA assays for viral
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infections, such as measles'® or rubella'’, and the low cytopathic effect of
this RNA+ virus results in a higher production of viral particles that can
be recovered from the medium. By examining the viral protein pattern
recognized by confirmed-infection of a convalescent serum sample, we
found slight differences in the molecular weight of the major ~60 kDa
ZKV protein, which was smaller in the cell layer. This suggests that exit
from the cell may be mediated via peptide removal, which is similar to
the antigen presented to immune cells, resulting in a more specific IgG
detection by ELISA. Our data using infected cell layer antigen may be
due to non-structural proteins or unprocessed antigens, which are absent
in virions". In similar antigen preparations, such as for the preparation of
measles antigen, the high cytopathic effect resulted in the accumulation
of antigen in altered cells, which resulted in a high yield of specific viral
protein in these models'®. Nonetheless, similar proteins in other flaviviral
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infections could induce cross-reacting antigens production, resulting in a
low efficiency of this antigen in our assays. Most viral antigens are currently
produced by recombinant technology, both due to biosafety concerns or to
obtain a higher yield of pure proteins. However, this is a complex problem
in flaviviruses, which share similar cytoplasm processing and common
sequences, resulting in similar proteins in several of these viruses. Although
these similarities can result in cross-reactive antibodies production®, we
cannot exclude the possibility of double infections in these cases, especially
when there is no decay of the reaction after washing with urea.

We used classical approaches to obtain an antigen for ZKV and
achieved good results using virions concentrated from the medium
by ultracentrifugation. The antigen was readily recognized by a
convalescent serum sample after SDS-PAGE and blotting, and it has
also exhibited antigen processing after exiting the cell. The yield of the
best preparation was relatively low, but five 75 cm? culture flasks after
four days of infection provided 100 mL of medium and approximately
1 mg of protein antigen after ultracentrifugation, resulting in an amount
of protein sufficient for adsorbing 50 microplates or 4,500 assays. In
contrast, antigen prepared from the cell layer yielded five times more
protein (data not shown).

The aim of our study was to start the development of a useful
serological approach for diagnosing congenital infections detected at
birth. In general, the model of congenital infections is an association
of a benign maternal infection with a few or uncharacteristic symptoms
and the possibility of a severely compromised fetus, with a small
proportion of infected neonates presenting with central nervous system
impairment, as in toxoplasmosis®' or rubella*. Zika virus infection causes
a similar congenital infection; the acute clinical disease is short with few
characteristic symptoms common to several other congenital diseases,
and fetal involvement is also diagnosed very late. Neuronal death is
difficult to evaluate in fetuses, requiring invasive sampling procedures
and analysis of amniotic fluid samples by molecular techniques''. The
abundant growth of the virus in the host results in effective immune
clearing of the infection within few days, despite viral survival in some
biological samples such as male semen®. However, blood clearance of
the virus suggests the difficulty of diagnosis after a few days of acute
infection and certainly at the end of pregnancy''.

We conclude that detection of ZKV IgG by ELISA constitute an
adequate diagnostic tool due to its high sensitivity. The approach also
allows to cople the ELISA technique to avidity assays, which could help
to establish the timing of acute infection, similar to other congenital
infections®. Our small sample precludes further analysis of the use of
IgG avidity assays in ZKV infections. Nonetheless, some convalescent
serum samples from RNA-confirmed patients become negative after urea
washing, which is a promising result.

Our preliminary data show the usefulness of natural ZKV antigens
in IgG ELISA assays, if adequate purification procedures are performed.
These assays will help in the differential diagnosis of neonatal cases
with microcephaly within the context of congenital infectious diseases.
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