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High-throughput serological tests that can detect neutralizing antibodies against SARS-CoV-2 are desirable for
serosurveillance and vaccine efficacy evaluation. Although the conventional neutralization test (cVNT) remains
the gold standard to confirm the presence of neutralizing antibodies in sera, the test is too labour-intensive for
massive screening programs and less reproducible as live virus and cell culture is involved. Here, we performed
an independent evaluation of a commercially available surrogate virus neutralization test (sSVNT, GenScript
cPass™) that can be done without biosafety level 3 containment in less than 2 h. When using the cVNT and a
Luminex multiplex immunoassay (MIA) as reference, the sVNT obtained a sensitivity of 94 % (CI 90-96 %) on a
panel of 317 immune sera that were obtained from hospitalized and mild COVID-19 cases from Belgium and a
sensitivity of 88 % (CI 81-93 %) on a panel of 184 healthcare workers from the Democratic Republic of Congo.
We also found strong antibody titer correlations (r;>0.8) among the different techniques used. In conclusion, our
evaluation suggests that the sSVNT could be a powerful tool to monitor/detect neutralising antibodies in cohort
and population studies. The technique could be especially useful for vaccine evaluation studies in sub-Saharan
Africa where the basic infrastructure to perform cVNTs is lacking.

1. Introduction

et al., 2020; Duysburgh et al., 2021), the sporadic detection of re-
infections in immunocompetent individuals (Selhorst et al., 2020) and

One year after the emergence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in China, more than 3.9 million fatal and
180 million diagnosed cases are recorded worldwide (Johns Hopkins
University, 2021). Serosurveillance data suggests many more undiag-
nosed cases as national rates typically range between 5-15 % with local
rates up to 50 % (Arora et al., 2020). Accurate serological data will also
play a crucial role during the next phase of the pandemic. Indeed,
massive vaccination campaigns are currently in progress and their effi-
cacy needs to be monitored continuously to adjust control and preven-
tion policies. Furthermore, while it is known that most people develop a
long-lasting antibody immunity (at least 6 months after infection) (Dan

the emergence of new variants that might evade the antibody response
(Thomson et al., 2020) highlight the need to better understand
SARS-CoV-2 antibody immunity at an individual level by directly
determining the neutralizing antibody (NAb) level rather than just total
binding antibodies (Babs).

While a plethora of serological tests became available months after
the emergence of SARS-CoV-2, not all of them are appropriate for large-
scale serosurveillance. Most high-throughput tests detect total BAbs
only, such as enzyme-linked immunosorbent (ELISA), lateral flow (LFA)
or multiplex (MIA) immunoassays (Marién et al., 2021). These tests can
be run in basic diagnostic labs and are mainly used to confirm past
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infection, but are unable to directly show the presence of neutralizing
antibodies in serum. The latter are typically detected with conventional
virus neutralization tests (cVNT) which are labour-intensive and take
4-5 days to complete by highly trained staff in a BSL3 laboratory.
Showing the direct presence and determining the level and longevity of
NAbs will be crucial for vaccine evaluation or serosurveillance in pop-
ulations where cross-reactivity of BAbs against other related coronavi-
ruses is likely, such as in sub-Saharan Africa (Yue et al., 2020).
Furthermore, detecting NAbs might be the only way to show past
SARS-CoV-2 infections in particular wildlife populations for which
secondary antibodies are unavailable (e.g. in populations of bat,
pangolin or mink (Perera et al., 2021; Wacharapluesadee et al., 2021)).
To overcome the difficulties of the cVNT, a surrogate viral neutralization
test (SVNT) was recently developed that can be completed in 1—2 hours
in a BSL2 laboratory and made commercially available by GenScript
(Tan et al., 2020). The test uses the principle of an ELISA to measure the
neutralizing capacity of anti-SARS-CoV-2 antibodies by inhibiting the
interactions between the receptor-binding domain (RBD) of the spike
protein and ACE2 cell receptors (i.e. the main determining factor for
virus neutralisation), mimicking the virus’ neutralization process. Here,
we performed an independent evaluation of this commercial sSVNT on
sera from COVID-19 cases that were screened on NAbs by cVNT and
BAbs by MIA in our lab.

2. Methods

Serum samples from Belgium (n = 316) and the Democratic Republic
of Congo (n = 184) were used to assess the sVNT. Our Belgian panel
consisted of serum samples that were obtained at different time intervals
after PCR confirmation: 163 samples were taken 1-5 weeks (recent), 45
samples 6-20 weeks (intermediate) and 108 samples 20-24 weeks (old)
after PCR confirmation (Marién et al., 2021; Mortgat et al., 2020). All
serum samples were obtained in the period between March and August
2020 in different hospitals in Belgium and were from either hospitalized
COVID-19 patients (severe illness, n = 144) or health-care workers (mild
or asymptomatically infected, n = 172). Of these, 60 hospitalized cases
were sampled two or three times over a period of one or two weeks,
while all other samples belonged to different individuals. Since we (and
many others) showed that SARS-CoV-2 antibody titers decrease signif-
icantly after the initial increase and depend on disease illness (Marién
et al., 2021), this diverse panel assured that both high and low antibody
titer sera were included. All Congolese samples were obtained in
July-August 2020 during a cross-sectional survey of staff working in
healthcare facilities in Kinshasa, the capital of the DRC. As we did not
know the infection status of these participants (no PCR tests were per-
formed), this panel included serum from people having been exposed or
not to SARS-CoV-2 since the start of the pandemic in March 2020.
Neutralizing antibody titers were only assessed in Congolese samples
that were suggested to be positive by one of the following Bab-assays:
Euroimmun Anti-SARS-CoV-2-spike IgG, Quickzen (Zentech, Belgium)
IgG and IgM (Ndaye et al., 2021). All serum samples were inactivated by
heating at 56 °C for 30 min.

The surrogate virus neutralisation test (sSVNT) (GenScript cPass™,
USA, L00847) was performed according to the manufacturer’s in-
structions (Tan et al., 2020). Samples, positive and negative controls
were diluted 1:10 with sample dilution buffer. The dilutions were mixed
with horseradish peroxidase conjugated recombinant SARS-CoV-2 RBD
solution and incubated for 30 min at 37 °C. The mixtures were subse-
quently incubated for 15 min at 37 °C in a capture plate that was
pre-coated with hACE2 protein. After a washing step, tetrame-
thylbenzidine (TMB) solution was added and the plate was incubated in
the dark at room temperature for 15 min. Stop solution was added to
quench the reaction and the absorbance was immediately read at 450
nm on a ELISA microplate reader. The percentage inhibition was

OD value of sample
OD value of Negative control

calculated as (1 - >x100%‘ Sensitivity was
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calculated at a low (at 20 %) and high (at 30 %) inhibition cut-offs,
which corresponds to a specificity of 98 and 100 % respectively (Tan
et al., 2020).

Samples were also screened by an in-house cVNT and Luminex MIA
as reference, which are described in detail in Marién et al. (2021).
Briefly, for the cVNT, serial dilutions of serum (1/50-1/1600) were
incubated with 3xTCID100 of a primary isolate of SARS-CoV-2 during 1
h. This solution was added to Vero cells (18.000cells/well) in a 96well
plate and incubated for 5 days (37 C /7 % CO2). The cytopathic effect
(CPE) caused by viral replication was scored microscopically and
counted in each individual well for 8 experimental replicates per sam-
ple. The Reed-Muench method was used to calculate the neutralising
antibody titre that reduced the number of infected wells by 50 %
(cVNT50) or 90 % (cVNTgyg) (Reed and Muench, 1938). Samples were
still considered to be positive if more than 10 % reactivity was observed
at a 1/50 serum dilution. For the Luminex MIA, recombinant receptor
binding domain (RBD) and Nucleocapsid protein (NCP) (BIOCONNECT,
The Netherlands) were coupled to 1.25 x 10° paramagnetic MAGPLEX
COOH-microspheres from Luminex Corporation (Texas, USA). After in-
cubation of beads and diluted sera (1/300), a biotin-labelled anti-human
IgG (1:125) and streptavidin-R-phycoerythrin (1:1000) conjugate was
added. Beads were read using a Luminex® Bio-Plex 100/200 analyzer.
Samples were considered to be positive if the fluorescent signal >2x
standard deviation + mean of negative controls (n = 96) for both anti-
gens, which corresponds to a specificity of 99 % Mariéen et al. (2021).
Results were expressed as signal-to-noise ratios. Only 198 samples were
screened on IgG BAbs using the Luminex MIA.

3. Results

From the 316 samples obtained from Belgian cases that tested PCR
positive, 17 samples were seronegative for both VNTs and excluded from
the sensitivity panel. While 12 of these samples were obtained <14 days
after the PCR result (probably just before seroconversion started), five
samples were taken 3-5 months after the PCR result. These five in-
dividuals might have been included in the panel on the basis of a false-
positive PCR test or because antibodies had waned before serum sam-
pling. Six samples that were negative in the cVNTs0, but positive in the
Luminex MIA (n = 3) or the sVNTyq (n = 3), remained in the panel. Based
on this final panel, we found that the sensitivity of the sVNTyy was only
slightly lower than the sensitivity of the cVNT5¢ (A4 %) or the Luminex
MIA (A3 %) (Table 1). As expected, the sensitivity decreased at high
specificity targets for the sVNT3g (A9 %) and the cVNTgy (A29 %). The
group of samples (n = 16) that were negative on the sVNTy but positive
on the cVNTs5p mainly consisted of sera obtained from patients <14 days
after the PCR result (n = 4) or five months after infections (n = 10). For
most of these samples, less than 50 % (but more than 10 %) inhibition
was observed at a 1/50 dilution in the cVNTs5.

From the 184 samples obtained from Congolese participants with a
positive commercial serology test, 55 tested negative on both the cVNT
and sVNT and can be considered true negatives. One sample tested
negative on the cVNT and positive on the sVNT (45 % inhibition), which
could be a potential false-positive result on the sVNT. If the sample is
indeed false-positive (we cannot rule-out the possibility of a false-
negative on the cVNT), the specificity of the sVNT (relative to the
cVNT) would be 98.2 % (CI 90.4-99.9) based on the Congolese panel for
both the 20 % and 30 % cut-offs. Similar as for the Belgian samples, we
found that the sensitivity of the sVNTyy was lower (A1l %) than the
sensitivity of the cVNT5q (Table 1).

To test if we can use the sVNT as a high-throughput alternative for
the more labor-intensive cVNT, we calculated correlations (rs) between
the antibody titer proxies using the nonparametric Spearman rank test
(R.3.6.1. statistical software). We found strong correlations (rs = 0.85, p
> 0.0001) between the inhibition percentage of the sVNT and the
dilution factors of the cVNTsg and cVNTgq (Fig. 1). A strong correlation
(rs = 0.83, p > 0.0001) was also observed between the inhibition
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Table 1
Sensitivity of the different serological tests and cut-offs used based on the final serum panels. Values between brackets represent 95 % confidence intervals on the
estimations.
Country Test cVNT5g cVNTqgg SVNT2g o, SVNT300, Luminex (Belgium) Euroimmune (DRC)
Belgium Negative(n) 6 91 18 43 7
Positive(n) 293 208 281 256 193
Sensitivity 98 69.6 94.0 85.6 96.5
(95.7-99.3) (64.0-74.7) (90.7-96.4) (81.1-89.4) (92.9-98.6)
DRC Negative(n) 1 64 15 31 10
Positive(n) 128 65 114 98 119
Sensitivity 99.2 50.4 88.4 74 92.3
(95.7-99.9) (41.5-59.3) (81.5-93.4) (65.4—-81.8) (86.2-96.2)
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percentage of the sVNT and signal-to-noise ratios of the RBD on the
Luminex MIA, but not for the NCP (rs = 0.44, p > 0.0001) (Fig. 1). The
latter result is explained by the fact that the sVNT specifically detects
antibodies that neutralize the RBD-ACE2 interaction.

4. Discussion

We found overall high concordance between the sVNT, the cVNT and
the Luminex MIA in terms of sensitivity and antibody titer correlations.
The sensitivity estimations of the sVNTyg in our study are in line with
Bond et al. (2020) who evaluated the sVNTyo on serum from COVID-19
cases obtained 2-6 weeks after diagnosis in Australia. In contrast, Meyer
et al. (2020) found a significantly lower sensitivity (83 %) on serum from
COVID-19 cases >14 days after symptom onset in the Netherlands. The
latter also reports a significant difference in sensitivity between the two
centres where their study was conducted, potentially explained by the
underrepresentation of samples taken at later time points at one of the
sites. This highlights again that the timing of serum collection relative to
onset of disease can affect the performance characteristics for COVID-19
serological assays.

One limitation of our study is that we cannot assess the assay per-
formance against variants of concern (VOC, B1.1.7, B1.351, P1,

% Inhibition (SVNT)

B1.617.2), because we lack sequence data and strain typing on the pa-
tients from which the sera were collected. However, our sample
collection precedes the global emergence of these VOCs and thus
therefore is probably not a confounding factor in our analysis. The
global rise of VOCs that escape neutralization by RBD-targeting anti-
bodies might indeed affect the ability of the sVNT to assess neutraliza-
tion titers against these VOCs (Cele et al., 2021). While we expect that
the current assay will detect anti-RBD antibodies directed against most
of the VOCs (given that cross-reactivity against SARS-CoV-1 was also
noted), we warn that slight modifications to include key VOC mutations
in the recombinant RBD might be needed to optimally detect neutral-
ising capacity against these VOCs in the sVNT assay (Genscript recently
released alternative sVNT assays with the B1.1.7 and B1.351 specific
RBD sequence). Another limitation of the study is that we only included
a small panel of African samples (n = 55) to assess the specificity of the
test and we cannot rule-out cross-reactivity at low titers on the cVNT,
which we used as reference. However, there is overall agreement that
the specificity of the sVNT is acceptably high (94-99 % at sVNTyo and
99-100 % at sVNT3p) when evaluated on a panel containing challenging
samples, including other coronaviruses (except SARS-CoV-2) or other
acute infections (Perera et al., 2021; Tan et al., 2020; Bond et al., 2020;
Meyer et al., 2020).
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In conclusion, our results suggest that the commercial sVNT could be
a powerful tool to determine neutralising antibodies in cohort and
population studies, although other high-throughput assays (such as a
Luminex MIA) might outperform the sVNT in terms of individual diag-
nosis for evidence of infection. Another advantage of this commercial
SVNT is that it allows standardization between clinical laboratories
without the need to use live biological materials or biosafety contain-
ment. Together with the international unit (IU) recently established by
WHO and National Institute of Biological Standards and Controls
(NIBSC) (Mattiuzzo et al., 2020), this platform could be particularly
useful for vaccine evaluation in sub-Saharan Africa, where diagnostic
labs lack the infrastructure to run cVNTs. During serosurveillance
studies, the test can also be run as an independent test to exclude
cross-reactivity after the initial screening with a Luminex MIA assay.
Furthermore, given that the test is both species and isotype independent,
it could be used as a primary screening assay to detect reversed spillover
or spillback events of SARS-CoV-2 from infected humans to wildlife
populations or to find the natural reservoir of closely related sarbeco-
viruses in bats or other animal populations (Colombo et al., 2021; Perera
et al., 2021; Wacharapluesadee et al., 2021).
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