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Public summary
= Sera from a large cohort of COVID-19 convalescents in Wuhan were collected for evaluation of anti-SARS-CoV-2 humoral immunity

= Anti-SARS-CoV-2 IgG was well maintained for 1 year in most convalescents and can potently neutralize the original strain and the B.1.1.7
variant

= Varying degrees of immune escape was observed on the tested variants, especially on B.1.351 and B.1.617.2 variants

= Sera from a few individuals showed remarkably broad neutralization potency against SARS-CoV-2 WT and variants
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Most COVID-19 convalescents can build effective anti-SARS-CoV-2 humoral
immunity, but it remains unclear how long it can maintain and how efficiently
it can prevent the reinfection of the emerging SARS-CoV-2 variants. Here, we
tested the sera from 248 COVID-19 convalescents around 1 year post-infec-
tion in Wuhan, the earliest known epicenter. SARS-CoV-2 immunoglobulin G
(IgG) was well maintained in most patients and potently neutralizes the infec-
tion of the original strain and the B.1.1.7 variant. However, varying degrees of
immune escape was observed on the other tested variants in a patient-spe-
cific manner, with individuals showing remarkably broad neutralization po-
tency. The immune escape can be largely attributed to several critical spike
mutations. These results suggest that SARS-CoV-2 can elicit long-lasting im-
munity but this is escaped by the emerging variants.

INTRODUCTION

SARS-CoV-2 emerged more than a year ago and rapidly swept across the
world, developing into a long-lasting COVID-19 pandemic with devastating im-
pacts.' @ The situation has led to perpetual mutation of SARS-CoV-2, with
numerous variants emerging around the world. In addition to the initial D614G
mutation, the viral spike protein underwent antigenic drift and produced several
variants of concern associated with local outbreaks, such as B.1.1.7 (alpha),*
B.1.351 (beta)” P.1 (gamma, also known as B.1.1.28.1)° B.1.525 (eta),’
B.1.617.2 (delta),® and B.1.620, tested in this study.

Most COVID-19 patients can build anti-SARS-CoV-2 humoral immunity against
SARS-CoV-2 after recovery.”'® However, due to the lack of sufficient evidence
about how long the protective immunity induced by prior infection or vaccination
can maintain, the optimal interval between the vaccinations remains to be deter-
mined."""" In addition, increasing evidence showing these variants of concern,
especially B.1.617.2 and B.1.351," ?° remarkably increased resistance to the
neutralizing antibodies, which is largely due to the mutations in the RBD region
interacting with human angiotensin-converting enzyme 2 (hACE2)." It is impera-
tive to figure out the durability and breadth of SARS-CoV-2 neutralizing antibodies
elicited by previous infection or vaccination based on the original strain.

Wuhan is the first known epicenter of the SARS-CoV-2 outbreak. Almost all
patients in this city were infected by the original strain before the city reopened
and the epidemic there had been well controlled before the emergence of var-
iants.”"? In this study, sera from convalescents infected around 1 year ago in
Wuhan were collected to investigate the SARS-CoV-2 antibody durability and
the breadth over time. Results from enzyme-linked immunosorbent assay
(ELISA) and pseudovirus neutralization assay demonstrated that the SARS-
CoV-2 RBD-specific IgG antibodies remain detectable in most patients, which
potently inhibits the infection of the SARS-CoV-2 pseudovirus (wild-type [WT]-
D614G and B.1.1.7), but to a different extent was compromised in other tested
variants (P.1, B.1.620, B.1.525, B.1.617.2, and especially B.1.357) and mutations
(K417N, L452R, E484K, and E484Q/L452R). The decline of neutralizing activity
was confirmed by authentic viral neutralization assays (WT, B.1.1.7, B.1.617.2,
and B.1.351). Of note, we report eight individuals who developed relatively broad
immunity against the tested variants, supporting the presence of broadly
neutralizing epitopes. Overall, these results provided important implications
for the control of the pandemic caused by the constantly emerging SARS-
CoV-2 variants.

RESULTS
Durability and neutralizing activity

To evaluate the durability and neutralizing activity of SARS-CoV-2 antibodies af-
ter infection, we collected sera and clinical records from 248 COVID-19 patients
infected around 1 year ago (11-12 months after symptom onset) in Wuhan.
None of the convalescents had been administered with SARS-CoV-2 vaccine
before sample collection according to the official record. Firstly, a rapid ELISA
(colloidal gold) test for SARS-CoV-2-S IgM/IgG antibody was applied. Seventy-
nine percent (197/248) of the sera tested positive for anti-SARS-CoV-2 IgG, and
2.0% (5/248) tested positive for anti-SARS-CoV-2 IgM (Table S1). Conventional
ELISA assays were then conducted to determine the anti-RBD IgG level and the
competitive ability of ACE2 to RBD binding of the sera. As we set ODysq of 0.31
(the mean OD4sp value +3 SD of uninfected people’s sera) as the cut-off value,
91% (225/248) tested positive for anti-SARS-CoV-2-RBD IgG (Figure TA). Our re-
sults also showed that the competitive ability is highly consistent with the anti-
RBD IgG level (Figures TA-1E, Table ST), indicating that most RBD-targeting an-
tibodies in the patients can interfere with the interaction between ACE2 and RBD.
However, the anti-RBD IgG level and the neutralizing activity of the sera showed
no statistically significant difference in patients with different severity (Figures 1A
and 1B), gender (Figure 1C), and age (Figure 1E) except for the higher sera
competitive ability of ACE2 to RBD binding was found in females (Figure 1D).

The neutralizing activities of the sera were tested with SARS-CoV-2 pseudovi-
rus (WT-D614G) produced based on a replication-deficient VSV pseudotyping
system (VSV-dG-Luc) and a BHK-21 cell line stably expressing hACE2 (BHK-21-
hACE?2). A total of 234 sera (94%) showed more than 50% neutralization when
diluted 20-fold (NTsg > 20), and 195 samples (79%) showed 50% neutralization
under 100-fold dilution (NTso > 100). No statistically significant difference was
observed between pseudovirus neutralizing activity and disease severity (Fig-
ure 1F). These results indicate that most patients could build and maintain an
effective humoral immunity against SARS-CoV-2 for at least 1 year.

Cross-variant protection

Recently, SARS-CoV-2 variants with multiple mutations in S protein have
emerged in the United Kingdom (B.1.1.7), Brazil (P.1), Lithuania (B.1.620), Nigeria
(B.1.525), South Africa (B.1.351), the United States (B.1.427/B.1.429),'>*® India
(B.1.617.2), etc. We first tested the neutralizing activity of the top 180 potent
sera in Figure 1F by the pseudoviruses of four variants, with the WT-D614G as
a control (Figure 2A). When tested at 100-fold dilution, the mean neutralization ef-
ficiency of the sera against WT-D614G was 65%. However, the efficiency reduced
to 59% for B.1.1.7, 48% for P.1, 47% for B.1.620, 43% for B.1.525, 39% for
B.1.617.2, and 35% for B.1.351 (Figure 2B). Interestingly, we found that a small
fraction of the patients showed cross-variant neutralizing activity. According to
the reduction of neutralization to B.1.351, we selected eight representative sera
(group 1, relatively resistant) from the 180 patients for further verification by
NTsqo determination, with another eight sera (group 2, relatively sensitive) for com-
parison. As expected, the sera in group 1 showed only a slight decrease in NTsgo
against the tested variants compared with WT-D614G (1.26- to 2.57-fold), while
the sera in group 2 showed much higher sensitivity (1.83- to 8.10-fold). The
NTso data further confirmed that B.1.351 is the top immune escape variant

uoljbAoOuU| BY |

@ CelPress Partner Journal

The Innovation 3(1): 100181, January 25, 2022 1



mailto:ckreal@163.com
mailto:huanyan@whu.edu.cn
mailto:chenyu@whu.edu.cn
mailto:klan@whu.edu.cn
https://doi.org/10.1016/j.xinn.2021.100181
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xinn.2021.100181&domain=pdf

www.the-innovation.org

>

E
o 20- S JsP=05 1.0+ 100
ns P= —
"g’ ns P=0.4 5 g
a | —
S 15 - . S fg@
[3 3 o . ] > D
> 91% positive 9 &L
o 104 (225/248) & 32
=) Q $'§
a o, =i >0
o 0.5 a 20
o 40 € T %2 ____ cut-off o o - 6%
£ 031 ’ o® é 4 024 —®— Competitive ability 20 g+
< 00 — T T T E Anti-RBD IgG 3
Ty
6\'2?6&‘6\{&0@(}@ 0~0|||||||1|||0
S % O o> O D O > O
O SO n,,n):b,vv@% S AX A
@@Q Q/@o S ISIESEACENS NI b<o ,\QQO@
N\
o @ Age (years)  ©
F
g 120
T 100+ WT-D614G
s &
5‘5” 80 asymptomatic € @
52 g
© 5 60 3
g2 2
23 40 g
2o @
E 20 o
3 =
0 =
N
e mild < s
& =
& &
s 20+ ns P=0.08
<
Q L]
S 154 "
5 nl..'.'
A
= 1.0 H
©
o
8 054
_n._= ____ - --a~~a--- cut-off
= 0.31 v normal <
< 00 Lb—7 45—
NG Ng
? 2
& \Q,@
g 120 4
<< 1004
S o
= _
25 &
- e
B8 o5 604 i
© 1 severe or critical 4
23D 40+
=
B 2 20+
o
£ 0-
S Dk
8 Serum dilution: 1:20 1:100

among the tested strains, followed by B.1.617.2,B.1.525,B.1.620,P.1,and B.1.1.7,
respectively (Figures 2C, 2D, and S1).
We further tested whether the immune escape of the tested variants is mainly
attributed to the reduced neutralizing activity of SARS-CoV-2 RBD-specific anti-
bodies. Five C57BL/6 mice were immunized three times with WT SARS-CoV-2
RBD human IgG-Fc recombinant protein. Seven weeks later, the mice sera
were collected and tested using a pseudovirus neutralization assay. Similar to
most of the convalescents’ sera, the sera from RBD protein-immunized mice
showed reduced neutralization to P.1, B.1.620, B.1.525, B.1.617.2, and B.1.351,
but not to B.1.1.7, which is reasonable as B.1.1.7 only has one mutation

Figure 1. The anti-RBD IgG level and neutralizing ac-
tivity of sera from COVID-19 patients in Wuhan 1 year
after recovery (A—E) Results of ELISA measuring the
248 convalescent COVID-19 patients’ sera reactivity to
SARS-CoV-2-RBD. The anti-RBD IgG level of the indi-
cated groups (A and C). The competitive ability of
ACE2 to RBD binding of the indicated groups (B and
D). Comparison of the anti-RBD IgG and the compet-
itive ability of ACE2 to RBD binding in patients with
different age (E). (F) The neutralizing activity (WT-
D614G) of the sera from convalescents with different
severity was tested with the indicated dilution folds.
Mean + SD are shown in (A-D). Mean + SEM are
shown in (E). Statistical significance was determined
using two-tailed Mann-Whitney U tests. ns, no signifi-
cant difference was found (p > 0.05); **p < 0.01. The
horizontal dotted lines in (A and C) indicate the cut-off
value (0.31, the mean ODysp value +3 SD of uninfected
people’s sera).

(N501Y) in the RBD region, a mutation without
a prominent immune escape effect'>**?® (Fig-
ure 2E). These results showed that the immune
escape ability of the variants can be largely attrib-
uted to mutations in the RBD region.

To define the contribution of the critical muta-
tions inthe RBD region toimmune escape, we pro-
duced pseudovirus bearing SARS-CoV-2 S protein
(D614G) with K417N, L452R, E484K, and L452R/
E484Q mutations, respectively. Notably, L452R
and L452R/E484Q are two critical mutations in
the B.1.427/B.1.429 (epsilon) and B.1.167.1
(kappa) variants, respectively. We tested the
neutralizing activity of the 180 sera by these mu-
tants with WT-D614G as a control. As shown in
Figure 2F, when tested at 100-fold dilution, the
mean neutralization efficiency of the sera against
WT-D614G was 69%. However, the efficiency
reduced to 61% for L452R, 55% for K417N, 54%
for E484K, and 52% for L452R/E484Q. This result
indicates that the RBD mutations are responsible
for the reduction of cross-variant neutralization
among the variants of concern.

Verification by authentic viruses

To confirm whether the neutralization results
are consistent between the SARS-CoV-2 pseudo-
virus and the authentic virus, we first conducted
the authentic SARS-CoV-2 virus (WT) neutraliza-
tion assay to verify the 30 representative sera
showing high, medium, and low neutralizing ac-
tivities in Figure 1F, respectively. The SARS-
CoV-2 nucleocapsid (N) protein immunofluores-
cence assay showed consistent results with the
pseudovirus neutralization assay (Figure 3A).

We further verified the neutralizing activity of
two groups of patients in Figures 2C and 2D
(relatively resistant and relatively sensitive) by
four authentic SARS-CoV-2 strains, including
the WT strain and the B.1.1.7, B.1.617.2, and

B.1.357 variant strains. The sera were diluted 100-fold, pre-incubated with these
viruses, and then applied to Vero E6 cells for infection neutralization assay. As
shown in Figure 3B, the neutralizing activity of the sera against the B.1.1.7 strain
is similar to the WT strain but with a slight decrease. As for the B.1.617.2 and
B.1.351 strains, the group 1 sera (relatively resistant) efficiently neutralized the
infection of both the WT and the B.1.351 strains. In contrast, the group 2 sera
(relatively sensitive) showed a remarkable reduction of neutralizing activity
against the B.1.617.2 and the B.1.351 strains compared with the WT strain (Fig-
ure 3C). Again, these results are also consistent with the results from pseudo-
virus neutralization assays.
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DISCUSSION

Previous studies show the protective immunity against seasonal coronavi-
ruses (HCoV-NL63, HCoV-229E, HCoV-0C43, and HCoV-HKUT) may last only
6-12 months,*® and the titer of SARS-CoV-2 antibody has been reported to
decline rapidly in the first several months,'" raising concerns about the durability
of SARS-CoV-2 neutralizing antibodies elicited by either previous infection or
vaccination. In addition, SARS-CoV-2 variants are constantly emerging during
the COVID-19 pandemic, greatly challenging the development and application
of effective neutralizing antibodies and vaccines.?”%® It is imperative to investi-
gate the durability and breadth of the anti-SARS-CoV-2 humoral immunity. To
this end, we collected convalescent sera in Wuhan in consideration of the several
unique advantages over samples collected elsewhere: (1) Wuhan is the earliest
reported epicenter of COVID-19 with most patients infected more than 1 year
ago; (2) the patients were all infected by the original WT strain without the inter-
ference of potential multi-variant infections before sample collection,?’ and (3) so
far, most administered vaccines globally were designed based on the sequences
of the original strain from Wuhan.

Firstly, we report that the effective neutralizing antibodies against SARS-CoV-2
could last at least 1 year in most COVID-19 convalescents without vaccination.
Our results indicate that most people, including asymptomatic and elderly pa-
tients, could build and maintain effective anti-SARS-CoV-2 humoral immunity,
with a few exceptions in each group for unknown reasons (Figure 1). We specu-
late that this phenotype might be attributed to the individual immune differences
that deserve further study.

Another particular concern is the breadth of the anti-SARS-CoV-2 humoral im-
munity. Our study provides additional evidence that most sera collected from
convalescents in Wuhan, even for 1 year post-infection, can still efficiently
neutralize infection of the B.1.1.7 variant. However, a significant decline of effi-
cacy was observed on P.1, B.1.620, B.1.525, B.1.617.2, and B.1.351 (Figure 2B).
B.1.351 displayed the most prominent immune escape ability among these
tested variants, consistent with previous reports.'>'®?° Encouragingly, sera
from a few individuals showed resistance to all tested variants (Figure 2C), indi-
cating the presence of effective and broadly neutralizing antibodies. This brings
hope for the identification of ideal broad neutralization epitopes essential for
the development of antibody therapy and next-generation vaccines.

We next sought to characterize the critical factors that contribute to the im-
mune escape. Based on previous studies and our neutralization results from
RBD-vaccinated mouse sera, we focused on the four mutation sites in RBD of
the tested variants in this study (Figure 2A). N501Y is the only mutation in
B.1.1.7 RBD, but this variant did not show remarkable immune escape in both
our study (Figure 2E) and previous studies.*>*" Therefore, we tested several mu-
tations in the other three critical sites, including K417N, L452R, E484K, and
L452R/E484Q. The neutralization assay demonstrated that L452R/E484Q
showed the strongest immune escape, followed by E484K, K417N, and L452R.
The mean sera neutralization efficiency (Figures 2B and 2F) demonstrated that
the critical RBD mutations play a major role in the immune escape of the variants.
Importantly, the cross-variant protective sera from the group 1 convalescents can
also tolerate these critical mutations (Figure 2F).

We do acknowledge some limitations of our studies. First, we did not deter-
mine the NTsq of all the sera because of the limitation of the sample volume,
especially for those with lower neutralizing activity. Secondly, we did not include
all the possible mutations that can appear in other emerging variants. Thus, future
studies could be done to investigate whether other mutations on spike proteins
can result in a leap of the immune escape of other variants.

To our knowledge, this study provides strong evidence that potent anti-
SARS-CoV-2 humoral immunity can last for at least 1 year in most convales-
cents to protect them against the original virus (WT or WT-D614G), which
means annual re-administration might be a feasible vaccination strategy
to maintain anti-SARS-CoV-2 humoral immunity. However, convalescents
and vaccinated people gradually lose protection against the constantly
emerging immune escape variants. It remains to be determined whether

re-administration of the variant-based or broadly neutralizing epitope-based
vaccines can achieve effective cross-variant immunity. Overall, our study
suggests that the timely update of vaccines rather than the durability of
the SARS-CoV-2 humoral immunity should be more of our concern.

METHOD
Sample collection

COVID-19 convalescents from ten communities in five different streets (Chez-
han Street, Danshuichi Street, Huagiao Street, Yiyuan Street, and Dazhi Street) in
Jiang'an District in Wuhan, whose symptom onset was between January 1, 2020,
and March 26, 2020, were randomly recruited to the cohort according to the
criteria of the easy sampling principle. Convalescents who had mental disorders,
dementia, difficulty in moving freely, or refused to enroll or were not contactable
were excluded from the cohort. According to these sampling criteria, all 248
eligible individuals were recruited and their blood samples were collected from
19 January, 2021, to 26 January, 2021, and this collection was carried out through
Hubei Provincial Centre For Disease Control and Prevention and Hubei Provincial
Academy Of Preventive Medicine (HBCDC) with written consent under appro-
priate institutional review Boards approval (2021-012-01) and were deidentified.
The recovery time, illness severity, gender, and age of donors were recorded
(for extended data, see Table S1). Sera of the RBD-hFc vaccinated mice (three im-
munizations at days 0, 14, and 28, respectively) were collected 7 weeks after the
last immunization from the suborbital venous plexus (WP20210007).

ELISA detection of SARS-CoV-2 S protein antibodies in the sera

The rapid 1gG/IgM test was applied using the 2019-nCoV IgG/IgM detec-
tion kit (colloidal gold-based, Vazyme Biotech), which is based on the reac-
tivity of 1gG/IgM against SARS-CoV-2 S protein. The anti-RBD IgG level in
sera was tested using the SARS-CoV-2 (2019-nCoV) Spike RBD Antibody
Titer Assay Kit (Sino Biological), which is based on the reactivity of IgG
against SARS-CoV-2 RBD. The competitive ability of ACE2 to RBD binding
of sera was tested through SARS-CoV-2 Neutralizing Antibodies Test Kit
(ELISA, Wuxi BioHermes Bio & Medical Technology), which is based on the
competition between the neutralizing antibodies in sera and ACE2 to horse-
radish peroxidase-labeled RBD protein (HRP-RBD). These ELISA detection
tests were applied following the manufacturer’s instructions.

Cell culture

HEK293T (ATCC, CRL-1168), BHK-21(ATCC, CCL-10), and Vero E6 cells
(ATCC, CRL-1586) were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco) supplemented with 10% fetal bovine serum (FBS), 2.0 mM
L-glutamine, 110 mg/L sodium pyruvate, and 4.5 g/L D-glucose. BHK-21-
ACE2 (clone 7), which stably expresses human ACE2 was generated based
on BHK-21 through lentiviral transduction and maintained with puromycin at
1 pug/mL. 11-Hybridoma (CRL-2700) secreting a monoclonal antibody targeting
VSV glycoprotein was cultured in minimum essential medium with Earle’s salts
and 2.0 mM L-glutamine (MEM; Gibco) supplemented with 10% FBS. All cells
were cultured at 37°C in 5% CO, with regular passage every 2-3 days.

Plasmids and protein

The DNA sequences of human codon-optimized S proteins from SARS-COV-
2 variants (B.1.1.7, GISAID: EPIHSL-601443; B.1.351, GISAID: EPI_
ISL_678597;, P.1, GISAID: EPI_ISL.906075, B.1.617.2, GISAID: EPI_
ISL_2378732;, B.1.525, GISAID: EPI_ISL_1093472; B.1.620, GISAID: EPI_
ISL_1661662) and S protein mutations were commercially synthesized or
generated by overlapping PCR-based mutagenesis using pCAGGS-SARS-CoV-
2-S-C9 (a gift from Dr. Wenhui Li, National Institute of Biological Science, Beijing,
China) as the template and cloned into pCAGGS vector with C-terminal 18
amino acid (aa) truncation to improve VSV pseudotyping efficiency.*> The
plasmid pCAGGS-SARS-CoV-2-RBD-hFc was constructed by inserting the RBD
sequence (aa: 331-525) into the pCAGGS vector for the expression of RBD-

Figure 2. The neutralizing activity of the convalescents’ sera to SARS-CoV-2 variants (A) The amino acid alterations in the S protein of SARS-CoV-2 variants tested in this study. (B)
The neutralizing activity of convalescents’ sera at 100-fold dilution against pseudoviruses bearing S proteins from the indicated variants with WT-D614G as a control. (C—E) Paired
analysis of NTsq values of convalescents’ sera or RBD-vaccinated mice sera against WT-D614G and variants. Serum group 1, relatively resistant (C). Serum group 2, sensitive (D). RBD-
vaccinated mice sera (E). Serum groups 1 and 2 were selected according to their tolerance to B.1.351 pseudovirus. Statistical significance was determined using paired two-tailed t
tests. p values and mean fold changes in NTso values compared with WT-D614G are indicated. (F) The neutralizing activity of convalescents’ sera at 100-fold dilution against
pseudoviruses bearing different S with the indicated mutations. (%) The relatively resistant serum sample; (e) the sensitive serum sample.
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hFc recombinant protein in HEK293T cells. The proteins were purified by pro-
tein A resin (GenScript) following the manufacturer’s instructions.

SARS-CoV-2 pseudovirus production and titration

The pseudovirus packaged with spike proteins from the WT SARS-CoV-2 and
the SARS-CoV-2 variants were produced according to a published protocol with
minor modifications.*® In brief, Vero-E6 cells were transfected with plasmids ex-
pressing different S proteins through lipofectamine 2000 (Biosharp, China). Af-
ter 24 h, the transfected cells were inoculated with VSV-dG-fLuc (1 x 10° 50%
tissue culture infectious dose [TCIDso]/mL) diluted in DMEM for 5 h at 37°C and
then replenished with growth medium (DMEM with 10% FBS) containing anti-
VSV-G monoclonal antibody (I1-hybridoma, cultured supernatant, 1:20).
Twenty-four hours later, the SARS-CoV-2 pseudovirus-containing supernatant
was harvested and clarified at 3,000 rpm for 10 min, aliquoted, and frozen at
—80°C for storage. The TCIDsq of the pseudovirus was determined using a se-
rial dilution-based infection assay on BHK-21-hACE2 cells and calculated ac-
cording to the Reed-Muench method.>***

SARS-CoV-2 pseudovirus neutralization assay

The SARS-CoV-2 pseudoviruses (3 x 10° TCIDso/well) were incubated with se-
rial-diluted sera at room temperature for 30 min in 96-well white flat-bottom cul-
ture plates and then mixed with trypsinized BHK-21-hACE2 cells at a density of
2 x 10%well. After 16 h, the medium of the infected cells was removed, and
the cells were lysed with 1x Bright-Glo Luciferase Assay reagent (Promega)
for chemiluminescence detection using a SpectraMax iD3 multi-well luminome-
ter (Molecular devices). The 50% neutralization dilution titer (NT50) was calcu-
lated by GraphPad Prism 7 software with nonlinear regression curve fitting
(normalized response, variable slope).

Authentic SARS-CoV-2 neutralization assay

The SARS-CoV-2 WT strain (IVCAS 6.7512) and B.1.357 strain (NPRC
2.062100001)%° were provided by the National Virus Resource, Wuhan
Institute of Virology, Chinese Academy of Sciences, the SARS-CoV-2
B.1.1.7 strain (240108) and B.1.617.2 strain (YJ20210707-01) was provided
by Hubei Provincial Centre for Disease Control and Prevention. All SARS-
CoV-2 authentic virus-related experiments (S01321010A) were approved
by the Biosafety Committee Level 3 (ABSL-3) of Wuhan University, Wuhan
Institute of Virology and Hubei Provincial Centre for Disease Control and
Prevention. In brief, sera were serially diluted in culture medium and mixed
with 200 TCIDsg SARS-CoV-2 for 30 min at room temperature. The mixture
was then added to Vero E6 cells in 96-well plates and incubated for 24 h,
and the cells were fixed with 4% paraformaldehyde in PBS at room temper-
ature for 1 h, permeabilized with 0.2% Triton X-100 for 10 min, and then
blocked with 1% BSA/PBS at 37°C for 1 h. Cells were subsequently incu-
bated with a mouse monoclonal antibody targeting SARS-CoV/SARS-
CoV-2 nucleocapsid (40143-MMO05, Sino Biological) at 1:500 dilution
and 37°C for 1 h, and then incubated with 2 pg/mL of Alexa Fluor 594-con-
jugated goat anti-mouse IgG antibody (A-11032, Thermo Fisher Scientific)
at 37°C for 1 h. The nucleus was stained with Hoechst 33342.
Images were acquired with an inverted fluorescence microscope
(DMi8, Leica).

Statistical analysis

Data are presented as mean values with SEM or SD. All statistical analyses
were done using GraphPad Prism 7. Differences between two independent sam-
ples were evaluated by two-tailed Mann-Whitney U tests, and p < 0.05 was
considered statistically significant. Differences between two related samples
were evaluated by paired two-tailed t tests.
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