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ABSTRACT

A lack of confidence on the vaccination drive hinders the management of the COVID-19 pandemic. We aimed to
assess the antibody response to the SARS-CoV-2 vaccine among hospitalized patients in China. This case-
control study was based on SARS-CoV-2 sero-surveillance during hospitalization. From April to June 2021,
hospitalized patients without documented COVID-19 infection from the Department of Urology were routinely
assayed for anti-SARS-CoV-2 antibodies. The SARS-CoV-2 vaccination history of each participant was obtained
from their vaccination records. Of the 405 participants, there were 37 seropositive participants (case group) and
368 seronegative participants (control group); 68 participants (16.8%) had received the inactivated SARS-CoV-2
vaccine, including 54 who received the Sinovac-CoronaVac vaccine and 14 received the Sinopharm vaccine. All
seropositive participants who had received one or two doses of the SARS-CoV-2 vaccine were assessed for at
least 16 days, while 31 (8.4%) of 368 seronegative controls who had received the vaccine were tested for 1-94
days. The overall seroconversion rate was 54.4% (37/68) in the vaccinated participants who received the
inactivated SARS-CoV-2 vaccine. The odds ratio (OR) and confidence interval (Cl) for seropositivity was 6.20
(95% Cl: 2.05-18.71) in those received full vaccination with two doses versus those partially vaccinated
participants with one dose after adjusting for sex and age. These findings imply that the inactivated SARS-
CoV-2 vaccine could have a protective antibody response.
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detection of SARS-CoV-2. The detection of SARS-CoV-2
nucleic acid and serum anti-SARS-CoV-2 antibodies has been
applied in hospitals in China."' Although the serological
response after viral infection or vaccination is composed of
a mixture of antibodies, detection of serum total antibodies,
including IgM and IgG, is also interesting because of their
strong correlation with neutralizing antibodies against SARS-
CoV-2."% In addition, serological assays can support the deter-
mination of individuals with intense antibody responses, who
could view them as donors for the generation of monoclonal
antibody treatments."

Two inactivated SARS-CoV-2 vaccines (Sinopharm vaccine
and Sinovac-CoronaVac) have been approved for mass vacci-
nation in mainland China and listed for WHO Emergency Use
Listing (EUL).'* These vaccines have been demonstrated to
have good immunogenicity with vaccine-induced neutralizing

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is a global
public health issue that has impacted human lives and global
financial conditions." Vaccination is an important strategy for
preventing and controlling pandemics. However, some people
are still hesitant, or even refuse to get vaccinated against SARS-
CoV-2 due to the lack of confidence in the safety and efficacy of
vaccines.> To advance the vaccination strategy and improve the
vaccination coverage rates as soon as possible, more pragmatic
evidence for the effectiveness and safety of the vaccines needs to be
established and delivered to the public.

The entry of SARS-CoV-2 into its target cells depends on the
binding between its cellular receptor angiotensin-converting
enzyme 2 (ACE2) and the receptor binding domain (RBD) of

the virus spike protein. The spike protein is highly immunogenic
and is the target of neutralizing antibodies, which are considered
to be clinically significant protective antibodies against SARS-
CoV-2.*" Elicitation of host cellular and humoral immune reac-
tions is important for the development and evaluation of vac-
cines. Previous studies have shown that the inactivated vaccine
successfully induces SARS-CoV-2-specific neutralizing antibo-
dies in mice and non-human primates.®

Beyond the reverse transcriptase-polymerase chain reaction
(RT-PCR) for identifying SARS-CoV-2,”® several serological
tests have been developed”'® for rapid screening and accurate

antibodies against SARS-CoV-2 in previous clinical trials.">"'
However, real-world evidence on the efficacy of vaccines post-
marketing is scarce. Emerging variants and recurrent out-
breaks pose a great challenge for the various SARS-CoV-2
vaccines. There is an urgent need to evaluate the immune
response in real-world settings which could be used to increase
public confidence to accept vaccination.

Real-world evidence offers knowledge of the effects of med-
ical care interventions using regular clinical information."” We
aimed to explore the efficacy of an inactivated SARS-CoV-2
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vaccine among hospitalized patients in China using a hospital-
based case-control study; this study was based on real-world
data using patients” antibody responses and retrospective vac-
cinations collected from medical records.

Methods
Study design and participants

We designed a hospital-based case-control study in Taizhou,
China. During the study period, all the hospitalized patients in
our hospital were routinely assayed for anti-SARS-CoV-2 anti-
bodies and nucleic acids prior to admission in accordance with
the requirements for prevention and control the epidemic. The
patients with negative nucleic acid for SARS-CoV-2 can be
admitted to the ward of the hospital. This study included all
the inpatients who admitted to the urology ward in our hospi-
tal between 1 April 2021 and 30 June 2021. None of the patients
had prior COVID-19 infection during the active pandemic.
Patients were asked to retrospectively recall whether they had
received the SARS-CoV-2 vaccine. We further checked
the vaccination records for all participants according to their
ID card provided by the China Information Management
System for Immunization Programming. The information on
SARS-CoV-2 vaccination included the date of vaccine admin-
istration, type of vaccine used (Sinopharm vaccine or Sinovac-
CoronaVac), injection site and vaccinator. All subjects were
not vaccinated during the hospitalization period. In this study,
the vaccination status was defined as whether the subjects were
vaccinated against COVID-19 before the antibody test and
hospitalization. Participants who were vaccinated before anti-
body testing were considered to have a history of vaccination,
and those who were vaccinated on or after antibody testing
were considered to have no vaccination. All detailed protocols
followed the principles of our institutional research ethics
committee and were in accordance with the Declaration of
Helsinki. All patient data were anonymized for further analysis.
This study was exempted from informed consent as it was
a retrospective study, but it was approved by the Medical
Ethics Committee of Enze Hospital, Zhejiang Province, China
(No: K20210706).

Serological assay

For each participant, 3 mL of peripheral venous blood was
drawn upon admission to the hospital, and serum samples
were separated from the blood. Serum samples were assayed
for qualitative detection of total antibodies (IgM and IgG)
against the RBD domain of S1 protein using a commercially
available enzyme-linked immunosorbent assay (ELISA) kit
(Wantai SARS-COV-2 Ab ELISA, Beijing Wantai
Biopharmaceutical Co., Ltd., China). Samples with a cutoff
ratio higher than 1.0, were considered positive. The sensitivity
and specificity of RT-PCR were 86% and 100%, respectively.’
All serological tests were performed at the Clinical Laboratory,
Enze Hospital, Taizhou Enze Medical Center (Group).

Statistical analysis

Based on a case-control design, we estimated that an enrollment
target of 88 participants would provide the study with greater than
80% statistical power to detect a 30% or more difference in expo-
sure proportion of vaccination between the seropositive group and
the seronegative group at a significance level of 0.05 using a two-
tailed test."*"

Continuous data, including age and days after the first
vaccination dose, were expressed as mean * standard devia-
tion and compared between negative and positive serologi-
cal participants using a two-sample independent t-test.
Counts and frequency distributions were displayed for cate-
gorical variables, and chi-squared tests or Fisher’s exact tests
were used to compare the differences between the negative
and positive serological groups. Vaccination status among
negative and positive serological participants was compared
using the chi-squared test. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated to assess the asso-
ciation between vaccination doses and seropositivity using
the binary logistic regression model with age and sex adjust-
ment. All the data were analyzed using IBM SPSS Statistics
software (version 22.0; SPSS Inc., Chicago, IL, USA). All the
tests were two-tailed, and a P-value <0.05 or below was
considered statistically significant.

Results
Basic characteristics of study participants

The recruitment for the study subjects are shown in the flow
diagram (Figure 1). The study included 405 hospitalized
patients from the Department of Urology with an anti-SARS-
CoV-2 antibody assay. Based on serological results, the patients
were divided into 37 seropositive (case) and 368 seronegative
(control) groups. The average age (63.2 + 14.8 years vs. 66.4 +
14.1 years, P = 0.192), proportion of sex (male: 86.5% vs. 77.7%,
P =0.216) and hospitalization days (6.29 + 5.38 vs. 6.70 * 5.09,
P =0.648) were not different between seropositive (case) and
seronegative (control) groups (Table 1). Similarly, there were
no differences in sex and age distribution between the vacci-
nated and unvaccinated participants (P > 0.05).

SARS-CoV-2 seroconversion and vaccination status

As displayed in Table 1, all the 37 positive serologic participants
had received at least one dose of COVID-19 vaccine and were
assessed for at least 16 days. Of the 368 participants with negative
serologic results, 91.6% (337/368) were not vaccinated, and 8.4%
(31/368) had received at least one dose of COVID-19 vaccine.

Table 2 showed that the overall seroconversion rate was
54.4% (37/68) in the participants vaccinated with the inacti-
vated SARS-CoV-2 vaccine. The antibody response to different
types of the inactivated SARS-CoV-2 vaccines were similar
(59.3% for CoronaVac vs. 35.7% for Sinopharm, P=0.115).
None of the unvaccinated participants had seropositive
antibody.
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Figure 1. The flow diagram of participants recruited.
Table 1. Characteristics of participants between seropositive and seronegative group (n = 405).
Seropositive (n=37) Seronegative (n=368)

mean=SD or n (%) mean=SD or n (%) P-value
Sex, n (%) 0.216

Male 32 (86.5) 286 (77.7)

Female 5(13.5) 82 (22.3)
Age (years), mean+SD 63.2+14.8 66.4+14.1 0.192
Age group (years) 0.520

18-59 9 (24.3) 108 (29.3)

>60 28 (75.7) 260 (70.7)
Hospitalization days 6.29+5.38 6.70+5.09 0.648
SARS-CoV-2 vaccination history <0.001

Vaccinated 37 (100.0) 31 (8.4)

Unvaccinated 0 (0.0) 337 (91.6)
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Table 2. The seroconversion rate of the vaccinated participants with the inactivated SARS-CoV-2 vaccines (n = 68).

CoronaVac or Sinopharm vaccine

CoronaVac vaccine Sinopharm vaccine

Number of Antibody Number of Antibody Number of Antibody

Vaccination characteristics n seropositive conversion rate, % n seropositive conversion rate, % n seropositive conversion rate, %
Overall 68 37 54.4 54 32 59.3 14 5 357
Vaccination doses

1 dose 38 14 36.8 32 14 438 6 0 0.0

2 doses 30 23 76.7 22 18 81.8 8 5 62.5
Interval days from vaccination

to antibody test

1 dose < 14 days 14 0 0.0 1 0 0.0 3 0 0.0

1 dose > 14 days 24 14 58.3 21 14 66.7 3 0 0.0

2 doses < 14 days 10 7 70.0 5 4 80.0 5 3 60.0

2 doses > 14 days 20 16 80.0 17 14 824 3 2 66.7

SARS-CoV-2 serological status and vaccination doses

Table 3 shows the vaccination data between seropositive and
seronegative groups within the vaccinated participants. No
differences were observed in the CoronaVac or Sinopharm
vaccines for the antibody response to the SARS-CoV-2 vaccine
(P> 0.05). Among the 37 seropositive participants, 14 (37.8%)
were tested after the first vaccination dose and 23 (62.2%) were
tested after the full scheduled vaccination with two doses. Of

the 31 seronegative participants who were vaccinated, 24
(77.4%) received only one dose and 7 (22.6%) received two
doses of the vaccine before serological tests.

The antibody seroconversion rate of participants vaccinated
with one or two doses of the inactivated SARS-CoV-2 vaccine
are also shown in Table 2 and Figure 2. The antibody serocon-
version rate was significantly higher in the participants vacci-
nated two doses than in those vaccinated only one dose,
irrespective of type of the inactivated vaccine (P =0.001).

Table 3. Vaccination characteristics between seropositive and seronegative group within the vaccinated participants (n = 68).

Type of SARS-CoV-2 vaccines Vaccination characteristics Seropositive, n(%) Seronegative, n(%) P-value
All Type of inactivated vaccines 0.115
CoronaVac 32 (86.5) 22 (71.0)
Sinopharm 5(13.5) 9 (29.0)
Vaccination doses 0.001
1 dose 14 (37.8) 24 (77.4)
2 doses 23 (62.2) 7 (22.6)
Interval days from vaccination to antibody test <0.001
1 dose < 14 days 0(0.0) 14 (45.2)
1 dose > 14 days 14 (37.8) 10 (32.3)
2 doses < 14 days 7 (18.9) 3(9.7)
2 doses > 14 days 16 (43.2) 4(12.9)
Interval days from the first vaccination to antibody test <0.001
Mean=SD 51.08 + 23.56 29.03 + 25.52
Median (Minmum-Maxmum) 52 (16-102) 19 (1-94)
CoronaVac Vaccination doses 0.005
1 dose 14 (43.8) 18 (81.8)
2 doses 18 (56.3) 4(18.2)
Interval days from vaccination to antibody test <0.001*
1 dose < 14 days 0 (0.0) 11 (50.0)
1 dose > 14 days 14 (43.8) 7 (31.8)
2 doses < 14 days 4 (12.5) 1 (4.5)
2 doses > 14 days 14 (43.8) 3(13.6)
Interval days from the first vaccination to antibody test 0.004
Mean+SD 50.53 + 24.88 2891 + 27.75
Median (Minmum-Maxmum) 50 (16-102) 13 (1-94)
Sinopharm Vaccination doses 0.031*
1 dose 0 (0.0) 6 (66.7)
2 doses 5 (100.0) 3(333)
Interval days from vaccination to antibody test 0.053*
1 dose < 14 days 0 (0.0) 3(33.3)
1 dose > 14 days 0 (0.0) 3(33.3)
2 doses < 14 days 3 (60.0) 2(222)
2 doses > 14 days 2 (40.0) 1(11.1)
Interval days from the first vaccination to antibody test 0.031
Mean=SD 54.60 + 13.588 29.33 + 20.49
Median (Minmum-Maxmum) 55 (39-68) 23 (3-61)

“P-value obtained from Likelihood Ratio.
#p-value obtained from Fisher's Exact Test.
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Figure 2. The antibody seroconversion rate of the vaccinated participants with one or two doses of the inactivated SARS-CoV-2 vaccines (CoronaVac or Sinopharm)

(n=68).

The crude OR for seropositivity was 5.63 (95% CI: 1.93-
16.46, P=0.002) in full vaccination with two doses versus
partially vaccinated participants with one dose. The magnitude
of the estimated association between vaccination doses and
seroconversion remained large after adjusting for sex and age
(OR=6.20, 95% CI: 2.05-18.71, P=0.001).

SARS-CoV-2 serologic status and vaccination days

The vaccination days between seropositive and seronegative par-
ticipants vaccinated with the CoronaVac or Sinopharm vaccine
are presented in Table 3 and Figure 3. Among the seropositive
participants, 14 (37.8%) were assessed after the first vaccination
dose for at least 16 days, and 23 (62.2%) were evaluated after
the second vaccination dose for 8-76 days and after the first
vaccination dose for 37-102 days. Among the 31 seronegative
patients after vaccination, 24 (77.4%) were tested after the first
vaccination dose for 1-94 days and 7 (22.6%) were tested after
the second vaccination dose for 1-60 days and after the first
vaccination dose for 23-91 days. The interval between the first
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vaccination and serologic test was less than 14 days in 45.2% of
seronegative individuals (Table 3). In the vaccinated participants,
the interval days from the first vaccination to serological test were
22.05 days longer in seropositive cases than in seronegative con-
trols (51.08 +23.56 vs. 29.03 + 25.52 days, P < 0.001). The differ-
ences in the interval days between the seropositive and
seronegative groups were similar for the two types of the inacti-
vated SARS-CoV-2 vaccine (Table 3 and Figure 3).

Discussion
Clinical implications

In this study, all patients were negative SARS-CoV-2 nucleic
acid prior to admission due to the regular prevention and
control measures in the hospital. Only 54.4% (37/68) of
COVID-19 vaccinated subjects were able to elicited specific
antibodies. In contrast, none of the non-vaccinated subjects
had antibodies for anti-SARS-CoV-2, suggested no prior his-
tory of infection during the active pandemic.
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Figure 3. Differences in the interval days from the first vaccination with CoronaVac or Sinopharm to serologic test between seropositive group and seronegative group.
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To the best of our knowledge, this study provides the first
real-world evidence for the evaluation of immunological reac-
tions to the inactivated SARS-CoV-2 vaccine in China. As of
1 June 2021, at least 13 different vaccines (across four plat-
forms) have been administered, and six different vaccines have
been listed for the WHO EUL."* The two inactivated virus
vaccines (Sinopharm vaccine and Sinovac-CoronaVac) were
approved for mass vaccination in China. Although there is
growing academic evidence on the usefulness and protection
of SARS-CoV-2 vaccines and a phase III randomized con-
trolled study in Indonesia showed the seroconversion rate at
14 days after the second injection of the SARS-CoV-2 inacti-
vated vaccine was 97.48% using IgG antibody and 87.15%
using neutralization antibody in healthy adults aged 18-59
years,”” limited pragmatic data exist regarding the effectiveness
of the inactivated vaccines based on non-control settings in
Chinese population.”' *> A comparative study showed that the
positive IgG rate was 85.7% at six weeks after fully received
Sinopharm vaccine and 99.3% in Pfizer-BioNTech vaccine
recipients.”* In the present study, the overall low seroconver-
sion rate (54.4%) was observed, but the antibody response to
full-schedule vaccination was much higher than that of no or
partial vaccination, which indicated that it was extremely
urgent to booster vaccination. This real-world information
regarding the effectiveness of vaccination indicates a positive
consequence in adults.

It is known that developing human-use vaccinations
requires a few years and probably millions of dollars, particu-
larly when applying new techniques that have not been fully
evaluated for effectiveness, safety, or extended to market
manufacturing." Many vaccines, including recombinant pro-
tein-based subunit vaccines, viral-vector vaccines, mRNA vac-
cines, live weakened vaccines, and inactivated virus vaccines
have both effectiveness and disadvantages, making it difficult to
assess which preventive strategy would be safer or more
valuable.?® In China, inactivated whole SARS-CoV-2 virus
vaccines were developed by the Wuhan Institute of Biological
Products and Sinopharm. The whole virus pathogen was cul-
tured in vitro in cell lines, and the infected cells were further
inactivated twice by B-propiolactone under specific conditions
and further adsorbed to 0.5 mg alum. Phase 1 and Phase 2 trials
revealed that 28 days between the first dose and a subsequent
booster dose generated higher antibody titers than the shorter
interval group (14 days interval).”® The interim analysis of the
inactivated vaccine also indicated considerable safety and bet-
ter immunogenicity, supporting its long-term adverse events
evaluation in later studies.”” Our results indicate a satisfactory
antibody response to inactivated SARS-CoV-2 virus vaccines.
This is consistent with the results of a case-control study, in
which the two-dose dosing scheme with the CoronaVac vac-
cine was effective in protecting against the Delta variant infec-
tion in real-world settings.”®

Currently, no fully effective drugs are available to treat
COVID-19. Although many clinical therapeutic methods are
being tried to treat SARS-CoV-2 infections, the only treat-
ments being used worldwide to combat this new infectious
disease only help relieve patients’ symptoms.>” These deficien-
cies of current strategies highlight the essential requirement for
vaccines against SARS-CoV-2. The immune system plays

a significant role in the pathogenesis of SARS-CoV-2 infection,
and an understanding of the immune response and of the
underlying mechanism is required to manufacture a cost-
effective vaccine. The inactivated SARS-CoV-2 vaccines with
empirical evidence of safety and effectiveness are worth pro-
moting in order to prevent infection and contain the COVID-
19 pandemic.

Strengths and limitations

The main strengths of our study include the real-world design
to better reflect real life, data collection using an active surveil-
lance method, and very limited missing data. We not only
asked patients to recall whether they had received the
COVID-19 vaccine, but also checked the vaccination records
according to each patient’s ID. Accordingly, recall bias need
not be considered in this study.

However, there are still several limitations that should be noted
when interpreting the findings of this case-control study. First, in
the collection of the study samples, hospitalized patients from one
clinical department likely presented a selection bias. More older
male than female patients were included due to the urological
department. A portraits bias may be introduced, because of differ-
ences in immune responses between the genders. Some patients
with cancer were included in this study, whose antibody responses
to vaccine were reported to be relatively poor.’>*' Second, it is
difficult to adjust for other potentially important confounding
variables because of the lack of communication in this database.
The explanation of the findings is, thus, restricted to some aspects.
Third, the time required for antibody testing was uncertain. The
interval days between the first vaccination and serological testing
at admission ranged from 16 to 102 in the seropositive group, and
from 1 to 94 in the seronegative group. The partial vaccination and
short interval from vaccination to serological testing may be
responsible for the lower seroconversion rate (54.4%) compared
to the reported rate in literature.** Furthermore, total antibody,
rather than a neutralizing antibody was detected. Fourth, the rate
of vaccination in the study population was relatively low (16.8%,
68/405). The study period was the initial stage of mass vaccination
campaign in general adult population over 18 years of age in
mainland China. The cumulative doses administered nationwide
were 124.4675 million by June 30, which was only 45.5% of those
(273.2749 million) have been administered as of
23 December 2021. Moreover, we did not include vaccination
information after antibody testing. Fifth, this study was a case-
control design. The serological assay was only done once before
admission, so we did not observed how the SARS-CoV-2 antibody
changes over time. Finally, our study only included patients from
one medical center hospital in China as the study sample.
Therefore, the results may not be generalized or widely applicable
to hospitals in other regions of China.

Although the statistical power achieve 80%, the sample size
of the seropositive group is still small. Future prospective
clinical studies with larger sample sizes in hospitals over
a wider range of regions would validate these findings. The
immunopathological basis of COVID-19 still needs to be
further evaluated so that its immune evasion mechanism can
be better understood, in order to provide more effective vac-
cine planning schemes.



Conclusions

Our study demonstrates that the inactivated COVID-19 vaccine
has a considerable antibody response in adults. The evidence may
help boost confidence in the effectiveness of the vaccine Further
longitudinal studies that provide more data for different groups
are warranted.
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