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Abstract.

The SARS-Cov-2 infection has emerged as an issue globally with its serious
pathogenicity and contagious potential. Vaccination is one of the most important
measure to overcome the burden of SARS-CoV-2 infection. The main strategy
employed in various COVID-19 vaccine candidates is to create vaccines capable of
inducing antibodies against the receptor-binding domain (RBD). Some vaccines
have been developed rapidly, with varying mechanisms of action. One method for
determining the immune response to vaccines is to evaluate the level of antibodies
formed after vaccination. Reports on antibody titers following CoronaVac
administration are still scarce, particularly when it comes to the post-vaccination
effectiveness of CoronaVac in the Indonesian population. The purpose of this study
is to determine the efficacy of COVID-19 vaccination by comparing the IgG levels
against the s1 subunit of SARS-CoV-2 RBD after the first and second vaccinations.
The data collection was done in two instances: questionnaires and blood testing. The
questionnaire includes sociodemographic information and history of confirmed
COVID-19 cases (for exclusion of participants who have been contracted with
COVID-19). The researchers collected venous blood samples from participants after
they received the CoronaVac 600 SU/0.5 mL vaccine at two different intervals (13-
14 days after the first dose of vaccination and 30+2 days after the second dose of
vaccination). Blood was drawn twice (after the first and second vaccinations) and
tested for antibodies (positive antibody detection value of 50 AU/mL). Paired data
were analyzed by using either the Wilcoxon test (numerical data) due to abnormal
data distribution or the McNemar test (categorical data). The median IgG1 levels in
the 14-day interval between vaccine doses were 64.40 AU/mL and IgG2 levels were
886.10 AU/mL. Meanwhile, the median IgG 1 level was 146.10, and IgG 2 level
was 688.00.AU/mL in the group with a 28-day interval between vaccine doses. After
the first vaccination, 60.00 % of study subjects had positive I1gG levels, which
increased to 98.57% after the second vaccination. Following the full-dose

vaccination, all participants had higher antibody levels, which is considered
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significant (p<<0.05). The effect was stronger in the group that received the vaccine
at 14-day intervals. CoronaVac has also been shown to increase the prevalence of

detectable antibody positivity in study participants.

Keywords: Antibody, arbitrary unit (AU), CoronaVac, longitudinal study,
receptor binding domain, SARS-CoV-2

Pesrome.

Nudekmus SARS-Cov-2 ctana riaobaibHOM Mpo0OIeMOi U3-3a ee Cephe3HOM
NaTOTeHHOCTH U 3apa3HOro MoTeHlnana. Bakunnanus sBisieTcs oJHON U3 Hanbosee
BOXHBIX Mep 1o mnpeogosicHuio Opemenu uHbexkimu SARS-CoV-2. OcHoBHas
CTpaTerus, CNoJab3yeMas B pa3IMuHbIX BaklIMHax-kaHauaarax nporus COVID-19,
3aKJIF0YAETCsl B CO3/IaHUM BAaKLMH, CIIOCOOHBIX MHAYLHMPOBATh AHTUTEJIA MPOTUB
peuenTop-ces3biBatoniero  gomeHa (RBD). Hexotopeie BakiuHbl  ObUIH
pa3paboTaHbl OBICTPO, C PA3TUYHBIMU MeXaHU3MaMu ieicTBUsA. OJTHUM U3 METOOB
OTpeJIEIeHUs] HUMMYHHOTO OTBETa Ha BAKIMHBI SIBJIAETCS OLEHKA YPOBHS aHTUTED,
oOpazyromuxcsi nocie BakuuHauuu. CooOlIeHWH O TUTpax AaHTUTENl MOocie
BBegeHusa CoronaVac mno-mnpexHeMy Majao, OCOOCHHO Korja peyb HAeT 00
sbdextuBHocTH CoronaVac mociie BakUMHALMKU cpeau HaceneHus WHIoHe3uw.
[lenpto JaHHOTO HWCCJIENOBAaHUS SIBIIETCA  ompeaeneHue d()PeKTUBHOCTU
BakuHauuu npotuB COVID-19 nyrem cpaBHenuss ypoBHeil IgG  mpoTtus
cyobenunauiel s1 RBD SARS-CoV-2 nocine nepBoit 1 BTopoit BakimHamuu. Coop
JAHHBIX IPOBOJWJCS B JBYX CIy4asX: aHKETHPOBAaHUE M aHAIM3 KPOBHU. AHKETa
BKJIIOYAET  COlUajlbHO-IeMorpaduueckyro  MHPOpPMALMIO U HCTOPHIO
noATBepxAeHHbIX ciydaeB COVID-19 (3a HUCKIIOYEHHEM YYaCTHUKOB, KOTOpbIC
obun 3apakensl COVID-19). UccnenoBatenu cobpanu 006pasiibl BEHO3ZHON KpOBU
Yy YYaCTHUKOB TIOCJI€ TOT0, KaK OHHU noayunsu BakiuHy CoronaVac 600 SU/0,5 mi
C ABYMs pa3HbIMU MHTepBasiamMH (13—14 nHel nociie nepBoi 1036l BaKUMHBI U 30 +

2 mHS Mociie BTOPOW J103bI BakiuHbI). KpoBb Opain aABaxabl (Mociie MEpBOM U
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BTOPOW BaKIMHAIIMK) M TECTUPOBAIM HA aHTUTENA (3HAYEHHUE MOJOKUTEIHLHOTO
obOnapyxenus: auturen 50 AU/mi). Ilapubie nanHpie ObUTH MpOaHAIU3HPOBAHBI C
UCITI0JIb30BaHUEM JIMOO0 TecTa Y UIKOKCOHA (UUCIIOBBIE JAHHBIE) U3-32 aHOMAJILHOTO
pacrpeneneHusi JAaHHBIX, JTMOO Tecta MakHemapa (KaTeropuajabHble JIaHHBIC).
Cpennue ypoBHu IgGl B 14-mHEBHOM HHTEpBale MEXKIY J103aMU BaKIIUHbI
coctaBisuii 64,40 AU/mn, a ypoBuu 1gG2 coctaBnsnu 886,10 AU/mi. [Ipu stom
cpenanii ypoBeHb IgG 1 cocraBun 146,10, a yposens IgG 2 — 688,00 AU/Mn B
rpynie c 28-IJHEBHBIM HMHTEPBAJIOM MEXIy [03aMHd BakiuHbL. [locie mnepsoit
BakiuHauu 60,00 % o0cienoBaHHBIX WMENU TOJIOKUTENbHBIM ypoBeHb IgG,
KOTOpPBIN yBenuuwiics 10 98,57 % nocne Bropoi BakuuHaiuu. [locne BakuuHanuu
MOJIHOM JI030M Yy BCEX YYaCTHUKOB ObUI Oo0Jiee BBICOKHI YpOBEHb AHTUTEN, YTO
cuntaercs 3HauUMbIM (p<0,05). Dddekr ObuT cuiIbHEE B TpyIIe, MOTydaBIIeH
BakIMHy C 14-mHeBHBIM WHTEpBaoM. Takke Obulo mokazaHo, uro CoronaVac
YBEJIMYHUBAET PACIPOCTPAHEHHOCTh OOHAPYKUBAEMBIX MOJIOKUTEIbHBIX aHTUTEN Y

YY4aCTHHUKOB HUCCICAOBAHMH.

KawueBsble ciaoBa: Aunturteno, ycioBHas enununia (AU), CoronaVac,

MPOJIOJLHOE UCCIIEI0OBAHKE, peLienTOP-CBsI3bIBatonui qomeH, SARS-CoV-2
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Introduction

The SARS-Cov-2 infection has emerged as an issue globally with its serious
pathogenicity and contagious potential. It is based on the presence of virus
transmission from asymptomatic and presymptomatic individuals. Hence, various
efforts are made to control and prevent infection, including vaccination. The
development of a vaccine is implemented quickly which aims to avoid infection and

prevent symptoms of COVID-19, thus reducing harmful consequences [20].

The main strategy employed in various COVID-19 vaccine candidates is to create
vaccines capable of inducing antibodies against the receptor-binding domain (RBD)
[15]. As widely known, SARS Cov 2 has a spike protein (S) on its surface. The viral
S protein will attach to its receptor on the host surface of the cell, Angiotensin-
Converting Enzyme 2 (ACE-2). This attachment process depends on a domain of
the S protein known as the RBD. The main immune pathway for preventing infection

is to restrict viral binding to ACE-2 [19].

Some vaccines have been developed rapidly, with varying mechanisms of action.
These include nucleic acid (RNA and DNA) vaccines, viral vector (replicating or
non-replicating) vaccines, inactivated viral vaccines, protein subunit vaccines, virus-
like particle vaccines, live attenuated vaccines, lentiviral vector-modified artificial
antigen-presenting cells (APCs), and dendritic cell vaccines [5, 10, 18]. The non-
replicating viral vector-based (24%) and RNA-based (20%) vaccines are two of the
most widely developed vaccine forms [18]. Some vaccines have received emergency
use authorization (EUA), an approval that allows them to be used in the general

population [9].

Since early 2021, governments in several countries, including Indonesia, have
launched a COVID-19 vaccination campaign to combat the disease's spread.
COVID-19 vaccines of various types, including mRNA and inactivated vaccines,

are used. However, reports on post-vaccination antibody levels need to be expanded.
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This is due to the wide variability of immune responses to SARS-CoV-2 following

the vaccination [14].

The inactivated vaccine (CoronaVac) manufactured by Sinovac is the most
commonly used SARS-CoV-2 vaccine in Indonesia [16]. This vaccine is
administered intramuscularly in two doses of 0.5 mL each. The interval between
each dose is four weeks [22]. From early November 2021, this vaccine is approved

for children aged 6 to 11 years [4].

The immune response to vaccines is influenced by a variety of factors, including
vaccination program quality (type of vaccine, age of recipients, the interval between
doses, vaccine potency, formulation and stability, vaccine administration and
vaccination schedule), host-related factors (age, gender, genetic factors, smoking,
and nutrition), and environmental factors [6]. One method for determining the
immune response to vaccines is to evaluate the level of antibodies formed after
vaccination. Antibodies produced as a result of vaccination can be IgM at first, then
IgG, and finally IgA. IgG is known to have good affinity and neutrality against
antigens among these antibody classes, making it reliable for detecting immune

response and vaccine effectiveness following COVID-19 vaccination [13].

Reports on antibody titers following CoronaVac administration are still scarce,
particularly when it comes to the post-vaccination effectiveness of CoronaVac in the
Indonesian population [21]. The efficacy of COVID-19 vaccination, particularly the
inactivated vaccine type, is still being studied, particularly in terms of a sufficient
antibody titer threshold to stimulate a protective effect. The purpose of this study is
to determine the efficacy of COVID-19 vaccination by comparing the IgG levels
against the s1 subunit of SARS-CoV-2 RBD after the first and second vaccinations.

Materials and methods

Study Overview
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We collected data in two instances: through questionnaires and blood testing. The
questionnaire includes sociodemographic information and history of confirmed
COVID-19 cases (for exclusion of participants who have been contracted with
COVID-19). Venous blood samples were obtained to determine post-vaccination
immunoglobulin G (IgG) levels after receiving CoronaVac 600 SU/0.5 mL (Sinovac
Life Sciences, Beijing, China) with two different dosing interval (14 days and 28
days). Sample collection was done between March to June 2021. This study was
approved by the Institutional Review Board of Faculty of Medicine, Universitas
Sriwijaya (approval number: 062-2021).

Blood Collection and Antibody Examination

The blood sampling steps were repeated twice, with 3 cc of blood obtained (from
the median cubital vein) for each sample collection (13-14 days after the first dose
of vaccination and 30+2 days after the second dose of vaccination). Blood samples
were placed in non-anticoagulant tubes to obtain the serum to be examined.

IgG concentrations were assessed utilizing Abbott SARS-CoV-2 IgG II Quant
assay (from 75 pL of serum sample). The Architect TM 12000 analyzer (Abbott)
then analyzed it using the Chemiluminescent Microparticle Immunoassay (CMIA)
method. When the antibody titer level reached 50 arbitrary units per milliliter
(AU/mL), the result was considered reactive. Meanwhile, a value of <50 AU/mL is
defined as non-reactive [2]. Calibration was performed before each test. The IgG
evaluation for SARS-CoV-2 RBS subunit sl was performed in the Clinical
Pathology Laboratory of Mohammad Hoesin Hospital.

Statistical Analysis

The data was analyzed using the IBM SPSS Statistics for Windows, Version 24.0
program (Armonk, NY: IBM Corp.). The characteristics of the research subjects
were displayed in the form of a frequency distribution table, including

the concentration and dispersion calculations (maximum, minimum, mean, median,
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and standard deviation values). Differences in first and second IgG levels were
analyzed using the paired T-test for data with a normal distribution or the Wilcoxon
test for data with an abnormal distribution (numerical variable). Meanwhile, for the
categorical variable, McNemar test was conducted. The threshold of significance

was set at p<0.05.

Results

This study included 70 people who had received a complete COVID-19
vaccination (2 doses) with the CoronaVac vaccine. Health workers, public-sector
employees, and the elderly were among the research participants. Table 1 displays

demographic information about the participants.

Table 1 shows that the majority of the participants were between the ages of 26
to 45. The subjects in the study ranged in age from 20 to 68 years old, with an
average age of 35.63 years (median: 35 years). The number of male and female
participants was almost equitably spread. In terms of vaccine intervals, the majority

of study subjects (61.43%) had vaccine intervals of 28 days.

We observed the clinical effect of CoronaVac vaccination on participant antibody
formation. All participants had elevated antibody counts from the first to the second
vaccination, with only one subject (1.43%) having undetectable antibody levels
despite being fully vaccinated. Table 2 contains the specifics. Table 2 contains the

specific details.

Regarding the clinical implication, we examined the vaccine's efficacy based on
dosing intervals (14-days or 28-days). Following the full dose, we discovered that
both types of vaccines were able to raise antibody levels, resulting in a positively-
detected quantity of antibodies (=50 AU/mL). We also discovered that
the elevation of antibody amount between the first and second doses was significant
in both dosing, but it appears to be more significant in the group that received the

full dose within 14 days of the interval (p<0.001 vs. p=0.036). The same result was
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obtained when the analysis was performed without regard for the respective dosing

interval group (p<0.001). Table 3 contains more information on these findings.

Discussion

COVID-19 vaccination using various vaccine types has been implemented
globally to counter the effects of the pandemic. Vaccination is effective in
preventing serious disease manifestation, hospitalization, and mortality [1, 7]. Our
study included 70 people who had received a full COVID-19 vaccination (2 doses)
with the CoronaVac vaccine, with either a 14-day or a 28-day dosing interval.

According to the findings of this study, approximately 60% of the participants
had positive IgG levels after the first vaccination, whilst almost all of the participants
had positive IgG amounts after the second vaccination. These findings are similar to
those of Binay et al. who found that 100% of participants had positive IgG levels
after receiving two doses of the CoronaVac vaccine [3]. Meanwhile, Bayram et al.
found that after CoronaVac vaccination, IgG was found to be positive in 77.8% of
participants after the first vaccination and 99.6% of subjects after the second
vaccination [2].

The IgG assessment after the first and second vaccinations was found to be
highly variable in this study, and mainly explained as the effect of heterogenous
individual immune response [11]. The median IgG1 (first dose) level was 64.40
AU/mL and the IgG2 (second dose) level was 886.10 AU/mL in the 14-day
dosing interval. Meanwhile, the median IgG1 level for the group with a 28-day
dosing interval was 146.10 AU/mL, and the IgG2 level was 688.00 AU/mL.
Conversely, in phase 1/2 trials conducted by Zhang et al. with participants aged 18-
59 years, they discovered that subjects who had a 28-day interval between
CoronaVac vaccine doses had higher antibody levels than those with a 14-day
interval [23]. However, a Turkish study found that vaccine effectiveness (as
measured by seroconversion rates) did not differ significantly between vaccine

schedules (14-day or 28-day intervals) [20].
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The differences identified in this research may be explained by the age
differences between the study subjects in both interval groups. The 14-day vaccine
interval group was significantly younger than the 28-day vaccine interval group
(median: 21.00 years vs. 42.00 years). Previous research on the use of the
CoronaVac vaccine has described this age-related phenomenon, with older
age being associated with lesser immune response, lower maximum antibody levels,
and faster antibody decline [17]. Other potential reasons for this finding are related
to immunodominance. Immunodominance is an immunological condition in which
immune responses are directed against only a subset of the antigenic peptides
formed. Previous research has discovered at least six immunodominant epitopes that
differ from the previously identified immune response (reflected as specific
antibodies production) and can alter vaccination efficacy [12]. However, no specific
explanation regarding the influence of age (mean or median value) and vaccination
interval which has been described in previous study [23].

Our study had a higher median SARS-CoV-2 anti-spike IgG2 value
(following two CoronaVac 766.15 AU/mL vs. 547.7 AU/mL) than Keskin et al
(766.15 AU/mL vs. 547.7 AU/mL). However, no specific dosing intervals were
mentioned in the comparison study [8]. Meanwhile, we measured the IgG2 level one
month after the second dose of vaccination. Some important factors causing these
differences (as observed in several studies) include the length of follow-up
and country-level experience with inactivated virus vaccines [22].

Our research has several limitations. Mainly, it is related to the small sample
size used in this study. Then, due to the government vaccination regulation of
CoronaVac, which follows a 4 week (28 day) interval between vaccine doses, no
additional participants with a 14-day interval can be included. Our analyses were
affected by the absence of more refined covariates such as chronic illness

(comorbidities) which could influence vaccine effectiveness.

Conclusion
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CoronaVac administration at both dosing intervals (14-days and 28-days) is
effective in enhancing antibody levels (p<0.05). The effect appears to be prominent
in the 14-day dosing interval group. Our study also discovered that 60.00% of
participants have positive IgG levels (=50 AU/mL) after the first vaccine dose, and
this number rises to 98.57% after the second vaccination. Future studies with larger
samples and correlating the results with genetic factors of participants due to
interpersonal immune variability can be proposed. Further comparison with similar
research, particularly in the Indonesian population, is required for improved overall
validity. In addition, due to contradictory results with the established protocols
(longer interval gives a better level of detected antibody), it is suggested to assess
total antibody and antibody against different inductors (such as protein N) in

forthcoming studies.
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TABLES
Table 1. Subject characteristics
Median Mean =+
Variabel £IOR SD %
Age (Years) 35.00 =+ 35.63 +
Age (14-days | 23.00 13.91
interval) 21.00 = 23.07 =+
Age (28-days | 1.00 5.34
interval) 42.00 =+ 4351 =+
21.00 11.63
Age Group
(Years) 3
18 - 25 5.7
26 - 45 1
46 - 65 4
> 65 1.4
3
2
0.0
0
2
.86
Gender
Male - - 4
7.1
4
Female - - 5
2.8
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First and
Second
Vaccination
Interval
14 Days - - 3
7 |85
7
28 Days - - 6
3 |14
3

Note: IQR = Interquartile range, SD = Standard deviation
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Table 2. Antibody response assessment

Variable After 1°t dose After 2" dose
Positive (%) 42 (60.00%) 69 (98.57%)
Negative (%) 28 (40.00%) 1 (1.43%)

Elevated antibody 70 (100.00%)
(%0)
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Table 3. Antibody levels following the vaccination with Coronavac

After 2" dose P

Variable After 1°* dose
value

Serum Sample

Antibody (+)

28 days interval 28 (65.1%) 42 (97.7%) 1.000%

14 days interval 14 (51.9%) 27 (100.0%)

Antibody level

28 days interval 146.10 + 845.00 688.00 + 1157.80 0.036°
AU/ml AU/ml

14 days interval ~ 64.40 + 759.90 886.100 £ 683.40 <0.00
AU/ml AU/ml 1°

Total 88.60+ 759.90 766.15 + 968.32 <0.00
AU/ml AU/ml 1°

Note: Data were presented Median + Interquartile Range (IQR). Statistical
analysis was done using the (a) McNemar and (b) Wilxocon test, p<0.05
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