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Abstract: Coronavirus disease 2019 (COVID-19) has been extensively researched, particularly with
regard to COVID-19 vaccines. However, issues with logistics and availability might cause delays
in vaccination programs. Thus, the efficacy and safety of half-dose heterologous mRNA should
be explored. This was an open-label observational study to evaluate the immunogenicity and
safety of half-dose mRNA-1273 as a booster vaccine among adults aged >18 years who underwent
a complete primary SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) vaccination
regimen with CoronaVac® and ChAdOx1-S. Adverse events (AEs), seropositivity rate, seroconversion,
geometric mean titer (GMT) of SARS-CoV-2 antibodies, neutralizing antibodies, and T cells (CD4+
and CD8+) specific for SARS-CoV-2 were analyzed. Two hundred subjects were included in the final
analysis, with 100 subjects in each priming vaccine group. Most of the AEs were mild, with systemic
manifestations occurring between 1 and 7 days following vaccination. A significant difference was
observed in the GMT and seropositivity rate following booster dose administration between the two
groups. CD8+/CD3+, IFN (interferon)-producing CD8+, and TNF (tumor necrosis factor)-producing
CD8+ cells showed significant increases in both groups. The administration of the half-dose mRNA-
1273 booster is safe and effective in increasing protection against SARS-CoV-2 infection.

Keywords: COVID-19; vaccine; half-dose; mRNA; booster; safety; efficacy

1. Introduction

Coronavirus disease 2019 (COVID-19) vaccines have been extensively studied in recent
years to prevent the morbidity and mortality caused by SARS-CoV-2 infections. Countries
with a high vaccination coverage, including some in the Middle East, initiated boosting
programs with heterologous vaccines even before a solid scientific basis for the procedure
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was published [1]. Recent evidence suggests that heterologous messenger RNA (mRNA)
boosters are highly immunogenic and relatively safe [2,3]. The Moderna COVID-19 vaccine
(mRNA-1273) was approved during the initial phase of emergency-use authorization in
87 countries as the primary vaccine and is being used as a booster vaccine in several
countries, including Indonesia [4]. Numerous reports have signified that mRNA-based
vaccines tend to elicit greater local and systemic responses compared to other COVID-19
vaccine types [5–7].

Indonesia is among the countries that kicked off its vaccination program by support-
ing the COVID-19 Vaccines Global Access (COVAX) initiative, first vaccinating frontline
healthcare workers [8]. When the number of positive cases was at its highest and the
morbidity rates among healthcare workers rose, the Indonesian government decided to
attempt to boost immunity by providing booster vaccinations for this group [9]. Half-dose
mRNA-1273 was shown to induce robust antibody responses and be well tolerated and safe
in healthy adults [10]. Using only half a dose for boosting could save significant quantities
of vaccines and consequently increase the number of people who can receive the vaccine.

Lower vaccine doses (fractionations) were previously used during outbreaks of yellow
fever and polio in 2016 to maximize vaccine supply. The WHO (World Health Organization)
advised using one-fifth of the regular dose of the yellow fever vaccine amid concerns about the
limited supply in Africa [10]. The recommendation was based on several reports that a lower
dose exhibited immunogenicity comparable to that of its full-dose counterpart [11,12]. The
present study was conducted to investigate the efficacy of a half-dose booster in inducing
an adequate immune response while minimizing side effects in vaccinated people and,
therefore, provide a solution to the issue of global COVID-19 vaccine supply constraints.
This study might generate essential data on the merits of vaccinating people with half of
the standard dose of the mRNA-1273 COVID-19 vaccine.

2. Materials and Methods
2.1. Investigational Products

The Moderna mRNA-1273 COVID-19 vaccine is a lipid nanoparticle-encapsulated
mRNA vaccine that expresses the prefusion-stabilized spike glycoprotein [13]. Multiple-
dose vials of 5.5 mL and 7.5 mL were available for this study. The products were imported
and stored frozen between −50 ◦C and −15 ◦C. Subsequently, the vaccines were transported
to the investigation site with minimal shaking and vibration while ensuring the temperature
remained constant at 2–8 ◦C until usage. Vials were stored between 2 ◦C and 25 ◦C
during usage and discarded 12 h after the first use. The booster dose was administered
intramuscularly in the subjects’ left deltoid muscle (unless contraindicated), with each dose
containing 50 µg, by a trained vaccinator team.

2.2. Study Design, Ethics, and Blinding

This was an open-label observational study to evaluate the immunogenicity and
safety of half-dose mRNA-1273 as a booster vaccine among adults fully vaccinated with
ChAdOx1-S (Oxford/AstraZeneca; UK) and CoronaVac® (Sinovac; Beijing, China). No
blinding of subjects or investigators took place during the intervention (booster injection).
However, the laboratory team that handled the specimens was blinded to the subjects’
priming group. No placebo group was included as a comparator in this study. This study
was conducted according to the latest revision of the Declaration of Helsinki, International
Conference on Harmonization—Good Clinical Practice guidelines and local regulatory
requirements. This study was also approved by the local ethics committee (approval
number LB.02.01/2/KE.014/2022).

2.3. Trial Protocol

Adults aged >18 years who completed a primary vaccination series against SARS-
CoV-2 with CoronaVac® 6 months prior and ChAdOx1-S6 9 months prior to the time of
enrollment were enrolled in this study. Those who fulfilled the inclusion criteria were given
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in-depth explanations of this study’s objectives, methods, risks, and benefits before they
signed a written informed consent form.

The exclusion criteria were as follows: (1) inoculation with a third dose of a SARS-
CoV-2 vaccine; (2) participation or plans to participate in other clinical trials; (3) complaints
of fever (defined as a body temperature of >37.5 ◦C measured with an infrared thermome-
ter/thermal gun), upper respiratory tract symptoms (sneezing, nasal congestion, a runny
nose, a cough, a sore throat, ageusia, chills, or shortness of breath) within 72 h before
enrollment; (4) a blood pressure >180/110 mmHg; (5) a confirmed history of COVID-19
within 1 month of study commencement (laboratory confirmation); (6) a history of serious
adverse reactions to any vaccines or vaccine ingredients; (7) known comorbidities including
uncontrolled autoimmune disease, a history of uncontrolled coagulopathy or blood disor-
ders, immune deficiency, receipt of a blood-derived product or transfusion within 3 months
of enrollment, immunosuppressant therapy, uncontrolled chronic disease, and a history of
uncontrolled epilepsy within the last 2 years or other progressive neurological disorders;
(8) receipt of any vaccination within 1 month before and after boosting with the study
vaccine; (9) pregnancy; and (10) age >60 years, with complaints of heart failure or at least
five concurrent comorbidities (hypertension, diabetes, cancer, chronic lung disease, heart
attack, congestive heart failure, chest pain, asthma, joint pain, stroke, and kidney disease).

A total of three visits were conducted, with an additional phone call 24 h after vaccina-
tion. The flowchart of the study procedure is shown in Figure 1. The first visit (V1) consisted
of a physical examination, urine pregnancy test for female subjects of childbearing age,
collection of 10 mL pre-vaccination blood samples, and administration of the mRNA-1273
booster dose vaccine. Subjects were observed for 30 min for immediate adverse events
before discharge. Twenty-four hours after vaccination, the surveillance team called all sub-
jects regarding any adverse events, administering a structured questionnaire. The second
visit (V2) was conducted on day 7 following the trial. The final visit (V3) took place 28 days
after vaccination. Data on physical examination, recent medical history, serious adverse
events, and COVID-19 cases were collected. Another 10 mL blood sample was obtained
for immunogenicity tests. All reactogenicity data, COVID-19 infections, and concomitant
therapy were recorded throughout the study period.
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A nasopharyngeal swab sample was collected from study participants showing symp-
toms consistent with COVID-19, including a cough, taste or smell disorders, dyspnea,
fever, chills, a sore throat, fatigue, nasal congestion or a runny nose, body pain, muscle
pain, headache, nausea, vomiting, or diarrhea for at least two consecutive days. Samples
were collected with swab sticks and placed into a viral transport medium (VTM), stored
in a cooler box at 2–8 ◦C, and transported to the designated laboratory. Subjects were
monitored until recovery. Clinical data related to the illness were recorded for both hos-
pitalized and outpatient subjects. Subjects were compensated for their travel expenses
(IDR 200,000 [approximately USD 13.3] per visit), and treatment for any adverse events
occurring throughout the study period was to be paid for by the investigators.

2.4. Primary and Secondary Outcomes

Reactogenicity was evaluated by both subjects and investigators and recorded at
24 h, 7 days, and 28 days following vaccine administration. The 24 h evaluation was
conducted via a phone call, while other time points were assessed via interview and
diary card records. All reactogenicity data were classified into four grades according to
the Food and Drug Administration toxicity grading scale [14]. Any signs, symptoms,
or disease, including unfavorable laboratory findings occurring after administration of
the investigational product, whether considered as related or unrelated to this study,
were recorded. Solicited adverse events actively observed within 7 days after the booster
dose vaccination included local (pain, tenderness, erythematous skin, and induration)
and systemic (fever, nausea, vomiting, headache, fatigue, malaise, myalgia, arthralgia,
syncope, and chest pain) reactions [13]. Any deaths, life-threatening medical conditions,
hospitalization, disability or incapacity, and congenital anomaly or birth defects after
receiving the vaccines were recorded as serious adverse events (SAEs) based on the Good
Clinical Practice (GCP) guidelines.

Seropositivity rate, seroconversion, geometric mean titer (GMT) of SARS-CoV-2 an-
tibodies, neutralizing antibodies, and CD4+ and CD8+ T cells to SARS-CoV-2 at 28 days
were recorded as the secondary evaluation criteria. Ten milliliters of blood was collected
in a BD Vacutainer® tube during V1 and V3 for immunogenicity examination. Samples
for anti-SARS-CoV-2 and neutralizing antibody tests were collected in an anticoagulant
Vacutainer® tube. Blood samples were allowed to clot for 30 min-to-2 h at room temperature
and centrifuged at 3000 rpm for 15 min. Following this, the blood samples were refrigerated
at 2–8 ◦C after the clotting period and centrifuged within 24 h after collection. One aliquot
of 1 mL was used for electrochemiluminescence immunoassay (ECLIA) for SARS-CoV-2
antibody analysis, and four aliquots of 4 mL were used for neutralizing antibody analysis
with the CPass™ Surrogate Virus Neutralization Test (sVNT) Kit at the National Institute
of Health Research and Development (NIHRD) Laboratory. The ECLIA and sVNT cut-offs
for positive serology results were 0.4 U/mL and 30%, respectively. The sVNT was achieved
from the inhibition formula of 1 − (optical density of sample/optical density of negative
control) × 100%; a larger sVNT value indicated poor seropositivity. Plaque-reduction
neutralization tests (PRNTs) were performed with the original SARS-CoV-2 Wuhan strain
and the Delta strain. The test comprised four parts: virus back titration; serum preparation
and dilution; neutralization; and fixation and coloring. Inactivated serum was processed at
56 ◦C for 30 min.

The gating strategy used in the intracellular cytokine staining (ICS) was as follows:
CD3+ lymphocytes were classified into CD4+ and CD8+. Each cell was then classified
based on CD154+, along with TNF and IFN results (Supplementary Materials S1).

2.5. Statistical Analyses

The sample size for immunogenicity analysis was calculated using the difference of
two proportions with the assumption that this study would show at least 95% seropositivity,
a level of significance of 5%, and a power of 80%. The reactogenicity analysis was deter-
mined based on the 69.8% incidence rate of adverse events from a previously published



Vaccines 2024, 12, 344 5 of 15

study in Bandung, Indonesia [15], with the sample size calculated using the formula for
proportion within a population, a confidence interval of 95%, and a precision of 10%. Based
on these calculations, the sample size required was 100 subjects per group.

The t-test was used to compare the differences in the proportion of groups with a
primary dose of the CoronaVac® vaccine and groups with a primary dose of the ChAdOx1-
S vaccine. Analysis of variance (ANOVA) was performed to compare the differences in
the mean GMT of ten groups with a primary dose of CoronaVac® and five groups with a
primary dose of the ChAdOx1-S vaccine. A post hoc test was performed for significant
results with the least significant difference test. A p-value < 0.05 was considered significant.

3. Results

A total of 213 participants were screened, and 13 were excluded from this study. Thus,
200 subjects were included in the final analysis, with 100 subjects in each priming vaccine
group. Table 1 shows the demographic data of the study participants. Most subjects
were male (67.0%), with a mean age of 40.9 ± 11.64 years old. The duration since the last
vaccination was approximately 6–8 months.

Table 1. Demographic data of study participants.

Variables ChAdOx1-S CoronaVac®

Male, n (%) 57 (57.0) 77 (77.0)
Age (years)
18–59 years
≥60 years

40.41 ± 1.32
98 (98.0)
11 (11.0)

41.57 ± 0.98
89 (89.0)
11 (11.0)

Days since last vaccination 190.0 (183.25–197.00) 263.0 (199.25–285.00)
Body weight (kg) 63.50 (57.05–72.63) 68.85 (58.13–83.48)
Body height (cm) 160.20 (154.85–166.68) 165.25 (159.00–169.15)

3.1. Reactogenicity of Half-Dose mRNA Vaccine Booster

Table 2 shows the reactogenicity of the subjects at 24 h, 7 days, and 8 days after
vaccination. Most of the AEs were mild (76.7%), with systemic manifestations (56.3%)
occurring between 1 and 7 days following vaccination. Most subjects recovered from the
AEs (99.7%), with only one subject not recovering from a persistent cough after 28 days of
observation. One grade 3 AE each occurred in the CoronaVac® group and the ChAdOx1-s
group. Both cases occurred within 1–7 days of vaccine administration and consisted of a
high fever (>40 ◦C), but the subjects recovered after treatment within a day. Unsolicited
local AEs occurred only in one subject in the CoronaVac® priming group, while unsolicited
systemic adverse events occurred in 23 subjects (13.7%). The identified systemic adverse
events included coughing (six subjects), fever (four subjects), toothache (three subjects),
diarrhea (two subjects), and increased blood pressure (two subjects). In addition, one
subject each complained of a stuffy/runny nose, red eyes, lower back pain, and back pain
and vertigo following vaccination. No serious adverse event was recorded in this study for
both groups.

3.2. Immunogenicity Evaluation (Anti-sRBD [Spike-Receptor Binding Domain] IgG)

The anti-sRBD IgG level was evaluated using the GMT, seropositivity rate, serocon-
version, and geometric mean increase (GMI). On comparing the pre- and post-booster
levels based on the vaccine priming, on day 28 after vaccination both the GMT and the
seropositivity rate showed no statistical difference between the groups; however, the group
with the CoronaVac® prime showed a significantly higher seroconversion rate (56 vs. 36,
p = 0.045) and GMI (15.32 vs. 5.16, p < 0.001; Table 3). However, it should be noted that
a significantly lower GMT and seropositivity rate were found in the CoronaVac® group
prior to booster administration, which might explain the trend of higher seroconversion
and GMI (Figure 2).
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Table 2. Distribution of adverse events.

Variables ChAdOx1-S CoronaVac® p-Value

Types (n = 339)
0.866 aLocal 68 (44.2) 80 (43.2)

Systemic 86 (55.8) 105 (56.8)

Duration since vaccination

0.985 b30 min 0 (0.0) 4 (2.2)
1–7 days 142 (92.2) 171 (92.4)
8–28 days 12 (7.8) 10 (5.4)

Duration of adverse events 1 (1–2) days 1 (1–2) days 0.105 b

Intensity

0.422 c
Grade 1 (mild) 115 (74.7) 145 (78.4)

Grade 2 (moderate) 38 (24.7) 39 (21.1)
Grade 3 (severe) 1 (0.6) 1 (0.5)

Grade 4 (potentially
life-threatening) 0 (0.0) 0 (0.0)

Local adverse events

N/A

Redness 2 (1.3) 4 (2.2)
Tenderness 59 (38.3) 62 (33.5)

Swelling 4 (2.6) 7 (3.8)
Thickening of the skin 3 (1.9) 6 (3.2)

Soreness 0 (0.0) 1 (0.5)

Systemic adverse events

N/A

Fatigue 10 (6.5) 19 (10.3)
Nausea/vomiting 4 (2.6) 7 (3.7)

Myalgia 25 (16.2) 29 (15.7)
Joint pain 12 (7.8) 14 (7.6)
Headache 23 (14.9) 25 (13.5)

Other systemic adverse events 12 (7.8) 11 (5.9)
a Chi-square test; b Mann–Whitney test; c Kruskal–Wallis test. ChAdOx1-S n = 154; CoronaVac® n = 185. Bivariate
analyses were not conducted for the types of adverse events.
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Table 3. Immunogenicity evaluation: IgG anti-sRBD titer before and after Moderna COVID-19
vaccine-boosting.

Vaccine Priming

ChAdOx1-S
(n = 100)

CoronaVac®

(n = 99) p-Value *)

Pre-vaccination:
GMT (U/mL)

(95% CI)
Median
(Q1, Q3)

Seropositive, n (%)
(95% CI)

28 days after
vaccination:

GMT (U/mL)
(95% CI)
Median
(Q1, Q3)

Seropositive, n (%)
(95% CI)

Seroconversion, n (%)
(95% CI)

GMI
(95% CI)

3848.57
(2930.89–5053.59)

4939
(1286–13,114.25)

100 (100)
(96.38–100)

20,077.05
(28,940.87–21,281.39)

24,221.5
(17,164.5–25,000)

100 (100)
(96.38–100)

46 (46)
(35.98–56.26)

5.21
(3.97–6.85)

1375.62
(861.59–2196.34)

1806
(331.1–10,676.0)

89 (89.9)
(82.21–95.05)

20,169.73
(18,745.63–21,702.01)

25,000
(17,920–25,000)

99 (100)
(96.34–100)

61 (61.6)
(51.30–71.22)

14.66
(9.32–23.07)

<0.001

0.001

0.922

1.000

0.027

<0.001

*) For categorical data, the chi-square test or Fisher’s exact test were used, and for numerical data the t-test was
used; seropositivity was defined as IgG antibodies ≥ 50 U/mL; seroconversion on day 28 after vaccination was
defined as ≥four-fold increase compared to pre-vaccination status; and geometric mean increase (GMI) was
defined as the ratio of the titer post-booster vaccination to that pre-booster vaccination.

Figure 3 compares the sVNT inhibition capacity of ChAdOx1-S and CoronaVac®.
No significant difference was found in the inhibition capacity measured with the sVNT
antibody assay before the booster dose was administered between the ChAdOX1-S and
CoronaVac® groups (p = 0.328). However, a significant difference was seen after the booster
dose was administered between the two groups (p = 0.024).

Table 4 shows the serological conversions for SARS-CoV-2 antibodies before and
28 days after boosting with half-dose mRNA-1273. As the data distribution was not normal,
the data were presented as the median (IQR [interquartile range]). All priming groups
showed a significant increase in SARS-CoV-2-neutralizing antibodies, measured with sVNT
assays (p = 0.000). However, a significant difference was found between the two groups
after booster vaccination, although the median value was the same at 0.96 (0.95–0.97).

The PRNT results of eight subjects from each group are shown in Table 5. Overall, no
significant difference in the PRNT between the ChAdOX1-S and CoronaVac® groups before
and after booster dose administration was observed. However, a significant increase in the
neutralization capacity was observed for the Wuhan strain in both ChAdOX1-S (p = 0.012)
and CoronaVac® (p = 0.028) groups, which was not seen for the SARS-CoV-2 Delta strain.

3.3. Cell-Mediated Immunity (Specific T Cell Responses)

Regarding the T cell-mediated immune response to SARS-CoV-2, the CD4+ and CD8+
cell proportions, along with the proportions of AIM+ (activation-induced marker +) CD4+
cells, were recorded. Positive responses to spike antigenic stimulation occurred in the
CD4+ or CD8+ compartment, with a significant increase in cytokine-producing cells among
both CD4+ and CD8+ cells (Table 6 and Figure 4). In the CD4+ compartment, a significant
increase was observed in IFN-producing cells and TNF-producing cells in both vaccine
prime groups on day 28 of observation compared to the pre-booster status. However, no
significant difference in IFN-producing cells (p = 1.00) on day 28 was observed despite
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the significant differences between the vaccine primes in the pre-booster analysis, with a
higher proportion of IFN-producing CD4+ cells in the CoronaVac® group. The CD4+/CD3+
proportion was also found to be significantly lower at the V3 observation compared to
V1 in both the ChAdOX1-S (p < 0.001) and CoronaVac® (p = 0.001) groups, with a further
decline in the CoronaVac® group compared to the ChAdOX1S group (p = 0.002).

Figure 3. Inhibition capacity before and after booster mRNA-1273 vaccination. * a significant
difference was observed (p-value < 0.05).

Table 4. sVNT results before and after booster dose administration.

Variables
V1 V3

p-ValueMedian
(IQR) p-Value Median

(IQR) p-Value

sVNT

% Inhibition
ChAdOX1-S

(n = 100)
CoronaVac®

(n = 99)

96.0
(94.0–96.0)

95.0
(68.0–97.0)

0.328 a
96.0

(95.0–97.0)
96.0

(95.0–97.0)

0.024 a,* 0.000 b,*
0.000 b,*

Positive
proportion

(n%)
ChAdOX1-S

(n = 100)
CoronaVac®

(n = 99)

95 (95.0)
86 (86.0)

0.030 c,* 100 (100)
99 (99.0)

1.000 d 0.000 b,*
0.000 b,*

a Mann–Whitney test; b Wilcoxon test; c chi-square test; d Fisher’s exact test; * significant results.
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Table 5. PRNT results before and after booster dose administration.

Variables
V1 V3

p-Value
Median (IQR) p-Value Median (IQR) p-Value

SARS-CoV-2 Wuhan strain

ChAdOX1-S (n = 8)
CoronaVac® (n = 8)

128 (20–256)
256 (64–448) 0.279 a 512 (512–896)

768 (320–2048) 0.645 a 0.012 b,*
0.028 b,*

SARS-CoV-2 Delta strain

ChAdOX1-S (n = 8)
CoronaVac® (n = 8)

96 (22–128)
96 (40–416) 0.798 a 384 (128–512)

256 (128–1024) 0.574 a 0.051
0.091 b

a Mann–Whitney test; b Wilcoxon test; * significant results.

Table 6. Cell-mediated immunity analysis (CD4+ and CD8+) pre- and post-booster vaccination based
on vaccine priming.

Variables
V1 V3

p-Value b

Median (IQR) p-Value a Median (IQR) p-Value a

%CD4+/CD3+

ChAdOX1-S (n = 24) 51.55 (33.6–70.2)
0.643

38.3 (26.7–57.7)
0.002

<0.001 *

CoronaVac® (n = 24) 49.65 (33.8–67.8) 31.2 (22.8–58.2) 0.001 *

%IFN/CD4+

ChAdOX1-S (n = 24) 0.16 (0.003–8.40)
0.014 *

3.035 (1.07–6.80)
1.00

<0.001 *

CoronaVac® (n = 24) 0.4 (0.14–8.2) 3.205 (0.94–9.46) 0.001 *

%TNF/CD4+

ChAdOX1-S (n = 24) 0.36 (0.023–6.20)
0.710

1.565 (0.82–3.06)
0.143

0.034 *

CoronaVac® (n = 24) 0.605 (0.094–5.57) 1.23 (0.54–3.50) 0.042 *

%CD8+/CD3+

ChAdOX1-S (n = 24) 9.8 (0.4–32.8)
0.959

30.45 (8.21–42.1)
0.918

0.001 *

CoronaVac® (n = 24) 5.05 (1.3–33.3) 26.45 (12.3–41.4) 0.002 *

%IFN/CD8+

ChAdOX1-S (n = 24) 1.425 (0.028–21.7)
0.184

5.93 (0.0–22.0)
0.035

<0.001 *

CoronaVac® (n = 24) 2.515 (0.73–11.0) 8.365 (3.6–17.7) <0.001 *

%TNF/CD8+

ChAdOX1-S (n = 24) 0.36 (0.023–6.20)
0.877

4.76 (1.20–12.1)
0.001

<0.001 *

CoronaVac® (n = 24) 0.425 (0.094–5.57) 9.775 (2.0–17.0) <0.001 *
a Mann–Whitney test; b Wilcoxon test; * significant results.

The observation of CD8+/CD3+ cells revealed a significant increase in both the
ChAdOX1-S group (p = 0.001) and the CoronaVac® group (p = 0.002). A similar trend
was also observed for IFN-producing CD8+ cells and TNF-producing CD8+ cells (p < 0.001).
However, at the V3 observation the CoronaVac® vaccine group had a significantly higher
proportion of IFN-producing (p = 0.035) and TNF-producing (p = 0.001) CD8+ cells.
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Figure 4. Cell-mediated immune response based on vaccine priming. * A significant difference was
observed (p-value < 0.05).

4. Discussion

Since the first report of COVID-19 in November 2019, various scientific organizations
have joined hands to develop studies on its treatment and prevention. As of 12 January 2022,
nine vaccines have been approved by the WHO Emergency Use Listing Procedure, with
research on many more candidates ongoing [16]. Indonesia initially approved the use of
COVID-19 vaccines on 11 January 2021, with CoronaVac® (Sinovac Biotech, China) being
the first vaccine authorized by the Indonesian Food and Drug Control Agency (BPOM) [17].
ChAdOx1-S followed soon afterward, gaining approval by the Indonesian BPOM on
22 February 2021 [18]. Meanwhile, the first mRNA vaccine to be approved in Indonesia,
mRNA-1273, was approved only 4 months after CoronaVac®.

The original COVID-19 vaccination regimen mostly consists of two doses, as one dose
produces a relatively weak immune response [19,20]. Previous studies have shown that
after 6 months of vaccination, neutralizing antibody titers decline substantially [21]. This
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raises the question of when to administer additional booster doses to maintain adequate
immunogenicity. In addition, with the increasing number of Omicron-variant infections
among Indonesian citizens, studies on the safety and efficacy of vaccines have become a hot
topic [22]. T cells induced by the SARS-CoV-2 vaccine responded to the spike protein as a
whole and could remain effective with few mutations [23]. Numerous studies have shown
the benefit of booster dose administration, although the types and timing vary according to
the available vaccines in the region [24]. A preliminary report in the United States showed
that both homologous and heterologous booster vaccinations (mRNA-1273, Ad26.CoV2.S,
and BNT162b2) were well tolerated and provided good immunity against SARS-CoV-2 [23].

The median duration from the second vaccination to the booster dose in this study was
190 days for ChAdOx1-S and 263 days for CoronaVac®. This difference could be explained
by the discrepancy in the first approval date of these vaccines by the Indonesian BPOM. In
addition, the booster dose was only approved in July 2021, with mRNA-1273 as the chosen
vaccine, given to healthcare workers on priority [18]. Nevertheless, the two priming groups
had well surpassed their predicted immunity-waning period of approximately 6 months.

Reactogenicity is defined as a variety of reactions that might occur due to increased
immune responses after vaccination. Antigens in the vaccine typically induce the innate im-
mune response through recognition by various receptors found on the local and peripheral
immune cells circulating in the body. Following vaccine administration, the stimulation of
the host immune response initiates a complex series of innate immune reactions that are
very important to trigger strong antigen-specific acquired immune responses for protection
against diseases [25].

All the observed AEs were comparable between the two groups. More than 75% of
the AEs in this study were of grade 1 intensity, with tenderness being the most common
local AE (71.8%) and myalgia (31.9%) the most common systemic AE. This finding was in
accordance with the solicited local and systemic AEs reported between 0 and 7 days after
vaccination by the Centers for Disease Control and Prevention (CDC) V-safe Surveillance
System, which reported pain as the most common local AE (78.3%) [26]. Myalgia was the
third most common AE for mRNA-1273 vaccination (51.4%), following fatigue (60.0%) and
headache (53.2%) [26]. Most grade 2 AEs were classified based on the use of non-narcotic
pain relievers for more than 24 h and mild disruption of daily activity. All grade 2 local
AEs consisted of tenderness in the injection area. Moreover, most of the systemic AEs
classified as grade 2 could be relieved by pain relievers. These included myalgia (26.5%),
headache (14.7%), and joint pain (14.7%). All subjects except one recovered from the
AEs; the exception complained of a continuing cough after 28 days following the booster
vaccination. Two subjects with a grade 3 AE in the CoronaVac® group and a grade 4 AE
in the ChAdOx1-S group were so categorized due to a high fever (39.0–40.0 ◦C for grade
3 and >40 ◦C for grade 4). However, both recovered after treatment. This finding is similar
to those of the CDC, where mRNA-1273 was shown to cause a grade 4-intensity fever of
≥40 ◦C in <0.1% of the first and second dose recipients [27].

Furthermore, 13.7% of subjects reported unsolicited systemic AEs. Respiratory symp-
toms such as coughing, a stuffy nose, and a runny nose are not typical mRNA-1273 AEs.
Four of six subjects showed the symptoms of coughing between 8 and 28 days after booster
vaccination, with 58.3% of them in the ChAdOX1-S priming group. These symptoms
might be related to COVID-19 infection, although additional tests are preferable to de-
termine the exact cause [28]. In addition, two subjects complained of grade 2 diarrhea,
one from each priming group. According to the WHO, diarrhea is one of the typical side
effects of COVID-19 vaccines and thus is classified as a solicited AE [29,30]. Moreover, a
study on adverse reactions to the BNT162b2 and mRNA-1273 vaccines in Japan reported
that 3–5% of the study participants had diarrhea after vaccination [31]. One subject from
the ChADoX1-S group had both upper and lower back pain of grade 1 intensity, lasting
4–6 days, and recovered without any treatment. No prior studies reported back pain or
lower back pain following mRNA-1273 vaccination. However, a BNT162b2 vaccine study in
Saudi Arabia involving 455 subjects found that as high as 2.4% of the subjects complained
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of back pain after vaccination [32]. This might be caused by the systemic immune response
to vaccination, which causes myalgia, although the exact reason it might affect the lower
back region is not clear and requires further study.

Three of the CoronaVac® priming group experienced toothache, all with grade 2 in-
tensity. Previous reports revealed a very small number of subjects who experienced an
orofacial AE with unknown mechanisms. The most common were Bell’s palsy, trigem-
inal neuralgia, and anaphylaxis-related symptoms [33,34]. Two subjects complained of
increased blood pressure, one from the ChADoX1-S and the other from the CoronaVac®

priming group. One of the proposed underlying mechanisms is related to the “spike effect”
after COVID-19 vaccination, where the imbalance between increasing angiotensin II and
declining angiotensin 1–7 causes an acute elevation in blood pressure [35,36]. One subject in
the CoronaVac® group also experienced red eyes for 4 days with grade 1 intensity, between
8 and 28 days after vaccination. This incidence was not groundless, as several studies
revealed that ocular manifestations of COVID-19 vaccination were possible, although the
exact cause remains unknown [37–39]. Other observed reactions included vertigo in the
ChADoX1-S priming group, experienced 1–7 days after booster dose vaccination. The GMT
and seropositivity analysis of the sRBD-IgG also revealed a higher seroconversion rate and
GMI in the CoronaVac® group compared to the ChADoX1-S (AstraZeneca) group, with no
significant differences of GMT and seropositivity rate 28 days after the booster vaccination.
However, the significantly lower GMT and seropositivity found in the CoronaVac® group
prior to the booster dose vaccination should also be noted, which supports the need for
booster vaccines in the CoronaVac® priming group. This finding is supported by the work
of Angkasekwinai et al., in Thailand, with a lower anti-SARS-CoV-2 sRBD IgG observed
in the CoronaVac® group compared to the ChADoX1-S group [40]. A similar post-booster
finding, reported by Fadlyana et al., specifies a 100% seropositivity rate after the booster
vaccine doses with both full-dose and half-dose use [15]. The findings support the possible
use of half-dose booster vaccination rather than full-dose vaccination for better vaccine
coverage where vaccine availability is limited [41].

The neutralizing antibody analyses were conducted with the sVNT assay. Neutralizing
antibodies may be a good representation of the duration of protection against the disease,
although they are not the only components considered in the determination of protec-
tivity [42]. There was no significant difference in the inhibition capacity measured with
the sVNT antibody assay before the booster administration between the ChAdOX1-S and
CoronaVac® groups (p = 0.328). This lack of difference contrasts with the number of positive
proportions of seropositive subjects, where the CoronaVac® group had a significantly lower
positive sVNT proportion. This might be because subjects given mRNA vaccines had
generally higher immune responses compared to those given inactivated vaccines. This
difference in proportion could not be seen following booster dose administration. Interest-
ingly, a significant difference in the median value of the inhibition percentage was found
between the ChAdOX1-S and CoronaVac® groups (p = 0.024). The CoronaVac® subjects
had a number of outliers, which may have made the discrepancy raise the statistical power.
As this study was conducted with an intention-to-treat analysis, outliers were not removed.
Thus, although there was a significant difference after vaccination, this would not cause
any clinical difference in protection against the SARS-CoV-2 virus.

We also found comparable results in the ChAdOX1-S and CoronaVac® groups re-
garding cell-mediated immunity. However, this study showed a higher proportion of
%IFN/CD8+ and %NF/CD8+ in the CoronaVac® group than in the ChAdOX1-S group.
The results are in line with a previous study by Kang et al., on mRNA vaccination and
cellular immunity: inactivated-virus vaccines such as CoronaVac® elicited higher levels
of cell-mediated immunity than mRNA vaccines due to the various virus parts and abun-
dant immunogenic N protein increasing the Th1 response [43]. Previous reports found an
increase in CD8+ and AIM+ CD4+ cells 18 months after SARS-CoV-2 infection. Th1 cells
observed in individuals with COVID-19 demonstrated a distinctive expression of CXCR3
and CCR6, in addition to transcripts encoding cytokines and chemokines with anti-viral
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properties, such as CD154, IFN-γ, IL-2 (interleukin-2), and TNF (tumor necrosis factor) [44].
Previous findings show the majority of individuals who receive the vaccine are capable
of generating a strong immune response from their CD4+ T cells for a duration of up to
6 months following vaccination. Additionally, a correlation is present between the initial
CD4 T cell responses and the immune responses involving antibodies [45].

This study is not without limitations, particularly as we did not compare the efficacy
and reactogenicity of half-dose vaccination with those of full-dose boosters. However, sev-
eral studies support our rationale: previous studies in Indonesia revealed a non-significant
difference between the half-dose and full-dose booster, with a comparatively lower ad-
verse event rate [15]. Another compared the use of full-dose and half-dose boosters using
BNT162b2 (Pfizer-BioNTech) with a similar seroresponse [46].

5. Conclusions

This study revealed that 28 days after mRNA-1273 booster administration, the neutral-
izing antibody titer and GMT of anti-sRBD IgG were comparable between the two priming
groups (ChAdOx1-S and CoronaVac®). Administration of a half-dose mRNA-1273 booster
was concluded to be safe and could provide good protection against SARS-CoV-2 infection.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/vaccines12040344/s1: Supplementary Materials S1: Gating strategy
for intracellular cytokine staining (ICS).

Author Contributions: Conceptualization, N.D.P., S.R.H. and P.W.; methodology, J.S., A.S.Z., H.I.S.,
N.D.P., S.R.H., D.S.H. and D.O.; formal analysis, H.S., L.W., A.R.P., V.S., P.W., M.M. and G.H.;
investigation, A.S.Z., P.W., R.S., A.P., M.R.K., M.L.N., F.F. and H.W.; data curation, G.H., D.O. and
D.S.H.; writing—original draft preparation, G.H., L.W., N.D.P. and A.S.Z.; writing—review and
editing, P.W., R.S., A.P., M.R.K., M.L.N., H.S., V.S., M.M., J.S., D.O., P.M., D.S.H., S.R.H., H.I.S. and
A.R.P.; supervision, N.D.P., M.L.N., H.I.S. and D.O.; project administration, A.S.Z., P.W., D.S.H., V.S.
and P.M.; funding acquisition, V.S., P.M. and D.S.H.; resources, P.M. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded by the Ministry of Health of The Republic of Indonesia with the
publication funded by the Indonesia Endowment Fund for Education Agency from the Ministry of Ed-
ucation and the Ministry of Education, Culture, Research and Technology of The Republic of Indonesia
on the Partnership in Research Indonesia and Melbourne (funding code PRJ-120/LPDP/2021).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of The National
Institute of Health Research and Development—Ministry of Health, Republic of Indonesia (protocol
code LB.02.01/2/KE.014/2022, 23 December 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: Research data are available upon reasonable request to the correspond-
ing author.

Acknowledgments: The authors would like to express their utmost gratitude to Puskesmas Cempaka
Putih for their support in data collection and the Ministry of Health of the Republic of Indonesia for
funding this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Bhatia, N. Middle East Quickens Booster Shot Drive. Middle East Business Intelligence. 2022. Available online: https://www.

meed.com/booster-shots-gather-pace-in-middle-east (accessed on 18 January 2024).
2. Normark, J.; Vikström, L.; Gwon, Y.-D.; Persson, I.-L.; Edin, A.; Björsell, T.; Dernstedt, A.; Christ, W.; Tevell, S.; Evander, M.; et al.

Heterologous ChAdOx1 nCoV-19 and mRNA-1273 Vaccination. N. Engl. J. Med. 2021, 385, 1049–1051. [CrossRef]
3. Sinto, R.; Utomo, D.; Suwarti None Nelwan, E.; Surendra, H.; Natasha, C.; Fransiska None Theresia, D.; Ranitria, A.F.; Subekti,

D.; Nuraeni, N.; Handayani, W.; et al. Serum anti-Spike antibody titers before and after heterologous booster with mRNA-1273
SARS-CoV-2 vaccine following two doses of inactivated whole-virus CoronaVac vaccine. medRxiv 2021. [CrossRef]

https://www.mdpi.com/article/10.3390/vaccines12040344/s1
https://www.mdpi.com/article/10.3390/vaccines12040344/s1
https://www.meed.com/booster-shots-gather-pace-in-middle-east
https://www.meed.com/booster-shots-gather-pace-in-middle-east
https://doi.org/10.1056/NEJMc2110716
https://doi.org/10.1101/2021.12.24.21268360


Vaccines 2024, 12, 344 14 of 15

4. Moderna: Spikevax–COVID-19 Vaccine Tracker. Available online: https://covid19.trackvaccines.org/vaccines/22/ (accessed on
18 January 2024).

5. Lim, W.W.; Mak, L.; Leung, G.M.; Cowling, B.J.; Peiris, M. Comparative immunogenicity of mRNA and inactivated vaccines
against COVID-19. Lancet Microbe 2021, 2, e423. [CrossRef] [PubMed]

6. So, H.; Li, T.; Chan, V.; Tam, L.S.; Chan, P.K. Immunogenicity and safety of inactivated and mRNA COVID-19 vaccines in patients
with systemic lupus erythematosus. Ther. Adv. Musculoskelet. Dis. 2022, 14, 1759720X221089586. [CrossRef]

7. Sharif, N.; Alzahrani, K.J.; Ahmed, S.N.; Dey, S.K. Efficacy, Immunogenicity and Safety of COVID-19 Vaccines: A Systematic
Review and Meta-Analysis. Front. Immunol. 2021, 12, 714170. [CrossRef] [PubMed]

8. World Health Organization. Indonesia Received the First Batch of COVID-19 Vaccines from the COVAX Facility. Available
online: https://www.who.int/indonesia/news/detail/09-03-2021-indonesia-received-the-first-batch-of-covid-19-vaccines-
from-the-covax-facility (accessed on 18 January 2024).

9. Roozen, G.V.T.; Prins, M.L.M.; van Binnendijk, R.; den Hartog, G.; Kuiper, V.P.; Prins, C.; Janse, J.J.; Kruithof, A.C.; Feltkamp,
M.C.W.; Kuijer, M.; et al. Tolerability, safety and immunogenicity of intradermal delivery of a fractional dose mRNA-1273
SARS-CoV-2 vaccine in healthy adults as a dose sparing strategy. medRxiv 2021. [CrossRef]

10. World Health Organization. WHO position on the use of fractional doses–June 2017, addendum to vaccines and vaccination
against yellow fever WHO: Position paper–June 2013. Vaccine 2017, 35, 5751–5752. [CrossRef]

11. Sadoff, J.; Le Gars, M.; Brandenburg, B.; Cárdenas, V.; Shukarev, G.; Vaissiere, N.; Heerwegh, D.; Truyers, C.; de Groot, A.M.;
Jongeneelen, M.; et al. Durable antibody responses elicited by 1 dose of Ad26.COV2.S and substantial increase after boosting:
2 randomized clinical trials. Vaccine 2022, 40, 4403–4411. [CrossRef]

12. Dolgin, E. Quarter-dose of Moderna COVID vaccine still rouses a big immune response. Nature 2021. [CrossRef] [PubMed]
13. World Health Organization. Background Document on the mRNA-1273 Vaccine (Moderna) against COVID-19. Available on-

line: https://www.who.int/publications-detail-redirect/background-document-on-the-mrna-1273-vaccine-(moderna)-against-
covid-19 (accessed on 18 January 2024).

14. Research Center for Biologics Evaluation. Toxicity Grading Scale for Healthy Adult and Adolescent Volunteers Enrolled in Pre-
ventive Vaccine Clinical Trials. FDA. 2019. Available online: https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/toxicity-grading-scale-healthy-adult-and-adolescent-volunteers-enrolled-preventive-vaccine-clinical (accessed on
18 January 2024).

15. Fadlyana, E.; Setiabudi, D.; Kartasasmita, C.B.; Putri, N.D.; Rezeki Hadinegoro, S.; Mulholland, K.; on Behalf of theBCOV21
Study Group. Immunogenicity and safety in healthy adults of full dose versus half doses of COVID-19 vaccine (ChAdOx1-S
or BNT162b2) or full-dose CoronaVac administered as a booster dose after priming with CoronaVac: A randomised, observer-
masked, controlled trial in Indonesia. Lancet Infect. Dis. 2023, 23, 545–555.

16. World Health Organization. Coronavirus Disease (COVID-19): Vaccines and Vaccine Safety. Available online: https://www.who.
int/news-room/questions-and-answers/item/coronavirus-disease-(covid-19)-vaccines (accessed on 18 January 2024).

17. Embassy of the Republic of Indonesia. Indonesia Launches First COVID-19 Vaccination Program. Kementerian Luar Negeri
Repulik Indonesia. Available online: https://kemlu.go.id/madrid/en (accessed on 18 January 2024).

18. Indonesia Ministry of Health. Kemenkes Terbitkan Surat Edaran Informasi Vaksin AstraZeneca, Begini Isinya. Sehat Negeriku.
2021. Available online: https://sehatnegeriku.kemkes.go.id/baca/rilis-media/20210409/3837444/kemenkes-terbitkan-surat-
edaran-informasi-vaksin-astrazeneca-begini-isinya/ (accessed on 18 January 2024).

19. Walsh, E.E.; Frenck, R.W., Jr.; Falsey, A.R.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Neuzil, K.; Mulligan, M.J.; Bailey,
R.; et al. Safety and Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates. N. Engl. J. Med. 2020, 383, 2439–2450.
[CrossRef]

20. Sarah, Siti. Reasons Why You Should Take Your Second Dose of COVID-19 Vaccine. Jakarta’s COVID-19 Response Team. 2021.
Available online: https://corona.jakarta.go.id/en (accessed on 18 January 2024).

21. 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]

22. Jakarta Globe. Indonesia Suspects Omicron Already Becomes Dominant Variant. Available online: https://jakartaglobe.id/
news/indonesia-suspects-omicron-already-becomes-dominant-variant (accessed on 18 January 2024).

23. Burki, T.K. Omicron variant and booster COVID-19 vaccines. Lancet Respir. Med. 2022, 10, e17. [CrossRef] [PubMed]
24. Petrelli, F.; Luciani, A.; Borgonovo, K.; Ghilardi, M.; Parati, M.C.; Petrò, D.; Lonati, V.; Pesenti, A.; Cabiddu, M. Third dose of

SARS-CoV-2 vaccine: A systematic review of 30 published studies. J. Med. Virol. 2022, 94, 2837–2844. [CrossRef] [PubMed]
25. Hervé, C.; Laupèze, B.; Del Giudice, G.; Didierlaurent, A.M.; Tavares Da Silva, F. The how’s and what’s of vaccine reactogenicity.

NPJ Vaccines 2019, 4, 39. [CrossRef] [PubMed]
26. Chapin-Bardales, J.; Gee, J.; Myers, T. Reactogenicity Following Receipt of mRNA-Based COVID-19 Vaccines. JAMA 2021,

325, 2201. [CrossRef] [PubMed]
27. Centers for Disease Control and Prevention. Moderna COVID-19 Vaccine’s Reactions and Adverse Events | CDC. 2023. Available

online: https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/reactogenicity.html (accessed on 18 January 2024).
28. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Marc, G.P.; Moreira, E.D.; Zerbini, C.; et al.

Safety and Efficacy of the BNT162b2 mRNA COVID-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [CrossRef] [PubMed]

https://covid19.trackvaccines.org/vaccines/22/
https://doi.org/10.1016/S2666-5247(21)00177-4
https://www.ncbi.nlm.nih.gov/pubmed/34308395
https://doi.org/10.1177/1759720X221089586
https://doi.org/10.3389/fimmu.2021.714170
https://www.ncbi.nlm.nih.gov/pubmed/34707602
https://www.who.int/indonesia/news/detail/09-03-2021-indonesia-received-the-first-batch-of-covid-19-vaccines-from-the-covax-facility
https://www.who.int/indonesia/news/detail/09-03-2021-indonesia-received-the-first-batch-of-covid-19-vaccines-from-the-covax-facility
https://doi.org/10.2139/ssrn.3892129
https://doi.org/10.1016/j.vaccine.2017.06.087
https://doi.org/10.1016/j.vaccine.2022.05.047
https://doi.org/10.1038/d41586-021-01893-0
https://www.ncbi.nlm.nih.gov/pubmed/34244690
https://www.who.int/publications-detail-redirect/background-document-on-the-mrna-1273-vaccine-(moderna)-against-covid-19
https://www.who.int/publications-detail-redirect/background-document-on-the-mrna-1273-vaccine-(moderna)-against-covid-19
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/toxicity-grading-scale-healthy-adult-and-adolescent-volunteers-enrolled-preventive-vaccine-clinical
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/toxicity-grading-scale-healthy-adult-and-adolescent-volunteers-enrolled-preventive-vaccine-clinical
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-(covid-19)-vaccines
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-(covid-19)-vaccines
https://kemlu.go.id/madrid/en
https://sehatnegeriku.kemkes.go.id/baca/rilis-media/20210409/3837444/kemenkes-terbitkan-surat-edaran-informasi-vaksin-astrazeneca-begini-isinya/
https://sehatnegeriku.kemkes.go.id/baca/rilis-media/20210409/3837444/kemenkes-terbitkan-surat-edaran-informasi-vaksin-astrazeneca-begini-isinya/
https://doi.org/10.1056/NEJMoa2027906
https://corona.jakarta.go.id/en
https://doi.org/10.1056/NEJMoa2114583
https://jakartaglobe.id/news/indonesia-suspects-omicron-already-becomes-dominant-variant
https://jakartaglobe.id/news/indonesia-suspects-omicron-already-becomes-dominant-variant
https://doi.org/10.1016/S2213-2600(21)00559-2
https://www.ncbi.nlm.nih.gov/pubmed/34929158
https://doi.org/10.1002/jmv.27644
https://www.ncbi.nlm.nih.gov/pubmed/35118680
https://doi.org/10.1038/s41541-019-0132-6
https://www.ncbi.nlm.nih.gov/pubmed/31583123
https://doi.org/10.1001/jama.2021.5374
https://www.ncbi.nlm.nih.gov/pubmed/33818592
https://www.cdc.gov/vaccines/covid-19/info-by-product/moderna/reactogenicity.html
https://doi.org/10.1056/NEJMoa2034577
https://www.ncbi.nlm.nih.gov/pubmed/33301246


Vaccines 2024, 12, 344 15 of 15

29. Menni, C.; Klaser, K.; May, A.; Polidori, L.; Capdevila, J.; Louca, P.; Sudre, C.H.; Nguyen, L.H.; Drew, D.A.; Merino, J.; et al. Vaccine
side-effects and SARS-CoV-2 infection after vaccination in users of the COVID Symptom Study app in the UK: A prospective
observational study. Lancet Infect. Dis. 2021, 21, 939–949. [CrossRef] [PubMed]

30. World Health Organization. Side Effects of COVID-19 Vaccines. Available online: https://www.who.int/news-room/feature-
stories/detail/side-effects-of-covid-19-vaccines (accessed on 18 January 2024).

31. Kitagawa, H.; Kaiki, Y.; Sugiyama, A.; Nagashima, S.; Kurisu, A.; Nomura, T.; Omori, K.; Akita, T.; Shigemoto, N.; Tanaka, J.; et al.
Adverse reactions to the BNT162b2 and mRNA-1273 mRNA COVID-19 vaccines in Japan. J. Infect. Chemother. 2022, 28, 576–581.
[CrossRef] [PubMed]

32. El-Shitany, N.A.; Harakeh, S.; Badr-Eldin, S.M.; Bagher, A.M.; Eid, B.; Almukadi, H.; Sindi, N.; Alghamdi, S.A.; Almohaimeed,
H.M.; Mohammedsaleh, Z.M.; et al. Minor to Moderate Side Effects of Pfizer-BioNTech COVID-19 Vaccine Among Saudi
Residents: A Retrospective Cross-Sectional Study. Int. J. Gen. Med. 2021, 14, 1389–1401. [CrossRef]

33. Chun, Y.; Jang, J.; Jo, J.H.; Park, J.W. Various painful oral adverse reactions following COVID-19 vaccination: A case series. BMC
Oral Health 2022, 22, 64. [CrossRef]

34. Cirillo, N. Reported orofacial adverse effects of COVID-19 vaccines: The knowns and the unknowns. J. Oral Pathol. Med. 2021,
50, 424–427. [CrossRef]

35. Angeli, F.; Reboldi, G.; Trapasso, M.; Zappa, M.; Spanevello, A.; Verdecchia, P. COVID-19, vaccines and deficiency of ACE(2) and
other angiotensinases. Closing the loop on the “Spike effect.” Eur. J. Intern. Med. 2022, 103, 23–28.

36. Meylan, S.; Livio, F.; Foerster, M.; Genoud, P.J.; Marguet, F.; Wuerzner, G.; CHUV COVID Vaccination Center. Stage III
Hypertension in Patients After mRNA-Based SARS-CoV-2 Vaccination. Hypertension 2021, 77, e56–e57. [CrossRef]

37. Pang, K.; Pan, L.; Guo, H.; Wu, X. Case Report: Associated Ocular Adverse Reactions With Inactivated COVID-19 Vaccine in
China. Front. Med. 2022, 8, 823346. [CrossRef]

38. Lee, Y.K.; Huang, Y.H. Ocular Manifestations after Receiving COVID-19 Vaccine: A Systematic Review. Vaccines 2021, 9, 1404.
[CrossRef]

39. Ng, X.L.; Betzler, B.K.; Testi, I.; Ho, S.L.; Tien, M.; Ngo, W.K.; Zierhut, M.; Chee, S.P.; Gupta, V.; Pavesio, C.E.; et al. Ocular Adverse
Events After COVID-19 Vaccination. Ocul. Immunol. Inflamm. 2021, 29, 1216–1224. [CrossRef] [PubMed]

40. Angkasekwinai, N.; Niyomnaitham, S.; Sewatanon, J.; Phumiamorn, S.; Sukapirom, K.; Senawong, S.; Toh, Z.Q.; Umrod, P.;
Somporn, T. The immunogenicity and reactogenicity of four COVID-19 booster vaccinations against SARS-CoV-2 variants of
concerns (Delta, Beta, and Omicron) following CoronaVac or ChAdOx1 nCoV-19 primary series. medRxiv 2022. [CrossRef]
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