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Abstract

Due to the recent coronavirus disease 2019 (COVID-19) pandemic and emergent
administration of various vaccines worldwide, comprehensive studies on the
different aspects of vaccines are in demand. This study evaluated antibody response
after the second dose of the COVID-19 vaccine in the Children's Medical Center
personnel. The blood samples of 174 healthcare workers were gathered at least
10 days after vaccination. The administered vaccines included Oxford/AstraZeneca,
COVAXIN, Sinopharm, and Sputnik V. This study assessed all antibodies employing
ELISA methods, including anti-SARS-CoV-2 neutralizing antibody by DiaZist and
Pishtazteb kits, anti-SARS-CoV-2-nucleocapsid by Pishtazteb kit, and anti-SARS-
CoV-2-Spike by Razi kit. The cutoff for the tests' results was calculated according to
the instructions of each kit. Totally, 174 individuals with an average age of 40+ 9
years participated in this study, the proportion of men was 31%, and the frequency
of past COVID-19 infection was 66 (38%). Sixteen (9%) personnel received
Oxford/AstraZeneca, 28 (16%) COVAXIN, 29 (17%) Sinopharm, and 101 (58%)
Sputnik V. anti-SARS-CoV-2-nucleocapsid and anti-SARS-CoV-2-Spike were posi-
tive in 37 (21%), and 163 (94%) participants and their mean level were more in
adenoviral-vectored vaccines (p value < 0.0001). Neutralizing antibody was positive
in 74% using Pishtazteb kit while 87% using DiaZist kit. All antibodies' levels were
significantly higher in those with a past COVID-19 infection (p value < 0.0001). In
conclusion, Oxford/AstraZeneca and Sputnik V had a similar outcome of inducing
high levels of anti-SARS-Cov-2-spike and neutralizing antibodies, which were more
than Sinopharm and COVAXIN. The titers of Anti-SARS-CoV-2-nucleocapsid

antibody were low in all of these four vaccines.
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1 | INTRODUCTION

It has been more than 2 years since the Coronavirus Disease 2019
(COVID-19) pandemic caused by the newly emerged Severe
Respiratory Distress Syndrome Coronavirus 2 (SARS-CoV-2), an
airborne infection that can lead to various signs, symptoms, and
complications.> These symptoms diverge from an asymptomatic
carrier to acute respiratory distress syndrome, severe extra-
pulmonary reactions, end-organ failure, and death.?® More than half
a billion are diagnosed with COVID-19, and six million people have
died due to this disease worldwide so far.**> The SARS-CoV-2 whole-
genome study demonstrated that from 5’ terminal to 3, it comprises
a primary translation region containing 14 Open-reading Frames
(ORFs) that code 27 proteins.® ORFla and ORF1b code two
polyproteins that divide into 16 nonstructural proteins after
proteolysis.7 ORF1ab is followed by 13 ORFs that code four main
structural proteins, including spike (S), envelope (E), membrane (M),
nucleocapsid (N), and eight subsidiary proteins.2 The SARS-CoV-2-S
is a crucial protein responsible for binding to the Angiotensin-
Converting Enzyme 2 (ACE2) and entrance to the host cells. The S
protein comprises two domains, the S1 part or receptor-binding
domain (RBD) and the S2 part or N-terminal domain.” The
neutralizing antibody against RBD blocks the entrance of the virus
to the host cell.?®? |t warrants the host's immunity against
COVID-19, albeit the humoral immunity system produces many
other antibodies.'? Both humoral and cellular immunity is crucial to
be induced by the vaccine in a brief period to protect the body
against adverse complications of the COVID-19.”*® Most of the
released COVID-19 vaccines are employed to generate a constant
and a proper count of anti-SARS-CoV-2 neutralizing antibodies.

Administration of the COVID-19 vaccine began in December
2020. Until now, more than 65% of the world population has
received at least one dose of the COVID-19 vaccine.** Predictably
the vast majority of the unvaccinated population are from low-
income countries.

According to World Health Organization, the number of COVID-
19 vaccines accounts for 349, and 153 of them are in the clinical
phase.15 In total, candidate COVID-19 vaccines are established based
on the 11 major platforms, including protein subunit, replicating viral
vector, non-replicating viral vector, DNA, RNA, virus-like particles,
inactivated virus, viral vector replicating (VVr) + antigen presenting
cell, live attenuated virus, VVnr + antigen presenting cell, and
bacterial antigen-spore expression vector.'> Most doses of vaccines
delivered to the world population belong to Sinovac (inactivated
virus), Pfizer-BioNTech (mRNA based), Oxford/AstraZeneca (non-
replicating viral vector), Sinopharm (inactivated virus), Moderna
(mRNA based), Johnson & Johnson (nonreplicating viral vector),
Sputnik V (nonreplicating viral vector), and COVAXIN (inactivated
virus).*® Adenoviral vectors are affirmed to cause an acceptable, safe,
and long-lasting immune response against the target antigen and the
vector's particles.'”:18

In Iran, more than 140 000 people have died due to COVID-19,
and more than seven million people have been diagnosed with

COVID-19 by June 2022.%° Vaccination against COVID-19 in Iran
began on February 9, 2021. The last reports indicate that more than
75% of the Iranian population has received at least one dose of the
Coronavirus vaccine, and fully vaccinated population has encom-
passed 57 million people.’* By June 2022, the Iranian ministry of
health has approved 12 vaccines against COVID-19 that are based on
three different platforms, including protein subunit, nonreplicating
viral vector, and inactivated virus.?° Sputnik V, COVAXIN, Oxford/
AstraZeneca, and Sinopharm were approved earlier for emergency
use against COVID-19, comprising the most administered vaccine
doses in Iran.?%?? The eight other vaccines were later approved,
including COVlran Barekat, FAKHRAVAC, Razi Cov Pars, Soberana
02, Noora Vaccine, Sputnik light, Ad26.COV2.S (Johnson & Johnson),
and SpikoGen.?° Various studies have tried to evaluate attitude and
willingness toward the COVID-19 vaccine. In total, attitude toward
vaccination against COVID-19 among lIranian has been reported
positive regardless of the vaccine type, from about 70% acceptance
rate to more than 80% acceptance rate, which is slightly more than
the global willingness.?®"2” Reportedly, misinformation and lack of
knowledge contribute to hesitancy and negative attitudes toward
COVID-19 vaccination,?*28:2?

Due to the extensive mortality of COVID-19, the health
authorities approved emergency administration of the COVID-19
vaccines worldwide. However, many aspects and features of these
vaccines, especially COVAXIN and Sputnik V, are under the shadow
of uncertainty.

Consequently, more studies are required to gather comprehen-
sive data and obtain cumulative knowledge about these vaccines.
This study has evaluated the anti-SARS-CoV-2-S antibody and anti-
SARS-CoV-2-N antibody in healthcare workers at Children's Medical

Center, a referral hospital in Iran.

2 | METHODS

2.1 | Sampling and vaccine types

This cross-sectional study was conducted in the Children's Medical
Center of excellence, an Iranian referral hospital, from March to
September 2021. The research ethics committee of Tehran Univer-
sity of Medical Sciences approved the project with the ethical code
IRTUMS.CHMC.1400.104 in March 2021. All enrolled individuals
signed an informed consent form before the study.

Criteria to include the participants consisted of healthy and
nonretired local healthcare workers who had received the second
dose of COVID-19 before the past 10 days or more. Furthermore,
negative history of using immunocompromising drugs from the first
vaccine dose was essential to enroll in the study. The Children's
Medical Center supplied the COVID-19 vaccine doses from the
national health ministry. The COVID-19 vaccine type administered in
the second dose was considered identical to the first COVID-19
vaccine. These types included Oxford/AstraZeneca (ChAdOx1-
S-(AZD1222), Covishield, Vaxzevria), Sinopharm (BBIBP-CorV),
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Sputnik V (Gam-COVID-Vac Adeno-based, rAd26-S + rAd5-S), and
COVAXIN (BBV152 vaccine).

Blood sampling that at least 10 days after the second dose was
begun in April 2021 and ended in mid-September 2021. Peripheral
venous blood (2.5 ml) was collected from the elbow of healthcare
workers. Then, the serums were obtained after centrifugation with
high-speed centrifuge at 8,000 x g for 10 min and were stored in
the refrigerator at -20 degrees Celsius. The collected parameters
include age, sex, COVID-19 vaccine type and the time of the
second dose, vaccination complications, and previous COVID-19
infection.

History of COVID-19 infection before vaccination was consid-
ered positive as if the diagnosis had been made by a physician due to
one of the following criteria: (1) Positive SARS-CoV-2 Real-Time PCR
test. (2) developing COVID-19-related signs and symptoms within
14 days after traveling to a high-risk area or being in close contact
with a person with proved COVID-19 infection. (3) Developing signs
and symptoms along with related COVID-19 involvements in the

radiographic study of the chest.20-32

2.2 | Neutralizing antibody

Neutralizing antibody interacts with the RBD of the S glycoprotein on
the surface of the SARS-CoV-2, which is responsible for entering the
host cells by binding to the ACE2 ligand.®>®* This experiment
implemented the enzyme-linked immunosorbent assay (ELISA) kits
(DiaZist and Pishtazteb) (competitive method) and applied their
indicated instruction.

During the antibody titer quantification by Pishtazteb kit, Anti
RBD immunoglobulins in the patients' serum and conjugated ACE2
with horseradish peroxidase (HRP) enzyme get simultaneously
exposed to the plate coated with RBD Ag. After washing the wells
and adding the chromogen substrate, the composed immune
complexes in the dish make a bluish color. The stop-solution changes
blue color to yellow with an optimum absorption at the 450
nanometer and luminous intensity that is inversely correlated with
the amount of the composing immune complexes in the plate. The
intensity of the color formed is proportional to the amount of enzyme
present and is inversely related to the amounts of neutralizing
antibodies to SARS-CoV-2 in the sample.

Following Diazist ELISA kit instructions, the plate is washed five
times after adding a buffer to diluted serum. In the next step, the
conjugated enzyme is added to the plate, and after 30 min, the plate
is rewashed. Dispensing chromogen substrate to the wells is followed
by a 15-min incubation and adding the stop-solution. The standard
curve for this method has a positive decreasing slope, which means
the luminous intensity is directly correlated with the concentration of
the neutralizing antibody. The cutoff for a positive result is antibody
titers equal to or more than 11 AU/ml, and titers lower than 9 AU/ml
are considered negative. The amounts between 9 and 11 AU/ml are

considered borderline.
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2.3 | Anti-SARS-CoV-2 S and anti-SARS-CoV-2 N
antibodies

A particular ELISA kit (Razi) (Sandwich method) was used to assess
the quantity of anti-SARS-CoV-2-S IgG in the patient's serum. The
IgG against SARS-CoV-2 in the diluted serum attaches to the
S antigens of the bottom of the plate. An anti-human IgG antibody
added to the plate after washing the plate binds to the fragment
crystallizable (FC) region of anti-SARS-CoV-2-S IgG. The luminous
intensity of the bluish color formed after adding chromogen-
substrate correlates with the quantity of the composed immune
complex.

Qualitative measurement of the Anti-SARS-CoV-2-N antibody
was performed with the Anti-SARS-CoV-2-N IgG ELISA kit
(Pishtazteb) with the similar steps.

2.4 | Statistical analysis

After gathering the data, the first step was to statistically check
whether the numeric variables have a normal distribution
(Shapiro-Wilk test) to determine which statistical test should be
implemented (parametric or non-parametric). Evaluation of correla-
tion between nominal or ordinal variables was performed by
Chi-square test. Parametric and nonparametric assays to compare groups
and assess relationships for numeric variables included ANOVA and
Mann-Whitney U tests. This study employed the Statistical Package for
the Social Sciences (IBM® SPSS® Statistics) software version 26 for
statistical analysis. The significance level (p value) for the result to be

meaningful was considered lower than 0.05.

3 | RESULTS

Totally, 174 healthy healthcare workers enrolled in this study with a
mean age of 40+ 9 years. Fifty-four of the participants (31%) were
males, and 66 (38%) of them reported a history of previously
diagnosed COVID-19 infection. Regarding the frequency of past
COVID-19, there were no statistical difference between the types of
vaccines (p value = 0.583). The demographical data of the patients are
available in Table 1.

The first dose of vaccines was administered from January 2021
to July 2021. The administration of the second dose was from
February 2021 to August 2021. Meanwhile, the mean interval
between the first and the second dose of vaccines has been
represented in Table 1.

This study also evaluated the vaccine adverse effects 48-72h
after injection. The most frequent symptoms included myalgia (30%),
fever (21%), headache (14%), chills (14%), fatigue (13%), and pain in
injection site (7%). The frequency of symptoms is shown in Table 2.

In total, 156 participants filled the career field in this study. They

were categorized into three groups. Group one included frontline
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TABLE 1 The demographic data of participants regarding vaccine type and in total

Variables AstraZeneca COVAXIN Sinopharm Sputnik V Total p-value
Frequency, (%) 16 (9%) 28 (16%) 29 (17%) 101 (58%) 174 (100%)

Age, years (mean £ SD) 32+6 44+ 8 42+8 399 40+9

Days from vaccine to test (mean (min-max)) 25 (15-53) 41 (15-101) 35 (25-105) 62 (11-180) 59 (11-180)

The first and second dose interval, days (mean + SD) 92.7+1.9 30.3+6 29.1+£23 29.7+5 35.9+194

Previously diagnosed COVID-19, (%) 6 (38%) 10 (36%) 8 (28%) 42 (42%) 66 (38%) 0.583

Abbreviations: COVID-19, coronavirus disease 2019; SD, standard deviation.

TABLE 2 The frequency of different symptoms after vaccination

AstraZeneca (%) COVAXIN (%) Sinopharm (%) \S/p(l‘l’/:;“k Total (%)
Fever 12 (75) 2(7) 1(3.4) 23 (22) 36 (20.6)
Fatigue 2 (12.5) 4 (14) 0 16 (16) 22 (12.6)
Headache 1(6.3) 2(7) 4(13.8) 17 (17) 24 (13.7)
Myalgia 8 (50) 5(17.8) 4 (13.8) 34 (33.6) 51 (29.3)
Chills 5(31.3) 0 1(3.4) 18 (17.8) 24 (13.7)
Pain in injection site 0 2(7) 6 (21.4) 4 (4) 12 (6.8)
Hypertension 0 1 (3.5) 0 1(18) 2(1.1)
Abdominal pain 0 0 0 1(18) 1 (0.5)
Vomiting 0 0 0 1(18) 1 (0.5)
Back pain 0 0 1(3.4) 1(18) 2 (1.1)
Vertigo 0 2(7) 0 2 (2) 4 (2.2)
Anosmia 0 0 0 1(18) 1 (0.5)
Foot pain 0 0 0 2 (2) 2 (1.1)
Sore throat 0 0 1(3.4) 1(18) 2(1.1)
Ear pain 0 0 0 1(18) 1 (0.5)
Nausea 0 1(3.5) 2(7) 1(18) 4(2.2)
Lethargy 0 0 0 2 (2) 2 (1.1)
Achilles tendonitis 0 0 0 1(18) 1 (0.5)
Flushing 0 2(7) 0 1(18) 3(1.7)
Rhinorrhea 0 0 1(3.4) 0 1 (0.5)
Post-nasal drip 0 0 1(3.4) 0 1(0.5)
Hand pain 0 1(3.5) 0 1(18) 2 (1.1)
Sweating 0 1(3.5) 0 1(18) 2(1.1)
Arm or shoulder 0 0 0 1(18) 1 (0.5)

pain

Hip pain 0 0 1(3.4) 0 1 (0.5)
Agitation 0 0 0 1(18) 1(0.5)
Menstrual changes 0 0 1(3.4) 0 1 (0.5)
Chest pain 0 0 1(3.4) 0 1 (0.5)
Abortion 0 1 (3.5) 0 0 1 (0.5)
Mottling 0 1(3.5) 0 0 1(0.5)
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healthcare workers with direct clinical contact with patients,
including physicians, registered or practical nurses, and care aids.
Group two were the ones who had contact with clients but were
not in clinical or direct contact with patients, including janitors,
housekeepers, cleaners, cashiers, and laboratory technicians. The last
group was those in administrative departments that were not in
contact with clients or had been able to work remotely during the
lockdown period. Of 156 individuals, 78 (50%) were from the first
group (physicians, nurses, care aids), 43 (27.5%) were from the
second group, and finally, 35 (22.5%) were from the administrative
departments. This study applied the Kruskal-Wallis statistical test,
and no consistent pattern was found between these three personnel

groups regarding the anti-S, anti-N, or neutralizing antibody titers.

3.1 | Anti-SARS-CoV-2-N antibody

This study measured the anti-SARS-CoV-2-N IgG qualitative and
guantitative. In total, serum samples of 37 out of 174 participants
were positive, 135 (78%) were negative, and 2 (1%) were borderline
for the anti-SARS-CoV-2-N IgG levels.

The quantification of anti-SARS-CoV-2-N IgG revealed an
average level of 0.933 in serum samples of participant. The mean
levels of this antibody were 1.08 AU/ml for AstraZeneca, 1.98 AU/ml
for COVAXIN, 1.25AU/ml for Sinopharm, and 0.52 AU/ml for
Sputnik V.

The statistical analysis revealed a significant difference between
levels of anti-SARS-CoV-2-N IgG in each group of vaccinations for
both quality and quantity titers of antibody (p value <0.05). In
addition, there was no correlation between the levels of anti-N
antibody and the time interval between vaccine and the test
(p value =0.37).

The median and interquartile range (IQR) of anti-SARS-CoV-2-N
antibody for each type of vaccine is shown in Table 3.

3.2 | Anti-SARS-CoV-2 neutralizing antibody
Anti-SARS-CoV-2 neutralizing antibody was examined by two
different ELISA kits, DiaZist and Pishtazteb. Pishtazteb ELISA kit
results are as follows: 129 (74%) positive, 44 (25%) negative, and
1 (0.6%) borderline for the serum anti-SARS-CoV-2 neutralizing
antibody. Neutralizing antibody reported by DiaZist ELISA kit
included 75 (87%) positive, 9 (10.5%) negative, and 2 (2%) borderline.
The quantification of the neutralizing antibody performed by these
two kits is also shown in Table 2. The mean amounts of neutralizing
antibody for each vaccine type measured by Pishtazteb kit were 0.45
OD (~8ug/ml) in total, 0.34 OD (~10ug/ml) for AstraZeneca, 0.83
OD (~2ug/ml) for COVAXIN, 0.6 OD (~5ug/ml) for Sinopharm, and
0.31 OD (~10upg/ml) for Sputnik V (p value< 0.0001)

The mean amounts of the Anti-SARS-CoV-2 neutralizing
antibody measured by DiaZist ELISA kit were 68.68 AU/ml in
total, 96.32 AU/ml for AstraZeneca, 45.77 AU/ml for COVAXIN,

oo - WILEY—
51.84 AU/ml for Sinopharm, and 76.97 AU/ml for Sputnik V
(p value< 0.0001).

The median level of the anti-SARS-CoV-2 neutralizing antibody
for each vaccine type has been shown in Table 3.

The comparison between the levels of the neutralizing antibody
measured by DiaZist ELISA kit is shown in Figure 1, demonstrating
significantly higher levels of the neutralizing antibody in Oxford/
AstraZeneca vaccine.

3.3 | Anti-SARS-CoV-2-S antibody

Anti-SARS-CoV-2-S antibodies evaluated by Razi ELISA kit, were
positive in 163 (94%) participants, negative in 7 (4%), and borderline
in 4 (2%). The positive results were significantly more frequent than
negative levels (p value <0.05) and significantly higher in those
who received Sputnik V compared with COVAXIN and Sinopharm
(p value< 0.0001) (Figure 2).

3.4 | Previous infection of COVID-19

This study found a significant correlation between previously
diagnosed COVID-19 and the levels of anti-S, anti-N, and neutralizing
antibodies (p value < 0.0001) (Figure 3).

4 | DISCUSSION

Due to the extensive and rapid dissemination of COVID-19 leading to
a hazardous mortality and morbidity rate, emergent administration of
vaccines was crucial. However, since the number of COVID-19
vaccines approved to be used is vast and various and released in a
short period of time, comprehensive information about all aspects of
these vaccines is not yet to be thoroughly available in the literature.®>

Regarding the risk of COVID-19, the healthcare workers are
highly exposed to patients with SARS-CoV-2 infection; therefore,
early receiving of the COVID-19 vaccine was a priority for this
group.36%7

In the Children's Medical Center, four types of vaccines were
delivered to healthcare workers: Oxford/AstraZeneca and Sputnik V,
based on the nonreplicating viral vector, and COVAXIN and
Sinopharm, which are based on the inactivated virus.38%?

In this study, the absence of anti-SARS-CoV-2-N antibodies was
more prevalent than the presence of anti-SARS-CoV-2-N antibodies;
however, this difference was not significant (p value >0.05). The
absence of anti-SARS-CoV-2-N antibodies was seen in 85%, 75%,
69%, and 61% of vaccinated individuals with Sputnik V, Oxford/
AstraZeneca, Sinopharm, and COVAXIN.

This study examined the anti-SARS-CoV-2-neutralizing antibody
with ELISA assay by Pishtazteb and DiaZist kits which both are made
in Iran. The frequency of positive levels of neutralizing antibody

measured by DiaZist and Pishtazteb was 87% versus 74% in total,
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TABLE 3 The comparison of the anti-SARS-CoV-2 antibodies in each vaccine group

Variable AstraZeneca COVAXIN Sinopharm Sputnik V Total p value
Anti-SARS-CoV-2 nucleocapsid antibody, (%) ~ ositive 4 (25) 11(39) 7 (24) 15(15) 8710 5005
Negative 12 (75) 17 (61) 20 (69) 86 (85) 135 (78)
Borderline 0 0 2 (7) 0 2 (18)
Anti-SARS-CoV-2 nucleocapsid antibody, median (IQR) 0.23 (0.76) 0.68 (1.57) 0.47 (0.9) 0.17 (0.46) 0.29 (0.65) 0.000**
Neutralizing antibody (DiaZist), (%) Positive 16 (100) 8(57) 16 (80) 35(97) 75 @7 0.000*
Negative 0 6 (43) 2 (10) 1(3) 9 (10.5)
Borderline 0 0 2 (10) 0 2(2)
Neutralizing antibody titer (DiaZist), median (IQR) 104.9 (14) 37.7 (88) 48.5 (85) 94.55 (53) 87.05 (75) 0.000**
Neutralizing antibody (PishtazTeb), (%) Positive 13 (81) 10 (36) 20 (69) 86 (85) 129 (740 4000
Negative 3(19) 17 (60) 9 (31) 15 (15) 44 (25)
Borderline 0 1 (4) 0 0 1 (0.6)
Neutralizing antibody titer (PishtazTeb), median (IQR) 0.1 (0.29) 0.93 (0.68) 0.6 (0.97) 0.09 (0.41) 0.15 (0.81) 0.000**
Anti-SARS-CoV-2-spike antibody,3* (%) Positive 16 (100) 19 (68) 27 (93) 101 (100) 163 (94) 0.000*
Negative 0 6 (21) 1 (3.5) 0 7 (4)
Borderline 0 3(11) 1(3.5) 0 4 (2)
Anti-SARS-CoV-2-spike antibody titer, median (IQR) 7.21 (0.45) 4.63 (5.99) 6.35 (3.7) 7.43 (1.33) 7.19 (2.39) 0.000**

Note: The instruction of each ELISA kit comes as follows: The anti-nucleocapsid and anti-spike antibodies are considered positive with serum levels
>1.1 AU/ml, and 0.9-1.1 AU/ml is considered as borderline. Neutralizing antibody measured by DiaZist ELISA kit considered positive if >11 AU/ml.
Neutralizing antibody measured by Pishtazteb ELISA kit considered positive if the test result is less than 0.78 OD (i.e., equal to 2.5 pg/ml concentration
of neutralizing antibody).

Abbreviations: ELISA, enzyme-linked immunosorbent assay; IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
OD, optical density.

*Pearson Chi-Square.

**Kruskal-Wallis test.
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100% versus 81% for AstraZeneca, 97% versus 85% for Sputnik V,
80% versus 69% for Sinopharm, 57% versus 36% for COVAXIN.
These differences demonstrate a higher sensitivity and specificity of
the DiaZist anti-SARS-CoV-2-neutralizing antibody ELIZA kit com-
pared with the Pishtazteb kit.

Both kits represented higher positive levels of neutralizing
antibodies in Oxford/AstraZeneca and Sputnik V than inactivated
virus vaccines, including COVAXIN and Sinopharm, similar to
previous clinical trials that examined the neutralizing antibody in
adenoviral vector vaccines and whole-cell based vaccines.®®
However, the differences in the quantity of antibodies titers
between the two studies may be due to differences in sample size
and various factors.

Anti-SARS-CoV-2-S antibody was positive in 100% of viral-
vector-based vaccines (Oxford/AstraZeneca and Sputnik V), while it
was found in 80% of cases vaccinated with inactivated virus vaccines
(93% in Sinopharm and 69% in COVAXIN). Therefore, it could be
assumed that adenoviral-vector-based vaccines were more success-
ful than inactivated-virus-based vaccines at induction of the immune
system against SARS-CoV-2-S antigen.

The previous studies reported a 90% increase in anti-SARS-CoV-2
antibodies, including anti-S and neutralizing antibodies for adenoviral-
based vaccines, which appeared 14 days after the first dose of vaccine
and reached the optimum level 14 days after the second dose. The
mentioned study also indicated a 90%-100% increase for Sinopharm and
COVAXIN. However, it is in contrast to this study regarding antibody
levels in the COVAXIN vaccine, which may be because of the small
sample size of the COVAXIN-vaccinated group in this study.®

This study also evaluated the vaccine side effects 48 to 72 after
the vaccination in participants. The most common side effects after
vaccination included myalgia, fever, headache, chills, fatigue, and pain
in the injection site. In a recent study by Coggins et al., the adverse

effects of COVID-19 vaccination involved fever, pain in the injection

site, headache, chills, and myalgia.*° In another study in Ethiopia, they
studied the adverse effects of the Oxford/AstraZeneca COVID-19
vaccine. Fatigue, headache, myalgia, and fever were the most
frequent symptoms.** Almufty et al. reported fatigue, injection-site
reaction, fever, myalgia, headache, and chills as the most common
side effects among 1012 participants who received the COVID-19
vaccine. They also indicated that fever, fatigue, and headache were
more common in Oxford/AstraZeneca compared with Sinopharm.*?
The diversity between the other studies and this study regarding the
frequency of various side effects can be due to differences in
delivered vaccines, sample sizes, study location, and other various
factors that may influence the generalizability of the studies.*>** This
study figured out that fever was more common in Oxford/
AstraZeneca and Sputnik V, the adenoviral-vector-based vaccines,
compared with COVAXIN and Sinopharm (p value < 0.0001). More-
over, chills and myalgia were also more common in participants who
received Sputnik V compared with other vaccines (p value = 0.006 for
chills and p value = 0.025 for myalgia).

The titers of anti-SARS-CoV-2 antibodies measured in this study
(anti-S, anti-N, and neutralizing antibodies) were significantly higher
in the participants with a past history of COVID-19 infection than in
others. However, the titer of neutralizing antibody measured by
Pishtazteb showed a different result and was lower in the
participants with a history of COVID-19 infection. That is because
of the different approach of the Pishtazteb neutralizing antibody kit
(less than 0.78 OD is considered positive, that is, equal to 2.5 pg/ml
of neutralizing antibody concentration) and its lower sensitivity and
specificity. A previous study in France reported a remarkable increase
in anti-SARS-CoV-2 antibodies in patients with COVID-19 after
2 weeks.** A cohort study focused on the antibody response after
the second dose of COVID-19 vaccination with or without history of
COVID-19 infection remarked the significance role of previous
COVID-19 infection on impowered immune response and antibody
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levels after vaccination.*® Moreover, in case of anti-S titers after
vaccination, Angyal et al. and Bilgin et al. reported that anti-S
antibody titers were significantly higher in COVID-19-experienced
individuals after the first and second dose of vaccine.*”*® This
increased response may be due to the fact that vaccine elicits
stronger B cell immunity in patients with a history of COVID-19.

4.1 | Limitations

This study evaluated and compared the healthcare workers' immune
response to different COVID-19 vaccines at Children's Medical
Center. However, conducting multicentral studies with bigger sample
size is highly recommended. Moreover, this study was a cross-
sectional experiment that requires an additional follow-up to assess

these vaccines' long-term and chronic effects and side effects.

5 | CONCLUSION

Regarding the results of this study, the vaccines based on the
adenoviral-vector platform have a better function to induce an
immune response against SARS-CoV-2 than the vaccines based on
the inactivated virus. Oxford/AstraZeneca and Sputnik V had a
similar outcome of inducing high levels of anti-SARS-CoV-2-S
antibody and anti-SARS-CoV-2 neutralizing antibody, which were
more than Sinopharm and COVAXIN. The titers of anti-SARS-CoV-2-N
antibody were low in all of these four vaccines.

The adverse effects of the vaccination are common, and
according to the vaccine type and other factors may differ. Critical
adverse complications, including abortion and hypertension, occurred

in a negligible frequency (1.7%) that needs to be studied extensively.
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