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Abstract: This study aimed to determine the anti-S (receptor binding protein) RBD IgG antibody
titers formed against Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) and the
neutralizing antibody inhibition percentages (nAb IH%) in blood samples taken after two doses
of inactive or mRNA-based vaccine and a booster dose. Volunteers with two doses of inactivated
CoronaVac (heterologous group; n = 75) and BioNTech (BNT)162b2 mRNA vaccine (homologous
group; n = 75) were included in this study. All participants preferred the BNT162b2 vaccine as a
booster dose. First, peripheral blood samples were taken 3 months after the second vaccine dose.
Second, peripheral blood samples were taken 1 month after the booster dose. Anti-S-RBD IgG titers
were determined by CMIA (SARS-CoV-2 IgG II Quant). Neutralizing antibodies were detected by
a surrogate neutralization assay (SARS-CoV-2 NeutraLISA, Euroimmun, Lübeck, Germany). The
median age of the volunteers was 40 (IQR 29–47) years old. After the heterologous booster dose, anti-
S-RBD IgG levels and neutralizing antibodies increased approximately 50-fold and 9-fold, respectively.
Anti-S-RBD IgG titers increased by 9 and 57 times, respectively, while nAb IH% increased by 1.5 and
16 times, respectively, among those with heterologous reminder doses and those with and without a
prior history of coronavirus disease (COVID-19). This study showed that after the administration of a
heterologous booster dose with BNT162b2 to those whose primary vaccination was with inactivated
CoronaVac, the binding and neutralizing antibody levels were similar to those who received a
homologous BNT162b2 booster dose. It was observed that the administration of heterologous and
homologous booster doses resulted in the development of similar levels of neutralizing antibodies,
independently from a prior history of COVID-19.

Keywords: CoronaVac; BNT162b2; neutralizing antibody; binding antibody

1. Introduction

Due to the appearance of emerging variants of Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV2) all around the world and their spread, the number of COVID-
19 cases is rapidly increasing, and because of this, coronavirus disease (COVID-19)-
associated morbidity and mortality continue to increase [1]. In our country, vaccination
against SARS-CoV-2 with the inactivated CoronaVac vaccine began in July 2020, and then
in March 2021, the mRNA-based BioNTech (BNT)162b2 was added as a second choice [2].

Although the efficacy of COVID-19 vaccines is found to be higher than that of vaccines
used to prevent other respiratory tract infectious diseases such as influenza, it has been
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reported that immunity against SARS-CoV-2 wanes, especially after four to six months [3,4].
Understanding antibody-responses-induced post-COVID-19 infection or post-vaccination
can guide the improvement of vaccination programs, especially in countries where re-
sources are limited [5]. It is important to detect antibody responses to the virus to un-
derstand the effectiveness of current vaccine doses against different and new variants as
well as the effect of time on the immune response developed in the host [6]. Vaccines
developed with different technologies that have been approved for emergency use by the
World Health Organization (WHO) are being used all over the world. Heterologous and
homologous vaccinations are used to prevent COVID-19 infections, which are caused by
different variants [7].

This study aimed to evaluate immunoglobulin (Ig) G (IgG) antibody titers against
the spike protein of SARS-CoV-2 (the anti-S-(receptor binding protein) RBD IgG antibody
titers) and the percentage-based inhibition of surrogate neutralizing antibodies (nAb IH%)
in individuals admitted to Istanbul University-Cerrahpasa, Cerrahpasa Medical Faculty.
These individuals received a booster dose with BNT162b2 after two doses of inactive
CoronaVac vaccine (heterologous group) or the BNT162b2 vaccine (homologous group)
from peripheral blood samples 3 months after their second dose (CoronaVac or BNT162b2)
of vaccine and 1 month after their BNT162b2 booster vaccine. In addition, we aimed to
evaluate the relationship between antibody responses and neutralizing antibody capacities
after booster dose administration in individuals with and without prior history of COVID-
19 in heterologous and homologous groups.

2. Materials and Methods
2.1. Study Groups and Sampling

Volunteers who had received two doses of the inactivated CoronaVac (Sinovac Life
Sciences, Beijing, China) (heterologous group; n = 75) vaccine or two doses of the BNT162b2
mRNA (Pfizer-BioNTech) vaccine (homologous group; n = 75) were included in this study,
which was carried out from 25 April 2022 to 15 August 2022. The two patient groups
are not similar in terms of co-morbidities, which could affect immunoresponses (e.g.,
immunosuppression, diabetes, etc.). All of these participants preferred the BNT162b2
vaccine as a booster dose. Firstly, we collected peripheral blood samples taken 3 months
after the second dose of vaccine. Secondly, we collected peripheral blood samples 1 month
after the booster dose.

All participants were asked to complete an additional questionnaire regarding their
comorbidities and their history of COVID-19 infection. Their COVID-19 histories were
confirmed by their medical history (clinical data and/or PCR results). In addition, age,
gender, and comorbidity characteristics were comprehensively evaluated. All volunteers
provided written informed consent prior to the study.

2.2. Evaluation of Anti-S-RBD IgG and nAb IH%

Blood serum was separated from peripheral blood samples at the Istanbul University-
Cerrahpasa, Cerrahpaşa Medical Faculty, Serology Unit of the Medical Microbiology De-
partment, and assays were performed at this laboratory. Antibody titers against the S1/RBD
region of SARS-CoV-2 were obtained by chemiluminescent microparticle immunoassay
(CMIA)-based SARS-CoV-2 IgG II Quant (Abbott, Chicago, IL, USA). The results were
obtained as Arbitrary Unit/mL (AU/mL) and were multiplied by the correlation coefficient
of 0.142 to convert the results to BAU/mL, which is the reference unit value recommended
by the WHO. Neutralizing antibody titers that inhibit the binding of the RBD of SARS-CoV-
2/S1 to human angiotensin-converting enzyme 2 (ACE2) were obtained by competitive
ELISA-based SARS-CoV-2 NeutraLISA (Euroimmun AG, Lübeck, Germany) assay. The
results were obtained as inhibition as a percentage (%IH).
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2.3. Statistical Analysis

SPSS Statistics v.20.0 (IBM Corp., Armonk, NY, USA) was used to evaluate the data.
Qualitative data are presented as numbers and percentages, and quantitative data are
presented as median and interquartile range (IQR) 25–75. Qualitative data were evaluated
with chi-square χ2 and Fisher’s exact test, and quantitative data were evaluated with
Student’s t-test and the Mann–Whitney U test. Spearman analysis was used for correlation
analysis. Statistical significance was set at p < 0.05.

3. Results

The demographic data of the 150 volunteers included in the study are presented in
Table 1a. In total, 59 volunteers (39.3%) were female, and 91 (60.7%) were male. Thirty-two
volunteers (21.3%) had at least one comorbidity. The median age of the volunteers was 40
(IQR 29–47) years old (Table 1b).

Table 1. (a) Distribution of demographic data of all participants. (b) Distribution of age and laboratory
data of all participants (median (IQR25/IQR75)).

(a)

Data n (%)

Gender (F/M) 59 (39.3%)/91 (60.7%)

Comorbidity (no/yes) 118 (78.7%)/32 (21.3%)

Prior COVID-19 infections (no/yes) 107 (71.3%)/43 (28.7%)

(b)

Data Median (IQR25–IQR75)

Age (median (IQR25/IQR75)) 40.00 (29.00–47.00)

First anti-S-RBD IgG AU/mL (median (IQR25/IQR75)) * 1178.85 (204.80–7653.75)

Second anti-S-RBD IgG AU/mL (median (IQR25/IQR75)) * 9080.45 (3694.33–15,230.20)

First nAb IH% (median (IQR25/IQR75)) * 65.60 (9.86–99.30)

Second nAb IH% (median (IQR25/IQR75)) * 99.44 (98.40–99.53)
* First (3 months after two dose); second (1 month after booster dose).

The SARS-CoV-2 IgG seropositivity of the participants who received a booster dose
of BNT162b2 after two doses of BNT162b2 or two doses of the CoronaVac vaccine are pre-
sented in Table 2a. The median anti-S-RBD IgG titers in the first peripheral blood samples,
which were taken 3 months after the second dose of BNT162b2, in the homologous group
were 7461.3 (IQR 2601.4–14,803.2). In the second sample, which was taken 1 month after
the BNT162b2 booster dose, the median of the anti-S-RBD IgG titers was 5331.2 arbitrary
units (AU)/mL (IQR 2044–12,253.9). On the other hand, the median anti-S-RBD IgG titers
in the first peripheral blood samples, which were taken 3 months after the second dose of
CoronaVac, in the heterologous group was 231.8 (IQR 127–471.6). In the second samples,
which were taken 1 month after the BNT162b2 booster dose, the median of the anti-S-RBD
IgG titers was 10,693.3 AU/mL (IQR 6919.2–17,670.4). While the median nAb IH% of the
first samples in the homologous group was 99.24% (IQR 79.33–99.49%), the median nAb
IH% of the second samples was 99.14% (IQR 89.55–99.44%). In the heterologous group, the
median nAb IH% for the first samples was 10.77% (IQR 2.54–24.57%), and for the second
samples, the median was 99.53% (IQR 99.48–99.58%). The anti-S-RBD IgG titers increased
approximately 50-fold, and nAb IH% increased approximately 9-fold after the heterologous
booster dose (Table 2b).
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Table 2. (a) Distribution of demographic data of participants who received a booster dose of
BNT162b2 after two doses of BNT162b2 or two doses of the CoronaVac vaccine. (b) Distribution of
age and antibody results in participants who received a BNT162b2 booster dose after two doses of
BNT162b2 or two doses of CoronaVac vaccine (median (IQR25/IQR75)).

Groups Two Doses BNT162b2 + One
BNT162b2 Booster Dose (n:75)

Two Doses CoronaVac + One BNT162b2
Booster Dose (n:75)

(a)

Data n (%) n (%) p

Gender (F/M) n (%) 9 (12%)/66 (88%) 50 (66.7%)/25 (33.3%) <0.05

Comorbidity (no/yes) n (%) 70 (93.3%)/5 (6.7%) 48 (64%)/27 (36%) <0.05

Prior COVID-19 infections (no/yes) n (%) 49 (65.3%)/26 (34.7%) 58 (77.3%)/17 (22.7%) 0.105

(b)

Median (IQR25–IQR 75) Median (IQR25–IQR75) p

Age (median (IQR25/IQR75)) 34 (28–42) 43 (34–51) <0.05

First anti-S-RBD IgG AU/mL * 7461.30 (2601.40–14,803.20) 231.80 (127.00–471.60) <0.05

Second anti-S-RBD IgG AU/mL ** 5331.20 (2044.00–12,253.90) 10,696.30 (6919.20–17,670.40) <0.05

First nAb IH% * 99.24 (79.33–99.49) 10.77 (2.54–24.57) <0.05

Second nAb IH% ** 99.14 (89.55–99.44) 99.53 (99.48–99.58) <0.05

* First (3 month after two dose vaccination), ** Second (1 month after third booster vaccination dose).

The antibody results of the participants who received a BNT162b2 booster dose after
two doses of BNT162b2 or two doses of the CoronaVac vaccine and who had no prior
history of COVID-19 are presented in Table 3. In the first samples of the homologous
group, which were taken 3 months after second dose of BNT162b2, the median of the
anti-S-RBD IgG titers was 7643.7 AU/mL (IQR 3188.1–14,948.6), and in the second samples,
which were taken 1 month after receiving a BNT162b2 booster dose, the median of the
anti-S-RBD IgG titers was 3291 AU/mL (IQR 1673–10,420.1). In participants who had no
prior history of COVID-19 and who received two doses of the CoronaVac vaccine, the
median of the anti-S-RBD IgG antibody titers was 195.9 (IQR 115.28–317.23) in their first
samples, which were taken 3 months after the second dose of CoronaVac; in their second
samples, which were taken 1 month after receiving a BNT162b2 booster dose, the median
was 11,271.2 AU/mL (IQR 6871.8–18,165.03). In the homologous group, the median nAb
IH% of their first and second samples was 99.34 (IQR 83.33–99.49%) and 98.28% (IQR 85.34–
99.39%), respectively; in the heterologous group, the median nAb IH% of their first and
second samples was 6.26% (IQR 1.9–19.27%) and 99.52% (IQR 99.42–99.58%), respectively.
After a heterologous booster dose, anti-S-RBD IgG titers increased approximately 57-fold,
and nAb IH% increased approximately 16-fold (Table 3).

The antibody results of volunteers who received a BNT162b2 booster dose after two
doses of BNT162b2 or two doses of CoronaVac and who had a history of COVID-19 are
presented in Table 4. Of the participants in the homologous group, in their first samples,
which were taken 3 months after the second dose of BNT162b2, the median of the anti-S-
RBD IgG titers was 5560.25 AU/mL (IQR 1905.08–14,662.3), and in their second samples,
which were taken 1 month after a homologous booster dose with BNT162b2, the median of
the anti-S-RBD IgG titers was 8676 AU/mL (IQR 3872.95–18,322.25). Additionally, in the
participants with a history of COVID-19 who received two doses of CoronaVac, the median
of the anti-S-RBD IgG antibody titers in their first samples, which were taken 3 months after
the second dose of CoronaVac, was 1097.8 (IQR 322.3–2725.25), and in their second samples,
which were taken 1 month after a heterologous booster dose with BNT162b2, the median
was 9202 AU/mL (IQR 6792.75–13,770.95). In the homologous group, the median nAb IH%
of the first and second samples was 96.8 (IQR 62.49–99.45%) and 99.39% (IQR 96.92–99.5%),
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respectively. In the heterologous group, the median nAb IH% of the first and second
samples was 68.7% (IQR 22.35–89.85%) and 99.54% (IQR: 99.51–99.59%), respectively. After
a heterologous booster dose, the anti-S-RBD IgG titers increased approximately 9-fold, and
nAb IH% increased approximately 1.5-fold (Table 4).

Table 3. Distribution of antibody results in subjects without prior history of COVID-19 who received
a BNT162b2 booster dose after two doses of BNT162b2 or two doses of CoronaVac vaccine.

Groups Two Dose BNT162b2 + One
BNT162b2 Booster Dose (n:49)

Two Dose CoronaVac + One
BNT162b2 Booster Dose (n:58)

Median (IQR25–IQR75) Median (IQR25–IQR75) p

Age (median (IQR25/IQR75)) 33 (27–41.5) 43 (32–51) <0.05

First anti-S-RBD IgG AU/mL * 7643.70 (3188.10–14,948.60) 195.90 (115.28–317.23) <0.05

Second anti-S-RBD IgG AU/Ml ** 3291.00 (1673.00–10,420.10) 11,271.20 (6871,80–18,165.03) <0.05

First nAb IH% * 99.34 (83.33–99.49) 6.26 (1.90–19.27) <0.05

Second nAb IH% ** 98.28 (85.34–99.39) 99.52 (99.42–99.58) <0.05

* First (3 month after two dose vaccination), ** Second (1 month after third booster vaccination dose).

Table 4. Distribution of antibody results in subjects with a history of COVID-19 who received a
BNT162b2 booster dose after two doses of the BNT162b2 or two doses of the CoronaVac vaccine.

Groups Two Dose BNT162b2 + One
BNT162b2 Booster Dose (n:26)

Two Dose CoronaVac + One
BNT162b2 Booster Dose (n:17)

Median (IQR25–IQR75) Median (IQR25–IQR75) p

Age (Median (IQR25/IQR75)) 37 (31.75–43) 44 (34–52) <0.05

First anti-S-RBD IgG AU/mL * 5560.25 (1905.08–14,662.30) 1097.80 (322.30–2725.25) <0.05

Second anti-S-RBD IgG AU/mL ** 8676.50 (3872.95–18,322.25) 9202.00 (6792.75–13,770.95) 0.585

First nAb IH% * 96.80 (62.49–99.45) 68.70 (22.35–89.85) <0.05

Second nAb IH% ** 99.39 (96.92–99.50) 99.54 (99.51–99.59) <0.05

* First (3 month after two dose vaccination), ** Second (1 month after third booster vaccination dose).

In participants without a history of COVID-19, no correlation was found between
anti-S-RBD IgG titers and nAb IH% (p > 0.05). On the contrary, in participants with a
history of COVID-19, a moderate correlation (rs: 0.530, p = 0.001) was found between the
first anti-S-RBD IgG and nAb IH% levels, and a weak correlation (rs: 0.362, p = 0.017) was
found between the anti-S-RBD IgG and nAb IH% levels in the second samples.

4. Conclusions

Booster doses are an important tool for enhancing immunity that tends to wane over
time and for enhancing immunity against circulating variants of SARS-CoV-2. Determining
antibody levels can be useful for predicting the immune status that will occur after receiving
booster doses. In the fight against COVID-19, it is important to obtain data on antibody
status after heterologous or homologous booster doses of the different vaccines that are
in use after being approved for emergency use [8]. Therefore, in our study, we focused
on the status of the anti-S-RBD IgG titers and nAb IH% levels in cases of heterologous
and homologous booster dose administration after two doses of the inactive CoronaVac
vaccine or two doses of the mRNA-based BNT162b2 vaccine. We found that the levels of
anti-S-RBD IgG and neutralizing antibodies increased approximately 50-fold and nine-fold,
respectively, after a heterologous booster dose. Anti-S-RBD IgG titers increased by 9 and
57 times, respectively, while nAb IH% increased by 1.5 and 16 times, respectively, among
those with heterologous reminder doses and those with and without a prior history of
COVID-19.
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A study conducted in Italy found that the initial effectiveness of COVID-19 vaccination
was 76–92% within 6 months and that it decreased to 34–80% 6 months after vaccination.
However, when booster doses are administered, they are reported to reduce SARS-CoV-2
infections by 65%, COVID-19-related hospitalizations by 69%, and deaths by 97% compared
to vaccine efficacy 6 months after vaccination [9]. Another study with 4868 participants
found that antibody response was significantly reduced 6 months after receiving a second
dose of the BNT162b2 vaccine, particularly in men, people older than 65 years of age, and
those who are immunocompromised [10]. In our study, we have shown that neutralizing
antibody levels increased with booster doses.

Clemens et al. reported that they found low antibody titers after two doses of inactive
CoronaVac but that antibody titers and neutralizing antibody levels significantly increased
after heterologous or homologous booster doses [11]. Similarly, in our study, anti-S-RBD
IgG titers and surrogate neutralizing antibody levels were found to be significantly lower
in those who received two doses of the CoronaVac vaccine compared to two doses of
the BNT162b2 vaccine. In the group whose primary doses were of inactive CoronaVac, a
significant increase was detected in the anti-S-RBD IgG titers and surrogate neutralizing
antibody levels in the first month after heterologous BNT162b2 booster dose administration.

Perez-Then et al. reported that the administration of a BNT162b2 booster dose after
two doses of inactivated CoronaVac vaccine increased the level of neutralizing antibodies
against the Omicron variant of SARS-CoV-2 by approximately 1.5-fold [12]. In our study,
it was determined that nAb IH% increased 1.5-fold as a result of heterologous booster
vaccination in people who had a history of COVID-19 and 16 times in those without a
history of COVID-19. Suah et al. reported that homologous CoronaVac application has low
efficiency and that a heterologous booster dose is preferred for the mRNA-based BNT162b2
vaccine [13]. Our study showed that administering a heterologous BNT162b2 booster
dose to individuals vaccinated with only two doses of the inactivated CoronaVac vaccine
may provide similar efficacy to administering a BNT162b2 booster dose to individuals
vaccinated with two doses of the BNT162b2 vaccine.

Liang et al. reported that anti-S-RBD IgG titers increased to 639.30 AU/mL after the
administration of a homologous CoronaVac booster dose to individuals who received two
doses of the inactivated CoronaVac vaccine. They also reported that the half-life of the
neutralizing antibodies and the anti-S-RBD antibodies were 56 days and 82 days, respec-
tively [14]. While the results that we obtained after two doses of inactivated CoronaVac
vaccine were similar to those of their study, it was determined that the addition of a heterol-
ogous BNT162b2 booster dose increased anti-S-RBD IgG and neutralizing antibody levels
to a similar level as homologous BNT162b2 vaccine administration.

Karaba et al. reported a strong correlation between neutralizing antibody levels and
anti-S-RBD-IgG levels [15]. In our study, we found a moderate correlation between anti-S-
RBD IgG titers and nAb IH% levels in the first blood samples of individuals with a history
of COVID-19 infection and a weak correlation between anti-S-RBD IgG titers and nAb IH%
levels in the second blood samples. We propose that the difference between studies may be
due to the genetic and immune status differences in the patient groups.

Similar to our study, in a Brazilian study using the inactivated CoronaVac vaccine and
the BNT162b2 vaccine in combination, high and permanent protection was obtained against
the Omicron variant after a heterologous booster dose with the BNT162b2 vaccine [16].
Similarly, in a large cohort study involving approximately 11 million individuals, it was
reported that administering homologous or heterologous booster doses to individuals
vaccinated with two doses of inactive CoronaVac resulted in a high protection against
SARS-CoV-2, including against severe morbidity and death. It was stated that the heterolo-
gous booster dose has a higher efficiency than homologous booster doses; therefore, the
heterologous booster dose can be applied in clinical practice [17]. When booster doses ad-
ministered with different vaccines were received after the inactivated CoronaVac vaccine, it
was reported that a high T cell response occurs after heterologous booster doses, especially
from mRNA-based vaccines (mRNA-1273 and BNT162b2). Similar to our study, it was
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determined that binding and neutralizing antibody (nAb) levels significantly increased
after a heterologous booster dose [18].

The limitations of our study are that it is single-centered, it was not performed on a
very large cohort, and we did not check the baseline antibody titers of the participants. The
study also uses short-term follow-up data, and it is not known which variant infected those
with a history of COVID-19. On the other hand, the data we obtained support vaccination
strategies using heterologous booster doses, making them compatible with the literature.

The data of our study show that after the administration of a heterologous booster
dose with BNT162b2 to those whose primary vaccination was with the inactivated Coron-
aVac vaccine, binding and neutralizing antibody (nAb) levels were similar to those who
received a homologous BNT162b2 booster dose. While the change in the binding and
nAbs was correlated in those who had a previous COVID-19 infection, this correlation
was not found in those without a history of COVID-19 infection. It was observed that the
administration of heterologous and homologous BNTableT162b2 booster doses resulted
in the development of similar levels of neutralizing antibodies, regardless of whether or
not the patient had been infected with COVID-19. Although it can be seen that data on
heterologous booster dose applications have a positive effect on the host immune response,
these data should be supported by more comprehensive and multicenter studies in order
to update vaccine policies in regions such as Turkey, where inactivated and mRNA-based
vaccines are used together.
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https://covid19asi.saglik.gov.tr/TR-77706/covid-19-asisi-ulusal-uygulama-stratejisi.html (accessed on 14 June 2021).
3. Monto, A.S. The Future of SARS-CoV-2 Vaccination—Lessons from Influenza. N. Engl. J. Med. 2021, 385, 1825–1827. [CrossRef]

[PubMed]
4. Goldberg, Y.; Mandel, M.; Bar-On, Y.M.; Bodenheimer, O.; Freedman, L.; Haas, E.J.; Milo, R.; Alroy-Preis, S.; Ash, N.; Huppert, A.

Waning Immunity after the BNT162b2 Vaccine in Israel. N. Engl. J. Med. 2021, 385, e85. [CrossRef] [PubMed]
5. Chansaenroj, J.; Yorsaeng, R.; Puenpa, J.; Wanlapakorn, N.; Chirathaworn, C.; Sudhinaraset, N.; Sripramote, M.; Chalongviriyalert,

P.; Jirajariyavej, S.; Kiatpanabhikul, P.; et al. Long-term persistence of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) spike protein-specific and neutralizing antibodies in recovered COVID-19 patients. PLoS ONE 2022, 17, e0267102.
[CrossRef]

6. Kim, N.; Shin, S.; Minn, D.; Park, S.; An, D.; Park, J.H.; Roh, E.Y.; Yoon, J.H.; Park, H. SARS-CoV-2 Infectivity and Antibody Titer
Reduction for 6 Months After Second Dose of BNT162b2 mRNA Vaccine in Healthcare Workers: A Prospective Cohort Study. J.
Infect. Dis. 2022, 226, 32–37. [CrossRef]

7. Au, W.Y.; Cheung, P.P. Effectiveness of heterologous and homologous covid-19 vaccine regimens: Living systematic review with
network meta-analysis. BMJ 2022, 377, e069989. [CrossRef]

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/booster-shot.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/booster-shot.html
https://covid19asi.saglik.gov.tr/TR-77706/covid-19-asisi-ulusal-uygulama-stratejisi.html
http://doi.org/10.1056/NEJMp2113403
http://www.ncbi.nlm.nih.gov/pubmed/34739199
http://doi.org/10.1056/NEJMoa2114228
http://www.ncbi.nlm.nih.gov/pubmed/34706170
http://doi.org/10.1371/journal.pone.0267102
http://doi.org/10.1093/infdis/jiac035
http://doi.org/10.1136/bmj-2022-069989


Vaccines 2022, 10, 1672 8 of 8

8. Atmar, R.L.; Lyke, K.E.; Deming, M.E.; Jackson, L.A.; Branche, A.R.; El Sahly, H.M.; Rostad, C.A.; Martin, J.M.; Johnston, C.; Rupp,
R.E.; et al. Homologous and Heterologous Covid-19 Booster Vaccinations. N. Engl. J. Med. 2022, 386, 1046–1057. [CrossRef]

9. Mattiuzzi, C.; Lippi, G. Primary COVID-19 vaccine cycle and booster doses efficacy: Analysis of Italian nationwide vaccination
campaign. Eur. J. Public Health 2022, 32, 328–330. [CrossRef] [PubMed]

10. Levin, E.G.; Lustig, Y.; Cohen, C.; Fluss, R.; Indenbaum, V.; Amit, S.; Doolman, R.; Asraf, K.; Mendelson, E.; Ziv, A.; et al. Waning
Immune Humoral Response to BNT162b2 Covid-19 Vaccine over 6 Months. N. Engl. J. Med. 2021, 385, e84. [CrossRef]

11. Costa Clemens, S.A.; Weckx, L.; Clemens, R.; Almeida Mendes, A.V.; Ramos Souza, A.; Silveira, M.B.V.; da Guarda, S.N.F.; de
Nobrega, M.M.; de Moraes Pinto, M.I.; Gonzales, I.G.S.; et al. Heterologous versus homologous COVID-19 booster vaccination in
previous recipients of two doses of CoronaVac COVID-19 vaccine in Brazil (RHH-001): A phase 4, non-inferiority, single blind,
randomised study. Lancet 2022, 399, 521–529. [CrossRef]

12. Pérez-Then, E.; Lucas, C.; Monteiro, V.S.; Miric, M.; Brache, V.; Cochon, L.; Vogels, C.B.F.; Malik, A.A.; De la Cruz, E.; Jorge,
A.; et al. Neutralizing antibodies against the SARS-CoV-2 Delta and Omicron variants following heterologous CoronaVac plus
BNT162b2 booster vaccination. Nat. Med. 2022, 28, 481–485. [CrossRef] [PubMed]

13. Suah, J.L.; Tng, B.H.; Tok, P.S.K.; Husin, M.; Thevananthan, T.; Peariasamy, K.M.; Sivasampu, S. Real-world effectiveness of
homologous and heterologous BNT162b2, CoronaVac, and AZD1222 booster vaccination against Delta and Omicron SARS-CoV-2
infection. Emerg. Microbes Infect. 2022, 11, 1343–1345. [CrossRef] [PubMed]

14. Liang, X.M.; Xu, Q.Y.; Jia, Z.J.; Wu, M.J.; Liu, Y.Y.; Lin, L.R.; Liu, L.L.; Yang, T.C.A. Third Dose of an Inactivated Vaccine
Dramatically Increased the Levels and Decay Times of Anti-SARS-CoV-2 Antibodies, but Disappointingly Declined Again: A
Prospective, Longitudinal, Cohort Study at 18 Serial Time Points Over 368 Days. Front. Immunol. 2022, 13, 876037. [CrossRef]
[PubMed]

15. Karaba, A.H.; Zhu, X.; Liang, T.; Wang, K.H.; Rittenhouse, A.G.; Akinde, O.; Eby, Y.; Ruff, J.E.; Blankson, J.N.; Abedon, A.T.; et al.
A Third Dose of SARS-CoV-2 Vaccine Increases Neutralizing Antibodies Against Variants of Concern in Solid Organ Transplant
Recipients. Am. J. Transplant. 2022, 22, 1253–1260. [CrossRef] [PubMed]

16. Cerqueira-Silva, T.; de Araujo Oliveira, V.; Paixão, E.S.; Júnior, J.B.; Penna, G.O.; Werneck, G.L.; Pearce, N.; Barreto, M.L.;
Boaventura, V.S.; Barral-Netto, M. Duration of protection of CoronaVac plus heterologous BNT162b2 booster in the Omicron
period in Brazil. Nat. Commun. 2022, 13, 4154. [CrossRef] [PubMed]

17. Jara, A.; Undurraga, E.A.; Zubizarreta, J.R.; González, C.; Pizarro, A.; Acevedo, J.; Leo, K.; Paredes, F.; Bralic, T.; Vergara, V.; et al.
Effectiveness of homologous and heterologous booster doses for an inactivated SARS-CoV-2 vaccine: A large-scale prospective
cohort study. Lancet Global Health 2022, 10, e798–e806. [CrossRef]

18. Assawakosri, S.; Kanokudom, S.; Suntronwong, N.; Auphimai, C.; Nilyanimit, P.; Vichaiwattana, P.; Thongmee, T.; Duangchinda,
T.; Chantima, W.; Pakchotanon, P.; et al. Neutralizing Activities against the Omicron Variant after a Heterologous Booster in
Healthy Adults Receiving Two Doses of CoronaVac Vaccination. J. Infect. Dis. 2022; ahead of print. [CrossRef]

http://doi.org/10.1056/NEJMoa2116414
http://doi.org/10.1093/eurpub/ckab220
http://www.ncbi.nlm.nih.gov/pubmed/34978571
http://doi.org/10.1056/NEJMoa2114583
http://doi.org/10.1016/S0140-6736(22)00094-0
http://doi.org/10.1038/s41591-022-01705-6
http://www.ncbi.nlm.nih.gov/pubmed/35051990
http://doi.org/10.1080/22221751.2022.2072773
http://www.ncbi.nlm.nih.gov/pubmed/35499301
http://doi.org/10.3389/fimmu.2022.876037
http://www.ncbi.nlm.nih.gov/pubmed/35572536
http://doi.org/10.1111/ajt.16933
http://www.ncbi.nlm.nih.gov/pubmed/34951746
http://doi.org/10.1038/s41467-022-31839-7
http://www.ncbi.nlm.nih.gov/pubmed/35851597
http://doi.org/10.1016/S2214-109X(22)00112-7
http://doi.org/10.1093/infdis/jiac092

	Introduction 
	Materials and Methods 
	Study Groups and Sampling 
	Evaluation of Anti-S-RBD IgG and nAb IH% 
	Statistical Analysis 

	Results 
	Conclusions 
	References

