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Abstract

Background: Numerous studies have proved the efficacy of vaccination in reducing Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) transmission and the coron-
avirus disease (COVID-19) burden. However, even though the COVID-19 vaccination
coverage is high for primary doses, a booster dose is needed to sustain protection. Continu-
ing our previous research, this study evaluates the immunogenicity and safety of full and
half doses of two COVID-19 booster vaccines, ChAdOx1-S (AstraZeneca) and BNT162b2
(Pfizer-BioNTech), in individuals primed with ChAdOx1-S. Methods: This study was an
observer-blind randomized controlled trial to evaluate the immunogenicity and safety of
half and full doses of two COVID-19 booster vaccine types, BNT162b2 and ChAdOx1-S,
among fully vaccinated, ChAdOx1-S-primed individuals in Jakarta, Indonesia. A total
of 329 participants were randomized to receive either full or half doses of the booster
vaccines, namely the ChAdOx1-S and BNT162b2 COVID-19 vaccines. Immunogenicity
was assessed through SARS-CoV-2 antibody titers and neutralizing antibodies (NAbs) at
28 days post-booster, while safety was monitored via adverse event reporting. Results:
The results showed that both vaccines demonstrated increased geometric mean titers
(GMTs) post-booster. In the ChAdOx1-S booster group, at the baseline visit (day 0) and
third visit (day 28), no statistically significant differences in GMT between the half- and
full-dose groups were observed (p = 0.970 and 0.539, respectively). In the BNT162b2 group,
no statistically significant difference was noted at the baseline visit, while the full dose was
higher than the half dose at 28 days (Day 28, p = 0.011). Surrogate virus neutralization tests
(sVNTs) and NAbs assays also revealed no significant differences between the half and
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full dose groups for both the Wuhan strain and the Delta variant. The BNT162b2 group
compared to the ChAdOx1-S group revealed a statistically significant increase in IgG levels
compared to ChAdOx1-S, with p-values of <0.001 and <0.001 for the half dose and full dose,
respectively. This was also reflected in the NAbs test results, where BNT162b2 showed
significantly higher levels against both the Wuhan strain and Delta variant. Adverse events
were predominantly mild: 79.6% (n = 86/108) in the ChAdOx1-S full-dose group, 75.4%
(n = 43/57) in the ChAdOx1-S half-dose group, 84.2% (n = 101/120) in the BNT162b2
full-dose group, and 92.6% (n = 88/95) in the BNT162b2 half-dose group, with pain at
the injection site being the most common local reaction and myalgia and headache the
most frequent systemic reactions. One serious adverse event was reported, assessed as
unrelated to the vaccine. Conclusions: This study confirms that half doses of ChAdOx1-S
and BNT162b2 are as immunogenic and safe as full doses, and a heterologous booster is
more immunogenic than a homologous booster.

Keywords: COVID-19; vaccine; booster; half-dose

1. Introduction
Numerous studies have proven the efficacy of vaccination in reducing SARS-CoV-2

transmission and COVID-19 burden [1–3]. More than 20 COVID-19 vaccines have been
approved for use, and more than 13.64 billion doses have been administered globally [4].
Now in the fifth year of the pandemic, Indonesia had a relatively high immunization cover-
age of 86.9% for the first dose and 74.6% for the second [5]. The most widely used primary
series globally are BNT162b2 from Pfizer-BioNTech and ChAdOx1-S from AstraZeneca,
followed by other vaccines, such as CoronaVac from Sinovac. However, at the time of the
study, decision makers were considering options for booster doses to prolong protection at
a time when vaccine supply was limited.

Most low-middle-income countries struggled to give adequate COVID-19 vaccines
to their populations, making it appropriate to evaluate the alternative option of using
lower doses in a greater number of people. In a study by Mahidol University in Thailand,
a half dose (15 µg) of the BNT162b2 vaccine was compared with a full dose (30 µg) of
BNT162b2 and with ChAdOx1-S as a booster in participants primed with ChAdOx1-S
or Sinovac (CoronaVac). BNT162b2 immunogenicity measured with anti-SARS-CoV-2
RBD IgG, after two weeks, was comparable in those who had received CoronaVac prime
or ChAdOx1-S half-dose prime. In the CoronaVac-primed group, neutralizing antibody
(NAbs) responses in the half-dose BNT162b2 group were superior to those in the full-dose
BNT162b2 group, a significant point for Indonesia since it supports the administration
of a lower dose of BNT162b2, especially when the vaccine supply was limited [6]. In
another booster study (CovBoost), which was carried out in the UK, half-dose (15 µg) or
full-dose (30 µg) BNT162b2 was administered to participants primed with the BNT162b2
vaccine or ChAdOx1-S COVID-19 vaccines. On the 28-day post-booster evaluation using
anti-spike IgG, both half and full dose groups showed acceptable immunogenicity and
reactogenicity [7].

Hence, we proposed to examine booster vaccinations available to supplement the
most commonly used primary series in Indonesia, including half doses when appropriate.
The primary objective was to evaluate the immune responses to full and half booster doses
for each COVID-19 vaccine tested.

This study is the same trial as BCOV21, a study on boosters in Indonesia. The study
compared the immunogenicity of three vaccines (half and full doses of ChAdOx1-S and
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BNT162b2 and a full dose of CoronaVac) on participants who had received the CoronaVac
primary series. All groups achieved seropositivity at 28 days post-inoculation [8]. This
paper focuses on ChAdOx1-S-primed individuals.

We describe here an observer-blinded randomized controlled trial to assess the im-
munogenicity and safety of two potential booster vaccines (ChAdOx1-S and BNT162b2) at
full or half doses in Indonesian participants fully vaccinated with the second most com-
monly used primary series in Indonesia, ChAdOx1-S. This study was conducted to provide
information directly applicable to the authorities and community. These data were used by
the Ministry of Health in devising the 2022 policy regarding booster doses and schedules
for the general public.

2. Materials and Methods
2.1. Study Design, Participants, and Ethics

This study was conducted under the same protocol as the BCOV21 study [8]. We aimed
to conduct an observer-blind randomized controlled trial to evaluate the immunogenicity
and safety of a full dose or half dose of two COVID-19 booster vaccines (BNT162b2 and
ChAdOx1-S) in healthy adults above 18 years old who had been fully vaccinated with
ChAdOx1-S within 6–9 months before enrollment in Indonesia (Appendix Table A1). This
study was conducted in two Primary Health Care Centers (PHCs) in Jakarta, which are PHC
Senen and PHC Tambora. In this component of the study, we recruited 329 participants
who had received full primary doses of ChAdOx1-S and signed the informed consent form.
The participants were enrolled from January to March 2022.

The BCOV21 study previously reported the results of booster responses among partic-
ipants who had received CoronaVac as their primary series. The current paper represents
a separate subset of participants from the same protocol, focusing specifically on those
primed with ChAdOx1-S and evaluating the immunogenicity and safety of BNT162b2
and ChAdOx1-S boosters. Therefore, all immunogenicity, neutralizing antibody, and re-
actogenicity data presented here are new and distinct from those included in the prior
BCOV21 publication.

This study was conducted according to the Declaration of Helsinki and the In-
ternational Conference on Harmonization—Good Clinical Practice guidelines. It was
approved by the Health Research Ethics Committee and the National Drug and Food
Authority, Indonesia.

2.2. Trial Protocol

A total of three visits were planned for each participant. At the baseline visit (Day 0),
following the delineation of the study course, informed consent was sought from all
participants to be included in the study. Study doctors then reviewed the inclusion and
exclusion criteria based on the protocol. Before vaccine booster administration, blood
sampling was performed on all eligible participants for the pre-vaccination immunogenicity
outcome. After receiving the vaccine, the participants were given a diary card to record any
adverse events and concomitant medication usage during the study period. The second
visit (Day 7) was conducted 7 days after booster vaccination to follow up on adverse
events, concomitant medication, and if they had any COVID-19 symptoms. At the third
visit (Day 28), 1 month after booster administration, blood samples were obtained for
immunogenicity testing.

All participants with COVID-19 symptoms were reported and treated based on the
Indonesian COVID-19 Task Force regulations [9].
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2.3. Randomization and Blinding

The unblinded study team randomly assigned eligible participants to the randomiza-
tion group. The study used stratified randomization with separate randomization lists in
each primary health center according to age group (18–59 and >60 years old) with a ratio of
4:1. Every participant was randomized to receive either a half or full dose of ChAdOx1-S,
BNT162b2, or a full dose of CoronaVac intramuscularly (ChAdOx1-S 0.5 mL or 0.25 mL,
BNT162b2 0.3 mL or 0.15 mL, or CoronaVac 0.5 mL). However, in this paper, we only
present the results of the BNT162b2 and ChAdOx1-S booster vaccines, as the first part of
the BCOV21 investigation in CoronaVac prime doses participants found an inadequate
immune response in the CoronaVac-booster group [8]. The exclusion of the CoronaVac
booster arm was a post hoc decision based on these findings.

2.4. Outcomes

Immunogenicity was the primary outcome of this study, comprising the SARS-CoV-2
binding antibody titers and NAbs at 28 days after booster dose vaccination. All sam-
ples were tested for the cumulative titer of IgG anti-S-RBD of SARS-CoV-2 antibody us-
ing the Abbott SARS-CoV-2 IgG II Quant assay (Abbott Laboratories, Abbott Park, IL,
USA), a chemiluminescent microparticle immunoassay from Abbott Laboratories [10].
Results were expressed in Arbitrary Units per milliliter (AU/mL) and converted to Bind-
ing Antibody Units per milliliter (BAU/mL) using the manufacturer’s conversion factor
(AU/mL × 0.142 = BAU/mL) to allow inter-study comparability with other standardized
serological assays [11].

Seropositivity was defined as an IgG antibody concentration of at least 7.1 BAU/mL.
Seroconversion in participants with pre-booster IgG antibody levels of 7.1 BAU/mL was
defined as a ≥4-fold increase in antibody concentration 28 days post-booster compared to
baseline. For participants with pre-booster IgG levels below 7.1 BAU/mL, seroconversion
was defined as reaching antibody titers of ≥7.1 BAU/mL [12]. A subset of samples was
identified by randomization to be analyzed for neutralizing antibody levels: 60 samples
per randomization group were tested with the cPass™ surrogate virus neutralization test
(sVNT) Kit against the Wuhan and Delta variants, and 10 samples per randomization group
were analyzed with the Conventional Antibody Neutralization Test. Seroconversion in the
surrogate virus neutralization test (sVNT) was defined by >30% inhibition for the detection
of antibodies against SARS-CoV-2 [13]. Samples collected were processed onsite and sent
directly to the National Institute of Health Research and Development, Indonesia. The
secondary outcome was the reactogenicity after booster administration. The incidence of
adverse events, followed by rate intensity, was observed 24 h, 7 days, and 28 days after
booster dose administration.

2.5. Statistical Analysis

The sample size for the immunogenicity analysis was determined based on the as-
sumption that at least 95% of participants would achieve seropositivity 28 days after
the booster dose. Using a hypothesized seropositive proportion of 0.95, an anticipated
proportion of 0.85, a two-sided significance level of 0.05, and a statistical power of 80%,
the calculation yielded a requirement of 53 participants per intervention group. After
accounting for a 10% dropout rate, approximately 60 participants per group were needed
for immunogenicity analysis. To ensure sufficient power for both immunogenicity and
reactogenicity endpoints, the final sample size was set at 100 participants per intervention
group, providing 80% power at a 5% significance level to detect an absolute difference of
10–15% in seropositivity between groups.
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The research data were processed and analyzed descriptively and analytically. The
descriptive analysis presented percentages with 95% confidence intervals for categorical
data and logarithmic means with 95% confidence intervals for immunogenicity data. Re-
garding statistical tests, the chi-square test was used to compare the proportions of the four
groups’ administration of booster doses following a primary dose of ChAdOx1-S, the Mann–
Whitney test to compare continuous variables between groups, and the geometric mean
titer (GMT) of the four groups with a primary series of the ChAdOx1-S vaccine. Statistical
analysis was performed using IBM SPSS Statistics software version 18. A p-value of < 0.05
was considered statistically significant.

3. Results
Between the 28 January 2022 and the 25 March 2022, 340 participants signed the

Informed Consent Form (ICF) and were screened (Figure 1). Eleven participants did not
meet eligibility criteria. As a result, a total of 329 participants were enrolled. All participants
had ChAdOx1-S as the primary series and were randomized to receive a unique study
identification number and randomization code and receive one of the booster vaccine
products and doses provided. Baseline characteristics were similar between all groups
(Table 1). The CoronaVac full-dose booster arm was excluded from this analysis due to
previously reported insufficient immune responses and limited evaluable data.

Figure 1. Trial profile.

Table 1. Demographic data.

Parameter
ChAdOx1-S

Full Dose
ChAdOx1-S
Half Dose

BNT162b2
Full Dose

BNT162b2
Half Dose

CoronoVac
Full Dose

(n = 83) (n = 81) (n = 81) (n = 82) (n = 2)

Means age
(years) (SD) 42.60 (11.67) 44.7 (10.97) 41.50 (10.54) 41.95 (12.13) 40.10 (19.65)

Means height
(cm) (SD) 158.5 (9.17) 157.80 (8.68) 156.00 (8.01) 155.50 (8.80) 162.25 (13.78)

Means weight
(kg) (SD) 63.90 (13.57) 62.80 (15.11) 64.00 (13.50) 63.45 (13.52) 65.30 (13.57)
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Table 1. Cont.

Parameter
ChAdOx1-S

Full Dose
ChAdOx1-S
Half Dose

BNT162b2
Full Dose

BNT162b2
Half Dose

CoronoVac
Full Dose

(n = 83) (n = 81) (n = 81) (n = 82) (n = 2)

BMI (kg/m2) 25.50 (5.18) 25.20 (5.24) 25.90 (4.85) 26.65 (5.17) 24.65 (0.91)

Sex n (%)

Male 38 (25.0%) 43 (28.3%) 34 (22.4%) 36 (23.7%) 1 (0.7%)

Female 45 (25.4%) 38 (21.5%) 47 (26.6% 46 (26.0%) 1 (0.6%)
SD: Standard Deviation.

At the baseline visit in the ChAdOx1-S and BNT162b2 groups, there was no significant
difference between those who were subsequently given full or half doses at day 0. After
the booster at day 28, there was no difference between the responses to ChAdOx1-S full
and half doses (Figure 2). The GMT was 471.18 BAU/mL (95% CI 396.35–560.13) for
the half-dose group and 531.56 BAU/mL (95% CI 455.83–619.87) for the full-dose group
(p = 0.539), with a geometric mean ratio (GMR) of 1.02 (95% CI 0.78–1.34). The mean
difference between groups was 53.78 BAU/mL (95% CI −93.9 to 201.47), and the effect size
(Cohen’s d = 0.263) indicated a small and clinically negligible difference.

Figure 2. The difference in immunoglobulin G (IgG) anti-spike protein receptor-binding domain
(anti-S-RBD) (BAU/mL) as evaluated at day 0 and day 28 between half (1/2×) and full (1×) doses of
the ChAdOx1-S and BNT162b2. A Mann–Whitney test was used to compare between half and full
doses at each time point. Solid blue and red circles indicate outliers.

There was, however, a significant difference in GMT between the BNT162b2
full and half doses between the groups at the day 28 time point (p = 0.011). The
GMTs were 1574.48 BAU/mL (95% CI 1362.66–1819.23) for the half-dose group and
2060.147 BAU/mL (95% CI 1734.98–2331.56) for the full-dose group, corresponding to
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a GMR of 1.19 (95% CI 0.75–1.48). The mean difference was 460.39 BAU/mL (95% CI
88.54–832.24) with a small-to-moderate effect size (Cohen’s d = 0.377).

The increase in IgG anti-S-RBD titer after day 28 in the ChAdOx1-S group was
111.61 BAU/mL (−1715.33–3204.32) and 134.27 BAU/mL (−598.40–2962.12) for half and
full dose, respectively. The increase in BNT162b2 booster vaccines was 1137.76 BAU/mL
(56.16–5165.57) and 1677.11 BAU/mL (26.66–5620.97) for half and full doses, respectively
(Appendix Table A2). This shows that BNT162b2 has a statistically higher value, with a
p-value of <0.001 for both half and full doses.

For the sVNT against the Wuhan strain antigen, at the day 0 time point, no statis-
tically significant difference between half-dose and full-dose groups was noted, with 42
participants (93.3%) and 47 (95.9%) testing positive for NAbs, respectively (p = 0.537)
(Appendix Table A3). There was also no statistically significant difference between the
groups at the day 28 time point, with 45 participants (100%) positive in the half-dose group
and 49 participants (100%) positive in the full-dose group. For the sVNT against the Delta
variant antigen, at the day 0 time point, prior to ChAdOx1-S administration, no statistically
significant difference was seen between the half-dose and full-dose groups, with 42 partici-
pants (93.3%) and 49 (100%) testing positive for NAbs, respectively (p = 0.188). There was
also no statistically significant difference between the groups at the day 28 time point, with
45 participants (100%) positive in the half-dose group and 49 participants (100%) positive
in the full-dose group (p = 0.306).

For the Wuhan strain antigen, at the Day 0 time point, no significant difference
was seen between the half-dose and full-dose groups, with 49 participants (96.1%) and
47 (100%) testing positive, respectively (p = 0.292) (Appendix Table A4). There was also
no significant difference between the groups at the day 28 time point, with 51 participants
(100%) positive in the half-dose group and 47 participants (100%) positive in the full-dose
group (p = 0.351). For the sVNT Delta variant antigen, at the day 0 time point, prior
to BNT162b2 administration, no significant difference was seen between the half-dose
and full-dose groups, with 46 (92%) and 46 participants (97.9%) testing positive in the
two groups, respectively (p = 0.301). There was also no statistically significant difference
between the groups at the day 28 time point, with 48 participants (96%) and 47 participants
(100%) positive in the half-dose and full-dose groups, respectively (p = 0.115).

We divided the analysis into day 0 and day 28 time points for the Wuhan strain
and Delta variant antigen, both with ChAdOx1-S vaccine priming. For the Wuhan strain
antigen, at the day 0 time point, there was no statistically significant difference between
the half and the full ChAdOx1-S booster dose groups, with GMTs of 94.06 dilution titer
(28.48–310.67) and 203.19 dilution titer (31.06–1329.23), respectively (p = 0.257). At the
day 28 time point, there was also no significant difference between the half-dose and
full-dose groups, with GMTs of 128.0 dilution titer (63.26–259.00) and 181.02 dilution titer
(27.39–876.19), with a p-value of 0.391. The GMI increase for the half-dose group was
1.36 dilution titer (0.74–2.48) and 0.89 dilution titer (0.38–2.08) for the full-dose group.
For the delta variant antigen, at the day 0 time point, the GMT for the half-dose group
was 59.26 dilution titer (64, 95% CI 27.32–128.51), and that for the full-dose group was
143.68 dilution titer (95% CI 49.24–419.17). There was no statistically significant difference
between the two groups (p = 0.133). At the day 28 time point, the GMT for the half-dose
group was 80.63 dilution titer (64, 95% CI 47.33–137.38), and that for the full-dose group
was 143.68 dilution titer (95% CI 49.24–419.17), with no statistically significant difference
between the groups (p = 0.227). The GMI was 1.36 dilution titer (0.85–2.18) for the half-dose
group and 1.00 dilution titer (0.63–1.58) for the full-dose group.

Regarding the NAbs results at day 0 and day 28 for half and full doses of the BNT162b2
COVID-19 vaccine, the analysis considered the Wuhan strain antigen and the delta variant
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antigen, both with ChAdOx1-S vaccine priming (Figure 3). For the Wuhan strain antigen at
the day 0 time point, there were no statistically significant differences between the half-dose
and full-dose groups, with GMTs of 147.03 dilution titer (88.10–245.36) and 109.73 dilution
titer (40.82–295.98), respectively (p = 0.736). At the day 28 time point, there were also
no statistically significant differences between the half-dose and full-dose groups, with
GMTs of 477.71 dilution titer (242.16–942.54) and 552.99 dilution titer (297.03–1029.67),
respectively (p = 0.769). The GMIs are highly significant, with the increasing number for the
half-dose group being 3.25 dilution titer (95% CI 1.92–5.49) and the full-dose group being
5.04 dilution titer (2.00–12.68). For the delta variant antigen, at the day 0 time point, there
was no statistically significant difference between the two groups (p = 0.676). At the day
28 time point, the GMT for the half-dose group was 207.94 dilution titer (148.79–290.59),
and that for the full-dose group was 276.50 dilution titer (182.30–419.35), with no statistically
significant difference between groups (p = 0.233). The GMI for the half-dose group was
2.64 dilution titer (1.55–4.50), and that for the full-dose group was 2.72 dilution titer
(1.00–7.40). When comparing the increase in NAbs, we found that there was no increase in
the ChAdOx1-S booster group. In contrast, the BNT162b2 booster produced statistically
higher neutralizing antibody results compared to the ChAdOx1-S booster dose in both the
Wuhan strain (half dose p-value: 0.006; full dose p-value: 0.002) and the Delta variant (half
dose p-value: 0.001), except in the full dose group for the Delta variant, where the p-value
was 0.224.

Figure 3. Shows the Nabs (dilution titer) results at day 0 and day 28 for half (1/2×) and full (1×) doses
of the ChAdOx1-S COVID-19 vaccine (ChAdOx1-S). A Mann–Whitney test was used to compare half
and full dose groups at each time point. Solid blue circles indicate outliers.

This study evaluated the adverse events (AEs) after administering the full and
half doses of the ChAdOx1-S COVID-19 vaccine and the BNT162b2 COVID-19 vaccine.
Figures 4 and 5 show the severity level, duration, and type of local and systemic adverse
events after booster vaccination for each vaccine.
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Figure 4. Severity (a), duration (b), and type (c) of local adverse events (AEs) after booster vaccination.

In this study, a total of 156 local AEs and 224 systemic AEs were reported. Most
of the local adverse events involved local pain, which the AE in both full-dose groups
showed greater effect (23.07%, n = 36 and 23.71%, n = 37 in ChAdOx1-S and BNT162b2,
respectively). Other common local adverse events were swelling, induration, and red-
ness. On the other hand, the most prevalent systemic adverse events were myalgia
(5.8%, n= 13/224) in the ChAdOx1-S full-dose group, fatigue and headache (both 6.69%,
n = 15/224) in the BNT162b2 full-dose group, and headache (8.26%, n = 19/224) in the
BNT162b2 half-dose group. Across all groups, local adverse events occurred at an overall
incidence of 1.69 per 100 person-days, while systemic adverse events occurred at 2.43 per
100 person-days. Incidence rates were comparable between full- and half-dose groups for
both ChAdOx1-S and BNT162b2.

Only one grade 4 adverse event (1.8%, n = 4/224) occurred in the ChAdOx1-S half-
dose group, with high fever (>40 ◦C) occurring 1 day after vaccination. Most of the
participants experienced events of grade 1 severity, numbering 79.6% (n = 86/108) in the
ChAdOx1-S full-dose group, 75.4% (n = 43/57) in the ChAdOx1-S half-dose group, 84.2%
(n = 101/120) in the BNT162b2 full-dose group, and 92.6% (n = 88/95) in the BNT162b2 half-
dose group. Most of the participants with adverse events experienced the adverse event
for 7 days: 70.4% (n = 76/108) in the ChAdOx1-S full-dose group, 70.2% (n = 40/57) in the
ChAdOx1-S half-dose group, 82.5% (n = 99/120) in the BNT162b2 full-dose group, and
89.5% (n = 85/95) in the BNT162b2 half-dose group.
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Figure 5. Severity (a), duration (b), and type (c) of systemic adverse events (AEs) after
booster vaccination.

One participant had a serious adverse event. This participant, who was enrolled
in the ChAdOx1-S half-dose group, was hospitalized for pneumonia and uncontrolled
diabetes mellitus. The investigator considered that the event was not related to the booster
vaccine because of the lengthy time (13 days) between administering the booster vaccine
and the serious adverse event. It is also based on the Data and Safety Monitoring Board
(DSMB) review.

4. Discussion
This study evaluates the effects of half-dose and full-dose heterologous and homol-

ogous boosters given to participants who received the primary ChAdOx1-S dose. The
immunogenicity results, measured by IgG levels, indicate that the half dose produces
the same immunogenic response as the full dose. Neutralizing antibody results further
support these findings. The heterologous approach demonstrates higher antibody levels
when comparing heterologous and homologous boosters. Additionally, the evaluation
of reactogenicity revealed that a higher number of participants in the full-dose group
reported adverse events compared to those who received the half-dose. Furthermore, this
study showed that all participants who received a ChAdOx1-S primary series still had ade-
quate binding antibody levels 6–9 months after their second dose, with only 4 participants
(1.2%) showing low values.

The IgG results from our study were consistent with a recent study from the UK stating
that ChAdOx1-S vaccination led to increased levels of total IgG antibodies following a third
dose [14]. In Cyprus, seropositivity rates and antibody titers were higher for BNT162b2
and ChAdOx1-S vaccines than for CoronaVac in all age groups at all time points evaluated.
Comparing the results of full and half doses, it is evident that although the GMT is lower
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for half doses, the difference is not statistically significant. Importantly, interpretation of
the confidence intervals around these estimates showed substantial overlap between the
half- and full-dose groups, suggesting comparable immunogenicity while acknowledging
that the study was not designed to formally test non-inferiority. This use of confidence
intervals provides a more informative understanding of the precision of the estimates than
reliance on p-values alone.

This finding aligns with other studies, which have also shown no significant difference
between half-dose and full-dose BNT162b2 booster vaccines [15]. Additionally, this study
compared heterologous boosters to homologous boosters, revealing that the results from
heterologous boosters were significantly higher than those from homologous boosters.
While there is no specific threshold for protection, these findings are consistent with other
research in the field [15].

We also analyzed the sVNT at the day 0 and day 28 time points using the Delta variant
and Wuhan strain antigens. The results revealed no statistically significant difference
between the half-dose and full-dose groups at these time points, both for the Delta variant
and the Wuhan strain antigens of the BNT162b2 and ChAdOx1-S vaccines. This finding
was similar to study results from Thailand and the UK, which revealed strong antibodies
against Omicron and four other variants, including Delta, after a third dose of an mRNA
vaccine [6,7]. Meanwhile, a ChAdOx1-S heterologous boost was more immunogenic in
CoronaVac-prime recipients than in ChAdOx1-S-prime recipients [6]. Along with the sVNT,
we analyzed NAbs at the day 0 and day 28 time points for both the Wuhan strain and
the Delta variant antigen. The results also revealed no statistically significant difference
between the half-dose and full-dose groups at these time points for either antigen with the
ChAdOx1-S and BNT162b2 vaccines.

Following the booster injections, we examined AEs and SAEs throughout the obser-
vation period. Most participants experienced events of grade 1 (mild) severity during
the 7 days following immunization with both vaccines. There were differences in the
ChAdOx1-S group, in which the participants who received the full dose of the vaccine
had more local adverse events than those given the half dose. In the BNT162b2 groups,
individuals who were given the full dose of the vaccine also had more local adverse events.
Additionally, participants who received the half dose of the ChAdOx1-S booster had fewer
local adverse reactions than those who received the half dose of BNT162b2. This is consis-
tent with other studies showing mRNA vaccinations to be the most reactogenic, followed
by viral vector vaccines and protein subunit vaccines, while inactivated vaccines were the
least reactogenic [16]. There were no significant differences in the distribution of systemic
adverse events for both vaccines. These findings were in line with a study in Thailand,
which showed that heterologous booster immunization was usually well-tolerated, and
the rates of adverse events were consistent with those reported in primary and booster
COVID-19 vaccine studies [6].

This study has some limitations. The sample size in this study was insufficient to
assess rare vaccine side effects, even though no tolerability issues were reported in those
who received ChAdOx1-S or BNT162b2, half dose or full dose, and the small sample size
in the CoronaVac group limited our ability to evaluate the immunogenicity and safety of
the CoronoVac as the booster dose. Second, the follow-up duration was short, making it
impossible to determine the long-term protection provided by the vaccines and to study the
breakthrough infection. However, the study is ongoing, and we examined the SARS-CoV-2
antibody titers at various time points. Third, only a subset of 10 samples per group
was analyzed using the conventional neutralizing antibody (NAb) assay due to limited
laboratory resources. Nevertheless, the NAb results were consistent with those obtained
from the surrogate virus neutralization test (sVNT), supporting the validity of the findings
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despite the smaller subsample. Fourth, our analysis focused solely on IgG data related to
the Wuhan strain, without including the Delta variant or other emerging variants. Finally,
since the study mainly included healthy adult participants in Indonesia, the findings may
be inapplicable to other populations, such as immunocompromised participants.

This study found no significant differences in either immunogenicity or reactogenicity
between half- and full-dose booster vaccinations. It proved that administering half and
full doses of heterologous and homologous COVID-19 vaccine boosters is safe and may
provide adequate protection against SARS-CoV-2 infection, with heterologous vaccines
showing better immunogenicity results. Our findings suggest that administering lower
doses of BNT162b2 and ChAdOx1-S booster vaccines could assist countries with limited
vaccine supplies to achieve the same level of immunogenicity. Additionally, reducing the
dose may decrease adverse reactions, thereby improving vaccine uptake.

5. Conclusions
This study confirms that-half dose boosters of ChAdOx1-S and BNT162b2 are as

immunogenic and safe as full-dose regimens. Heterologous booster vaccination induced
stronger immune responses than homologous boosting, with all regimens demonstrating
good tolerability and predominantly mild adverse events. These findings support the use of
half-dose and heterologous booster strategies as efficient and safe alternatives, particularly
in settings with limited vaccine availability. Continued monitoring is needed to evaluate
the durability of immune protection over time.
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Appendix A

Table A1. Inclusion and exclusion criteria.

Inclusion Criteria

1. Clinically healthy adults aged above 18 years who had completed the primary
series of SARS-CoV-2 vaccine with CoronaVac® within 3 to <6 months or 6–9
months prior enrollment in the study or with ChAdOx1-S within 6–9 months prior
enrollment in the study.

2. Signed written informed consent form and willing to commit to comply with the
instructions of the investigator and the schedule of the trial.

Exclusion Criteria

1. Those who have already received a third dose of SARS-CoV-2 vaccine.

2. Concomitantly enrolled or scheduled to be enrolled in another trial.

3. Those with fever (temperature > 37.5 ◦C, measured with infrared
thermometer/thermal gun) or upper respiratory tract infection symptoms such as
sneezing, nasal congestion, runny nose, cough, sore throat, loss of taste, chills, and
shortness of breath within 72 h before enrollment.

4. Blood pressure > 180/110 mmHg.
5. History of laboratory-confirmed COVID-19 within one month prior to study

enrollment.
6. History of allergy to vaccines or vaccine ingredients and severe adverse reactions

to vaccines, such as urticaria, dyspnea, and angioneurotic edema.

7. Those with uncontrolled autoimmune diseases such as lupus.
8. History of uncontrolled coagulopathy or blood disorders, immune deficiency, and

received blood-derived product/transfusion within 3 months prior to enrollment.
9. Those who received immunosuppressant therapy such as corticosteroids and

cancer chemotherapy.
10. Those with uncontrolled chronic disease, such as severe heart disease, asthma

exacerbation.
11. Subjects who have a history of uncontrolled epilepsy (within the last 2 years) or

other progressive neurological disorders, such as Guillain-Barre Syndrome.
12. Those who receive any vaccination within 1 month before and after IP

immunization.
13. Pregnant woman.
14. Those aged ≥60 years old with difficulty in climbing 10 steps of stairs, frequently

experiencing fatigue, having difficulty in walking 100–200 m, or having at least 5
comorbidities (hypertension, diabetes, cancer, chronic lung disease, heart attack,
congestive heart failure, chest pain, asthma, joint pain, stroke, and kidney disease).
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Appendix B

Table A2. Comparison of increasing IgG anti S-RBD titer (BAU/mL) between ChAdOx1-S and
BNT162b2 vaccine.

IgG Anti S-RBD Titer (BAU/mL):
Increase Parameter ChadOx1-S BNT162b2 p-Value a

Half Dose:

Full Dose:

<0.001
Median 111.61 1137.76
Range

Median
Range

−1715.33–3204.32

134.27
−598.4–2962.12

56.16–5165.57

1677.11
26.66–5620.97

<0.001

Comparison between Half Dose vs. Full dose p = 0.614 a p = 0.004 a

a Mann–Whitney test.

Table A3. Surrogate virus neutralization test (sVNT) at day 0 and day 28 for half and full doses of the
AstraZeneca COVID-19 vaccine (Chadox1-S).

Time Point Parameter Half-Dose
Group

Full-Dose
Group p-Value a

Antigen: Strain
Delta (n = 45) (n = 49)

Day 0

Median
Range
IQR

Positive (%)

98
2–99

95.5–98.0
42 (93.3%)

98
35–99

97.5–98.0
49 (100.0%)

0.188

Day 28

Median
Range
IQR

Positive (%)

98
53–99

98.0–98.0
45 (100%)

98
92–99

98.0–98.0
49 (100%)

0.306

Antigen: Strain
Wild Type (n = 45) (n = 49)

Day 0

Median
Range
IQR

Positive (%)

97
12–98

97.0–98.0
42 (93.3%)

98
22–98

97.0–98.0
47 (95.9%)

0.537

Day 28

Median
Range
IQR

Positive (%)

97
83–98

97.0–98.0
45 (100%)

98
88–98

97.0–98.0
49 (100%)

0.133

a Mann–Whitney test.
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Table A4. Surrogate virus neutralization test (sVNT) at day 0 and day 28 for half and full doses of the
Pfizer-BioNTech COVID-19 vaccine (BNT162b2).

Time Point Parameter Half-Dose
Group

Full-Dose
Group p-Value a

Antigen: Strain
Delta (n = 50) (n = 47)

Day 0

Median
Range
IQR

Positive (%)

98
3–99

91.75–98.0
46 (92.0%)

98
22–99

97.0–98.0
46 (97.9%)

0.301

Day 28

Median
Range
IQR

Positive (%)

98
5–99

98.0–98.0
48 (96%)

98
81–99

98.0–98.0
47 (100%)

0.115

Antigen: Strain
Wild Type (n = 51) (n = 47)

Day 0

Median
Range
IQR

Positive (%)

97
13–98

96.0–98.0
49 (96.1%)

97
43–98

96.0–98.0
47 (100%)

0.292

Day 28

Median
Range
IQR

Positive (%)

97
35–98

97.0–98.0
51 (100%)

97
95–98

97.0–98.0
47 (100%)

0.351

a Mann–Whitney test.

References
1. Dagan, N.; Barda, N.; Kepten, E.; Miron, O.; Perchik, S.; Katz, M.A.; Hernán, M.A.; Lipsitch, M.; Reis, B.; Balicer, R.D. BNT162b2

mRNA COVID-19 Vaccine in a Nationwide Mass Vaccination Setting. N. Engl. J. Med. 2021, 384, 1412–1423. [CrossRef] [PubMed]
2. Haas, E.J.; Angulo, F.J.; McLaughlin, J.M.; Anis, E.; Singer, S.R.; Khan, F.; Brooks, N.; Smaja, M.; Mircus, G.; Pan, K.; et al. Impact

and effectiveness of mRNA BNT162b2 vaccine against SARS-CoV-2 infections and COVID-19 cases, hospitalisations, and deaths
following a nationwide vaccination campaign in Israel: An observational study using national surveillance data. Lancet 2021, 397,
1819–1829. [CrossRef] [PubMed]

3. Vasileiou, E.; Simpson, C.R.; Shi, T.; Kerr, S.; Agrawal, U.; Akbari, A.; Bedston, S.; Beggs, J.; Bradley, D.; Chuter, A.; et al.
Interim findings from first-dose mass COVID-19 vaccination roll-out and COVID-19 hospital admissions in Scotland: A national
prospective cohort study. Lancet 2021, 397, 1646–1657. [CrossRef] [PubMed]

4. World Health Organization COVID-19 Dashboard. 2023. Available online: https://data.who.int/dashboards/covid19/vaccines?n=c
(accessed on 28 October 2025).

5. Vaksin Dashboard. 2024. Available online: https://vaksin.kemkes.go.id/#/vaccines (accessed on 28 October 2025).
6. Niyomnaitham, S.; Toh, Z.Q.; Wongprompitak, P.; Jansarikit, L.; Srisutthisamphan, K.; Sapsutthipas, S.; Jantraphakorn, Y.;

Mingngamsup, N.; Licciardi, P.V.; Chokephaibulkit, K. Immunogenicity and reactogenicity against the SARS-CoV-2 variants fol-
lowing heterologous primary series involving CoronaVac, ChAdox1 nCov-19 and BNT162b2 plus BNT162b2 booster vaccination:
An open-label randomized study in healthy Thai adults. Hum. Vaccines Immunother. 2022, 18, 2091865. [CrossRef] [PubMed]

7. Munro, A.P.S.; Janani, L.; Cornelius, V.; Aley, P.K.; Babbage, G.; Baxter, D.; Bula, M.; Cathie, K.; Chatterjee, K.; Dodd, K.; et al.
Safety and immunogenicity of seven COVID-19 vaccines as a third dose (booster) following two doses of ChAdOx1 nCov-19 or
BNT162b2 in the UK (COV-BOOST): A blinded, multicentre, randomised, controlled, phase 2 trial. Lancet 2021, 398, 2258–2276.
[CrossRef] [PubMed]

8. Fadlyana, E.; Setiabudi, D.; Kartasasmita, C.B.; Putri, N.D.; Hadinegoro, S.R.; Mulholland, K.; Sofiatin, Y.; Suryadinata, H.;
Hartantri, Y.; Sukandar, H.; et al. 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. [PubMed]

https://doi.org/10.1056/NEJMoa2101765
https://www.ncbi.nlm.nih.gov/pubmed/33626250
https://doi.org/10.1016/S0140-6736(21)00947-8
https://www.ncbi.nlm.nih.gov/pubmed/33964222
https://doi.org/10.1016/S0140-6736(21)00677-2
https://www.ncbi.nlm.nih.gov/pubmed/33901420
https://data.who.int/dashboards/covid19/vaccines?n=c
https://vaksin.kemkes.go.id/#/vaccines
https://doi.org/10.1080/21645515.2022.2091865
https://www.ncbi.nlm.nih.gov/pubmed/35816053
https://doi.org/10.1016/S0140-6736(21)02717-3
https://www.ncbi.nlm.nih.gov/pubmed/34863358
https://www.ncbi.nlm.nih.gov/pubmed/36640798


Vaccines 2025, 13, 1149 16 of 16

9. Pedoman Pencegahan Dan Pengendalian Coronavirus Disesase (COVID-19). 2020. Available online: https://
infeksiemerging.kemkes.go.id/document/pedoman-pencegahan-dan-pengendalian-covid-19/view (accessed on
10 November 2024).

10. English, E.; Cook, L.E.; Piec, I.; Dervisevic, S.; Fraser, W.D.; John, W.G. Performance of the Abbott SARS-CoV-2 IgG II Quantitative
Antibody Assay Including the New Variants of Concern, VOC 202012/V1 (United Kingdom) and VOC 202012/V2 (South Africa),
and First Steps towards Global Harmonization of COVID-19 Antibody Methods. J. Clin. Microbiol. 2021, 59, e0028821. [CrossRef]
[PubMed]

11. Müller, L.; Kannenberg, J.; Biemann, R.; Hönemann, M.; Ackermann, G.; Jassoy, C. Comparison of the measured values of
quantitative SARS-CoV-2 spike antibody assays. J. Clin. Virol. 2022, 155, 105269. [CrossRef] [PubMed]

12. Reflection Paper on the Regulatory Requirements for Vaccines Intended to Provide Protection Against Variant Strain(s) of
SARS-CoV-2. 2021. Available online: https://www.pei.de/SharedDocs/Downloads/EN/newsroom-en/hp-news/ema-paper-
variations-covid-19.html (accessed on 10 November 2024).

13. Wong, N.S.; Lee, S.S.; Chan, D.P.C.; Li, T.C.M.; Ho, T.H.Y.; Luk, F.W.L.; Chow, K.M.; Tso, E.Y.K.; Yeoh, E.-K.; Wong, S.Y.S.; et al.
Trajectory patterns of SARS-CoV-2 neutralising antibody response in convalescent COVID-19 patients. Commun. Med. 2022, 2, 53.
[CrossRef] [PubMed]

14. Flaxman, A.; Marchevsky, N.G.; Jenkin, D.; Aboagye, J.; Aley, P.K.; Angus, B.; Belij-Rammerstorfer, S.; Bibi, S.; Bittaye, M.;
Cappuccini, F.; et al. Reactogenicity and immunogenicity after a late second dose or a third dose of ChAdOx1 nCoV-19 in the UK:
A substudy of two randomised controlled trials (COV001 and COV002). Lancet 2021, 398, 981–990. [CrossRef] [PubMed]

15. Barin, B.; Kasap, U.; Selcuk, F.; Volkan, E.; Uluckan, O. Comparison of SARS-CoV-2 anti-spike receptor binding domain IgG
antibody responses after CoronaVac, BNT162b2, ChAdOx1 COVID-19 vaccines, and a single booster dose: A prospective,
longitudinal population-based study. Lancet Microbe 2022, 3, e274–e283. [CrossRef] [PubMed]

16. San Francisco Ramos, A.; Liu Sanchez, C.; Bovill Rose, T.; Smith, D.; Thorn, N.; Galiza, E.; Miah, T.; Pearce, J.; Hultin, C.; Cosgrove,
C.; et al. Comparing reactogenicity of COVID-19 vaccine boosters: A systematic review and meta-analysis. Expert Rev. Vaccines
2024, 23, 266–282. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://infeksiemerging.kemkes.go.id/document/pedoman-pencegahan-dan-pengendalian-covid-19/view
https://infeksiemerging.kemkes.go.id/document/pedoman-pencegahan-dan-pengendalian-covid-19/view
https://doi.org/10.1128/JCM.00288-21
https://www.ncbi.nlm.nih.gov/pubmed/34260272
https://doi.org/10.1016/j.jcv.2022.105269
https://www.ncbi.nlm.nih.gov/pubmed/36029637
https://www.pei.de/SharedDocs/Downloads/EN/newsroom-en/hp-news/ema-paper-variations-covid-19.html
https://www.pei.de/SharedDocs/Downloads/EN/newsroom-en/hp-news/ema-paper-variations-covid-19.html
https://doi.org/10.1038/s43856-022-00119-2
https://www.ncbi.nlm.nih.gov/pubmed/35603297
https://doi.org/10.1016/S0140-6736(21)01699-8
https://www.ncbi.nlm.nih.gov/pubmed/34480858
https://doi.org/10.1016/S2666-5247(21)00305-0
https://www.ncbi.nlm.nih.gov/pubmed/35165669
https://doi.org/10.1080/14760584.2024.2315089
https://www.ncbi.nlm.nih.gov/pubmed/38376528

	Introduction 
	Materials and Methods 
	Study Design, Participants, and Ethics 
	Trial Protocol 
	Randomization and Blinding 
	Outcomes 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	References

