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Abstract

Hantaan orthohantavirus (HTNV) is responsible for severe hemorrhagic fever with renal syndrome (HFRS), which

has a case fatality rate of 1% to 10%. Currently, the inactive vaccine licensed in endemic areas elicit low levels of neu-
tralizing antibodies (NAbs). Early NAbs administration is helpful for patients recovery from HFRS. Therefore, measuring
NAbs is crucial for evaluating the immune response following infection or vaccination. The golden standard for HTNV
NAbs measurement is the focus reduction neutralization test (FRNT), which typically requires skilled technicians

and is performed under high biosafety containment facility. Here, we established a surrogate NAbs titration method
with replication-competent vesicular stomatitis virus (VSV) bearing HTNV glycoprotein (r'VSV-HTNV-GP) based plaque
reduction neutralization test (PRNT). Then compared and correlated this method with the authentic HTNV based
FRNT, and applied it to measure the NAbs level in 47 serum samples from HFRS patients, healthy donors and inac-
tive vaccine recipients. We observed positive correlations between two neutralization assays among HFRS patients
and inactive vaccine recipients (R*=0.5994 and 0.3440, respectively) and confirmed the clear specificity with healthy
donors without vaccinated and reproducibility with three more assays. Our results suggest that rVSV-HTNV-GP based
PRNT is a reliable lower-biosafety level surrogate for HTNV NAbs evaluation, which is easy to perform with higher
sensitivity.
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Introduction

Hantaan orthohantavirus (HTNV), the prototypical
orthohantavirus endemic in East Asia, is responsible for
hemorrhagic fever with renal syndrome (HFRS). This
disease has a case fatality rate of up to 10%, which is
higher than other HFRS-causing pathogens, such as
Seoul orthohantavirus (SEOV) and Puumala orthohan-
tavirus (PUUV) [1]. To date, there is no licensed specific
antiviral treatment for HFRS, and treatment for clini-
cal patient primarily relies on supportive care. However,
the administration of neutralizing antibodies (NAbs) or
HFRS convalescence antisera have been suggested to
shorten the clinical course of HFRS and reduce mortality
[2]. Neutralizing monoclonal antibodies against HTNV
have been shown to protect mice from infection and
disease in vivo and demonstrated high safety in healthy
volunteers [3, 4]. A non-randomized trial was conducted

in Chile confirmed the safety and efficacy of human
immune plasma for the treatment of hantavirus cardio-
pulmonary syndrome (HCPS) caused by Andes ortho-
hantavirus (ANDV) [5].

Orthohantavirus share similar biological characteris-
tics as enveloped viruses containing tripartite negative-
sense single-stranded RNA genomes, which are named
after its length as large (L), medium (M) and small (S)
segment. These segments encode RNA polymerases, gly-
coprotein N and C (Gn and Gc) subunits, and nucleocap-
sid (N) protein, respectively. Currently, only two types of
inactivated vaccines have been licensed in South Korea
and China. In addition to T cell immunity, NAbs against
Gn and/or Gc are considered as the important factor for
vaccine-induced protective immunity [6, 7].

Since orthohantaviruses do not exhibit significant cyto-
pathic effect in infected cells, the “golden standard” for
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orthohantavirus titration often relies on the focus assay,
which uses a specific antibody against the most abundant
viral N protein to detect virus infection in non-lytic cells.
While accurate, a drawback of the focus assay is its dif-
ficulty for novice to master and its requirement of 5 to
10 days, depending on different virus strains [8, 9]. The
focus reduction neutralization test (FRNT) is the refer-
ence serological method for measure the NAbs titer
against orthohantavirus. Like the focus assay, FRNT is
also labor-intensive and time-consuming, and perform-
ing with high pathogenicity pathogens like HTNV usually
requires a biosafety level-3 laboratory or an equivalent
environment [8, 9].

Recently, a biosafety level-2 handleable and faster
method was established for Andes orthohantavirus
(ANDV) based on recombinant vesicular stomatitis
virus (VSV) expression ANDV glycoprotein (GP) within
its genome, which has been shown to reduce the time
required for NAbs level determination in convalescent
plasma [10]. Previously, our group successfully rescued
recombinant VSV expression HINV GP (rVSV-HTNV-
GP) [11]. Using this tool, we established a surrogate
NAbs titration method and compared its correlation with
the authentic HTNV-based FRNT. When employing this
method to evaluate the NAbs titer in serum samples from
HFRS convalescent patients as well as vaccinees, it was
found to be sensitive, time-saving and reproducible.

Materials and methods

Serum sample

We collected 12 convalescent sera from HFRS patients in
Shaanxi Provincial Notifiable Disease Surveillance, which
was authorized by the government. These patients’ diag-
nosis had been confirmed by the detection of anti-HFRS
antibodies by colloidal gold immunochromatography
assay kit (WANTAI Biopharm, Beijng, China). Another
25 sera samples were gathered from 5 vaccinees at dif-
ferent time points after bivalent HFRS vaccine inocula-
tion who had been previously enrolled in our Hantavirus
immune Program protocol (the health industry spe-
cial research funds for public welfare projects, Grant
201502020). We also included 10 serum samples from
healthy donors as the hantavirus negative control which
identified negative to the anti-HFRS IgG antibodies with
enzyme-linked immunosorbent test (ELISA) (WANTAI
Biopharm). All serum samples were heated for 30 min at
56 °C before testing.

Cells, viruses, antibodies and regents

African green monkey kidney Vero E6 cells (Procella,
Wuhan, China), were grown in Dulbecco’s modified
Eagle medium (DMEM) supplemented with 10% fetal
bovine serum (FBS), 1% penicillin—streptomycin, 1%
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4-(2-hydroxyethyl)—1-piperazineethanesulfonic acid
(HEPES) (Solarbio, Beijing, China) buffer solution. Cells
were maintained in a humidified incubator at 37 °C sup-
plemented with 5% CO,,.

Previously indicated replication-competent VSV
expressing the HTNV GP in place of the native VSV G
protein and bearing an enhanced green fluorescent pro-
tein (EGFP) reporter gene (rVSV-HTNV-GP) was used
for PRNT [11]. HTNV (strain 76—118) was stored in our
laboratory and used for FRNT. Mouse monoclonal anti-
body (mAb) 1A8 against HTNV NP was generated in our
lab as previously indicated [8]. Horseradish peroxidase
(HRP)-conjugated anti-mouse IgG were purchased from
Biotech & Bio Basic Inc. (BBI, Sangon Biotech, Shanghai,
China). Maxi-Blue precipitate TMB Horseradish Peroxi-
dase one-component Solution for Membrane was pur-
chased from Biokits Technologies Inc. (Beijing, China).

rVSV-HTNV-GP based plaque reduction neutralization
assay

Vero E6 cells were seeded at 15,000-25,000 cells per
well in 96-well plates and cultured until the cell conflu-
ency was greater than 90%. Serum samples were two-fold
serial diluted with DMEM start at 1:10, and 100 pL of
diluted serum sample was mixed with an equal volume of
some 100 plaque forming units (PFUs) of rVSV-HTNV-
GP in 2% FBS DMEM, and the serum-virus mixture were
incubated at 37 °C for 1 h. After removing the culture
medium, the confluent Vero E6 cell monolayer in 96-well
plates was added 100 pL of the serum-virus mixture and
incubated at 37 °C in a 5% CO, incubator for 2 h. Then
the serum-virus mixture was removed and overlaid with
2% FBS DMEM containing 1.2% Carboxymethyl Cellu-
lose (CMC). The plates were incubated at 37 °C in a 5%
CO, incubator for 4 days and fixed with 10% formalde-
hyde for 30 min. Viral plaques were visualized following
staining with crystal violet for 30 min and then washed
with tap water. The plaque of each well in 96-well plates
were counted and measured as the PRNT,,.

HTNV based focus reduction neutralization test

HTNV based focus reduction neutralization test
(FRNT) was used to determine the HTNV NAbs titer
according to a previously established protocol with mild
modification [8]. Vero E6 cells were cultured in 96-well
plates as above. Serum samples were two-fold serially
diluted ranging from 1:10 to 1:10240 with DMEM, and
100 pL of diluted serum sample was mixed with the same
volume containing about 100 focus forming units (FFUs)
of HTNV in 2% FBS DMEM, and incubated at 37 °C for
1 h. Cells were then infected with 100 uL of serum-virus
mixture per well at 37 °C in a 5% CO, incubator for 2 h.
And the serum-virus mixture was removed and overlaid
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Table 1 Titer of NAbs in sera of HTNV patients as measured by standard HTNV (Strain 76—-118) based FRNT or replication-competent

rVSV-HTNV-GP based PRNT

Serum Age atinfection Gender Interval following NAbs titer against rVSV- NAbs titer against HTNV
donor hospitalization (Day) HTNV-GP (PRNT;,) (FRNT5)

Decimal Log, Decimal Log,
HV+01 68 Male 16 13560 4.132 954.3 2.98
HV+02 17 Male 12 17389 424 249.7 2.397
HV+03 76 Male 14 25821 4412 766.3 2.884
HV+04 71 Female 19 3829 3.583 78 1.892
HV+05 55 Male 9 31561 4.499 1719 3.235
HV+06 56 Male 14 45708 4.66 1202 3.08
HV+07 53 Male 13 61825 4.791 1354 2.132
HV+08 62 Female 10 49.7 1.696 17.09 1.233
HV+09 60 Male 16 32941 4518 3152 2499
HV+10 32 Male 10 132545 5122 1314 3.119
HV+11 50 Male 14 10941 4.039 14.31 1.156
HV+12 29 Male 9 14005 4.146 102.8 2012

with CMC medium as described for the PRNT method.
The plates were incubated for 7 days and fixed with 10%
formaldehyde. After permeabilized with 0.5% Triton
X-100 in 1xphosphate buffered saline for 15 min, cells
were blocked with 3% bovine serum albumin (BSA) for
1 h at room temperature and incubated with mAb-1A8
at 4 °C overnight. After discarding mAb-1A8, HRP-
conjugated goat anti mouse IgG (1:1000) was added at
37 °C for 1 h. After washing thrice, the plate was stained
with Maxi-Blue precipitate TMB for 30 min at 37 °C in
dark place. Images of the 96-wells were captured using
an EliSpot Classic Reader (AID, Germany), and foci were
counted and the FRNT;, were measured.

Specificity and reproducibility

To confirm the specificity of rVSV-HTNV-GP based
PRNT, the neutralizing ability of the 10 hantavirus nega-
tive control sera was detected with HTNV based FRNT
and rVSV-HTNV-GP based PRNT in the dilution of
1:10, 1:20, 1:40 and 1:80. For reproducibility, three more
independent PRNT experiments for three sera from vac-
cinees were conducted and the agreement of replicates
was estimated by Intraclass Correlation Coefficient (ICC)
for neutralizing antibody titers.

Statistical analysis

NAbs titers were defined as the reciprocal of the highest
serum dilution that resulted in an 50% (or 80%, 90%)
reduction in the number of rVSV-HTNV-GP induced
plaques (PRNT;, PRNTg, or PRNT,,) or HITNV NP
positive foci (FRNT,) compared to virus controls. The
titer at which antisera neutralized 50% was calculated
from dose-response-inhibition curve analysis, the

linear regression correlation analysis with correlation
coefficients (R?), consistency analysis with Bland-
Altman plots and P-values were indicated using Prism
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Fig. 1 HTNV infected patient convalescent serum NAbs titer
measured by replication-competent rVSV-HTNV-GP based plaque
reduction neutralization test (PRNT) (A) or HTNV based focus
reduction neutralization test (FRNT) (B). Sera from 12 HTNV positive
donors (HV+) were tested. Y axis shows the percent of infection
of each dilution point. Error bars represent the standard deviation
(SD)
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values. The confidence interval is shown in lightpink (95%)

9 (GraphPad software, Inc.). Intraclass Correlation
Coefficient (ICC) was calculated by Statistical Package
for Social Science (SPSS) V.19.0.

Results

Following a published protocol [12], we established a
focus-based HTNV titering method using our lab-gen-
erated HTNV NP specific monoclonal antibody 1A8
(mAb-1A8) [8]. This method can be used to determine
the neutralizing antibody titer in plasma or serum sam-
ples, or NAbs [11]. However, the FRNT assay should be
performed by experienced technician, and the operation
with authentic HTNV requires a high-safety level facility,
which hinders its widespread application. Concurrently,
we generated a replication-competent VSV express-
ing the HTNV GP in place of the native VSV G protein
and bearing an EGFP reporter gene (rVSV-HTNV-GP),
which could be used to determine antiserum neutralizing

titer by PRNT or GFP puncta formation reduction neu-
tralization test (GRNT) [11]. The relative antisera poten-
cies against authentic HTNV and rVSV-HTNV-GP have
been correlated, suggesting that rVSV-HTNV-GP could
serve as a lower-biosafety level surrogate for HTNV
NAbs evaluation. To test this hypothesis and establish a
reliable, reproducible method, we selected serum sam-
ples from confirmed HFRS patients and compared the
neutralizing titer obtained from HTNV-based FRNT and
rVSV-HTNV-GP based PRNT. Each specimen was meas-
ured for HTNV-IgM to confirm hantavirus infection. A
total of 12 convalescence sera samples were selected at
different time post-hospitalization, with age ranged from
17 to 68, detailed information on the specimens was
shown in Table 1.

We initially used rVSV-HTNV-GP to measure NAbs
titer in these serum samples (Fig. 1A). Most patients
developed significant NAbs production, except for patient



Wei et al. Virology Journal (2025) 22:31

Page 6 of 13

Table 2 Kinetics of NAbs formation in bivalent HFRS inactive vaccine recipients as measured by standard HTNV (Strain 76-118) based

FRNT or replication-competent rVSV-HTNV-GP based PRNT

Serum donor Age at vaccination Gender

Interval following
vaccination (Month)

NAbs titer against rVSV-
HTNV-GP (PRNT)

NAbs titer against
HTNV 76-118 strain

(FRNTS,)

Decimal Log,, Decimal Log,,

Vaccinee #1 50 Female 1 1648 3217 1226 2.089
11 1407 3.148 18.69 1.272

22 9173 2963 80.87 1.908

35 1171 3.068 4321 1.636

46 426.9 2.63 44.32 1.647

Vaccinee #2 59 Male 2 1948 3.29 292.5 2.466
17 111.6 2.048 36.24 1.559

22 5989 2.777 87.46 1.942

46 225 2352 99.11 1.996

57 3395 2.531 120.5 2.081

Vaccinee #3 54 Female 1 105.6 2.024 7231 1.859
8 4264 263 59.22 1.772

22 3356 1.526 3013 1479

34 21.54 1.333 2552 1.407

47 29.18 1.465 17.88 1.252

Vaccinee #4 56 Female 1 1018 3.008 65.54 1817
8 9116 296 22 1.342

22 180 2.255 12.81 1.107

34 134 2127 236 1.373

47 167 2223 2228 1.348

Vaccinee #5 39 Female 1 7602 3.881 2169 2.336

8 3516 3.546 85.11 1.93

22 2919 2465 21.66 1.336

33 3460 3.539 66.26 1.821

46 1696 3.229 81.73 1912

NO.8, whose PRNT;, titer was only 49.7. Consistently,
patient NO.8 also had the second-lowest FRNT;, NAbs
titer (17.09) (Table 1, Fig. 1B). An interesting result was
observed with patient NO.11, for whom HTNYV infection
was enhanced at 1:10 to 1:80 dilutions of serum rather
than 1:160. This phenomenon suggests an antibody-
dependent enhancement (ADE) effect in this patient, and
we conducted further analysis excluding NO.11.

Next, we compared the half-maximal neutralization
titers (log;,) from rVSV-HTNV-GP and authentic
HTNV. A shift of 0.463- to 2.659- log,, reciprocal median
effect concentration (EC,;) values (corresponding to 2.9-
to 456.6- fold decimal shift) was revealed toward PRNT,
titer compared with FRNTj, titer (Fig. 2A). This result
suggested the HTNV based 50% endpoint FRNT titer
was significantly lower than PRNT (Table 1, Fig. 2A). One
possible explanation for this phenomenon was that the
number of tetramer GP spikes on the rVSV-HTNV-GP
surface is less than on authentic HTNV.

Using linear regression analysis to compare the half-
maximal neutralization titer from different tests, we
found a moderate Pearson correlation between the
log;, PRNT;, and FRNT, titer (R*=0.5994, p=0.0052)
(Fig. 2B). When comparing the 80% reduction
neutralization titer of rVSV-HTNV-GP with the half-
maximal neutralization titer of authentic HTNV, we
found the correlation between log;, PRNTg, and FRNTj,
titer was also significant (Fig. 2C). A similar correlation
was obtained between log,, PRNT,, and FRNT,, titers
(Fig. 2D).

To further evaluate whether this rVSV-HTNV-GP sur-
rogate was suitable for evaluating the HTNV NAbs titer
in HFRS vaccine recipients, we selected 25 sera samples
from 5 vaccinees at different time points post-vaccina-
tion. The interval ranged from 1 to 57 months following
vaccination. Detailed information on the specimens was
shown in Table 2.
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The PRNT,, and FRNT, titer were obtained for each
sample. Like the results derived from convalescent sera
samples, we found the PRNT titer obtained from rVSV-
HTNV-GP was relatively higher than the authentic
HTNV-based FRNT,, NAbs titer (Table 2, Fig. 3).
Additionally, the trend curves derived from different
dilutions for each vaccinees were largely the same
between PRNT,, and FRNTj, (Fig. 3).

We then compared the half-maximal neutralization
titer (log,,) from rVSV-HTNV-GP and authentic HTNV
derived from the vaccination samples. A shift of 0.047-
to 1.876- log,, reciprocal EC,, values (corresponding to
0.84- to 75.28-fold decimal shift) was revealed toward
PRNT,, titer compared with FRNT., titer (Table 2,
Fig. 4A).

When using linear regression analysis to compare these
data, we found a strong Pearson correlation between
the results obtained for log;, PRNT,, and FRNT,, titer

(R*=0.3440, p=0.0021). Similar correlations were also
obtained from the 80% or 90% reduction neutralization
titers of rVSV-HTNV-GP with the half-maximal
neutralization titer of authentic HTNV (Fig. 4C and
D). When using the Bland—Altman plot to measure the
agreement of these methods, almost all the plots were
within the 95% interval, which further validated the
agreement between the two methods (Fig. 5A and B).

Moreover, we observed similar trends and strong cor-
relation between rVSV-HTNV-GP and authentic HTNV
based NAbs titering, indicating that rVSV-HTNV-
GP could serve as a lower-biosafety level surrogate for
HTNV NAbs evaluation.

To further verify the reproductivity of rVSV-
HTNV-GP based PRNT, we randomly selected 3
sera samples and repeated the PRNT experiment
three times. As shown in Fig. 6 and Table 3. The 50%
inhibition titer of sera displayed little difference in
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each replicate and with initial experiment, and the
analysis of agreement among different batch of PRNT
assays was superb, which was almost 1.0 (ICC of single
measurement and average measurement) considering
NAbs titers in PRNT.; and Log;, PRN T, (Table 4).

To rule out possible deviations, we next used HTNV-
based FRNT and rVSV-HTNV-GP-based PRNT
to measure NAbs titers in 10 hantavirus-negative
control samples from healthy donors. All dilutions
and infection rates of all negative samples were around
100%, which almost completely failed to inhibit HTNV
infection. The results of the two methods were similar
(Fig. 7A and B), confirming the specificity of both
methods.
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Discussion

Neutralizing antibodiesy remain an effective treatment
option for infectious diseases, as demonstrated in RSV
and coronavirus infections, etc. For hantaviruses, ear-
lier studies have shown that treatment with high-potent
immunoglobulins isolated from convalescent serum can
significantly shorten the defervescence time, reducemu-
cocutaneous hemorrhage, and increase platelet counts
[5]. Most importantly, survivors have higher neutralizing
antibody (NAD) titers compared to those who succumb
to the disease. When using a DNA vaccine to immune the
transgenic cattle carrying human antibody genes, high
levels of hantavirus-specific IgG could provide complete
protection against a lethal dose of New World Hantavi-
rus challenge in animal models [13]. Meanwhile, increas-
ing evidence suggests that monoclonal NAbs isolated
from animals or human survivors show promising treat-
ment potential against both Old World or New World
Hantaviruses [3, 14—23]. At the same time, the licensed
HERS inactive vaccines in East Asia have been criticized
for their inability to induce high levels NAbs [6, 24, 25].
Therefore, measuring NAb levels is crucial for evaluat-
ing the outcomes of the HFRS patients or vaccine effi-
cacy. However, hantaviruses propagate slowly and have
minimal or no cytopathic effect on infected cells. Using
plaque reduction technique with HTNV is quite chal-
lenging since its establishment [26—28]. Currently, the
most widely used standard assay for NAbs titer is FRNT,
which is also time-consuming and labor-intensive [8, 29].

To shorten experimental time, reduce human
resources and increase throughput, many newly devel-
oped methods have been introduced into the hantavi-
rus-related research. Most prominently, enzyme-linked
immunosorbent assay [12], immunofluorescence assay
[29], in-cell western [30], flow cytometry [31, 32], and
one-step real-time RT-PCR [33, 34] were gradually
established. Meanwhile, some alternative methods,
such as VSV- or lentivirus- based pseudovirions, as
well as replication-competent VSVs were used to evalu-
ate the hantavirus entry process and specific inhibitors,
formulated in vaccine development or used as the low-
biosafety compatible tools to evaluating NAbs titers
(10, 11, 35-47].

Our rVSV-HTNV-GP-based PRNT method established
here is faster than authentic HTNV-based FRNT, with
easier handling procedure and independence from
HTNV NP-specific antibodies. More importantly, the
rVSV-HTNV-GP based PRNT results correlate well with
the HTNV-based FRNT results, indicating that rVSV-
HTNV-GP could serve as a convenient tool to screen
potential donors bearing high levels of HTNV NAbs.
Furthermore, rVSV-HTNV-GP-based PRNT could also
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Table 3 Titer of NAbs in 3 sera measured by replication-competent rVSV-HTNV-GP based PRNT

Serum #1 Serum #2 Serum #3

PRNT;, Log,o PRNT;, PRNT5, Log,o PRNT5, PRNT5, Log,o PRNT5,
Initial experiment 1696 3.229 171 3.068 4264 2.63
Replicate 1 1743 3.241 965.8 2.985 587.5 2.769
Replicate 2 1727 3.237 1098 3.04 516.5 2.713
Replicate 3 1770 3.248 9235 2.965 671 2.827

Table 4 Intraclass correlation coefficients (ICC) for neutralizing
antibody titers of 3 sera for the analysis of agreement among four
times with PRNT assay

ICC (95% C1) P values
Log;o PRNTs, 0.935 (0.640-0.998) 0.000
PRNT,, 0.977 (0.849-0.999) 0.000

95% Cl=95% confidence interval

A

rVSV-HTNV-GP

HV-01 HV-03 HV-05 HV-07 HV-09

10

20

40

LI FHTNV

J 0
HV-01 HV-03 HV-05 HV-07 HV-09
Fig. 7 Evaluation of neutralizing activity of Hantavirus negative

control samples from health donors sera against rVSV-HTNV-GP
(PRNT, A) or HTNV (FRNT, B)

serve as an amplifiable method to evaluate the efficacy of
HEFRS inactive vaccine campaigns.

Although we have established a reliable and
reproducible method for HTNV NAbs detection,
limitations remain. Despite the consistency analysis
been validated, there is an average discrepancy of 1.2-
log,, ECy, values shift between PRNT;5, and FRNT;,
titers, indicating that rVSV-HTNV-GP is more sensitive
than authentic HTNV. The different structures of

rVSV-HTNV-GP and authentic HTNV may contribute
to these differences. The VSV particle is bullet-shaped
and glycoproteins are displayed on the viral envelope
as trimers [48], while the HTNV virion is spherical and
exhibits a fourfold symmetric lattice of Gy-G¢ spikes [49,
50]. The alteration of Gy-G¢ oligomerization promotes
less infectious rVSV-HTNV-GP with low GP expression
[38], which shows higher EC;, and is more sensitive in
the same samples.

Last, we found an interesting phenomenon where one
convalescent serum exhibited an ADE effect at lower
dilutions, a phenomenon similar to that observed in res-
piratory syncytial virus, Dengue virus, and SARS-CoV-2
infection [51-54]. These results may be attributed to
non-neutralizing antibody that facilities virus infection
through their Fc domains [55], since one report suggested
ADE exists in hantavirus-infected macrophage cell lines
[56]. However, the precise mechanism for hantavirus-
related ADE still requires further investigation.

Studies with larger sample sizes in both infected and
vaccinated individuals are required to confirm the gen-
eral applicability of this lower-biosafety level surrogate
for HTNV NAbs evaluation.

Conclusions

In summary, this study has developed a PRNT method
based on rVSV-HTNV-GP, providing a feasible alterna-
tive to the HTNV-based FRNT assay for quantifying
NAbs titers. The use of rVSV-HTNV-GP, which express-
ing the HTNV glycoprotein, allows for manipulation
within a biosafety level-2 facility, making it a safer sur-
rogate for measuring NAbs levels compared to working
with HTNV. Furthermore, the rVSV-HTNV-GP-based
PRNT method can be applied to monitor potential
declines in protective NAbs titers among previously
infected or vaccinated individuals in large-scale seroepi-
demiological studies.

Abbreviations
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HFRS ~ Hemorrhagic fever with renal syndrome
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FRNT  Focus reduction neutralization test
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