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Abstract

Effective vaccines are essential for controlling the coronavirus disease 2019
(COVID-19) pandemic. CoronaVac, which is an inactivated virus vaccine, was the
first imported COVID-19 vaccine in Thailand. To investigate the safety and im-
munogenicity of CoronaVac within the Thai population, we conducted a prospective
cohort study among health care workers aged 18-59 years, who received a 2-dose
regimen of CoronaVac 21 days apart between March and April 2021 at the hospital
in Samut Sakhon, Thailand. We recruited 185 participants with a mean age of 32
years. Total antibodies against receptor-binding domain (RBD) and immunoglobulin
G (IgG) against nucleocapsid (N) protein of SARS-CoV-2 were tested. Total anti-
bodies against RBD were negative before immunization. One volunteer was positive
for N, although negative for the RBD antibodies. The seroconversion rate of total
antibodies against RBD after the first CoronaVac dose was 67% with a Geometric
mean concentration (GMC) of 1.98 U/ml. Following CoronaVac dose 2, the ser-
oconversion rate increased to 100% with a GMC of 92.9 U/ml. The seroconversion
rates of IgG against N protein were 1% after dose 1 and 62.8% after dose 2. The
overall incidence of adverse reactions was 59.5%. Injection-site pain was the most
common local adverse event (52.4%), while myalgia was the most common systemic
adverse event (31.9%). No serious adverse events were observed. A 0-21 days, 2-
dose CoronaVac regimen appears safe, inducing a satisfactory response compared
with convalescent serum obtained 4-6 weeks postnatural infection. Antibody re-
sponses after 2-dose CoronaVac were comparable to the convalescent plasma but
waned rapidly after 3 months. Therefore, we recommend 2-dose CoronaVac ad-

ministration with possible booster doses.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by the severe acute
respiratory syndrome coronavirus 2 virus (SARS-CoV-2), which spread
rapidly, reaching pandemic status and presenting high morbidity and
mortality in March 2020.* As of September 2021, SARS-CoV-2 has
infected more than 230 million people worldwide, resulting in over 4
million deaths.? Moreover, COVID-19 has had adverse global impacts
on education,® psychosocial well-being,* and economies.”

Given the need for a robust and enduring immune response to
fight with this virus, an effective vaccine is an essential strategy for
controlling the COVID-19 pandemic. As of September 2021, there
were 315 candidate vaccines, of which 194 and 121 vaccines were,
respectively, in the preclinical and clinical phases. Candidate vaccines
in the clinical phase are being developed using different platforms:
inactivated virus, live-attenuated virus, protein subunits, virus-like
particles, DNA, RNA, viral vectors, and viral vectors with antigen-
presenting cells.® As of June 2021, World Health Organization
(WHO) has approved six COVID-19 vaccines which met the criteria
for safety and efficacy: CoronaVac, BBIBP-CorV, Moderna, Pfizer/
BioNTech, Johnson and Johnson and Oxford/AstraZeneca.’

SARS-CoV-2 has four key structural proteins: nucleocapsid (N)
protein in the ribonucleoprotein core; and the spike (S) protein, ma-
trix (M) protein, and envelope (E) protein embedded on the viral
surface.® The S protein is the primary target antigen for COVID-19
vaccine development. Antibodies against the S protein, especially the
receptor-binding domain (RBD) epitope, are essential for preventing
the virus from entering target cells. Moreover, S protein has been
identified as a significant inducer of protective immunity against
SARS-CoV-2. N protein is highly immunogenic and induces a robust
humoral and cellular immune response.”*°

Inactivated vaccines are whole virus preparations that are
chemically-inactivated with beta-propiolactone and formaldehyde.**
Although they are no longer replication-competent, virus integrity is
preserved, serving as an immunogen that is S-specific, RBD-specific
and N-specific.® Studies have shown that inactivated vaccines have
favorable safety profiles in various populations and can induce anti-
body responses.'?° CoronaVac, also known as the CoronaVac vac-
cine, is an inactivated vaccine against SARS-CoV-2 which is
propagated in cell culture before being inactivated, concentrated,
purified and adsorbed to aluminum hydroxide. CoronaVac is devel-
oped by Sinovac Life Sciences.' The results of a preclinical study
showed that CoronaVac effectively induced neutralizing antibody and
T cell responses in animals and provided partial or complete pro-
tection in macaques following a SARS-CoV-2 challenge.'® However,
inactivated vaccines are whole virus preparations that can induce
non-neutralizing antibodies, which might contribute to antibody-
dependent enhancement and disease severity.'® Nonetheless, some
studies have failed to find evidence of antibody-dependent en-
hancement in animal models after CoronaVac.'® Safety and im-
munogenicity profiles in phase 1/2 trials showed that this vaccine
was well-tolerated and induced a moderate immunogenic response in

healthy adults.”® Randomized controlled trials of CoronaVac in a
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phase |l study showed efficacy 83.5% against symptomatic disease
with a good safety profile.!” However, many issues regarding vaccine
performance remain unclear, including vaccination dosing intervals
that differ from those used in the original trial and the duration of
protection in real-world conditions. Longitudinal studies are thus
required to determine the duration of protective immunity.

In Thailand, CoronaVac, which was the first vaccine imported for
controlling the COVID-19 outbreak, was approved for emergency
use in February 2021,*® and the vaccination program commenced on
February 28, 2021. This study aims to investigate the safety and
immunogenicity of CoronaVac within the Thai population.

2 | MATERIALS AND METHODS

2.1 | Methods

We conducted a prospective longitudinal cohort study at the Ban-
phaeo General Hospital (BGH) in Samut Sakhon Province, Thailand.
Ethical approval was obtained from BGH's institutional review board
(Human Rights and Ethics Committee) (No. 2/2564). Written in-
formed consent was also obtained from all participants. Demographic
information and blood samples were compiled by registered nurses in
compliance with the principles of the Declaration of Helsinki and
Good Practice Guideline (ICH-GCP). The study was registered in the
Thai Clinical Trials Registry (TCTR20210308003).

2.2 | Participants

The participants, who were health care workers (HCWs) at BGH
aged between 18 and 59 years, received a 2-dose regimen of
CoronaVac, with a 3-week interval between doses (0-21-day
schedule). The study's exclusion criteria were a previous diagnosis
of SARS-CoV-2 infection, a known allergy to any vaccine compo-
nents, underlying allergic diseases, a diagnosis of an im-
munocompromising or immunodeficiency disorder, treatment with
immunosuppressive therapy, cancer, or an uncontrolled chronic
medical condition. Participants who were pregnant or breastfeeding
were also excluded from this study.

Participants’ demographic data, namely their age, sex, occupa-
tion, and comorbidities were recorded. Moreover, we measured
baseline antibodies against RBD and N protein immediately before
vaccination in all of the enrolled participants to determine baseline
SARS-CoV-2 serostatus. Assessments of the immunogenicity of
CoronaVac, total antibodies against RBD, and Immunoglobulin G (IgG)
antibodies against N protein, which were primary study outcomes,
were performed 3 weeks after dose 1, and 1 and 3 months after dose
2 (Figure 1). Levels of antibodies obtained using samples of con-
valescent serum collected 4-6 weeks after a natural infection from
infected COVID-19 patients of the previous study'’ were measured
and concentrations of antibodies were compared with those obtained

from the vaccine-induced immune response. The secondary outcome



1444
—LWI LEY-

BENJAMANUKUL T AL

MEDICAL VIROLOGY
¥ T
: 3-week 1mo ! 2mos '
Number 185 185 183 182
Blood test u u u u
2 1

Drop out (pregnancy) (resignation)

(quarantine period)

FIGURE 1 A diagrammatic depiction of the study design

comprised assessments of local adverse reactions to the vaccine (e.g.,
pain, swelling, and redness) or systemic adverse events (e.g., fever,
allergic reactions, headaches, and myalgia) recorded by the partici-

pants over a 7-day period after each vaccination.

2.3 | Vaccine

CoronaVac (Sinovac Life Sciences) is an inactivated virus vaccine
created from African green monkey kidney cells (Vero cells) that have
been inoculated with SARS-CoV-2 (CZ02 strain). At the end of the
incubation period, the virus was harvested, inactivated with B-
propiolactone and formaldehyde, concentrated, purified, and finally
absorbed onto aluminium hydroxide. The aluminium hydroxide
complex was then diluted in a sodium chloride, phosphate-buffered
saline, and water solution before being sterilized and filtered ready
for injection. Each vial contains 0.5 ml with 600 Spike Unit (equal to

12,14

3 pg) of inactivated SARS-CoV-2 whole-virion as antigen.

2.4 | Total antibodies against RBD

Serum samples from all of the participants were tested for total anti-
bodies against RBD. Measurements of total antibodies (predominantly
IgG, but also IgA and IgM) against the RBD were obtained from
electrochemiluminescence immunoassay, Roche Elecsys Anti-SARS-
CoV-2 S (Cat. No. 09289267190; Roche). These kits used a Wild-type
or Wuhan strain as an antigen. The positive cut-off level was 20.80 U/
ml and the upper limit was 250 U/ml. If the total antibodies against
RBD exceeded the upper reading limit (250 U/ml), serum samples
were diluted to obtain values within a detectable range.

25 |
protein

IgG antibodies against nucleocapsid (N)

Measurements of IgG antibodies against N protein were carried out
using the chemiluminescent microparticle immunoassay technique,
SARS-CoV-2 IgG (Cat. No. 6R86-20; Abbott Diagnostics). These kits
also used a Wild-type or Wuhan strain as an antigen. A nucleocapsid
1gG level index of signal/cut-off (S/C) 21.4 was considered a positive
result. Both tests (total RBD antibodies and anti-N 1gG) were the
available tests during the study period.

2.6 | Statistical analysis

We calculated a sample size of 75 individuals based on 95% Cor-
onaVac seroconversions obtained in a previous study.’® Statistical
analysis was performed using GraphPad Prism (version 9.1.0). Cor-
relation between age and total antibodies against RBD and IgG
against N protein were assessed with Spearman's rank correlation
coefficient. The seroconversion rates of total antibodies against RBD
and IgG against N protein were calculated as percentages. We cal-
culated the geometric mean concentration (GMC) and associated
95% confidence interval (Cl). The Wilcoxon matched pairs signed test
was performed to compare antibodies each blood sampling within the
same participant. The Mann-Whitney U test was performed to
compare antibodies between blood sampling of participants and
convalescent serum. Safety analyses were presented as numbers and
percentages of participants experiencing local and systemic adverse

events. A two-tailed p value of 0.05 indicated statistical significance.

3 | RESULTS

We performed this study between March 1, 2021 and June 25, 2021
with a sample of 185 participants (83.2% women), whose mean age
was 32.1+8.7 years (a median age of 30 years) (interquartile range
[IQR]: 25-37). The participants’ mean body-mass index was
22.6 + 3.8 kg/m2. A total of 15 (8.1%) participants had comorbidities,
namely hypertension (2.2%), dyslipidemia (1.6%), thyroid disease
(1.1%), and other conditions (3.2%). None of the participants had
underlying diabetes, heart disease, or chronic kidney disease
(Table 1). Two participants dropped out of the study before the third

blood sampling stage; one was pregnant and the other was

TABLE 1 Baseline characteristics of the participants
Variables HCW (n = 185)
Female, n (%) 154 (83.2)
Age (year), mean (SD) 32.1 (8.7)
BMI (kg/m?) (SD) 22.6 (3.8)
Comorbidities, n (%) 15 (8.1)

Hypertension 4(2.2)
Dyslipidemia 5(1.6)
Thyroid disease 2(1.1)
Other 6 (3.2)
Occupations, n (%)
Doctor 26 (14)
Nurse 61 (33)
Paramedical staff 39 (21.1)
Nonparamedical staff 59 (31.9)

Note: The data are presented as N (%) or mean (SD) values.
Abbreviations: BMI, body-mass index; HCW, health care worker.
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FIGURE 2 Comparison of antibodies against RBD and IgG antibodies against N protein at the baseline and after each CoronaVac injection
with convalescent serum from recovered COVID-19 patients: seroconversion rate (A, C) and titer level (B, D). The red lines indicate GMC and
95% Cl values. Cl, confidence interval; COVID-19, coronavirus disease 2019; GMC, geometric mean concentration; IgG, Immunoglobulin G;

RBD, receptor-binding domain

quarantined. One participant resigned and therefore dropped out at

the time of the fourth blood sampling.

3.1 | Immunogenicity
Only 1 participant had a measurable IgG against N protein of 2.69
index (S/C) at the baseline. However, this individual tested negative
for total antibodies against RBD. Total antibodies against RBD ser-
oconverted in 124 out of the 185 participants (67%) after dose 1 and
in 183 out of 183 participants (100%) a month after full vaccination
(Figure 2A). The seroconversion rates after dose 1 and dose 2 were
significantly different (p < 0.01)

After the administration of doses 1 and 2, the GMC (95% ClI) for
total antibodies against RBD were 1.99 (1.64, 2.41) U/ml and 92.9

(82.2, 105) U/ml, respectively. The level thus increased significantly
between doses 1 and 2, p<0.01. The seroconversion rate of anti-
bodies against RBD remained 100% positive 3 months after im-
munization. However, the GMC (95% Cl) decreased to 49.4 (44.00,
55.47) U/ml (Figure 2B). These antibodies consistently increased in 15
subjects between the first- and third-month following immunizations,
with elevated levels ranging from 1.1 to 4.7 times. However, the level
of antibodies against N protein did not increase in these participants.

Nucleocapsid 1gG antibody seroconversion occurred in 2 out of
185 participants (1%) after dose 1 and in 115 out of 183 participants
(62.84%) a month after full vaccination (Figure 2C). After doses 1 and 2
of vaccine had been administered, the median (IQR) for IgG against N
protein S/C index were 0.09 (0.04-0.22) and 1.89 (0.88-2.93), re-
spectively. The antibodies increased significantly between doses 1 and
2 (p < 0.01). Three months after completion of the 2-dose immunization



1446
—LWI LEY-

BENJAMANUKUL T AL

MEDICAL VIROLOGY

regimen, the seroconversion rate of IgG against N protein had de-
creased to 10.99%, and all of the subjects’ antibodies had declined
(the median [IQR] of S/C index was 0.50 [0.25-0.90]) (Figure 2D).
We compared the immune response to the CoronaVac vaccination
to data on levels of 91 convalescent serum samples obtained from
previously PCR-confirmed COVID-19 patients of the previous study.
Total antibodies against RBD, with a GMC with 95% Cl value of 78.17
U/ml (52.77,115.8) and N protein, with a median (IQR) S/C index of
5.68 (3.67,6.51) were produced during natural infection. One month
after full vaccination, the serum of participants had higher but statis-
tically nonsignificant (p < 0.3) antibody levels against RBD compared
with the convalescent serum (GMC [95% ClI], 92.9 [82.20, 105.0] vs.
78.17 [52.77, 115.8] U/ml). However, 1gG against N protein levels in
these participants were significantly lower than those in convalescent
serum (S/C index 1.89 [0.88,2.93] vs. 5.68 [3.67,6.51]; p < 0.01).

3.2 | Safety
The overall incidence of adverse reactions to the CoronaVac vaccines
was 59.5%. Local adverse events occurred more frequently than sys-
temic adverse events after the first dose (52.4% vs. 37.3%) and the
second dose (52.7% vs. 34.2%). The proportions of participants re-
porting local and systemic reactions were similar for each dose. Most of
the adverse events were mild to moderate in severity. The most
common adverse event was injection-site pain, which was reported by
52.4% after the first dose, with a similar percentage after the second
dose by 52.2%. The pain, mostly of mild severity, generally commenced
after the injection and resolved within a few days. Redness and swelling
were reported in a lower percentage of participants. The most fre-
quently reported systemic adverse events after the first and second
doses were myalgia (31.9% vs. 27.2%), headaches (18.4% vs. 18.5%),
and fever (2.2% vs. 1.6%), respectively (Figure 3). Other side effects
included nausea, diarrhea, hypersomnia, fatigue, hunger, a rash, and
dizziness. No cases of serious adverse events or anaphylaxis occurred.
Age negatively correlated with total antibodies against RBD
(correlation coefficient, -0.26; p < 0.001) and IgG against N protein
(correlation coefficient —0.21; p < 0.004) 1 month after full vaccina-
tion. Comparisons of participants by sex and occupation did not re-
veal any significant differences in total antibodies against RBD and
1gG against N protein at all timepoints tested.

4 | DISCUSSION

In Thailand, CoronaVac and Oxford-AstraZeneca”" are the 2 primary
COVID-19 vaccines approved by the Thai Food and Drug Adminis-
tration in February and March 2021, respectively. CoronaVac was the
first vaccine to be imported to control the COVID-19 outbreak
among HCWs and high-risk groups aged 18-59 years, and its im-
plementation commenced in late February of 2021.

We found that 2 CoronaVac doses administered 3 weeks apart
were safe and induced a satisfactory response. This CoronaVac

regimen induced immunization against RBD comparable to levels
induced after natural infection. However, compared with natural
immunity postinfection, it induced a weak response to N protein. Age
negatively correlated with total antibodies against RBD which is
consistent with Pfizer-BioNTech and Moderna.??

In this study, CoronaVac was found to be safe regarding both
local and systemic adverse events. Another COVID-19 vaccine plat-
form entails a similar issue.?*> 2° However, participants who received
CoronaVac, reported lower incidences of fever (1.6%-2.2%) com-
pared with those who received other COVID-19 vaccinations, such as
the messenger RNA (mRNA)-based Pfizer (1%-16%), Moderna
(0.8%-15.5%) vaccines and the Oxford-AstraZeneca viral vector
vaccine (0%-24%).2°-2°

Seropositivity rate for total antibodies against RBD in our study
21 days after dose 1 vaccination was 67%, which was lower than the
rates reported for Pfizer-BioNTech 99.5% and Oxford-AstraZeneca
97.1% vaccines >14 days after dose 1.%° The seroconversion rates in
our study (100%) reached 1 month after dose 2 were higher than
those previously reported for CoronaVac (95.6%-99.2%).*? Total
antibodies against RBD in our study at 1 month after dose 2 vacci-
nation were lower than that induced by Pfizer-BioNTech (1108 U/ml
[95% CI: 1049-1170] and Moderna (2881 U/ml [95% ClI:
2721-3051] at 6-10 weeks after dose 2.7

Although the WHO has adopted the International Standard for
anti SARS-CoV-2 immunoglobulins, the comparison of assays can be
used for detection of the same class of immunoglobulins with the same
specificity. Our total antibody assay (Roche) measured predominantly
IgG, but also IgA and IgM against the RBD. To date, there was no
standardized unit for measurement of total binding antibody. How-
ever, these comparisons should be interpreted carefully due to dif-
ferent population features, geographical regions, local circulation of
the virus (including variants), and lack of unit standardization across the
different antibody tests.'??” Thus, an immunological correlate of a
potential protective threshold against SARS-CoV-2 remains unclear.
Levels of antibodies against RBD after full vaccination obtained in our
study were comparable with antibody titers obtained from recovered
COVID-19 patients. Previous studies with nonhuman primates support
the use of convalescent serum from rhesus macaques”® and post-
immunization antibody titers for estimating a protection correlate for
COVID-19 vaccines.”®?? Kristen et al.*° found a strong correlation
between antibody titers and vaccine efficacy across seven different
vaccine platforms. Although we did not investigate neutralizing anti-
bodies, previous studies showed that antibody levels against RBD
were correlated with neutralizing antibody responses.*?%2

IgG against N protein induced by CoronaVac were lower than
those elicited by natural infection. Previous study found that N-
specific 1gG was abundant in the serum of COVID-19 patients.*® 1gG
antibodies against N protein proliferated®® and then gradually de-
creased over time after natural infection.>* Only 15 participants in
our study had increased levels of antibodies against RBD 3 months
postvaccination, whereas antibodies against N protein did not in-
crease. This result suggests that the rise in the titer was induced by
vaccination and not by natural infection. Inactivated vaccines induce
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FIGURE 3 Vaccine-related local and systemic adverse events reported up to Day 7 following the administration of the first and second

doses of CoronaVac

antibodies against N protein, whereas virus vectors and mRNA do
not.® Role of antibodies against N protein in immunized human needs
to be further investigated.

However, the declines in the seroconversion rate and in the level
of IgG antibodies against N protein in our study 3 months post-
vaccination were greater than that of antibodies against RBD, which
is consistent with the findings of a previous study.®’*° This result

may be attributed to the lower half-life of nucleocapsid antibodies
compared with that of antibodies against RBD in natural infection.®®
Thus, antibody response may temporarily increase and then decline
over time, and booster vaccines may be required.

There are some limitations in our study. Our examination of
immunogenicity was confined to humoral immunity and did not

include cellular mediated immunity. Additionally, the neutralizing
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capacities and the quality of the antibody responses induced by this
vaccination were not assessed.

These data may not be generalizable to individuals with co-
morbidities or allergies. Nevertheless, we hope that our findings will
inform future vaccination policies or strategies to control the COVID-
19 pandemic.
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