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[Abstract] Objective: The ongoing COVID-19 pandemic warrants accelerated efforts to test
vaccine candidates. To explore the influencing factors on vaccine-induced effects, antibody
responses to an inactivated SARS-CoV-2 vaccine in healthy individuals who were not previously
infected by COVID-19 were assessed. Methods: All subjects aged 18-60 years who did not
have SARS-CoV-2 infection at the time of screening from June 19, 2021, to July 02, 2021,
were approached for inclusion. All participants received two doses of inactivated SARS-CoV-2
vaccine. Serum IgM and IgG antibodies were detected using a commercial kit after the second
dose of vaccination. A positive result was defined as 10 AU/mL or more and a negative result as
less than 10 AU/mL. This retrospective study included 97 infection-naive individuals (mean age
35.6 years; 37.1% male, 62.9% female). Results: The seropositive rates of IgM and IgG antibody
responses elicited after the second dose of inactivated SARS-CoV-2 vaccine were 3.1% and 74.2%,
respectively. IgG antibody levels were significantly higher than IgM levels (P<0.0001). Sex had
no effect on IgM and IgG antibody response after the second dose. The mean anti-IgG level in
older persons (=42 years) was significantly lower than that of younger recipients. There was a
significantly lower antibody level at >42 days compared to that at 0-20 days (P<0.05) and 21-31
days (P<0.05) after the second dose. Conclusion: IgG antibody response could be induced by
inactivated SARS-CoV-2 vaccine in healthy individuals (>18 years), which can be influenced by
age and detection time after the second dose of vaccination.
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The Coronavirus disease 2019 (COVID-19)
is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)!' I, From the emergence
of COVID-19 at the end of 2019 to September 2021,
more than 110 million cases and more than 4 million
deaths had been recorded, indicating that COVID-19
poses a substantial threat to public health worldwidel®.
The pandemic has significantly affected people’s lives
with substantial disruption of health services and
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considerable impact on the global economy. Because of
the highly contagious nature of SARS-CoV-2 and the
severe clinical outcomes!”-®), one of the primary strategies
to control the pandemic is to develop an effective vaccine.
As such, clinical trials of several vaccines have been
initiated®'?. To date, 184 and 112 vaccine candidates
to prevent against COVID-19 are in the pre-clinical and
clinical development phases, respectively!'®!. Currently,
the most promising hope for ending this pandemic is the
successful rollout of widespread COVID-19 vaccination.
At least 17 vaccines (inactivated, viral vector, protein
subunit, or mRNA) have received emergency use
authorization for immunization of health-care workers
and at-risk individuals"*'”, Some reports suggest
that mixing and matching COVID-19 vaccines might
produce a robust immune response!'®l. However, the
influencing factors on the immunogenicity induced by
the inactivated SARS-CoV-2 vaccine have not been
fully explored. To this end, the present study assessed
antibody responses to the inactivated SARS-CoV-2
vaccine among vaccine recipients in Shenzhen, China.
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1 MATERIALS AND METHODS

1.1 Study Design and Participants

This was a retrospective study involving
participants between the ages of 18-60 years (table 1),
who did not have SARS-CoV-2 infection, confirmed
by negative results of serum specific IgM and IgG
antibodies using a commercial SARS-CoV-2 rapid test
kit (Innovita, China) and negative nucleic acid results
using pharyngeal swabs or sputum and anal swabs
with a nucleic acid diagnostic kit (Liferiver, China)
at the time of screening. All participants received the
two recommended doses of an inactivated SARS-
CoV-2 vaccine. The vaccine was developed by the
Beijing Institute of Biotechnology (China) or Sinovac
(China). We excluded vaccine recipients who had any
of the following conditions: a history of travelling
to regions outside of China or regions with reported
COVID-19 cases from December 2019; a history of
household contact with the confirmed infection with
SARS-CoV-2; symptoms such as fever, cough, runny
nose, sore throat, diarrhea, dyspnea, or tachypnoea
before examination for serum antibodies; and
rheumatic immune diseases including systemic lupus
erythematosus and rheumatoid arthritis.

Table 1 Characteristics of study participants (n=97)

Characteristics n (%) Mean (SD)
Number of participants 97 35.6 (10.2)
Age groups (years)
20-30 37 (38.2) 26.2 (2.5)
3141 35 (36.0) 34.4(2.2)
42-52 15 (15.5) 472 (2.7)
>53 10 (10.3) 56.1(1.4)
Gender
Male 36 (37.1)
Female 61 (62.9)

SD, standard deviation; Data are in n (%).

1.2 Assessment of Antibody Responses

Serum antibodies against SARS-CoV-2 IgM and
IgG were detected using YHLO-CLIA IgM and IgG
kits (YHLO Biotech Co., Ltd., China) after the second
dose of vaccination according to the manufacturer’s
instructions. This chemiluminescence immunoassay
used recombinant antigens that contained the
nucleoprotein and spike protein of SARS-CoV-2 as
targets for IgM and IgG antibodies. A positive result
was defined as 10 AU/mL or more and a negative result
as less than 10 AU/mL. The kit was previously shown
to detect IgM and IgG with sensitivity of 83% and
93%, respectively, and specificity of 99% and 92%,
respectively!'”.
1.3 Ethical Consideration

The study protocol was approved by the Ethics
Committee of Southern University of Science and
Technology Hospital, Shenzhen, China. Informed

written consent was obtained from the participants
before inclusion, and ethical principles conformed to
the current Declaration of Helsinki. In addition, the
study was conducted according to the ethical and legal
requirements of the country.
1.4 Statistical Analysis

Participants who were <41 years of age were
defined as younger participants, and those =42 years
were defined as older. All statistical analyses and figure
drawings were performed with Prism (GraphPad)
version 8.3.1. Participants’ demographic characteristics
are expressed as proportions. In all evaluations, P<0.05
are considered statistically significant. The categorical
variables are expressed as n (%).

2 RESULTS

Between June 19, 2021, and July 02, 2021, 97
participants were recruited and vaccinated with two
doses of an inactivated SARS-CoV-2 vaccine. The
mean age of the cohort was 35.6 years, and the age
distribution of this cohort was as follows: 20-30 years
old, 37 (38.2%); 31-41 years old, 34 (35.0%); 42-52
years old, 15 (15.5%), and =53 years old, 10 (10.3%).
The cohort had a slightly greater representation of
female subjects, with 62.9% female and 37.1% male
subjects. The basic characteristics of the cohort are
shown in table 1. In our cohort, the post-vaccination
IgG antibody level response elicited by the second
vaccine dose was 74.2% (n=72). However, only 3.1%
(n=3) participants developed an IgM response after
the second dose of the vaccine (table 2). Our results
showed that the IgG antibody level was significantly
higher than the IgM level (£<0.0001) after the second
dose of vaccine (fig. 1). To explore the influencing
factors on the vaccine-induced immunogenicity, the
IgM and IgG antibody levels after the second vaccine
dose were compared among the recipients with respect
to age and sex. Among all vaccinated subjects, we
found that sex (male and female) was not associated
with anti-IgM and anti-IgG levels after receiving the
second dose of inactivated SARS-CoV-2 vaccine
(fig. 2A and 2B). Although there were no statistically
significant differences in IgM and IgG antibody levels
among different age groups, the mean anti-IgG level
in the older groups (42—52 years and =53 years) was
significantly lower than that of the younger group (fig.
3A and 3B). More importantly, there was a significantly
lower antibody level at >42 days compared to 0-20
days (P<0.05) and 21-31 days (P<0.05) after the
second dose (fig. 4A and 4B).

3 DISCUSSION

Vaccination is an important strategy for controlling
viral infections, especially when no approved drugs
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Fig. 1 Comparison of SARS-CoV-2 specific IgM and IgG
antibody levels after the second dose of vaccine
(n=97). Dotted lines reflect limits of IgG and IgM
detection. ***P<0.0001
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Fig. 2 Analysis of SARS-CoV-2 specific IgM (A) and IgG
(B) antibody levels in subjects sub-grouped according
to sex (n=97). Dotted lines reflect limits of IgG and IgM
detection. ns, non-statistically significant
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Fig. 3 Anti SARS-CoV-2 IgM (A) and IgG (B) levels in subjects sub-grouped by age (n=97). Dotted lines reflect limits of IgG and

IgM detection. ns, non-statistically significant
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Fig. 4 Evolution of SARS-CoV-2 IgM (A) and IgG (B) antibody levels per day after the second dose of vaccine (n=97). Dotted lines

reflect limits of IgG and IgM detection. **P<0.05
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Table 2 Antibody responses of the vaccine recipient after
the second dose of vaccination (n=97)

Antibody responses After the 2nd dose of vaccination

Responses categories IegM 1gG
Negative (<10 AU/mL) 94 (96.9%) 25 (25.8%)
Positive (=10 AU/mL) 3 (3.1%) 72 (74.2%)
1gM, immunoglobulin M; IgG, immunoglobulin G

exist to fight the emerging viruses. The COVID-19
pandemic is causing incessant disruption in people’s
activities and taking millions of lives worldwide.
Despite the high efficacy of most currently approved
vaccines, particularly the efficacy at limiting the
risk of clinical aggravation®”, accumulating data
show considerable heterogeneity in the immune
response elicited after vaccination among different
individuals®'?%, In this short retrospective study, we
sought to evaluate the immunogenicity of an inactivated
SARS-CoV-2 vaccine in producing an antibody
response in the population who had not been infected
SARS-CoV-2. We found that 74.2% of participants
who received the second dose of the vaccine developed
a significant IgG antibody response. At the same time,
we also observed that a low percentage of participants
who received the second dose of vaccine developed an
IgM antibody response. We conclude that two vaccine
doses with an inactivated SARS-CoV-2 vaccine can
induce a humoral response in people >18 years of age.

In particular, a study conducted in Chile showed
that the vaccine efficacy of an inactivated SARS-
CoV-2 vaccine (CoronaVac) was around 65.9% for
the prevention of COVID-19 infections®®. In the
present study, the comparison made between the IgM
and IgG antibody responses induced in the vaccinated
subjects shows that the IgG plays an essential role in
the humoral responses directed against the SARS-
CoV-2 virus. Indeed, it is known that IgG levels are
crucial in ensuring protection against viral diseases?”.
In addition, IgG tends to be longer-lived and represent
the class of antibodies predominantly evaluated in
clinical and research settings for determining long-
term protection or immunity®!. Our result was similar
to two recent studies conducted by Jalkanen et a/. and
Roltgen and colleagues. Jalkanen et al reported that
in response to BNT162b2, subjects developed weak
IgM antibody responses after two doses of the vaccine,
in contrast to a strong IgG responsel®. Likewise, the
report by Roltgen and colleagues showed that the
BNT162b2 vaccine compared to natural infection
induced moderate levels of anti-RBD IgM but did not
induce a strong IgG responsel®”. Thus, seropositive
IgG antibody response after immunization might be an
alternative biomarker to reflect vaccine efficacy.

On the other hand, the rapid development of
several vaccines against SARS-CoV-2 represents a
promising strategy to stop the spread of the infection

and probably to reach a potential stage of herd immunity
within the population> 3% 34, According to a World
Health Organization report, vaccination saves nearly
3 million lives every year by preparing the system’s
immune to fight off potential pathogens®®*!. Apart from
the individual protection acquired by vaccination, it
also builds herd immunity, meaning immunization
of a significant number of the population to protect
vulnerable people (unvaccinated, immunologically
naive, and immunocompromised) by reducing the
number of vulnerable people below the transmission
threshold®¥. For example, a vaccination percentage
of nearly 80% against the smallpox virus reduced
transmission rates to uninfected people to levels so low
that the virus can be eradicated™. Kwok ef al. showed
that the threshold value capable of inducing herd
immunity against SARS-CoV-2 was approximately
67%"1. Herd immunity is an important weapon in the
fight against epidemics, and vaccination is the way
forward to achieve this immunity.

Our study showed that sex (male and female) was
not associated with anti-IgM and anti-IgG levels among
all vaccinated subjects after receiving the second dose
of inactivated SARS-CoV-2 vaccine. Although there
was no statistical difference in IgM and IgG antibody
levels between different age groups, the mean anti-IgG
level of the older groups (42—52 and >53 years old)
appeared significantly lower than that of the younger
group. Our finding is consistent with another study,
where the Euroimmun anti-SARS-CoV-2 S1 IgG
ELISA assay was used to monitor humoral response to
SARS-CoV-2 mRNA BNT162b2 vaccine. This study
reported no statistically significant correlation between
the age and sex of the individuals and the immune
response caused by the vaccine®®. However, Otavio
et al® observed in the elderly population a strong
decrease in vaccine effectiveness with increasing
age. Another report showed that older persons had
significantly lower levels of antibodies than younger
persons after measuring SARS-CoV-2 spike S1 IgG
titers by ELISA in a small cohort consisting of 176
recipientsi®®. According to the literature, age is an
important factor in the humoral response induced after
vaccination regardless of chronic medical conditions?*!,
It has been demonstrated that people older than 60 years
have an increased risk of severe illness and death from
COVID-19, especially those with underlying chronic
conditions. In fact, the response to vaccines is usually
reduced in older adults due to immune senescence.
Increasing sample size to analyze the effect of age on
the immunogenicity of vaccine should be pursued.

Additionally, our results indicate that the antibody
response, especially the IgG response of infection-
naive vaccine recipients, was lower with increasing
time after receiving the second vaccine dose. This
decline in immune responses is often expected because
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a large number of plasmablasts (cells produced by B
lymphocytes to fight a specific antigen) induced by
the majority of vaccines are often not maintained as
long-lived memory plasma cells™#!l. Recently, Turner
et al showed that in vaccinated people it was possible
to observe high frequencies of plasmablasts in the
draining lymph nodes and Spike-binding germinal
center B cell 12 weeks after the second immunization(*,
Thus, carrying out longitudinal studies is essential to
determine whether antibody levels will continue to
decline or peak at a lower level.

Following the development of SARS-CoV-2
vaccines, some important questions should be
addressed. The first concern is the durability of
protection over a long period after vaccination and the
second concern is determining the effect of a booster
dose to prolong the duration of immunity against
SARS-CoV-2 infection. Thus, to boost IgG response,
the third dose of inactivated vaccine might still be
needed for immunization.

In brief, an inactivated-SARS-CoV-2 vaccine can
induce an anti-SARS-CoV-2 IgG antibody response
in healthy individuals older than 18, and the response
might be influenced by age and the detection time after
immunization.
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