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Background: The first COVID-19 vaccination campaign in Thailand began in April 2020, with healthcare
workers receiving two doses of inactivated COVID-19 vaccine (CoronaVac). However, the emergence of
the delta and omicron variants raised concerns about vaccine effectiveness. The Thai Ministry of Public
Health provided the first booster dose (third dose) and second booster dose (fourth dose) of the mRNA
vaccine (BNT162b2) for healthcare workers. This study investigated the immunity and adverse reactions
elicited by a heterologous second booster dose of BNT162b2 after a two-dose CoronaVac vaccination for
COVID-19 in healthcare workers of the Faculty of Medicine, Naresuan University.
Methods: IgG titres against the SARS-CoV-2-spike protein were measured four and 24 weeks after the
second booster dose of BNT162b2 in the study participants. Adverse reactions were recorded during
the first three days, four weeks and 24 weeks after the second booster dose of BNT162b2.
Results: IgG against the SARS-CoV-2-spike protein was positive (>10 U/ml) in 246 of 247 participants
(99.6 %) at both four and 24 weeks after the second booster dose of BNT162b2. The median specific
IgG titres at four and 24 weeks after the second booster dose of BNT162b2 were 299 U/ml (min: 2,
max: 29,161) and 104 U/ml (min: 1, max: 17,920), respectively. The median IgG level declined signifi-
cantly 24 weeks after the second booster dose of the BNT162b2 vaccine. Of the 247 participants, 179
(72.5 %) experienced adverse reactions in the first three days after the second booster dose of
BNT162b2. Myalgia, fever, headache, injection site pain and fatigue were the most common adverse reac-
tions.
Conclusion: This study demonstrated that a heterologous second booster dose of BNT162b2 after two
doses of CoronaVac induced elevated IgG against the SARS-CoV-2-spike protein and caused minor
adverse reactions in healthcare workers of the Faculty of Medicine, Naresuan University.
This study was registered as Thailand Clinical Trials No. TCTR20221112001.

� 2023 Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease (COVID-19) is an infectious disease caused
by the severe acute respiratory coronavirus 2 (SARS-CoV-2), which
spread rapidly and caused a global pandemic. By October 2022,
there were more than 620 million cumulative cases and over six
million cumulative deaths worldwide, with a mortality rate of
2 % [1]. Several COVID-19 vaccines have been approved under
the emergency use listing (EUL) by the World Health Organization
(WHO) since June 2021, including an mRNA vaccine, viral vector
vaccine and an inactivated viral vaccine.

CoronaVac is an inactivated whole-virion SARS-CoV-2 vaccine
produced by Sinovac Biotechnology. In the early stages of the pan-
demic, CoronaVac had an efficacy of 51–83.5 % in preventing
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COVID-19, 86.3–100 % against severe COVID-19, and 87.5–100 %
against hospitalisation, starting 14 days after receiving the second
dose, with minor adverse reactions such as injection site pain,
headache, fatigue and myalgia [2–4]. BNT162b2 is a lipid
nanoparticle-formulated, nucleoside-modified RNA vaccine encod-
ing a prefusion-stabilised, membrane-anchored, severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). BNT162b2 had
an efficacy of 95 % in preventing COVID-19 7 days after the second
dose, with minor adverse reactions such as pain at the injection
site, fatigue and headache [5].

In Thailand, there were more than 250,000 cumulative COVID-
19 cases and over 2,000 cumulative deaths as of October 2022
[6]. The first COVID-19 vaccination campaign in Thailand started
in April 2020. The Thai Ministry of Public Health provided
COVID-19 vaccinations for healthcare workers with an inactivated
COVID-19 vaccine (CoronaVac) at two doses (the first and second
doses were four weeks apart). In August 2021, the B.1.617.2 (delta)
variant spread rapidly and resulted in increasing numbers of
breakthrough COVID-19 infections worldwide, even in fully vacci-
nated persons [7–9]. The emergence of the delta variant and the
waning immunity of vaccines over time caused many countries
to implement the use of the booster vaccine [10–12]. At the time
of the emergence of the delta strain, the Thai Ministry of Public
Health provided the first booster dose (third dose) of heterologous
mRNA vaccine (BNT162b2) to healthcare workers fully vaccinated
with CoronaVac. However, the delta wave was rapidly followed by
the B.1.1.529 (omicron) strain in December 2021. The Thai Min-
istry of Public Health then provided a second booster dose (fourth
dose) of the mRNA vaccine (BNT162b2) to healthcare workers in
January and February 2022, due to concerns over the waning
immunity provided by vaccines and the evasion of vaccine protec-
tion by the omicron variant. Few studies have shown a consistently
lower vaccine effectiveness against the omicron variant than
against the delta variant [13–15]. There have been a few studies
on the heterologous vaccination with CoronaVac plus the first
booster dose (third dose) of the BNT162b2 vaccine [16–21].

There is limited knowledge available on the benefits and
adverse reactions of heterogeneous vaccination with CoronaVac
plus a second booster dose (fourth dose) of BNT162b2. Therefore,
the present study aimed to assess the immunological responses
and adverse reactions elicited by a second heterologous booster
dose of BNT162b2 after a two-dose CoronaVac vaccination for
COVID-19 in Thai healthcare workers.
2. Methods

2.1. Study design and participants

We performed a longitudinal prospective descriptive study by
recruiting 340 volunteers among healthcare workers from the Fac-
ulty of Medicine, Naresuan University, Thailand, who received a
heterologous second booster dose of BNT162b2 for COVID-19 vac-
cination after a two-dose regimen of CoronaVac. The study partic-
ipants received two doses of CoronaVac between April 2021 and
July 2021 (the first and second doses were four weeks apart), fol-
lowed by the first booster dose of BNT162b2 three months after
the second dose of CoronaVac, i.e. between August 2021 and
September 2021. These participants received a second booster dose
of BNT162b2 five to six months after the first booster dose of
BNT162b2, between January 2022 and February 2022. All of the
vaccine doses were provided by the Thai Ministry of Public Health.

Eligible participants were 20 years of age and older and had
never had prior clinical symptoms of SARS-CoV-2 infection. To
ensure rapid enrolment in the study, we did not screen participants
for laboratory evidence of SARS-CoV-2 infection, but identified a
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history of COVID-19 infection and other severe infections during
the screening visit. Exclusion criteria were immunocompromised
individuals, those receiving immunosuppressive drugs, those
receiving blood products, pregnant women, those with other sev-
ere infections, and those that had COVID-19 infection within
14 days before blood sampling. Clinical data, including the age,
sex, vital signs and adverse reactions, were collected during all vis-
its. We collected data on adverse reactions that occurred during
the first three days, four weeks and 24 weeks after the second
booster dose of BNT162b2. Blood samples were collected at four
and 24 weeks after the second booster dose of BNT162b2. The
study protocol was approved by the Naresuan Institutional Review
Board (COA No. 396/2021) and written informed consent was
obtained from all participants.
2.2. Antibody measurement

Six millilitres of venous blood were collected into an EDTA tube.
The blood samples were centrifuged at 1500 rpm for 10 min to
obtain serum samples, which were then stored at�20 �C until anti-
body analysis. Specific antibody (IgG) titres against the SARS-CoV-
2-spike protein were measured using a fluoroenzyme immunoas-
say (EliA SARS-CoV-2-Sp1 IgG, Thermo Fisher Scientific, Waltham,
MA, USA) (negative: < 7 U/ml, equivocal range 7–10 U/ml, positive:
> 10 U/ml). A titre > 10 U/ml was considered positive for an anti-
body against the SARS-CoV-2-spike protein. According to the
Department of Medical Sciences of the Thai Ministry of Public
Health, this test has a diagnostic sensitivity of 98 % and specificity
of 100 % (analysis no. CV93). In addition, previous studies demon-
strated that this test has a diagnostic sensitivity and specificity of
96.9–100 % and 99.4–100 %, respectively [22–25].
2.3. Statistical analysis

Continuous data on immunological responses were analysed
using the Shapiro–Wilk W test. When comparing the groups, the
Mann–Whitney U test was used to analyse the median (min–
max) or median (Q1-Q3). Categorical data and adverse reactions
are presented as frequencies and percentages. Statistical signifi-
cance was set at P < 0.05. All statistical analyses were performed
using the STATA software (version 12.0; StataCorp, College Station,
TX, USA).
3. Results

3.1. Participants and adverse reactions

A total of 340 participants were enrolled in this study. Only 247
participants were included in the analysis, due to the withdrawal
of 93 participants from the study during the 24-week follow-up
period (Fig. 1). Eight participants were excluded as they had con-
firmed COVID-19 infection within 14 days prior to blood sampling.
Hence, the cohort of eligible participants included 205 female (83
%) and 42 male (17 %) participants. The median age was 35.91 ± 7.
44 years (range, 23–59 years). Of the 247 participants, 179 (72.5 %)
experienced adverse reactions in the first three days after the sec-
ond booster dose of BNT162b2. Myalgia, fever, headache, injection
site pain and fatigue were the most common adverse reactions. No
serious adverse reactions or need for hospitalisation were reported.
Participants’ demographic characteristics are presented in Table 1.
Adverse reactions are presented in Table 2. The adverse reactions
were further stratified by sex and age, as presented in Table 3. Par-
ticipants in the 30–39 year-old age group had the most adverse
reactions, and those aged 50 years or older had fewer adverse reac-



Fig. 1. Composition of study participants, healthcare workers from the Faculty of
Medicine, Naresuan University.

Table 1
Participants’ demographic details at the time of receiving the second booster dose of
BNT162b2.

Parameters Overall Female Male

Gender, n (%) 247 205 (82.996 %) 42 (17.004 %)
Age, Mean ± SD.

(Min: Max)
35.91 ± 7.44
(23: 59)

35.65 ± 7.09
(23: 59)

37.21 ± 8.90
(23: 58)

Table 2
Participants’ adverse reactions after receiving the second booster dose of BNT162b2.

Adverse reactions At First 3 days
n (%)

At 4 weeks
n (%)

At 24 weeks
n (%)

Myalgia 153 (62.2) 4 (1.6) 0 (0.0)
Fever 83 (33.6) 1 (0.4) 0 (0.0)
Headache 62 (25.1) 5 (2.0) 0 (0.0)
Pain at injection site 49 (19.8) 1 (0.4) 0 (0.0)
Fatigue 47 (19.0) 0 (0.0) 0 (0.0)
Diarrhea 9 (3.6) 0 (0.0) 0 (0.0)
Rash 6 (2.4) 0 (0.0) 0 (0.0)
Nausea 5 (2.0) 1 (0.4) 0 (0.0)
Vomiting 2 (0.8) 0 (0.0) 0 (0.0)
Others 2 (0.8) 1 (0.4) 0 (0.0)
Serious adverse reactions 0 (0.0) 0 (0.0) 0 (0.0)
Need for hospitalization 0 (0.0) 0 (0.0) 0 (0.0)
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tions, in the first three days after the second booster dose of
BNT162b2.
3.2. Immunological responses

IgG against the SARS-CoV-2-spike protein was positive (>10 U/
ml) in 246 of 247 participants (99.6 %) at both four and 24 weeks
after the second booster dose of BNT162b2. The median IgG against
the SARS-CoV-2-spike protein level at four weeks after the second
booster dose of BNT162b2 was 299 U/ml (min:2, max:29,161). The
median IgG against the SARS-CoV-2-spike protein level at 24 weeks
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after the second booster dose of BNT162b2 was 104 U/ml (min: 1,
max: 17,920). The median IgG level declined significantly 24 weeks
after the second booster dose of the BNT162b2 vaccine (Fig. 2).

IgG titres against the SARS-CoV-2-spike protein were further
stratified by sex, age group and history of confirmed COVID-19
infection (Figs. 3–5, Table 4). In females, IgG titres significantly
decreased 24 weeks after the second booster dose of BNT162b2.
For all age groups, the IgG titres also decreased significantly, except
for those aged 50 years or older and among participants with con-
firmed COVID-19 infection during the 24-week follow-up period.
Participants aged 50 years or older produced the lowest antibody
titres compared to the other age groups within the 23–59 age
range.

At 24 weeks after the second booster dose of BNT162b2, 93 of
the 247 participants (37.7 %) had a confirmed COVID-19 infection.
COVID-19 infections were confirmed by RT-PCR and rapid antigen
test kits in seven (7.5 %) and 86 (92.5 %) of the 93 participants,
respectively. Thus, this regimen of two heterologous doses of Cor-
onaVac plus the second booster dose of BNT162b2 had an efficacy
of 62.3 % (95 %CI, 56.0–68.4 %) in preventing COVID-19 infection in
this study. In total, 91 of the 93 participants (97.8 %) experienced
mild symptoms. There was no instances of severe disease, hospital-
ization, admission to ICU or death.
4. Discussion

Our study described the immune response and adverse reac-
tions of heterologous COVID-19 vaccination with two doses of Cor-
onaVac plus a second booster dose (fourth dose) of BNT162b2 in
healthcare workers of the Faculty of Medicine, Naresuan Univer-
sity. We found that this aforementioned regimen induced elevated
IgG against the SARS-CoV-2-spike protein in 99.6 % of the study
participants. Our present study supported previous studies’ find-
ings that the IgG titres decreased significantly after 3–4 months
[13,14,21]. The insignificant decline in IgG titres in males might
be due to the small number of male participants. Participants aged
50 years or older tended to produce the lowest antibody titres
compared to the other age groups. However, since there were only
nine participants falling into the age group of 50 years old or older,
a comparison with the other age groups was not done. This finding
suggests that the immune response decreased substantially within
a few months.

During the 24-week follow-up period, 93 participants (37.7 %)
were confirmed as having COVID-19. In this group, the IgG titre
at 24 weeks was comparable to that at four weeks after the second
dose of BNT162b2. The relatively constant IgG titre may be associ-
ated with natural COVID-19 infection-induced immunity.

Our study suggests that the heterologous two doses of Corona-
Vac plus the second booster dose of BNT162b2 had an efficacy of
62.3 % (95 %CI, 56.0–68.4) in preventing COVID-19 infection, and
was highly effective in preventing hospitalisations, admissions to
ICU and deaths. Our results corroborate other studies’ findings that
the vaccine effectiveness against the omicron variant is consis-
tently lower than that against the delta variant [13–15]. In a previ-
ous study in Hong Kong, the vaccine effectiveness was 50.9 % in
participants that received two doses of CoronaVac with a
BNT162b2 booster [15].

Adverse reactions were most likely to occur within three days of
the second booster dose of BNT162b2. Myalgia, fever, headache,
injection site pain and fatigue were the most common adverse
reactions. No serious adverse reactions or the need for hospitalisa-
tion were reported. In our study, participants of the 30–39 year-old
age group often had adverse reactions, and participants aged
50 years or older had fewer adverse reactions. Our results on
adverse reactions corroborates previous studies of the heterolo-



Table 3
Participants’ adverse reactions after receiving the second booster dose of BNT162b2 stratified by sex and age groups.

Parameters n At First 3 days
n (%)

At 4 weeks
n (%)

At 24 weeks
n (%)

Overall 247 179 (72.5) 9 (3.6) 0 (0.0)
Sex
Male 42 28 (11.3) 3 (1.2) 0 (0.0)
Female 205 151 (61.2) 6 (2.4) 0 (0.0)
p-value 0.355 0.184 –
Age
<30 51 41 (16.6) 1 (0.4) 0 (0.0)
30–39 118 92 (37.3) 2 (0.8) 0 (0.0)
40–49 69 44 (17.8) 4 (1.6) 0 (0.0)
�50 9 2 (0.8) 2 (0.8) 0 (0.0)
p-value 0.001* 0.025* –

*The p-value < 0.05 were considered significant.

Fig. 2. Comparison of the IgG against the SARS-CoV-2-spike protein at four and
24 weeks after the second booster dose of BNT162b2 in the cohort of 247
participants. The median and p-value were tested using the Mann-Whitney U test
(STATA 12.0 software).

Fig. 3. Comparison of the IgG against the SARS-CoV-2-spike protein at four and
24 weeks after the second booster dose of BNT162b2, stratified by sex (male and
female). The median and p-value were tested using the Mann-Whitney U test
(STATA 12.0 software).

Fig. 4. Comparison of the IgG against the SARS-CoV-2-spike protein at four and
24 weeks after the second booster dose of BNT162b2, stratified by age groups
(<30 years old, 30–39 years old, 40–49 years old, � 50 years old). The median and p-
value were tested using the Mann-Whitney U test (STATA 12.0 software).

Fig. 5. Comparison of the IgG against the SARS-CoV-2-spike protein at four and
24 weeks after the second booster dose of BNT162b2, stratified by history of
confirmed COVID-19 (no; no history of confirmed COVID-19, yes; had history of
confirmed COVID-19). The median and p-value were tested using the Mann-
Whitney U test (STATA 12.0 software).
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gous CoronaVac plus BNT162b2 booster vaccination, which found
that the adverse reactions mostly occurred within the first week,
and were mild to moderate and self-limiting [16,19–21].
4338
There have been few studies on the homologous second booster
doses (fourth dose) of mRNA vaccines. These studies suggest that
the homologous second booster dose (fourth dose) of mRNA vacci-
nes increases immunogenicity and vaccine effectiveness compared



Table 4
The IgG against the SARS-CoV-2-spike protein at four and 24 weeks after the second booster dose of BNT162b2 vaccine, stratified by sex, age groups and history of confirmed
COVID-19 infection during the 24-week follow-up period.

Parameter n EliA SARS-CoV-2Sp1 lgG (U/ml) at 4 weeks
after the second doses of BNT162b2 vaccine

EliA SARS-CoV-2Sp1 lgG (U/ml) at 24 weeks
after the second doses of BNT162b2 vaccine

Median Q1 Q3 min max Median Q1 Q3 min max

Overall * 247 299 181 480 2 29,161 104 57 267 1 17,920
Sex
Male 42 317.5 208 434 2 4,386 115 59 414 1 8,722
Female* 205 287 179 487 49 29,161 100 57 246 10 17,920
Age
<30 * 51 269 163 513 51 25,605 104 56 254 28 1,318
30–39 * 118 325 196 496 80 29,161 103 59 246 18 17,920
40–49 * 69 277 179 374 2 26,840 89 50 303 1 17,127
�50 9 234 182 460 151 27,677 274 120 795 55 2,792
Had COVID-19 infection in the period of 24 weeks follow-up
Yes 93 291 162 432 51 25,605 267 155 484 49 17,920
No* 154 302.5 188 509 2 29,161 65 45 108 1 16,856

*The Mann-Whitney U test median (Q1-Q3) significant < 0.05.
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to those who received three vaccine doses [26–34]. The rationale
for the heterologous COVID-19 booster vaccines is considered
where there are supply challenges for the same vaccine and to
reducing reactogenicity, increasing immunogenicity and enhanc-
ing vaccine effectiveness [35]. The studies on the heterologous vac-
cination of CoronaVac plus a first booster dose of BNT162b2
suggest that the heterologous vaccination may provide superior
immunogenicity to homologous vaccination [16–21]. However,
there is limited data available on heterologous second booster
doses of COVID-19 vaccine [36]. We only found one previous study
of the vaccine effectiveness of the heterologous second booster
doses with BNT162b2 in adults receiving two doses of CoronaVac
in Thailand [37]. This study suggests that the fourth vaccination
dose has a vaccine effectiveness of 75 % (95 % CI, 71–80 %) during
the omicron–predominant period, and a very high probability of
preventing death and severe COVID-19. Our results corroborate
the findings of this study, i.e. that the heterologous second booster
doses prevented severe disease, hospitalisation, admission to ICU
and death, with minor adverse reactions.

Our study has several limitations. Firstly, this was not a ran-
domised controlled study. This study was not designed to compare
different booster regimens. Secondly, the sample size was relatively
small and the demographic characteristics were not representative
of the Thai population. Thirdly, the study participants were not tested
for SARS-CoV-2 at the start of the study. Therefore, we could not rule
out asymptomatic COVID-19 infections that may have affected the
immunological response and the vaccine efficacy in this study.
Fourthly, we did not measure neutralising antibody titres, which
are highly predictive parameters of immune protection against
SARS-CoV-2 infection [38]. Lastly, the follow-up period may not have
been sufficient to identify long-term adverse reactions. Large-scale,
multicentre, prospective and longitudinal studies are therefore
needed to determine the immunological responses and adverse reac-
tions to heterologous second booster doses of COVID-19 vaccines.

5. Conclusions

This study demonstrated that a heterologous second booster
dose of BNT162b2 after two doses of CoronaVac induces elevated
IgG against the SARS-CoV-2-spike protein and causes minor
adverse reactions in health care workers of Faculty of Medicine,
Naresuan university.
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