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A B S T R A C T

The objective of our study was to evaluate the antibody responses of health care workers (HCWs) who were
vaccinated with booster dose BNT162b2 6 months after 2 doses of the CoronoVac vaccine. The study
included 318 HCWs vaccinated with inactive CoronaVac SARS-CoV-2 vaccine in 2 doses. Anti-spike/RBD IgG
levels were measured immediately before and 1 month after the booster dose. In the sixth month after Coro-
naVac vaccination, the median of antibody levels of 1212.02 AU/ML, while it was 9283 AU/mL after
BNT162b2 vaccination. IgG antibody titers of over 1050 AU/mL (which is equivalent to 1:80 dilution in the
plaque reduction neutralization test) were detected in HCWs 15.09% and 97.8%, respectively. Our results
showed that antibody titers increased 8-fold after the booster dose. We believe that the administration of
the mRNA vaccine as a booster dose can provide more effective protection against COVID-19 infection, espe-
cially in individuals with risk factors.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

The COVID-19 pandemic has adversely affected health care sys-
tems around the globe [Dong et al., 2020,Guan et al., 2020]. Although
the effectiveness of vaccines decreases due to diminishing antibody
titers over time and escape mechanisms of variants from the immune
system, the role of vaccines in the fight against the pandemic cannot
be denied [(Planas et al., 2021)]. However, reduced antibody
responses are observed over time in individuals who have been vac-
cinated against COVID-19 [(Widge et al., 2020)]. Due to emerging var-
iants of concern, especially Delta and Omicron, vaccination strategies
have changed worldwide. There is significant international interest
in heterologous prime-boost COVID-19 vaccination to more robust
immune response and longer-term protection despite its immunoge-
nicity and reactogenicity being controversial. In light of changing rec-
ommendations regarding the use of the vaccines, several countries
are advising that individuals should now receive an alternative
prime-boost vaccine as their booster dose, most commonly mRNA
vaccines such as the BNT162b2 (Pfizer-BioNTech) COVID-19 vaccine
[(Shaw et al., 2021)]. As of November 4, 2021, the Ministry of Health
recommended homologous or heterologous prime-boost at least 3
months after the last dose to people who vaccinated 2 doses of inacti-
vated COVID-19 vaccine [(n.d.)]. Despite the real-life data on the
immunogenicity of mRNA vaccines as a booster after inactive vac-
cines being limited, there is an urgent need to determine the humoral
responses following heterologous vaccination. This study aimed to
evaluate SARS-CoV-2 IgG response before and after heterologous vac-
cination (CoronaVac/BNT162b2) in health care workers (HCWs).

2. Materials and methods

The study is a prospective, single-center, and observational
cohort study. The study cohort comprised 620 HCWs who were
vaccinated with 2 doses of inactivated CoronaVac (Sinovac Life
Sciences, Beijing, China) and who preferred the BNT162b2 mRNA
vaccine as a prime-boost. Peripheral blood samples were obtained
shortly before and 28 days after the BNT162b2 vaccination upon
their informed consent. Those who’s not available for blood
sampling on the 28th day of prime-boost vaccination were
excluded from the study. The samples were stored in microtubes
at �20°C until assayed. On the assay day, serum samples were
first brought to +4°C and then to room temperature (+18°C, +25°C)
and made ready for use.
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2.1. Immuno-serological tests

Chemiluminescent microparticle immunoassay (CMIA) method
was used to detect SARS-CoV-2 IgG titers (SARS-CoV-2 IgG II Quant
antibody test kit; Abbott Laboratories, Chicago, USA), demonstrating
the quantity of neutralizing antibodies against the receptor-binding
region (RBD) of the spike protein S1 subunit of SARS-CoV-2. The anti-
body results of the studied sera were evaluated as Arbitrary Unit/mL
(AU/mL). The antibody concentrations obtained in AU/mL were mul-
tiplied by the correlation coefficient of 0.142 and converted to the
‘‘Binding Antibody Unit (BAU/mL)” in the WHO’s International Stan-
dard for Anti-SARS-CoV- 2 immunoglobulins [(n.d.)]. Accordingly,
50 AU/mL or 7.1 BAU/mL and above concentrations were considered
positive. This test has been reported to be 100% compatible with the
plaque reduction neutralization test (PRNT), and a concentration of
1050 AU/mL was associated with a 1:80 dilution of PRNT [(n.d.)].
2.2. Statistical analysis

The Statistical Package for Social Sciences (SPSS) software version
21 (IBM Corp.; Armonk, NY) was used to evaluate the data. Qualita-
tive data are presented as numbers and percentages, and quantitative
data are presented as median and IQR25-75. x2 test and Fisher’s exact
test were used in the evaluation of qualitative data, Student’s t-test,
Mann Whitney U test, and Kruskal Wallis test were used in the com-
parison of quantitative data. Spearman analysis was used for the cor-
relation analysis, and the P < 0.05 value was considered significant in
all analyses.
3. Results

HCWs (n = 318) in the study had amean age of 40.31§ 11.92 years
(range between 21�66) of whom 186 were female (58.5%), and 132
(41.5%) were male. Of the 60 participants with prior history of
COVID-19 at least 4 months ago, 23 (45.9%) were male, and 37
(54.1%) were female, with a mean age of 38.1 § 11.9 years. Of the
infection-naïve group, 110 (42.63%) were male, 148 (57.36%) were
female, and the mean age was 40.87 § 11.89. No significant differ-
ence was detected between SARS-CoV-2 seropositivity in individuals
according to gender, comorbidities, and blood groups (P > 0.05).
SARS-CoV-2 IgG seropositivity was found to be significantly higher in
the group under 40 years of age compared to the group aged 40 years
and over (P = 0.035). SARS-CoV-2 IgG seropositivity was also signifi-
cantly higher in participants with a prior history of COVID-19
(P = 0.035) (Table 1).

In the 6th month after CoronaVac vaccination, the median anti-
body level of 1212.02 AU/ML, while it was 9283 AU/mL after
BNT162b2 vaccination. When the median antibody titers were com-
pared before and after the third dose, a significantly higher antibody
titer was found after the booster dose (P < 0.0001) (Table 2). The rate
of IgG antibody titers above 1050 AU/mL (equivalent to 1:80 dilution
in the plaque reduction neutralization test) before the third dose was
15.09%, while it was 97.8% after the third dose.

The evaluated median antibody titers in terms of gender, age, and
BMI, did not differ significantly in before and after the booster dose
(P > 0.05) (Table 3). A significant difference was detected between
median antibody titers in HCWs who have hypothyroidism when
evaluated for comorbidities (P < 0.05) (Table 3). The median antibody
titer was found to be significantly higher in individuals without car-
diovascular disease than in patients with cardiovascular disease (P <
0.05). Median antibody titers were significantly higher in patients
with a history of COVID-19 prior to the booster dose (P < 0.001).
After the booster dose, there was no significant difference between
the median antibody titers in the participants according to the
comorbidities (P > 0.05) (Table 3).
4. Discussion

In this study, antibody responses were evaluated in HCWs vacci-
nated with 2 doses of CoronaVac (Sinovac) who were vaccinated
with mRNA vaccine (BNT162b2) as a booster dose. We demonstrated
booster dose of BNT162b2 mRNA vaccines leads to enhanced
humoral immune responses in participants after 2 doses of inacti-
vated vaccine. Due to the stimulation of both humoral and cell-medi-
ated immunity, it is expected that higher antibody titers will be
detected in individuals with inactivated vaccines and a history of
COVID-19 [(Dinc et al., 2022)]. Heterologous prime-boost has been
recommended for may offer immunologic advantages to extend the
breadth and longevity of protection provided by the currently avail-
able vaccines [(Atmar et al., 2022)].

In Turkey, an optional third dose of the mRNA vaccine was
administered to health personnel. In our study, an approxi-
mately 8-fold increase in median antibody titers was observed
after heterologous booster vaccination with BNT162b2. How-
ever, unlike in health care workers who were vaccinated with
2 doses of CoronaVac, similar results were obtained between
titers between subjects with and without a history of COVID-19
in this study. We believe that the differences between antibody
titers in these studies result from the different vaccines, such
as inactivated and mRNA vaccines, and their stimulation mecha-
nism of the immunity [(Dinc et al., 2022)].

As the debate over booster vaccines heats up, concerns are
mounting about the duration of vaccine-based immunity. Some stud-
ies showed that the emergence of new variants of concern has
resulted in the reduced effectiveness of available vaccines against
COVID-19 [(Hitchings et al., 2021; Liao et al., 2021; Lim et al., 2021;
Souza et al., 2021)]. Similarly, studies from Israel reported that after 2
doses of BNT162b2, vaccine efficacy and antibody titers reduced
within 6 months [(Bar-On et al., 2021; Kertes et al., 2021)]. Hence,
many countries administered new strategies named mix-and-match.
The mix-and-match strategy, using heterologous vaccines in the first,
second, third doses, might successfully solve the efficacy struggles.
Moreover, this strategy has been associated with higher cellular and
humoral immune responses without significantly increasing the
adverse reactions.

A study reported from China showed that heterologous boosting
with recombinant viral vector vaccine Convidecia (Ad5-nCov) elicited
significantly increased mean titers of neutralizing antibody against
SARS-CoV-2 than homologous boosting with CoronaVac in partici-
pants who had previously vaccinated 1 or 2 doses of CoronaVac. The
study was suggested that heterologous boosting with Convidecia fol-
lowing initial vaccination with CoronaVac is safe and more immuno-
genic than homologous boosting [(Li et al., 2022)]. P�erez-Then et al.
[(P�erez-Then et al., 2022)] reported that a CoronaVac prime vaccina-
tion of 2 doses followed by a BNT162b2 booster induces elevated
virus-specific antibody levels and potent neutralization activity
against the ancestral virus (wild-type) and the Delta variant, resem-
bling the titers obtained after 2 doses of mRNA vaccines. In a study
reported from Turkey, a decrease in antibody titers was found third
month of vaccination with CoronaVac and an increase in antibody
titers with both homologous and heterologous booster doses admin-
istered 4.5 months later [(Ça�glayan et al., 2022)]. In addition, the
administration of the BNT162b2 as a heterologous booster had a sig-
nificant increase in antibody response compared to the administra-
tion of a homologous booster with CoronaVac. According to the
method we used in the study IgG antibody titers of over 1050 AU/mL
which is equivalent to 1:80 dilution in the plaque reduction neutrali-
zation test were detected in is quite high (97.8%) after the booster
dose. While according to our study showed a significant increase in
antibody titers after the heterologous vaccination, data are based on
a short follow-up period. EMA and ECDC stated that 6 months after
heterologous vaccination might be a decrease in protection against



Table 1
Demographic and clinical data according to SARS-COV-2 IgG seropositivity.

<50 AU/mL ≥50 AU/mL P
n (%) n (%)

Gender
Male 10 (7,6) 122 (92,4) 0,207
Female 8 (4,3) 178 (95,7)

Age
<40 4 (2,7) 143 (97,3) 0,035*
≥40 14 (8,2) 157 (91,8)

Body-Mass Index (BMI)
Normal 9 (6,0) 141 (94,0) 0,939
Overweight 6 (5,2) 109 (94,8)
Obese 3 (6,5) 43 (93,5)

Department
Basic Medical Sciences 0 (0,0) 9 (100,0) 0,844
Internal Medical Sciences 7 (8,3) 77 (91,7)
Surgical Medical Sciences 3 (7,5) 37 (92,5)
Administrative Staff 2 (7,1) 26 (92,9)

Allergy
Absent 17 (5,6) 285 (94,4) 0,568
Present 1 (7,1) 13 (92,9)

Autoimmune Disorder
Absent 17 (5,5) 292 (94,5) 0,398
Present 1 (12,5) 7 (87,5)

Neurological Disorder
Absent 18 (5,7) 298 (94,3) -
Present 0 (0) 0 (0)

Malignity
Absent 17 (5,4) 298 (94,6) 0,111
Present 1 (50) 1 (50)

Diabetes Mellitus (DM)
Absent 17 (5,6) 286 (94,4) 0,567
Present 1 (7,1) 13 (92,9)

Hypertension (HT)
Absent 17 (5,7) 279 (94,3) 1,000
Present 1 (4,8) 20 (95,2)

Hypothyroidism
Absent 18 (5,9) 286 (94,1) 1,000 f
Present 0 (0,0) 13 (100,0)

Chronic Cardiovascular Disease
Absent 18 (5,8) 293 (94,2) 1,000 f
Present 0 (0,0) 5 (100,0)

Chronic Lung Disease
Absent 18 (5,7) 299 (94,3) -
Present 0 (0,0) 0 (0,0)

Prior History of COVID-19
Absent 18 (7,0) 240 (93,0) 0,035*
Present 0 (0,0) 60 (100,0)

Blood Type
O (Neg or Pos) 5 (5,6) 85 (94,4) 0,949
A (Neg or Pos) 9 (6,5) 129 (93,5)
B (Neg or Pos) 2 (3,9) 49 (96,1)
AB (Neg or Pos) 2 (6,7) 28 (93,3)
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symptomatic infection [(n.d.)]. Concordantly, an extended follow-up
period may offer a new perspective on booster dose intervals.

Real-life data regarding SARS-CoV-2 IgG antibodies following
inactivated COVID-19 vaccine are limited. IgG positivity after 2 doses
of inactivated vaccination is reported to be between 77.3% and 99.4%
[Dinc et al., 2022, Keskin et al., 2022; Seyahi et al., 2021; Tanriover
et al., 2021]. Especially, the long-term protection of the inactivated
vaccine is uncertain. In this study, antibody titers were assessed sixth
month of 1 dose of mRNA booster in those vaccinated with 2 doses of
Table 2
SARS-CoV-2 IgG median levels in blood samples taken before and after the booster dose from

Before booster dose of BNT162b2 Median (%25�75 IQR

SARS-CoV-2 IgG, AU/mL 1212.02 (123.5�556.5)
CoronaVac. This study presents real-life data regarding antibody lev-
els changes with heterologous mRNA booster 6 months after 2 doses
of the inactivated CoronaVac vaccine. We believe that the study will
make a significant contribution to the literature.

In previous studies reported from our hospital, antibody titers
were decreased third month after administering 2 doses of Corona-
Vac compared to the first month [(Balkan et al., 2022)]. We only
included HCWs who preferred the mRNA-BNT162b2 vaccine over
CoronaVac as a booster dose, and this may have caused bias. In
HCWs who participated in the study.

) After booster dose of BNT162b2 Median (%25�75 IQR) P

9283.4 (6196.9�14264.9) 0,000*



Table 3
Evaluation of antibody titers in HCWs according to demographic and clinical data before and after the booster dose.

Before booster dose of BNT162b2 After booster dose of BNT162b2
Median (IQR 25%�IQR 75%) P Median (IQR 25%�IQR 75%) P

Gender
Male
Female

210,20 (117,30�530,90)
219,05 (127,95�615,575)

0,473 9419,70 (5681,90�14264,90)
9275,05 (6488,45�14134,60)

0,727

Age
<40
≥40

228,00 (129,90�481,30)
207,50 (121,90�695,00)

0,610 9165,60 (6491,40�14067,00)
9551,00 (5502,20�14385,00)

0,883

Body Mass Index (BMI)
Normal
Overweight
Obese

207,00 (122,50�485,20)
247,00 (134,30�643,10)
171,40 (114,95�348,375)

0,242 9129,65 (6007,75�14324,55)
9235,70 (6504,50�14078,00)
11055,55 (6505,30�16010,58)

0,606

Autoimmune Disorder
Absent
Present

216,90 (123,35�542,45)
435,60 (124,73�1583,53

0,645 9333,70 (6262,45�14284,65)
8445,00 (6064,55�12433,40)

0,815

Malignity
Absent
Present

221,20 (123,80�556,50)
-

- 9333,70 (6298,90�14264,90)
-

-

Allergy
Absent
Present

213,55 (123,08�532,83)
304,85 (138,05�800,68)

0,568 9376,70 (6325,25�14274,78)
7095,30 (4271,60�13310,50)

0,267

Diabetes Mellitus
Absent
Present

221,20 (123,20�546,30)
165,50 (121,95�642,93)

0,658 9329,10 (6298,90�14236,80)
9311,25 (5732,18�15500,80)

0,860

Hypertension
Absent
Present

227,50 (123,35�571,43)
146,10 (118,90�325,15)

0,152 9331,40 (6302,98�14295,53)
8828,70 (4507,90�13397,00)

0,612

Hypothyroidism
Absent
Present

208,65 (122,63�552,30)
442,40 (191,95�1585,20)

0,035* 9376,70 (6206,05�14257,88)
8739,20 (6595,55�15228,20)

0,938

Chronic Cardiovascular Disease
Absent
Present

224,70 (124,10�556,50)
110,80 (77,25�130,75)

0,018* 9329,10 (6298,90�14264,90)
9093,70 (4582,20�11087,75)

0,389

Other Conditions
Absent
Present

226,15 (125,75�554,85)
189,30 (94,25�603,75)

0,282 9251,20 (6325,25�14274,78)
11254,30 (5447,80�14646,35)

0,894

Prior History of COVID-19
Absent
Present

184,60 (115,45�354,45)
1162,80 (325,10�2713,95)*

<0,001 9860,90 (6343,90�14975,80)
8783,95 (5683,50�11703,80)

0,138
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addition, although the humoral immune responses were assessed
with the SARS-CoV-II IgG test, which is 100% compatible with PRNT,
the specific T-cell responses could not be assessed.

This study is crucial in that showed a parallel increase in antibody
titers when an mRNA booster is administered 6 months after the
administration of 2 doses of CoronaVac in HCWs with or without a
prior history of COVID-19. Our results showed that the heterologous
prime-boost regimen was safe and significantly immunogenic. We
believe that the administration of the mRNA vaccine as a booster
dose can provide more effective protection against COVID-19 infec-
tion, especially in individuals with risk factors.
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