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ABSTRACT ARTICLE HISTORY
Protective neutralizing antibody titers reduce in time after COVID-19 vaccinations, as in individuals who have Received 23 May 2022

had COVID-19. This study aimed to evaluate the safety and immunogenicity of CoronaVac and TURKOVAC Revised 31 August 2022
vaccines used as a booster dose after CoronaVac primary vaccination. This double-blind, randomized, ~ Accepted 3 September 2022
controlled, phase Il, multicenter study included healthy male and female adults (18-60 years) who were  kevwoRrbps

vaccinated with two doses of CoronaVac vaccine and did not exceed the duration of at least 90 days and Booster vaccine; CoronaVac;
a maximum of 270 days from the second dose of vaccination. Among 236 eligible volunteers, 222 were COVID-19; inactive;
recruited for randomization between July 12, 2021 and September 10, 2021; 108 and 114 were randomized TURKOVAC

to the TURKOVAC and CoronaVac arms, respectively. The primary endpoint was adverse events (AEs)

(ClinicalTrials.gov; Identifier: NCT04979949). On day 28, at the neutralizing antibody threshold of 1/6, the

positivity rate reached 100% from 46.2% to 98.2% from 52.6% in the TURKOVAC and CoronaVac arms,

respectively, against the Wuhan variant and the positivity rate reached 80.6% from 8.7% in the TURKOVAC

arm vs. 71.9% from 14.0% in the CoronaVac arm against the Delta variant. IgG spike antibody positivity rate

increased from 57.3% to 98.1% and from 57.9% to 97.4% in the TURKOVAC and CoronaVac arms, respec-

tively. The TURKOVAC and CoronaVac arms were comparable regarding the frequency of overall AEs. Both

vaccines administered as booster yielded higher antibody titers with acceptable safety profiles.

PLAIN LANGUAGE SUMMARY

What is the context?

® The timing of the primary and booster doses for each vaccine differs.

® \We aimed to evaluate the safety and immunogenicity of CoronaVac and TURKOVAC vaccines used as
homologous booster dose after CoronaVac primary vaccination.

What is new?

® The neutralizing antibody titers against the Wuhan variant decreased below 1/6- the seropositivity
threshold value- in more than 55% of the participants 4 months after administration of two doses of
CoronaVac vaccine.

® |Immunogenicity was re-stimulated and the neutralizing antibody titers increased rapidly and markedly
with the administration of the CoronaVac or TURKOVAC as a booster dose 4 months after the second
dose.

® While the increase in neutralizing antibodies against the Wuhan variant was similar with both
CoronaVac and TURKOVAC, more antibodies developed against the Delta variant with TURKOVAC.

What is the impact?

e With the Hybrid COV-RAPEL TR study, after the primary vaccination consisting of two doses of
inactivated vaccine, antibody titers decreased in the long term; however, higher antibody titers are
achieved than the primary vaccination after the booster dose administered after 4-6 month interval.

CONTACT Ahmet Omma 8 ahmetomma@gmail.com @ Clinic of Rheumatology, Ankara City Hospital, Ankara 06800, Turkey.
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® Booster application with TURKOVAC provides antibodies at least as much as the CoronaVac booster

dose, with an acceptable safety profile.
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Introduction

For fighting against the COVID-19 pandemic, many compa-
nies have developed vaccines. So far, inactivated vaccines,
mRNA vaccines, and adenovirus vaccines have been used
worldwide. Inactivated COVID-19 vaccines have shown good
safety profiles and protect against COVID-19." In a prospective
observational cohort conducted in Chile for investigating the
effectiveness of inactivated SARS-CoV-2 vaccine, the adjusted
vaccine effectiveness in fully immunized individuals were
reported to range from 65.9% (for prevention of COVID-19)
to 90.3% (for prevention of intensive care unit admission); the
effectiveness was 86.3% for prevention of COVID-19-related
death and 87.5% for prevention of hospitalization." On the
effectiveness of inactivated COVID-19 vaccines for primary
vaccination, consistent results were reported from Tiirkiye”
and China.’ As of 13 January 2021, Tiirkiye granted emergency
use authorization to the CoronaVac vaccine (Sinovac Life
Sciences Company, Beijing, China).*” In Tiirkiye, an inacti-
vated SARS-CoV-2 vaccine -TURKOVAC- was produced by
SBT Science and Biotechnologies and manufactured by Kocak
Farma. The product is under development; its preclinical stu-
dies has been published®’” and phase II studies have been
completed. The phase III comparative efficacy and safety trial
(NCT04942405) versus CoronaVac 1is ongoing. In
December 2021, it is authorized for emergency use by the
Turkish Medicines and Medical Devices Agency.

The protective effects of inactivated vaccines is usually
observed 14 days after the second dose.® However, protective
neutralizing antibody titers decrease significantly at 6 months

in patients who have had COVID-19; a similar loss of efficacy
can be considered likely to be observed after vaccination.”'° It
has been shown that with booster vaccination, higher antibody
titers are achieved and protection lasts longer.'"'> Although
there are no clear data on the timing, booster doses are recom-
mended four to 6 months after the primary vaccination.

During the pandemic, both inactivated CoronaVac and
BNT162B2 mRNA vaccines were used in primary vaccination
in Turkiye. Individuals who have completed their two dose
vaccination with inactivated vaccines, the application of
a booster dose is recommended at the 6™ month as of
July 2021.

This study aimed to evaluate the safety and immunogenicity
of CoronaVac and TURKOVAC vaccines used as homologous
booster dose after the second dose of CoronaVac primary
vaccination.

Patients and methods

This double-blind, randomized, controlled, phase II study
was conducted to determine the safety and immunogenicity
of booster doses of CoronaVac and TURKOVAC vaccines
randomized at a 1:1 ratio to individuals who had two dose
vaccination with CoronaVac in Tirkiye (ClinicalTrials.gov,
NCT04979949). The study was started on 12 July 2021 in
Ankara, Turkiye with a single center and was continued
with multi-centers. Healthy male or female adults aged 18-
60 years, who were vaccinated with two doses of CoronaVac
vaccine and did not exceed the duration of at least 90 days
and a maximum of 270 days from the second dose of



vaccination, were included (Table S1 in the Supplemental
Appendix S1 for other inclusion and exclusion criteria). The
clinical trial protocol (Supplemental Material-Study Protocol)
and informed consent forms were approved by the Ethics
Committee of Ankara City Hospital (No: E2-21-640, Date:
22 June 2021).

Participants were divided into two in a 1:1 ratio. It was
planned to randomly recruit at least 111 participants for each
vaccine arm. A total of 236 volunteers were screened; 222
volunteers were randomly assigned to receive a single dose of
TURKOVAC or CoronaVac vaccine. Age and sex quotas were
applied while selecting participants (Table S2 in the
Supplemental Appendix S1). Randomization was performed
with the Omega Research Randomization and Investigational
Product Management System (Omega Interactive Voice
Response Systems [IVRS]/Interactive Web Response Systems
[IWRS]).

Pre-vaccine PCR testing and blood samples were taken to
determine anti-spike antibody levels. Volunteers with positive
pre-vaccine PCR test were excluded. Physical examination and
vital checks were performed. A single dose of booster vaccine
(TURKOVAC or CoronaVac) was injected into the upper arm
deltoid muscle (preferably left) of the volunteers. Except the
study pharmacist preparing the application product, the study
team and volunteers, including the nurse who performed the
vaccination, were blinded.

Blood was drawn for immunogenicity analysis at the study
visit on day 0 (the day of vaccination or 1 day before the
vaccination). Twenty-eight days (+2 days) after the booster,
the amount of changes in SARS-CoV-2 neutralizing antibody
and anti-spike protein IgG were evaluated in both groups.
SARS-CoV-2 neutralizing antibody and anti-spike protein
IgG measurements were repeated on day 84 for both vaccine
arms. Volunteers were followed up at least to day 168 for side
effect assessment. A virus neutralization test technique was
used for SARS-CoV-2 neutralizing antibody detection. The
neutralizing antibody threshold values against Wuhan and
Delta variants were taken as 1/6 and 1/12 for assessments."

All participants were monitored for post-vaccine adverse
events (AEs) and were asked to record any AEs using an
electronic diary during the first 14-day follow-up period.
Participants were also asked about both expected and undesir-
able side effects daily for 7 days using IVRS. AEs were recorded
as local, systemic, and serious AEs. Undesirable AEs were
defined as related or unrelated to study treatment based on
criteria of causation, reasonable probability, temporal relation-
ship, and alternative cause. Serious AEs were defined as an
adverse reaction resulting in death, life-threatening, requiring
or prolonging hospitalization, resulting in persistent or signifi-
cant disability or reduced capacity. Serious AEs up to day 28
were recorded.

Vaccines used in the study

CoronaVac

COVID-19 Vaccine (Vero Cell) contains SARS-CoV-2 antigen
as inactivated active ingredient and is available in pre-filled
syringes or vials, dosage is 3 ug/0.5 mL per injection.

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2122503-3

TURKOVAC

TURKOVAC was manufactured using the SARS-CoV-2 strain
(hCoV-19/Turkiye/ERAGEM-001/2020 strain, GenBank acces-
sion number; MT327745.1 and GISAID; EPI_ISL_424366) iso-
lated from a patient’s nasopharyngeal sample in the Kayseri City
Training and Research Hospital, Kayseri, Turkiye."* The virus
was cultivated in a Vero cell line for 72-96 h at multiplicities of
infection of 0.05. The data about manufacturing of
TURKOVAC have been presented in Phase 1/2 study of
TURKOVAC (manuscript submitted for publication). In brief,
TURKOVAC COVID-19 vaccine containing inactivated SARS-
CoV-2 antigen as an active ingredient is in a white suspension.
Dosage is 3 pg/0.5 mL per injection. Alum Gel (10% AIOH -
InvivoGen, USA) was used as adjuvant. It is formulated from
a 2% suspension to a final concentration of 0.05% (0.5 mg/dose).
It does not contain any preservatives or stabilizers.

Viral isolation for microneutralization test

The Wuhan and Delta strains were used to detect the neutra-
lizing antibody of vaccinated sera in order to evaluate the
neutralization ability of vaccine immunization. Original
SARS-CoV-2 viruses were isolated from a combined nose and
throat swab sample obtained from COVID-19 patients and
amplified in Vero E6 (ATCC CRL-1586) cells in the Biosafety
Level (BSL-3) laboratory. The virus was named for Wuhan
strain as SARS-CoV-2/T1irkiye/27/2020 and for Delta strain
as hCoV-19/Tiirkiye/HSGM-B18515/2021 and was passaged
twice in Vero E6 cells. Stock virus was harvested, divided,
and stored at —80°C until use.

Vero E6 cell line were obtained from American Type
Culture Collection (ATCC CRL-1586). Vero E6 cells were
maintained using Modified Eagle’s medium (MEM Sigma
M4655) supplemented with 10% heat-inactivated fetal bovine
serum (FBS) (Cegrogen A0500-3210) and 1% penicillin and
streptomycin (Cegrogen P0100-790) in an incubator at 37°C
under 5% CO, and 99% relative humidity."

The virus name, accession ID, and date of the collection for
the Wuhan strain are hCoV-19/Tiirkiye/HSGM-1192/2020,
EPI_ISL_811143, and 2020, respectively. The virus name,
accession ID, and date of collection for the Delta strain are
hCoV-19/Tirkiye/HSGM-B18515/2021, EPI_ISL_2958539,
and 2021, respectively.

Titration of virus was performed in 96-well microtiter plates
(Greiner Cellstar, 96 well, F bottom, single packed/ 655,160) on
Vero E6 cells at serial logl0 dilutions and 10 times for each
dilution factor to obtain a 50% tissue culture infectious dose
(TCIDsy, diluted serum inhibiting 50% of infectiousness).
Plates were observed for cytopathic effect (CPE) daily for 4
days (96 hours). The endpoint of viral dilution leading to CPE
in 50% of the inoculated wells was calculated using the Reed-
Muench method."®

Virus neutralization test technique (Microneutralization
test)

Serum samples were studied by microneutralization test
(MNT) at the General Directorate of Public Health,
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National Virology Reference Laboratory. Blood serum sam-
ples were inactivated at 56°C for 30 min. In 96-well micro-
plates, sera were serially diluted two-fold in duplicate
starting at 1:2 in MEM (Sigma M4655) supplemented with
2% heat-inactivated FBS (Cegrogen A0500-3210) and 1%
penicillin and streptomycin (Cegrogen P0100-790). Then,
sera mixed with the same volume of 100 TCIDs, SARS-
CoV-2 (approximately 1:100 diluted virus) propagated as
described above and incubated at 37°C for 1 hour for
neutralization. This step has been performed with Wuhan
and Delta strains concurrently in different cell culture
microplates. After incubation, 100 uL Vero E6 cells at
a concentration of 2 x 10°/mL in Dulbecco’s MEM supple-
mented with 2% heat-inactivated FBS and 1% penicillin/
streptomycin were added to the virus — serum mixture, and
plates were incubated for 96 h at 37°C under 5% CO, and
99% relative humidity. Virus dilution was back titrated by
replacing serum with medium in each experiment to deter-
mine the virus test dose. The neutralization endpoint titer
was determined as the highest serum dilution inhibiting the
virus infection in 50% of the inoculated wells.'” The MNT
titer >4 was considered positive. The test was checked for
virus and cell control with a phase contrast cell culture
microscope and was evaluated as positive when 100% of
SARS-CoV-2-specific CPE was observed in the virus control
section. Figure S1 in the Supplemental Appendix S1 shows
the main steps of MNT.

While each center performed the SARS-CoV-2 PCR tests,
anti-spike protein IgG tests were performed at the Ankara City
Hospital Medical Microbiology Clinic Laboratory. SARS-CoV
-2 neutralizing antibody tests were conducted in the National
Virology Reference Laboratory of the Turkish Ministry of
Health, General Directorate of Public Health.

Measurement of anti-spike IgG level

A fully automated two-step sandwich immunoassay using
indirect chemiluminescent technology was performed to mea-
sure anti-spike IgG levels (Atellica IM sCOVG Assay, Siemens
Healthineers, Erlangen, Germany). A direct relationship exists
between the amount of SARS-CoV-2 IgG antibody present in
the blood sample and the amount of relative light units
detected by the system. The analytical assay range of 0.50-
150.00 index is reported as nonreactive (<1.00 index) or reac-
tive (=1.00 index). The cutoff value of the test is =1 U/mL (1
index value) and the corresponding reference standard con-
centration for 1 U/mL is 21.80 BAU/mL.

Outcomes

The primary endpoint was to determine the number, severity,
and rate of volunteers experiencing AEs and serious AEs. The
secondary endpoint was the immunogenicity response at day
28 of the inactivated vaccine against SARS-CoV-2. This
response was calculated on the geometric mean of the titer of
SARS-CoV-2 neutralizing antibody and IgG antibody against
the spike protein antigen, and seroconversion was evaluated as
a 4-fold increase in this titer after vaccination.

Statistical analysis

Sample size calculation was based on the primary analysis of
anti-spike protein IgG at day 28 post-vaccination using the
following assumptions: 1) the minimum clinical difference to
be detected is 1.75 times the difference in geometric mean
concentration between the COVID-19 vaccine and the control
arm, i.e. 0.243 on a logl0 scale; 2) the standard deviation of the
geometric mean concentration on the logl0 scale is 0.4.
Accordingly, the estimated sample size in each arm was 83
participants to achieve a 90% power at 1% significance level.
Assuming approximately a drop-out rate of 25% for the pri-
mary analysis due to the positivity of baseline anti-
nucleocapsid IgG or loss to follow-up, 111 volunteers were
included in each study arm.

Data were analyzed using the PASW Statistics for Windows,
Version 18.0. (SPSS Inc., Chicago, IL, USA). A p value of <.05
was considered statistically significant. Descriptive statistics
were presented as numbers and percentages for categorical
variables and mean, standard deviation, and median, and
interquartile range (IQR) for numerical variables. Normality
of variables was tested using visual (histogram and probability
graphs) and analytical methods (Kolmogorov-Smirnov
/Shapiro-Wilk tests). The amount of SARS-CoV-2 neutralizing
antibody and SARS-CoV-2 anti-spike protein IgG on days 0
and 28 in both vaccine arms were presented descriptively. The
incidence of adverse reactions within 7 days post-vaccination
and the incidence of serious AEs up to day 28 post-vaccination
were expressed separately in the vaccine groups as descriptive
statistics. The incidence of reactions was compared between
the two study arms using the chi-square test for overall, sys-
temic, and local AEs.

Results

Among 236 volunteers assessed for eligibility, 222 were
recruited (Figure 1). Accordingly, 108 and 114 were rando-
mized to the TURKOVAC and CoronaVac arms, respectively.
The characteristics of the volunteers are presented in Table 1.

The median neutralizing antibody titers were increased by
32 times for the Wuhan variant and by 12 times for the Delta
variant in the TURKOVAC arm and by 4 times for the Wuhan
variant and by 6 times for the Delta variant in the CoronaVac
arm. Taking the neutralizing antibody threshold value against
the Wuhan variant as 1/6, the positivity rate reached 100%
from 46.2% in the TURKOVAC arm and to 98.2% from
52.6% in the CoronaVac arm on day 28 (Figure 2(a)). Taking
the threshold value as 1/12, the positivity rate reached 83.7%
from 24.0% in the TURKOVAC arm and to 86.8% from 36.0%
in the CoronaVac arm. In the analysis of the neutralizing
antibody response against the Delta variant, taking the thresh-
old value as 1/6, the positivity rate increased to 80.6% from
8.7% in the TURKOVAC arm and to 71.9% from 14.0% in the
CoronaVac arm on day 28 (Figure 2(b)). Taking the threshold
value as 1/12, the positivity rate increased to 52.4% from 2.9%
in the TURKOVAC arm and to 27.2% from 10.5% in the
CoronaVac arm.

Evaluation of the IgG spike antibody positivity rate
revealed that the rate increased from 57.3% to 98.1% in
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236 Assessed for eligibility

14 Excluded
8 Withdrew on their own
decision

A

A

\ 4

3 PCR positive

2 Failure to meet
inclusion/exclusion criteria
1 Other (moving abroad)

| 222 Randomised |

|

108 Received TURKOVAC |

0 Lost-to-follow-up

4 Discontinued intervention
due to causes not related to
the vaccine®

v

|

| 114 Received CoronaVac

0 Lost-to-follow-up
0 Discontinued intervention

v

104 Analysed for immunogenicity

114 Analysed for immunogenicity

Figure 1. Study flowchart. tThe median time elapsed after vaccination was 21 days (IQR, 13). Of four volunteers, three were males and one was female; the median age

was 40.5 years (IQR, 17.25).

the TURKOVAC arm and from 57.9% to 97.4% in the
CoronaVac arm (Figure 2(c)). The median spike specific
(IgG-S) antibody level was 1.30 U/mL (0.1-150) before the
booster dose and 26.69 U/mL (0.5-150 U/mL) after the
booster dose in the TURKOVAC arm on day 28 (Table 2).
The median IgG-S level was 1.30 U/mL (0.31-150 U/mL)
before the booster dose and 12.38 U/mL (0.71-150 U/mL)
after the booster dose in the CoronaVac arm on day 28
(Table 2). The IgG-S levels in BAU/mL for before and after
booster doses in the TURKOVAC and CoronaVac arm are
presented in the Supplemental Appendix 2 (Table S1, Figure
S1 and Figure S2). The proportions of volunteers in whom
a four times increase was observed in the IgG-S antibody
levels on day 28 were 82.5% after the TURKOVAC booster
dose and 64.9% after the CoronaVac booster dose.

The neutralizing antibody geometric mean titer (GMT)
results are summarized in Table 3 (95% confidence interval
[CI]). For Wuhan variant, the GMT was 13.98 (10.77-18.13)
before the booster dose and 33.97 (27.77-41.54) after the
booster dose in the TURKOVAC arm; it was 16.58 (13.12-
20.95) before the booster dose and 27.92 (23.37-33.35) after the
booster dose in the CoronaVac arm. For Delta variant, the
GMT was 12 (6.51-22.14) before the booster dose and 14.36
(11.83-17.43) after the booster dose in the TURKOVAC arm; it

was 12 (9.09-15.84) before the booster dose and 10.49 (8.97-
12.28) after the booster dose in the CoronaVac arm.

When the antibody responses were evaluated for sex, anti-
body formation against the Wuhan and Delta variants at 1/6
and 1/12 threshold values, and IgG-S antibody formation were
close to each other in the female and male volunteers (Figures
$3-S5 in the Supplemental Appendix S2).

When the volunteers were grouped for the age ranges of 18-
29, 30-39, 40-49, and 50-60 years, the 28™ day neutralizing
antibody levels against the Wuhan variant and the frequency of
occurrence of IgG-S antibody response were similar in all age
groups in both groups (Figures S6 and S8 in the Supplemental
Appendix S2). Neutralizing antibody positivity to the Delta
variant was higher in the TURKOVAC arm in all age groups
(Figure S7 in the Supplemental Appendix S2).

Figure §9-S13 in the Supplemental Appendix S2 show neu-
tralizing antibody positivity against the Wuhan and Delta
variants and IgG-S antibody responses in case the volunteers
were grouped for the interval between the second dose of the
primary vaccination and the booster-dose administration, as
less than or more than 120 days, and less than or more than
180 days.

The frequencies of developing an antibody response to the
Wuhan variant and IgG-S antibodies on the day 28 were close
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Table 1. Characteristics of the study participants.

TURKOVAC (n= CoronaVac
108) (n=114) p value

Age, years, Median (IQR) 39.0 (11) 38.5 (14) 5133
Age, years, Mean (SD) 40 (8) 399 5133
Volunteers by age

groups, n (%)
18-44 years 71 (65.7) 80 (70.2) A4789*
Female/Male 1 (29.6)/50 (70.4) (32 5)/54 (67.5)
45-60 years 37 (34.3) 4 (29.8)
Female/Male 3 (35.1)/24(64.9) (35 3)/22 (64.7)
18-29 years 13 (12.0) 20 (17.5) .5873**
Female/Male 4 (30.8)/9 (69.2) 10 (50)/10 (50)
30-39 years 44 (40.7) 39 (34.2)
Female/Male 4 (31.8)/30 (68.2) (28 2)/28 (71.8)
40-49 years 37 (34.3) 8 (33.3)
Female/Male 9 (24.3)/28 (75.7) (26 3)/28 (73.7)
50-60 years 14 (13.0) 7 (14.9)
Female/Male 7 (50)/7 (50) (41 .2)/10 (58.8)
Volunteers by sex, n (%)
Female 34 (31.5) 38(333) 7682
Male 74 (68.5) 76 (66.7)
Body mass index, kg/m2, 26.9 (4.34) 26.0 (4.5)

n (%)
<30 87 (82.9) 102 (89.5) .1548
>30 18 (17.1) 12 (10.5)
Smoking, No. (%) 52 (48.1) 56 (49.1) .8845
Presence of 26 (24.1) 28 (24.6) 9325

comorbidities, No. (%)
Hypertension 6 (5.6) 8 (7.0) -
Diabetes 2(1.9 3(2.6) -
Cardiovascular diseases*** 1(0.9) 1(0.9) -
Psoriasis 1(0.9) 1(0.9) -
Asthma 1(0.9) (0) -
Cancer 1(0.9) 0) -
Other 14 (13.0) 15 (13.2) -
The interval between 4.9 (2.48) 45 (2.4) 7348

the 2nd and 3rd doses

(months), median

(IQR)
Before 4 months, n (%) 47 (43.5) 50 (43.9) 9591
4 months and after, n (%) 61 (56.5) 64 (56.1)
Before 6 months, n (%) 92 (85.2) 92 (80.7) 3753
6 months and after, n (%) 16 (14.8) 22 (19.3)

*for comparison between 18-44 years and 45-60 years age groups; **for compar-
ison between 18-29 years, 30-39 years, 40-49 years, and 50-60 years groups;
tcoronary heart disease, congestive heart failure and arrhythmia.

to each other in the TURKOVAC and CoronaVac arms, while
the percentage of volunteers who developed an antibody
response to the Delta variant was higher in the TURKOVAC
arm than the CoronaVac arm, particularly for the threshold
value of 1/12.

Table 4 and Figures S14-S16 in the Supplemental
Appendix S2 show frequency of AEs observed after
TURKOVAC and CoronaVac booster vaccines and Table
S2 in the supplemental Appendix S2 shows frequency of
AEs according to sex. In terms of the frequency of overall
AEs, there is no difference between the TURKOVAC and
CoronaVac booster vaccine groups (37 [34.3%] vs. 28
[24.6%], p=.1124). In addition, when local and systemic
AEs were examined separately, no difference was observed
between the TURKOVAC and CoronaVac booster vaccine
groups (18 [16.7%] vs. 17 [14.9%], p = .8616; 25 [23.1%] vs.
18 [15.8%], p=.1655). Regarding serious AEs, while no
serious AEs were observed in the TURKOVAC arm, 1
(0.9%) subject in the CoronaVac arm experienced post-
vaccine hospitalization due to COVID-19.

Discussion

The results of the study revealed that the neutralizing antibody
titers against the Wuhan variant decreased below the seropo-
sitivity threshold value of one-sixth in more than 55% of the
volunteers 4 months after administration of two doses of
CoronaVac vaccine. However, with the administration of the
third dose inactive vaccines (CoronaVac or TURKOVAC as
a booster dose), immunogenicity was re-stimulated and the
neutralizing antibody titers increased rapidly and markedly.
While the CoronaVac and TURKOVAC arms did not differ
regarding the increase in neutralizing antibodies against the
Wuhan variant, more antibodies developed against the Delta
variant in the TURKOVAC arm.

Administration of inactivated vaccines as a booster dose
has demonstrated an acceptable and manageable reacto-
genicity profile, with no significant safety concerns.'®
Memory T cells play a critical role in viral infections.
When antigen-specific memory T cells encounter the same
antigen again, they proliferate rapidly, both exerting
a cytotoxic effect against infected cells and stimulating the
activation of antigen-specific B cell clones and thus the
formation of neutralizing antibodies.'” Accordingly, boos-
ter-dose applications may increase the induction capacity of
the adaptive immune system.”° It was previously reported
in a study conducted on Macedonian healthcare workers
that seropositive individuals yielded higher antibody levels
than those of seronegative individuals after a single dose of
BNT162b2*" which may be suggestive for the efficiency of
booster doses after primary vaccination and also supports
our study regarding the rationale for the administration of
booster doses.

The immune response produced particularly by inactivated
vaccines may be weaker and short-lived compared to other
vaccine groups. Waning of humoral response over time and
need for a booster dose are also known for mRNA COVID-19
vaccines.?? Therefore, intermittent booster doses are needed
for strengthening and maintaining the protective effects of
vaccines.”” In a study of 355 volunteers, positive seroconver-
sion rate of serum neutralizing antibody reached 88.5% 1
month after the second dose of inactivated SARS-CoV-2 vac-
cine. However, the seropositivity rate decreased to 48.5% in the
same volunteers 8 months after the second dose.>* In our study,
at a threshold value of one-sixth for the Wuhan variant, follow-
ing the second dose, the seropositivity rate regressed to 44.7%
after 4 months and it was 48.6% after 6 months. After inacti-
vated SARS-CoV-2 vaccination, the positive seroconversion
rate was less than 50% 4-6 months after the second dose.

For inactivated vaccines that are considered insufficient
against different strains, a booster dose may be necessary to
maintain effective protection. In our study, similar responses
were obtained for the neutralizing antibody levels produced by
the TURKOVAC and CoronaVac vaccines against the Wuhan
variant at titer threshold values of 1/6 and 1/12 (100% vs.
98.2%; 83.7% vs. 86.8%, respectively). However, the
TURKOVAC arm had higher response rates than the
CoronaVac arm for the Delta variant at titer threshold values
of 1/6 and 1/12 (80.6% vs. 71.9%; 52.4% vs. 27.2, respectively).
This finding can be resulted from the fact that the virus used in
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Figure 2. Neutralizing antibody positivity against the (@) Wuhan and (b) Delta variants, and (c) immunoglobulin G-Spike (IgG-S) positivity before and after booster doses

in the two study arms.

TURKOVAC vaccine was isolated in the later periods of the
pandemic (March 2020) as compared with the one used in
CoronaVac. However, this possibility is highly controversial,
and no supportive data are available. The main reason for
higher neutralizing antibody levels by TURKOVAC against
the Delta variant may be associated with higher level of alumi-
num hydroxide adjuvant in TURKOVAC than in the
CoronaVac.

The inverse correlation between neutralizing antibody
titers and risk of reinfection has been demonstrated in
more than one phase III study.”® The BNT162b2 booster
dose increases the neutralizing antibody levels by an

average of 10 times compared to the antibody levels after
the second dose.®® In an inactivated vaccine study con-
ducted on 355 volunteers, in 67 volunteers who received
a booster dose (third dose) 8 months after the primary two
dose vaccinations, the positive conversion rate decreased
from 86.6% to 65.7% 8 months after the second dose, and
increased to 95.5% after the booster dose.** In the light of
these results, it should be kept in mind that higher antibody
titers can be obtained after booster dose compared to pri-
mary. Our study was also supportive of the other studies
and revealed that the positive conversion rate decreased to
46.2% at the threshold value of one-sixth against the
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Table 2. Change in spike-specific immunoglobulin G antibody levels before and after the booster doses.

All volunteers TURKOVAC CoronaVac
Immunoglobulin G level, U/mL N Median (IQR) Median (IQR) N Median (IQR) p value
Before booster dose 222 1.30 (2.02) 108 1.30 (1.82) 114 1.30 (2.38) .3397
After booster dose 217 16.90 (44.98) 103 26.69 (88.13) 114 12.38 (19.04) .0002
IQR: interquantile range.
Table 3. Neutralizing antibody geometric mean titer results.
All volunteers TURKOVAC CoronaVac

GMT (95% CI)

GMT (95% CI) GMT (95% Cl)

Wuhan variant
Before booster dose
After booster dose
Delta variant
Before booster dose
After booster dose

15.34 (12.82-18.36)
30.68 (26.76-35.18)

12 (8.6-16.74)
12.3 (10.85-13.94)

13.98 (10.77-18.13)
33.97 (27.77-41.54)

16.58 (13.12-20.95)
27.92 (23.37-33.35)

12 (6.51-22.14)
14.36 (11.83-17.43)

12 (9.09-15.84)
10.49 (8.97-12.28)

GMT, geometric mean titer; Cl, confidence interval.

Wuhan Variant, after a median 4.85months after
the second dose, and increased to 100% after the
TURKOVAC booster dose. The positive conversion rate
decreased to 52.6% for the one-sixth threshold value, after
a median 4.5 months from the second dose, and increased
to 98.2% after the CoronaVac booster dose.

The capacity of vaccines to create spike-specific antibo-
dies also gains importance. It has been reported that spike-
specific IgG antibody levels increased from an average of
710 U/mL to 40,000 U/mL with a single booster dose of
BNT162b administered after 15 months in patients who
have had COVID-19 infection.”” In a study from Tirkiye,
in healthcare workers (mean age, 41 £ 10.9 years) who were
administered with inactivated SARS-CoV-2 vaccines, the
median IgG-S levels, which were found as 547.7 AU/mL
(IQR: 756.7) after the second dose, increased to a median of

Table 4. Frequency of adverse events in the two study arms.

TURKOVAC CoronaVac p value
Adverse Events, n (%) 37 (34.3) 28 (24.6) 1124
Local adverse events, n (%) 18 (16.7) 17 (14.9) 8616
Pain at the injection site 12 (11.1) 10 (8.8)
Arm pain 6 (5.6) 4 (3.5)
Myalgia at the injection site 0 (0) 2(1.8)
Induration 1 (0.9) 1 (0.9)
Pruritus at the injection site 0 (0) 1(0.9)
Systemic adverse events, n (%) 25 (23.1) 18 (15.8) 1655
Fatigue 7 (6.5) 8 (7.0)
Headache 5 (4.6) 3(2.6)
COVID-19 positivity 7 (6.5) 4 (3.5)
Myalgia 3(28) 4 (3.5)
Upper respiratory tract infection 3(2.8) 6 (5.3)
Diarrhea 2 (1.9 3(2.6)
Pain 3(2.8) 0(0)
Sore throat 0(0) 3(2:6)
Chest pain 1(0.9) 2(1.8)
Fever 1 (0.9) 1(0.9)
Nasal drainage 1(0.9) 1(0.9)
Asthenia 1(0.9) (0)
Pruritus 1(0.9) (0)
Rash 0(0) 1(0.9)
Tinnitus 1(0.9) 0(0)
Shortness of breath 1(0.9) 0 (0)
Excessive breathing 0 (0) 1(0.9)
Chills 0(0) 1(0.9)

947.3 AU/mL (IQR: 1405.3) after the third booster dose.?®
In our study, the median IgG-S level, which was 1.30 (1.82)
after a median 4.85 months after the second dose, increased
to a median 26.69 (88.13) after the TURKOVAC booster
dose. The median IgG-S level, which was 1.30 (2.38) after
a median of 4.5 months after the second dose of CoronaVac
vaccine, increased to 12.38 (19.04) after CoronaVac booster
vaccination. In a study conducted in Israel, the frequency of
infection was 11.3 times lower in volunteers who received
a booster dose in addition to primary vaccination with
BNT162b2 compared to those who did not [Booster
group: 10,603,410 persons at risk—934 cases per day; Non-
booster group: 5,193,825 persons at risk-4439 cases per day,
95% CI (10.4-12.3)].%° Similarly, the frequency of severe
disease was found to be less in the booster group [Booster
group: 6,265,361 people at risk—29 cases per day; Non-
booster group: 4,574,439 people at risk-294 cases per day,
95% CI (12.9-29.5)].

In our study, responses of male and female volunteers to
vaccines did not significantly differ regarding variant types
(Wuhan and Delta variant), antibody types, and titers. The
booster vaccine responses to the Wuhan variant of both
TURKOVAC and CoronaVac arms were similar for age
groups. However, when the responses to the Delta variant
were evaluated, the booster vaccine response was higher in
the TURKOVAC arm than in the CoronaVac arm, especially
after the age of 40 years. Additionally, this study demonstrated
that antibody positivity was relatively higher when the time
elapsed after vaccination was short, and the antibody loss was
higher when the time elapsed after vaccination was long; how-
ever, antibody response with booster doses was similar in both
study arms (Figures S9-S11 in the Supplemental Appendix S2).

An increase in the incidence of local and systemic adverse
reactions has been reported with the second dose of mRNA
vaccines as compared with the first dose.'® In our study, in both
TURKOVAC and CoronaVac arms, the most commonly
reported adverse event was injection site pain and the most
common systemic adverse event was fatigue.

The important limitations of our study include small sample
size, inclusion of volunteers aged <60 years, and exclusion of



special populations such as young adolescents, children, and
pregnant women. Additionally, our study only examined the
immune responses of healthy adults. Individuals who may be
more susceptible to infection and at higher risk for severe
diseases due to underlying additional medical conditions were
not studied. Another limitation of the present study can be
considered the lack of the results of neutralization assay of the
Omicron variant. Finally, the vaccine response was evaluated
with neutralizing antibody titers, only 1/6 and 1/12 neutralizing
antibody threshold values were used, and no examination
method was used to directly show T cell responses., all of
which can also be considered limitations of the present study.

Conclusively, vaccination is the most effective, safe, eco-
nomical, and rational approach to prevent infectious diseases
today. In the SARS-CoV-2 pandemic, with the awareness that
“no one is safe until everyone is safe,” it is important to sustain
protective immunity until the epidemic is completely taken
under control.”® Booster doses will be needed.
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