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munization with inactivated SARS-CoV-2 vaccine and evaluate the effect of this vaccine on the immune
response.

Design or methods: Venous blood samples were collected from 1156 healthcare workers who participated
in the phase III clinical trial of the SARS-CoV-2 inactivated vaccine. The S-RBD domain antibody levels in
the serum were detected by ELISA 14 days after the first and second active immunization, respectively.
Results: The positive rates after inoculation of the first and second vaccination of S-RBD domain antibody
against SARS-CoV-2 were 28.03% and 86.76%, respectively. The mean inhibition rate of S-RBD domain
antibody against positive samples was 57.18 + 18.87% after the second vaccination at 14 days. Sex and
age had no effects on the positive rate. The positive rate was decreased in the high BMI group. Single-
factor logistic analysis showed that there was no significant correlation between age and positive rate.
BMI was negatively correlated with the positive rate.

Conclusions: After 2 immunizations, the positive rate of SARS-CoV-2 S-RBD domain antibody was high,
and the vaccine had good immunogenicity. The improvement of the immune strategy should focus on
the effects of BMI and other factors.

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) lead to the outbreak of coronavirus disease 2019 (COVID-
19) pandemic (Tsang et al, 2021). This infection outbreak
has posed a serious threat to global trade and public health
(Cutler, 2020; Antia and Halloran, 2021). By November 9, 2021,
the number of confirmed cases of COVID-19 has exceeded 250
million, and the number of deaths has exceeded 5 million ac-
cording to the WHO. No biomarkers have been proved to be ef-
fective in the treatment of COVID-19 due to various restraints
(Bivona et al., 2021). At present, vaccination is considered to be
the most effective option to prevent the spread of viral infection
(Dagotto et al. 2020; Krammer 2020). Neutralizing antibodies block
viral infection and reflect the intensity of the body’s humoral im-
mune response (Hafner, 2019). It has been discovered in the study

* Corresponding Author: Shuping Zhao, Department of Clinic Lab Center, Taian
City Central Hospital, 29 Longtan Road, Taian, 271000, Shandong, China.
E-mail address: dczhaoshuping@126.com (S. Zhao).

https://doi.org/10.1016/j.ijid.2022.01.064

that SARS-CoV-2 mainly activates intracellular endocytosis through
the combination of and human angiotensin converting enzyme 2
(hACE2), and thus enters into the human spike protein (S protein)
receptor-binding region (S-RBD) cells and initiates the related sig-
nals of virus replication (Amanat and Krammer, 2020). Thus, neu-
tralizing antibodies against the RBD domain of the S protein can
block viral infection.

Protection evaluation of vaccines often requires tracking the
health of the vaccinated population for several years to obtain
convincing data. However, the ongoing development of the pan-
demic worldwide has not allowed sufficient time for adequate vac-
cine protection analysis Therefore, it is necessary to establish a
method that can indirectly evaluate the protective effect of vac-
cines (Hodgson et al., 2021). Several detecting kits were applied
in this field. Gambino et al. certifies that the immunochromato-
graphic rapid test and the chemiluminescence immunoassay have
a good concordance (Gambino et al., 2020). According to the exist-
ing research reports, detecting the level of neutralizing antibodies
against the RBD domain can theoretically become indirect evidence
to evaluate the effectiveness of the vaccine (Jin et al., 2021).
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Table 1

Clinical data of the study population
Variables N (%) Mean + SD
Sex
male 288 (24.91) -
female 868 (75.09) -
Age (years)
<30 439 (37.98) 2420 + 3.21
30-40 465 (40.22) 35.17 + 2.87
40-50 149 (12.89) 44.62 + 2.62
>50 103 (8.91) 53.88 + 3.14
BMI (kg/m?)
< 21.00 281 (24.31) 19.25 + 1.10
21.00-25.00 519 (44.90) 2296 + 1.14
>25.00 9356 (30.79)  27.01 + 0.81
Total number of individuals 1156 -

Noted: BMI, body mass index.

At present, there are few reports on the production of neutral-
izing antibodies in people immunized with SARS-CoV-2 inactivated
vaccine. This study intended to detect and analyze the level of S-
RBD antibodies in people who were voluntarily vaccinated with in-
activated SARS-CoV-2 vaccine (Vero) in hospitals, to find out the
influencing factors and rules of S-RBD antibody production, to pro-
vide a reference basis for improving the immunization strategy,
and to provide data support for the newly established experimen-
tal method.

Materials and methods
Patients and sample collection

This study was a prospective observational cohort study. A to-
tal of 1156 healthcare workers who completed 2 immunizations
with inactivated SARS-Cov-2 vaccine (Vero Cell) at Taian City Cen-
tral Hospital between December 2020 and January 2021 were en-
rolled in this investigation. The mean age of the included subjects
was 37.63 £ 10.34 years (18-60 years), including 868 females and
288 males (Table 1). The inactivated vaccine was from the Bei-
jing Institute of Biological Products (Beijing, China). The vaccination
was carried out in full accordance with the technical guidelines for
vaccination against Covid-19 (48 A3 5] 52 T/ (i 25 01 25,
2021) as a 2-dose regimen with an interval of 3 weeks. All these
personnel were not affected by SARS-CoV-2. The following popu-
lations were excluded: history of contact with a confirmed case of
COVID-19, severe systemic immune disease, and suspected symp-
toms of COVID-19. The venous blood was collected on the 14th day
of the first and second needle inoculation. The serum specimens
were collected after centrifugation for the following detection. Sex
refers to biological differences between males and females and it
is assigned at birth as male or female based on visible anatomy.
This study was performed in accordance with the Declaration of
Helsinki; the design and procedure of this study were approved by
Taian City Central Hospital. All participants signed the written in-
formed consent.

Enzyme-linked immunosorbent assay (ELISA)

The anti-SARS-Cov-2 neutralizing antibody ELISA kits from Nan-
jing Vazyme Biotech Co., Ltd. (Nanjing, China) were used to detect
the neutralizing antibodies. The microplate was coated with re-
combinant human ACE2 receptor protein (hACE2) and horseradish
peroxidase-labeled RBD protein (HRP-RBD) was used to prepare
the enzyme conjugate. In the first step of the reaction, the sam-
ple was preincubated with HRP-RBD outside the ELISA plate at
37°C for 30 minutes. And then, the previous mixture was trans-
ferred into the hACE2-coated plate and incubated for 20 minutes,
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Figure 1. The SIR of neutralizing antibodies was elevated after the second vaccina-
tion compared with the first vaccination. ***P < 0.001

where HRP-RBD without binding to the neutralizing antibody binds
to hACE2. After washing, the TMB substrate was added, and the
substrate produced a colored product under the action of enzyme.
After termination, the absorbance value was immediately read at
the wavelength of 450 nm. The absorbance is inversely propor-
tional to the effective activity of the anti-RBD neutralizing antibody
in the sample. The signal inhibition rate (SIR) was calculated with
the equation SIR = (1 - OD of sample/mean OD of negative con-
trol) x 100%; where SIR <20% indicated that neutralizing antibody
was absent and the SIR >20% indicated the presence of SARS-CoV-
2 neutralizing antibody.

Statistical analysis

SPSS21.0 statistical software and GraphPad were used for data
processing and statistical analysis. The counting data were ex-
pressed in the number of cases or percentages. The student ¢ test,
ANOVA, and x 2 test were used for comparison among groups. The
single factor logistic regression was used to analyze the correla-
tions between SIR and clinical characteristics. The difference was
statistically significant (p <0.05).

Results
Total SIR from all subjects

SARS-CoV-2 S-RBD domain antibody was positive in 324 cases,
with a positive rate of 28.03% after 14 days from the first injec-
tion. A total of 1003 SARS-CoV-2 S-RBD domain antibodies were
positive, with a positive rate of 86.76% after 14 days of the second
injection. The average inhibition rate of neutralization antibody in
positive samples (57.18 4+ 18.87%)was significantly increased in the
second vaccination group than that in individuals after the first
vaccination (29.64 + 8.66%) (Figure 1, p <0.001).

Difference in SIR according to sex, age, and BMI

Fourteen days after the second injection, there were 250 males
and 753 females in the 1003 positive samples. The results showed
that there was no significant difference in the positive rate be-
tween males and females (Table 2, p >0.05). In positive samples,
there was no significant difference in the average value of neutral-
izing antibody among different sexes (male: 58.67 + 19.62% vs fe-
male: 56.79+18.66%; Figure 2A, p = 0.172).
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Figure 2. The difference in SIR according to sex, age, and BMI. A The SIR results of sex. B The comparison of SIR in different age groups. C Different SIRs in the different
BMI groups. *P < 0.05, ***P < 0.001, compared with the < 21.00 group; # P < 0.05, compared with the 21.00-25.00 group.

Table 2

Difference in positive rate according to parameters
Variables Positive P value

N (%)

Sex 0.172
male 250 (86.81)
female 753 (86.75)
Age (years) 0.212
<30 374 (85.19)
30-40 402 (86.45)
40-50 137 (91.94)
>50 90 (87.37)
BMI (kg/m?) 0.045
< 21.00 251 (89.32)
21.00-25.00 456 (87.86)
>25.00 296 (83.15)
Number of individuals 1003

Noted: BMI, body mass index.

The patients were divided into four groups based on age: <30
years, 30-40 years, 40-50 years, and >50 years. The positive rate
was 85.19% in the <30 years group, 86.45% in the 30-40 years
group, 91.95% in the 40-50 years group, and 87.37% in the >50
years group (Table 2, p >0.05). No significance was found in the
positive rate of different age groups (Table 2, p >0.05). As shown
in Figure 2B, age could not influence the levels of SIR in samples
of positive individuals (p >0.05).

According to the quartile of BMI, the patients were divided into
4 groups: <21.00 kg/m?, 21.00-25.00 kg/m2, and >25.00 kg/m?.
The results showed that there was a significant difference in the
positive rate among different groups (Table 2, p <0.05). In addi-
tion, in Figure 2C, the SIR values in the 21.00-25.00 kg/m?2 and
>25.00 kg/m? group were less than the <21.00 kg/m? group (p
<0.05). The average SIR value was less in the >25.00 kg/m?2 group
than the 21.00-25.00 kg/m? group (Figure 2C, p <0.05).

Correlations of SIR with characteristics

Univariate logistic analysis used the positive SARS-CoV-2 S-RBD
domain antibody as the dependent variable and characteristics as
the independent variable. As shown in Table 3, there was no signif-
icant correlation between positive rate and sex (OR = 1.005; 95%
Cl = 0.678-1.489; p = 0.981) and age (OR = 1.012; 95% CI = 0.995-
1.029, p = 0.170). In addition, there was a significant negative cor-
relation between BMI and positive rate (Table 3; OR = 0.930; 95%
CI = 0.902-0.959; p <0.01).
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Table 3

Association of different variables with the SIR
Variables OR 95% CI P value
Sex 1.005 0.678-1.489 0.981
Age (years) 1.012 0.995-1.029 0.170
BMI (kg/m?) 0.930  0.902-0.959 < 0.01

Noted: SIR, signal inhibition rate; BMI, body mass in-
dex.

Discussion

Since the outbreak of the COVID-19 pandemic, it has posed a
serious threat to the safety and health of the general public and
has brought a great impact on the development of the world econ-
omy (Niu et al., 2020; Li XZ et al., 2021). At present, the COVID-
19 pandemic situation still continues to spread at a high rate, and
China’s epidemic prevention and control have achieved significant
results; however, the import of overseas epidemic diseases poses a
greater risk of local spread (Li Z et al.,, 2021). Recently, imported
epidemic diseases causing local epidemic spread have been re-
ported in some parts of China, resulting in the serious situation of
normalized epidemic prevention and control in winter and spring.
Vaccination is a powerful measure to address and control further
transmission and outbreaks of COVID-19 (Monrad, 2020).

On the basis of ensuring safety, effectiveness is a key indicator
in evaluating whether a vaccine can be marketed, and the inten-
sity and durability of the immune response are also key indicators
in evaluating the effectiveness of a vaccine (Mao et al., 2013). The
results of this study showed that 14 days after the first dose of in-
oculation, the positive rate of SARS-CoV-2 S-RBD domain antibody
was 28.03%, and the average inhibition rate of S-RBD domain an-
tibody of positive samples was 29.64 + 8.66 %. After 14 days of
the second needle inoculation, the positive rate of SARS-CoV-2 S-
RBD domain antibody was 86.76%, and the average inhibition rate
of positive sample S-RBD domain antibody was 57.18 + 18.87%. As
a result, the positive rate of S-RBD domain antibody was high af-
ter 14 days of 2 active immunizations, which was consistent with
the seroconversion rate of neutralizing antibody to 85.70% after 14
days of vaccine injection reported in the second clinical phase of
relevant SARS-CoV-2 inactivated vaccine (Xia et al., 2020). In ad-
dition, due to different experimental methods, the antibody titer
of the S-RBD domain could not be compared with other litera-
ture reports, and the results of the significantly increased inhibi-
tion rate of neutralizing antibodies after the second immunization
also showed that the immune population achieved a good humoral
immune response. A large number of research data have shown
that the antibody levels of people with SARS-CoV-2 will decline
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over time, especially in asymptomatic people in whom the decline
is more significant (Rapid Decay of Anti-SARS-CoV-2 Antibodies in
Persons with Mild Covid-19, 2020; Long et al., 2020). Currently, it
is not clear that the durability of vaccine-induced S-RBD domain
antibody levels requires 6 months or more of follow-up testing to
determine the status of S-RBD domain antibody in the immune
population.

It has been reported that there is no difference in IgG antibody
concentration between mild, normal, and recovered male and fe-
male patients (Huang et al., 2020; Jiang et al., 2020; Zeng et al.,
2020). The incidence and mortality of severe cases in male pa-
tients are higher than those in female patients, and the possible
underlying reasons are not yet clear (Sohn et al.,, 2021). However,
the dynamics of the SARS-CoV-2 IgG antibody were different be-
tween male and female patients (Zeng et al., 2020). Therefore, the
dynamic change of antibody level may be the reason for the inci-
dence and mortality of severe diseases. Comparing the positive rate
and inhibition rate of S-RBD domain antibodies between men and
women in the immunized population, it was found that there was
no statistical difference. The subsequent dynamic changes of the
S-RBD domain antibody still needed to be tracked and detected.
In addition, this study was divided into 4 groups according to age
quartile. The results showed that there was no significant differ-
ence in the positive rate between groups. Univariate logistic anal-
ysis showed that there was no significant correlation between age
and positive rate, indicating that the SARS-CoV-2 inactivated vac-
cine could get an ideal humoral immune effect in all age groups of
20-60 years.

Studies have found that obese people have an increased risk of
severe COVID-19 (Caci et al., 2020). Body mass index is commonly
used internationally to measure the degree of obesity and health
(Zhu et al,, 2021). A large meta-analysis of 75 studies shows that
obesity may be an important risk factor affecting the clinical out-
comes of SARS-CoV-2 pneumonia (Aminian and Tu, 2021). In this
study, positive rate showed a significant downward trend with the
increase of BMI. In addition, BMI had a significant negative corre-
lation with the positive rate. It could be deduced that BMI might
be an important factor in regulating the levels of S-RBD domain
antibody in the immune population. According to the grouping
comparison results, BMI should be considered as an important fac-
tor in planning immune strategy to achieve better humoral immu-
nity. However, the mRNA BNT162b2 vaccines from Pfizer-BioNTech
show age-, time-, and sex-related differences after administration
(Lo Sasso et al., 2021). This conclusion was inconsistent with our
findings, which might be because we used inactivated vaccine,
whereas the mRNA vaccine was used in the previously mentioned
article.

The production of an antibody response is generally one of the
manifestations of vaccine protection efficacy. Based on the results
of existing research, the ability of human body to produce Covid-
19-related antibody after inoculation with this vaccine is ideal. Of
course, this is not entirely equivalent to vaccine effectiveness be-
ing desirable. Whether the S-RBD domain antibody captured by the
experimental method is a valid neutralizing antibody, especially
for the validity of recently reported SARS-CoV-2 variants in vari-
ous countries; other aspects need to be verified by further pseu-
dovirus and true virus experiments. Therefore, ongoing monitoring
and further analysis of S-RBD domain antibody levels in the vacci-
nated population are still needed.

Conclusion

In conclusion, we analyzed the reaction law of the population
producing antibodies against the RBD domain after immunization
with SARS-CoV-2 inactivated vaccine. These results indicated that
the inactivated SARS-CoV-2 vaccine could induce a high level of
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S-RBD domain antibody response, independent of sex and age. In
addition, BMI might influence the level of S-RBD domain antibody
produced by SARS-CoV-2 inactivated vaccine.
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