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China in this study. Cross-reactivities of nucleoprotein (NP) were detected between Lymphocytic
choriomeningitis virus (LCMV) and WENV using Western blot and ELISA assy. The prevalence of specific IgG an-
tibodies against WENV NP was investigated in different age groups of 830 healthy individuals aged 0-70 years
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over 60. The total seroprevalence of WENV in children under age 15 was 1.5%, with 2.9% (1/34) in children
aged 2-5 years, and 2.2% in 5-14 years (2/91). The finding suggests that WENV or WENV-like virus may sporad-
ically infect humans of China.

© 2020 Chinese Medical Association Publishing House. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Wenzhou virus (WENV), a novel arenavirus, was first identified in ro-
dents and Asian house shrews in Wenzhou, Zhejiang Province, China in
2014 [1]. Arenaviruses are enveloped viruses with a bi-segmented,
negative-sense, single-stranded RNA genome. The genome organization is
well conserved across the arenaviruses family, which contains a large
(L) and a small (S) segment [2]. The L segment encodes the viral RNA-
dependent RNA polymerase (RdRp) and a small RING finger protein that
functions as a matrix protein, whereas the S segment encodes the viral gly-
coprotein precursor (GPC) and the nucleoprotein (NP) [3]. NP, the main
structural element of the viral ribonucleoprotein, is the most abundant
viral polypeptide in virions and infected cells [2].

Arenaviruses cause asymptomatically chronic infections in rodents, but
some of them can infect humans when host rodents invade areas of human
habitation. To date, several arenaviruses have been associated with human
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disease with different clinical symptoms. Lassa [4], Junin [5], Machupo
[6], Lujo [7], Chapare [8] viruses can result in severe hemorrhagic fever.
Lymphocytic choriomeningitis virus (LCMV) is known to cause acute cen-
tral nervous system disease and congenital malformations [9]. However,
only two mammarenaviruses have been conclusively found in Asia: LCMV
and WENV [1,10]. The diagnoses of LCMV are subject to methodological
shortcomings, specificity and sensitivity of assays used [11]. Thus, LCMV
may be more common than what is realized [12]. After its initial character-
ization, WENV was identified in patients with respiratory symptoms. Anti-
WENV IgG antibodies have also been detected in healthy individuals and
patients with dengue-like/influenza-like illness in Southeastern Asia
(Cambodia, Thailand, and in Laos) [10]. Because the symptoms of WENV
infection are mild and similar to those of respiratory diseases [10], it is
likely that the true impact of WENV infections has been underestimated.
However, little is known about the global prevalence of WENV infections
in humans.

Seroprevalence of anti-viral antibodies is useful for tracing possible in-
fections in hosts, evaluating susceptibility to a given virus, and profiling
viral transmission and pathogenesis in a population. To determine the
threat that WENV may pose to humans, we assessed the seroprevalence of
antibodies against WENV in healthy individuals in China. These results

2590-0536/© 2020 Chinese Medical Association Publishing House. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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HIGHLIGHTS

Scientific question

Wenzhou virus (WENV) is a newly identified virus has human-in-
fection potential. However, its transmission risk in human popula-
tion has not been well addressed.

Evidence before this study

Rodents can carry and transmit viruses to humans and display little
or no ill. WENV was first isolated from rodents and Asian house
shrews in Wenzhou, Zhejiang Province, China in 2014, and then
in rodents in Southeast. Some patients with respiratory symptoms
tested positive for the WENV and anti-WENV IgG antibodies were
detected in some healthy individuals in Southeast. Broader studies
are warranted to evaluate the frequency of WENV infection in the
human population.

New findings

In this study, cross-reactivity between WENV and lymphocytic
choriomeningitis virus (LCMV), another well-known Arenavirus,
was assessed and competitive ELISAs based on the WENV nucle-
oprotein (NP) were developed. Anti-NP IgG antibodies in sera from
830 healthy individuals were screened. Cross-reactivities of NP
exist between LCMV and WENV. Low level seroprevalence of
WENV were determined in healthy individuals, which suggests
that WENV or WENV-like virus may sporadically infect humans.

Significance of the study

The seroprevalence data in this study indicate the possibility that
WENV or WENV-like viruses can jump the species barrier to infect
the human population sporadically. Our findings are informative
for understanding the cross-species transmission potential and
pathologic roles of WENV.

may be informative to estimate the cross-species transmission and patho-
logic roles of WENV.

2. Materials and methods
2.1. Serum specimens

Serum specimens were collected from 830 healthy individuals from
birth to 70 years old in Beijing and in Shandong Province, China dur-
ing regular health check-ups. Subjects who were pregnant or who
had any abnormalities in renal and liver function tests, HIV/AIDS,
sexually transmitted diseases, tumor, recurrent or acute infection, or
medication were excluded. All serum samples were stored at —80 °C
prior to use.

2.2. Cross-reactivity between WENV and LCMV

Full-length NP genes from WENV (1,704 bp, GenBank accession no.
KMO051422) and LCMV (1,677 bp, GenBank accession no. DQ286931)
were synthesized by Beijing Tsingke Biotechnology Co., Ltd. (Beijing,
China). Recombinant NPs were expressed in the Bac-to-Bac
Baculovirus Expression System (Invitrogen) and were purified as previ-
ously described [13,14]. Mice were inoculated with the recombinant
antigens from E. coli to produce antisera against WENV and LCMV
NP. The antigen cross-reactivities between WENV and LCMV were
performed between the purified NPs from Baculovirus Expression
System and the sera against WENV and LCMV NP using Western blot
assay [13].

2.3. Western blot analysis

Purified NPs of WENV and LCMV derived from Baculovirus Expression
System were separated by 12% SDS-PAGE gels and transferred to a nitrocel-
lulose membrane (Pall, Port Washington, NY, USA). Mice sera against NPs
of WENV and LCMV, or healthy human sera were applied for Western blot
assay, followed by incubation with corresponding goat anti-mouse or
human IRDye Fluor 800-labeled IgG secondary antibody (1:10,000) (Li-
Cor, Lincoln, NE). Membranes were scanned by an Odyssey Infrared Imag-
ing System (Li-Cor).

2.4. ELISA

ELISA was used to detect the anti-WENV NP antibodies in human serum
samples as described elsewhere [12]. The amount of coating proteins (puri-
fied WENV NP) and sera dilution was optimized by a chessboard titration
protocol. The absorbance of each serum sample was read at 450 nm
(A450) and mean values were calculated for duplicate samples.

2.5. Competitive ELISA (cELISA)

To overcome antigen cross-reactivity between WENV and LCMV NPs,
competitive ELISA (cELISA) was performed as described previously [15].
Antibodies in human serum samples were absorbed with LCMV NP prior
to performing the ELISA assay. For this purpose, serially diluted LCMV NP
(16 pg/mL to 0.5 pg/mL) was added to a 1:400 dilution of human sera
and incubated for 1.5 h at 4 °C.

2.6. Statistical analysis

Seropositive rates were evaluated using 2 tests. Two-sided P < 0.05
was considered to be statistically significant.

3. Results
3.1. Cross-reactivity between WENV and LCMV NP

To evaluate the potential cross-reactivities, we examined the reactivity
between the NPs of WENV and LCMV derived from baculovirus expression
system and mouse antisera against WENV and LCMV NPs which were pro-
duced by E.coli expression system using Western blot and ELISA assays.
Western blot analysis showed that the antisera against WENV or LCMV
NPs reacted with LCMV NP and WENV NP (Fig. 1A). Similar cross-
reactivities were also detected by ELISA assays (Fig. 1B and C). Mouse
sera against WENV and LCMV NPs reacted strongly with the homologous
NP. Moreover, antisera reacted with the heterologous NP when the anti-
body dilutions of the mice antiserum were low (<1:5,000). These results
indicate that WENV and LCMV share cross-reactive epitopes between
NPs. Therefore, a WENV IgG cELISA assay was developed by using LCMV
NP as a competing antigen to minimize the cross-reactivity for WENV sero-
prevalence determination.

3.2. Development of cELISA method for detecting anti-WENV IgG antibodies

To determine the seroprevalence of WENV in humans, we developed
a cELISA protocol for detecting IgG antibodies against WENV using NP
as the coating antigen. The parameters for the ELISA assay including
the amount of NP coating (12.5 ng/well) and serum dilutions (1:400)
were optimized using chessboard titration tests. We determined the
cELISA cut-off value of 0.27 by determining the inflection point of absor-
bance values (Abs) for WENV NP as previously described [15,16]. A
tested sample was considered positive if its A450 was above the cut-off
value.

To provide positive and negative controls for cELISA, we identified
WENV-positive and WENV-negative serum samples by Western blot
analysis using purified WENV NP. A single serum sample that was
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Fig. 1. Cross-reactivity between WENV and LCMV NPs. (A) Western blot analysis. Mouse antisera against LCMV NP and WENV NP were diluted and incubated with the LCMV
and WENV NPs, respectively. The loading amount of NP for each lane was 400 ng. (B, C) ELISA assay. Mouse antisera against LCMV and WENV NPs were tested for reactivity
to LCMV NP (B) and WENV NP (C), respectively. The Absorbance at 450 nm values are shown on the y-axis; the sera dilutions in ELISA assay are shown on the x-axis.

positive for WENV NP protein was obtained from a healthy child
(Fig. 2A). To determine the concentration of LCMV NP required for ex-
haustive antibody competition of WENV, the serum samples were
competed with concentrations of LCMV NP ranging from 0 to
16 mg/mL. Using this positive control serum, we determined that
200 ng/well of competing LCMV NP was sufficient for the cELISA
competition assays (Fig. 2B).

3.3. Seroprevalence of WENV in China

We then used the cELISA protocol to screen for anti-NP IgG in sera
from 830 healthy individuals. The total seroprevalence of WENV in 636
healthy adults >14 years of age was 4.6% (Table 1). The seroprevalence
of WENV was 3.6% for individuals 15-44 years of age, 5.4% for individ-
uals 45-59 years of age, and 4.1% for older adults over 60 (Fig. 3). The
total seroprevalence of WENV in 194 healthy children under age 15
was 1.5% (Table 1). Anti- WENV NP IgG antibodies were detected in chil-
dren aged 2-5 years (2.9%) and 5-14 years (2.2%) in this study popula-
tion (Fig. 3). The mean age of WENV-positive subjects was 49 years
(range: 4-70 years). The 45-59 age group had the highest prevalence
of anti-WENV antibodies (5.4%). We found no differences in the sero-
prevalence of WENV in children and adults (xz = 2.87, P = 0.09), be-
tween younger children (age 2-5) and older children (age 5-14; x> =
0.17, P = 0.68), or between different age groups of adults (x> = 5.57,
P = 0.06).

4. Discussion

In this study, we determined the seroprevalence of WENV, which was
first identified in rodents and Asian house shrews, to be 1.5% in children
and 4.6% in adults in China. The finding suggests that WENV or WENV-
like virus may sporadically infect humans.

Serology can be used as an indicator of the circulation of given viruses
for specific area or population. To avoid false positives caused by cross-
reactivity, we used an NP-based cELISA to assess the seroprevalence of
WENV in healthy individuals in China. This method is an optimal approach
for evaluating the seroprevalence of a virus and for carrying out
serodiagnosis of the multiple viruses where cross-reactivities occur, such
as human bocaviruses [15,17] and polyomaviruses [16]. We observed
seroprevalences of anti-WENV IgG ranging from 2.2% in older children
(5-14 years of age) to 5.4% in middle-aged adults (45-59 years of age).
These results suggest that a low seroprevalence of WENV in China. These
findings differ from those of a recent study of individuals in Southeastern
Asia, where the seroprevalence of WENV was reported to be 13.2% in
healthy individuals and 17.4% in individuals with Dengue-like/influenza-
like illness [10]. The discrepancies between these two studies may be at-
tributed to the method of detection; in this study, WENV IgG antibodies
were detected using a competitive ELISA, whereas Blasdell et al. used a con-
ventional ELISA without competition, which may lead to false positives due
to cross-reactivity between viruses [10]. The discrepancies may also be at-
tributed to geographic differences or to different times of introduction of
WENV in the population.
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Fig. 2. Reactivity of human serum IgG against WENV NP after competition with
LCMV NP. LCMV NP concentrations are shown on the x-axis. (A) Positive and
negative samples for WENV were identified by western blot analysis using WENV
and LCMV NPs expressed in insect cells. (B) The IgG reactivity of human positive
serum against WENV NP after competition with LCMV NP. Influenza virus HSN1
and H7N9 HA proteins were used as competitive controls.

Emerging infectious diseases have risen significantly in recent years.
It was estimated that about 60% of emerging infectious diseases origi-
nate from animal reservoirs, such as severe acute respiratory syndrome
coronavirus (SARS-CoV), Ebola virus, and H5N1 avian influenza virus

Table 1
Immunoglobulin G (IgG) seroprevalence of WENV among
healthy individuals with LCMV NP competition.

Age (years) WENV
All children (n = 194) 3 (1.5")
Children by age
0-0.5(n = 53) 0(0)
0.5-2 (n = 16) 0(0)
2-5(n = 34) 1(2.9
5-14 (n = 91) 2(2.2)
All adults (n = 636) 29 (4.6)
Adults by age
15-44 (n = 221) 8(3.6)
45-59 (n = 317) 17 (5.4)
=60 (n = 98) 4(4.1)

Number of positive samples.
Percentage of positive samples.
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Fig. 3. Seroprevalence of WENV in healthy individuals. IgG reactivity against
WENV NP of 194 sera from healthy children and of 636 sera from healthy adults.

[18]. Viruses typically exhibit stability at the population-level and dis-
play little or no clinical symptoms in their reservoir hosts due to adap-
tions in these species. However, viruses can spill over into human
population once they overcome the species barrier. Because rodents
with WENV often invade human dwellings, humans can be exposed to
WENV and face infection risk. In this study, we detected anti-WENV
IgG antibodies in the human population, consistent with a previous
study [10], indicating possible exposure and susceptibility to WENV or
WENV-like viruses in humans.

5. Conclusions

In summary, the seroprevalence data in this study indicate that
WENV or WENV-like viruses can jump the species barrier to infect
the human population sporadically. However, WENV or WENV-like
virus may be associated with undiagnosed human infectious diseases
warrants further studies. These findings are informative for assessing
the cross-species transmission potential of WENV and pathologic
roles in human beings.
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