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Introduction: The CoronaVac vaccine is widely used in Thailand to combat the coronavirus disease 2019
(COVID-19) pandemic. The limited immunogenicity of this vaccine is a concern, especially because of
expanding delta variant outbreaks. A third boost may enhance antiviral immune responses.
Methods: This non-inferiority randomized controlled trial evaluated the immunogenicity and safety of an
intradermal (ID) fractional third dose of AZD1222 vaccine compared with those of a standard intramus-
cular (IM) third dose. Participants were enrolled from August 9, 2021 to August 13, 2021 at Chulabhorn
Hospital, Bangkok, Thailand. The eligibility criteria were age 18 years or older and prior two-dose
Coronavac vaccination completed at least 2 months previously. Participants were randomly assigned
to one of three groups by block randomization: (i) standard dose by IM administration (IM), (ii) 20% of
the standard dose ID (ID1), or (iii) 40% of the standard dose ID (ID2). The primary endpoint was the geo-
metric mean ratio of anti-receptor binding domain antibody in the ID1/ID2 vs. the IM groups 14 days
post-vaccination.
Results: A total of 125 participants were randomized (IM, n = 41; ID1, n = 41; and ID2, n = 43). One par-
ticipant was lost to follow-up by day 14 post-vaccination in the ID1 group. The geometric mean ratio (95%
confidence interval) of anti-receptor binding domain antibody was 0.94 (0.80–1.09) in the ID1 group and
1.28 (0.95–1.74) in the ID2 group. Immunogenicity in both ID groups met the non-inferiority criteria.
Local adverse events were more common in the ID groups than in the IM group but were mostly mild
to moderate in severity.
Conclusion: An ID fractional third dose of AZD1222 was non-inferior to a standard IM third dose among
individuals previously vaccinated with CoronaVac. Adverse events associated with the ID fractional third
dose included mild to moderate local site reactions. This vaccination strategy may help conserve vaccine
supply.
� 2022 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic that began
in December 2019 continues to represent a major public health
crisis [1]. Because of the lack of effective therapies [2], vaccination
is crucial to combat the pandemic [3]. All three arms of adaptive
immunity (antibody responses, CD4 + T cell responses, and
CD8 + T cell responses) are required to prevent and control the
infection [4]. CoronaVac, an inactivated vaccine developed by Sino-
vac Biotech (Beijing, China) [5], is widely used in Thailand. How-
ever, the immunogenicity and efficacy of CoronaVac are
uncertain compared with those of other vaccine platforms [6]
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and may be inadequate to control the spread of variants of concern
[7]. A third dose of vaccine may result in improved immunogenic-
ity and efficacy [8]. However, vaccine supply is limited worldwide,
especially in developing countries [9]. Studies of influenza vaccina-
tion suggested that an intradermal (ID) fractional dose can elicit
similar immune responses compared with those of the standard
intramuscular (IM) dose despite the lower volume of vaccine
administered. The seroconversion rate following vaccination was
similar for individuals who received 3-g, 6-g, 7.5-g, and 9-g frac-
tional ID doses of influenza vaccines compared with that for those
who received the standard 15-g IM dose [10]. This strategy is
enabled by the abundance of antigen-presenting cells, including
dendritic cells and Langerhans cells, in the dermis layer of the skin.
These cells can deliver vaccine antigens directly to lymph nodes
and effectively stimulate immune responses [11]. In the setting
of the ongoing COVID-19 pandemic and a short vaccine supply,
fractional ID dosing can enable dose sparing and thus prevent mor-
bidity and mortality in a larger number of individuals [12]. The aim
of this study was to assess whether an ID fractional third dose of
ChAdOx1 nCoV-19/AZD1222, an adenoviral vector vaccine, could
elicit non-inferior immune responses compared with a standard
IM third dose in participants who had previously received two
doses of CoronaVac.
2. Materials & methods

2.1. Study design and participants

This was a single-center, non-inferiority, randomized controlled
trial designed to evaluate the immunogenicity and safety of an ID
fractional third dose of COVID-19 vaccine at Chulabhorn Hospital,
Bangkok, Thailand. Participants were enrolled between August 9,
2021, and August 13, 2021. This report is part of our study that
aimed to evaluate the safety and immunogenicity of intradermal
sparing dose as the third boost dose of the available COVID-19 vac-
cines in Thailand, including AZD1222, BBIBP-CorV, BNT162b2, and
the mRNA1273 vaccines. The study groups of participants who
completed 2 doses of CoronaVac and were boosted with
AZD1222, BBIBP-CorV, and BNT162b2 vaccines were completed.
The rest of the study groups in which participants completed 2
doses of the AZD1222 vaccine were recruiting the participants.
The inclusion criteria were age 18 years or older and prior two-
dose Coronavac vaccination completed at least 2 months prior to
study entry. The exclusion criteria were pregnancy, lactation, con-
current active underlying disease, receipt of any vaccine within
14 days of enrolment, and fever or respiratory tract infection
within 14 days of enrolment. Written informed consent was
obtained from each participant prior to enrolment. The study pro-
tocol, case records form, and consent form were reviewed and
approved by the Ethics Committee for Human Research, Chulab-
horn Research Institute (reference number: 094/2564). The study
was registered with thaiclinicaltrials.org (TCTR20210731003).
2.2. Procedures

The main aim of the study was to assess the immunogenicity
and safety of AZD1222 administered as two ID fractional third
doses [20% of the standard IM dose (ID1 group) or 40% of the stan-
dard IM dose (ID2 group)] compared with those of a standard IM
third dose (IM group). A standard IM dose of AZD1222 is composed
of 0.5 mL. For the accuracy, safety, and convenience of using the
vaccine, the pharmacist prepared 0.5 mL of the AZD1222 vaccine
for the intramuscular route and 0.1 mL for the intradermal route
using the insulin syringe before injection. Thus, participants in
the ID1 group received 0.1 mL ID at a single site in the arm or
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deltoid. Participants in the ID2 group received 0.1 mL ID at two dif-
ferent arms in the forearm or deltoid. Study personnel were trained
to conduct ID injections using the Mantoux technique [13]. Partic-
ipants in the IM group received 0.5 mL IM at a single site in the del-
toid muscle.

Following enrollment, participants were randomly assigned to
the three groups by block randomization with a block of
size of twelve. All participants were tested for baseline
anti-receptor-binding domain of SARS-CoV-2 spike protein level
(anti-RBD antibody). Immunogenicity evaluations were scheduled
2 weeks post-vaccination. Humoral immune responses against
the RBD of SARS-CoV-2 spike protein were assessed using both
binding antibody and surrogate neutralizing antibody assays.
Cell-mediated immunity (CMI) was assessed using an interferon
(IFN)-c release assay.

The AZD1222 vaccine used in this study was manufactured and
vialed following Good Manufacturing Practices and was approved
by the regulatory agency of Thailand. An insulin syringe was used
for administration of the vaccine to all participants.

2.3. Safety

After 30 min of observation post-vaccination to monitor imme-
diate adverse events (AEs), participants were allowed to go home.
On days 1, 7, and 30 post-vaccination, participants were queried
regarding AEs via an online questionnaire. Participants graded
the severity of AEs as follows: mild, AE does not interfere with
daily activity; moderate, AE interferes with daily activity; severe,
AE limits daily activity; and life-threatening, AE requires emer-
gency department visit or hospitalization.

2.4. Measurement of anti-RBD antibody levels

Serum levels of anti-RBD antibody were measured using the
Elecsys Anti-SARS-CoV-2 S (Elecsys-S) kit (Roche Diagnostics, Man-
nheim, Germany), an automated electrochemiluminescence
immunoassay. The Elecsys-S kit uses the double-antigen sandwich
principle for the detection of anti-RBD antibodies. The measure-
ment range was 0.4 to 2500 U/mL. The manufacturer’s cut-off
value for a positive result was > 0.8 U/mL. Based on the interna-
tional standard for anti-SARS-CoV-2 immunoglobulin titers devel-
oped by the World Health Organization [14], Elecsys-S U were
converted to binding antibody units (BAU) using the equation:
Elecsys-S U = 0.972 � BAU [15].

2.5. Measurement of surrogate neutralizing antibody levels

Neutralization is the crucial function of antibody against SARS-
CoV-2. Levels of neutralizing antibodies are correlated with COVID-
19 vaccine efficacy [6]. However, the gold standard for neutralizing
antibody measurement is a time-consuming conventional method
that requires live virus and biosafety level 3 laboratories. By con-
trast, surrogate neutralizing antibody tests can close this gap by
using an automated process that can be conducted outside a bio-
safety level 3 laboratory. The correlation between surrogate neu-
tralizing antibody assays and conventional neutralizing antibody
assays is excellent [16]. The principle of surrogate neutralizing
antibody measurement is measurement of the interaction between
biotinylated recombinant human angiotensin-converting enzyme
2 and SARS-CoV-2 spike protein RBD, detected with horseradish
peroxidase (HRP)-conjugated streptavidin. Anti-SARS-CoV-2 neu-
tralizing antibodies can block this interaction and diminish the
HRP signal. This study used the SARS-CoV-2 NeutraLISA kit for
measurement of surrogate neutralizing antibodies. (EUROIMMUN
Medizinische Labordiagnostika AG, Lübeck, Germany) The result
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of measurement was demonstrated in percent of inhibition (%IH).
The manufacturer’s cut-off value for a positive result was � 35 %IH.

2.6. Measurement of IFN-c

IFN-c is generally secreted by helper CD4 T cells and cytotoxic
CD8 T cells [17,18]. Thus, the level of this cytokine is a reliable sur-
rogate of the magnitude of CMI [19]. This study used an IFN-c ELISA
kit (EUROIMMUN Medizinische Labordiagnostika AG) for quantita-
tion of IFN-c levels. The test measures IFN-c released after incubat-
ing heparinizedwhole bloodwith the S1 domain of the SARS-CoV-2
spike protein for 20–24 h. The limit of detection is 3.88 mIU/mL.
Higher IFN-c reflects elevated CMI against SARS-CoV-2.

2.7. Sample size calculation

Sample size estimationwas calculated usingmeans of 2 samples
in a non-inferiority fashion. Based on the work of Robert W. Frenck
Jr. [20], the GMT of hemagglutination inhibition of influenza B vac-
cinewere 55 (95 %CI, 49–62) in 3 mg ID group and 87 (95% CI, 78–97)
in 15 mg IM group. Non-inferiority was defined as a lower limit of
the two-side 95% confidence interval of geometricmean ratio > 0.67.
Therefore, assuming a global significance level of 5% (a = 0.05), a
power of 80%, and a 20% participant dropout rate, 40 participants
were planned to be recruited in each group of the study.

2.8. Statistical analysis

Statistical analyses were performed using IBM SPSS version 26
and GraphPad Prism version 9. Values of p < 0.05 were considered
statistically significant. Vaccine immunogenicity in each intrader-
mal group (ID1 and ID2) was compared with immunogenicity in
the IM group using the non-inferiority approach. The non-
inferiority criteria were met if the lower bound of the 95% confi-
dence interval (CI) of the geometric mean ratio was >0.67 [21]. If
the outcome met the non-inferiority criteria, then superiority
was tested. Summary statistics were presented as medians and
interquartile ranges (IQRs), mean and standard deviations, geomet-
ric mean concentrations, and 95% CIs. Comparison of anti-RBD
antibody level, percentage of neutralizing antibody, and
interferon-gamma level between intradermal groups and intra-
muscular group used independent-sample t-tests.

2.9. Efficacy endpoints

The primary endpoint was the GMR of anti-RBD antibodies of
participants in the ID1 and ID2 groups compared with that of those
in the IM group 2 weeks after vaccination. The secondary end-
points were surrogate neutralizing antibody levels and IFN-c levels
2 weeks after vaccination, persistence of humoral immune
responses at 3 and 6 months, and safety profile within 7 days
post-vaccination.

3. Results

3.1. Participants

A total of 125 participants were enrolled in the study. The med-
ian age of participants was 45 years (IQR, 35–52 years) and 57%
were male. Following randomization, 41 participants were
assigned to the IM group, 41 were randomized to the ID1 group,
and 43 were randomized to the ID2 group. One participant in the
ID1 group was lost to follow-up by day 14 post-vaccination and
did not participate in immunogenicity measurements. Participant
flow is shown in Fig. 1. Participants were enrolled from August 9,
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2021 to August 13, 2021. Immunogenicity measurements were
conducted between August 23, 2021, and August 30, 2021. The
baseline demographic characteristics of each group are shown in
Table 1.

3.2. Outcomes

The primary outcome 2 weeks post-vaccination was analyzed in
41 participants in the IM group, 40 participants in the ID1 group,
and 43 participants in the ID2 group. The geometric mean concen-
trations of anti-RBD antibodies in each group are shown in Table 2
and Fig. 2. The primary outcome, GMR (95% CI), was 0.94 (0.80–
1.09) in the ID1 group and 1.28 (0.95–1.74) in the ID2 group com-
pared with that in the IM group. The secondary outcome, mean of
surrogate neutralizing antibody (sNT) level (95% CI), was 98.9 %IH
(98.0–99.9 %IH) in the IM group, 97.9 %IH (95.2–100 %IH) in the ID1
group (p = 0.014), and 99.1 %IH (97.6–100 %IH) in the ID2 group
(p > 0.05), respectively (Fig. 3). The IFN-c levels (95% CI) after incu-
bation of whole blood samples for 24 h were demonstrated in
Fig. 4. The GMR of IFN-c levels in the ID1 group was 1.34 (95 %
CI, 0.86–2.20) and 1.58 (95 %CI, 1.05–2.39) in the ID2 group,
respectively (Table 3).

3.3. Safety

Fig. 5 shows AEs occurring within 7 days post-vaccination. On
day 1 post-vaccination, the systemic AEs were more common in
the IM group than both ID groups. The three most common sys-
temic AEs in the IM group were myalgia (69%, 25/36), fatigue
(64%, 23/36), and fever (61%, 22/36). The local AE was found in
44% (16/36). The systemic and local AEs were less commonly found
in the ID1 group. The common systemic AEs in the ID1 group were
Myalgia (14%, 5/34), drowsiness (14%, 5/34), fever (11%, 4/34), and
headache (11%, 4/34). In addition, the local AE was found in 20.6%
(7/34). Interestingly, systemic AEs were frequently found in the
ID2 group compared with the ID1 group. However, these AEs were
less commonly found when compared with the IM group. The com-
mon systemic AEs in the ID2 were fever (43%, 16/37), headache
(40%, 15/37), myalgia (40%, 15/37), and drowsiness (40%, 15/37).
The local AE in the ID2 group was found in 51.4% (19/37), the high-
est among the three groups. For all AEs, most (92.2%) were mild to
moderate in a degree of severity. However, 24 (7.8%, 24/307) sev-
ere AEs were reported, 19 from the IM group and 5 from the ID2
group. No severe AE was reported from the ID1 group.

On day 7 post-vaccination, the systemic AEs were less reported
than day 1. In the IM group, the three most common systemic AEs
were myalgia (15%, 5/33), fever (9%, 3/33), and headache (9%,
3/33). The local AE was reported in 12.1% (4/33). The systemic
AEs were also less reported in ID groups on day 7. The three most
common systemic AEs were fever (10%, 4/38), headache (10%,
4/38), and fatigue (10%, 4/38) in the ID2 group. In the ID1 group,
both myalgia and rash were reported in 11.1% (3/27). Interestingly,
the local AE was reported in 33.3% (9/27) from the ID1 group which
was higher than the local AE reported on day 1. Moreover, 1 partic-
ipant in this group developed severe local AE. The local AE in the
ID2 group was reported in 23.7% (9/38). Although this percentage
was lower than day 1 post-vaccination (51.4%, 19/37), it was
higher than the IM group (12.1%, 4/33). No life-threatening AEs
occurred in any participants within 7 days of vaccination.

4. Discussion

This study demonstrated that both humoral and cell-mediated
immune response following an ID fractional third dose of
AZD1222 was non-inferior to a standard IM third dose in partici-
pants who had previously received two doses of CoronaVac



Fig. 1. Participants’ flow. IM gorup: standard dose intramuscular group. ID1: 20% of standard dose intradermal group. ID2: 40% of standard dose intradermal group.

Table 1
Demographic characteristics of study participants.

IM
(N = 41)

ID1
(N = 41)

ID2
(N = 43)

Male, n (%) 25 (61%) 25 (61%) 21 (49%)
Asian, n (%) 41 (100) 41 (100) 43 (100)
Country of residence

Thailand, n (%)
41 (100) 41 (100) 43 (100)

Age at vaccination, years
Mean (SD) 46.6

(27.4–66.0)
42.3
(31.1–53.5)

43.9
(33.0–54.8)

Median (IQR) 45 (37–52) 45 (31–52) 47 (37–52)
Underlying diseases
Diabetes 2 0 0
Hypertension 9 2 2
CKD 0 0 0
Cirrhosis 0 0 0
Solid malignancy 0 0 0
Hematologic malignancy 0 0 0
Autoimmune disease 0 0 0
Baseline anti-SARS-CoV-2 spike protein level
GMC (95 %CI), BAU/mL 48.8

(34.7–68.5)
55.8
(40.1–77.7)

85.1
(46.6–155.1)

Missing, n (%) 0 (0) 0 (0) 0 (0)

IM: intramuscular standard dose. ID1: 20% intradermal fractional dose. ID2: 20%
intradermal fractional dose.

Table 2
Geometric mean ratio of anti-SARS-CoV-2 spike protein RBD antibodies 2 weeks after
ChAdOx1/AZD1222 vaccination among participants who previously received two
doses of CoronaVac.

Group N Geometric mean concentration
(95% CI)
(BAU/mL)

Geometric mean ratio
(95% CI)

IM 41 6414.62 (5107.56–8056.17) Ref.
ID1 40 5669.49 (4560.30–7048.45) 0.94 (0.80–1.09)
ID2 43 8,230.37 (6,697.04-10,114.8) 1.28 (0.95-1.74)

SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; RBD, receptor-
binding domain; CI, confidence interval; IM, intramuscular standard dose; ID1, 20%
intradermal fractional dose; ID2, 40% intradermal fractional dose.
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vaccine. Moreover, a cell-mediated immune response from the 40%
intradermal fractional dose is superior to a standard IM dose. The
immunogenicity of AZD1222 administered by either route in par-
ticipants who had previously received two doses of CoronaVac
was excellent, demonstrating a high percentage of surrogate neu-
tralizing antibodies. The geometric mean concentration of anti-
RBD antibody increased by approximately 100-fold in most partic-
ipants 2 weeks post-vaccination. The systemic AEs were more



Fig. 2. Anti-RBD antibodies level 2 weeks after AZD1222 vaccination. AZ: AZD1222
vaccine. RBD: receptor binding domain. BAU: binding antibody unit.

Fig. 3. Surrogate neutralizing antibody test. *: <0.05, ns: non significant.

Fig. 4. Interferon-gamma ELISA test 2 weeks after AZD1222 vaccination.

Table 3
Geometric mean ratio of interferon-gamma level (mIU/mL) at 2-week after ChAdOx1/
AZD1222 vaccination among participants who previously received two doses of
CoronaVac.

Group No. of
Participants

Geometric Mean
Concentration (95% CI)

Geometric Mean
Ratio (95% CI)

IM 41 1771.88 (1307.90–2400.47) Ref.
ID1 40 2373.49 (1687.73–3337.88) 1.34 (0.86–2.20)
ID2 43 2805.13 (2100.97–3745.31) 1.58 (1.05–2.39)

IM: intramuscular standard dose. ID1: 20% intradermal fractional dose. ID2: 20%
intradermal fractional dose.
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common in the IM group than both ID groups. On the other hand,
local AEs were more frequent in ID groups than in the IM group.
The systemic AEs usually resolved on day 7 post-vaccination. How-
ever, the percentage of local AE remained high in the ID groups
compared with the IM group, especially in the ID1 group. The high
percentage in the ID1 group on day 7 than day 1 post-vaccination
suggested that the local AE after vaccine inoculum via the intrader-
mal route could develop after day 1 and persist through day 7 post-
vaccination. Focus on ID groups, the systemic AE in the ID2 group
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was higher than the ID1 group. This event may reflect the dose-
dependent of the systemic AEs after intradermal vaccination.
Although there were some participants developed severe AEs, most
AEs were mild to moderate in severity. No life-threatening AEs
were reported.

There is limited data of the cut point of the cut-off value that
correlation with high titer neutralizing antibody for the SARS-
CoV-2 NeutraLISA kit. However, there was a study that demon-
strated the high correlation (R2 = 0.8) of the SARS-CoV-2 Neu-
traLISA kit with the GenScript cPassTM SARS-CoV-2
Neutralization Antibody Detection Kit (GenScript Biotech, Leiden,
The Netherlands) [22] Sixty-eight %IH of cPass was correlated with
high titer of neutralizing antibody. [23] So, we also used the 68%IH
as a cut-off value for the NeutraLISA kit too. All the samples from
the three study groups were above this cut-off value.

Generally, after inoculum with adenoviral vector vaccine, the
viral vectors enter the host cell using the specific receptors
depending on the type of adenovirus, for example,
coxsackievirus-adenovirus receptor (CAR) and CD46. After entry
into the host cell, the viral genomes are then released into the
nucleus. Transgenes could be expressed in both non-immune and
immune cells. In non-immune cells, for example, muscle and
fibroblast cells, transgene proteins are released and then uptake
by the antigen-presenting cells (APCs) resulting in mainly a
humoral immune response. [24,25] On the other hand, expression
of the transgene in immune cells (e.g. dendritic cells) results in a
mainly cell-mediated immune response [24,26].

Skin is an important organ of our body. It protects us from an
invasion of the foreigner. Beyond the physical barrier, skin com-
prises many immune cells for an immunological barrier. Within
immune cells, APCs are a key role in adaptive immune stimulation,
especially dendritic cells (DCs). After the DCs capture the antigen
periphery, they migrate to the regional lymph node then present
the antigen and activate the naïve lymphocytic T cells [27,28].

The ChAdOx1 is a replication-deficient adenoviral vector
derived from ChAdY25. The advantage of ChAdOx1 over the human
adenovirus type 5 (HAdV-5) is a low seroprevalence of antibodies
against the vector [29]. The ChAdOx1 entry the host cell using
mainly CAR as a receptor [30]. CAR mRNA is found in a variety of
human cells, for example, heart, brain, pancreas, intestine, lung,
liver, and kidney [31]. However, DCs express a low level of CAR
[32]. So, the main mechanism that the intradermal inoculum of
ChAdOx1nCoV-19 can elicit the excellent humoral immune
response may explain by a high number of DCs which act as APC
that uptake the transgene product from the non-immune cells.
However, the cell-mediated immune response in the ID2 group
was more robust than the IM group. This may be explained by
CAR independent pathway [30]. Further investigation is needed.

The ID fractional dose is the alternative approach in some vac-
cines. After a one-fifth fractional dose of inactivated poliovirus vac-
cine intradermal inoculum, the humoral immune response was
comparable with a full dose intramuscular route [33]. The ID frac-
tional dose of the rabies vaccine is also provided by WHO guideli-
nes [34].



Fig. 5. Adverse events on day 1 and day 7 after AZD1222 vaccination among participants who previously received two doses of CoronaVac. Figure 5a; Adverse events on day 1
in ID1 group. Figure 5b; Adverse events on day 7 in ID1 group. Figure 5c; Adverse events on day 1 in ID2 group. Figure 5d; Adverse events on day 7 in ID2 group. Figure 5e;
Adverse events on day 1 in IM group. Figure 5f; Adverse events on day 7 in IM group. ID1, 20% intradermal fractional dose; ID2, 40% intradermal fractional dose. IM,
intramuscular standard dose.
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A few clinical studies have evaluated the safety and immuno-
genicity of ID fractional dose of COVID-19 vaccines. Roozen et al.
studied COVID-19 vaccination among 38 participants and found
that ID-administered mRNA-1273 vaccine was well tolerated.
Despite a higher incidence of local AEs following ID administration,
most AEs were mild to moderate in severity. The common local AEs
following ID administration were itching (80%) and erythema
(80%). ID administration of 10% and 20% of the standard dose eli-
cited slightly better immune responses than IM administration of
20% of the standard dose. The geometric mean concentrations
(95% CIs) of anti-RBD antibodies at day 43 post-vaccination were
1286 (1003–1648) BAU/mL, 1471 (013–2137) BAU/mL, and 993.5
(659.5–1497) BAU/mL in individuals who received the 10% ID,
20% ID, and 20% IM doses, respectively. However, participants ran-
domized to the IM administration control arm in this study did not
receive a standard dose [35]. A case report by Singhatiraj et al. also
showed excellent immunogenicity of an ID 20% fractional dose of
AZD1222 among participants who had previously received two
doses of CoronaVac [36].

Our study had several strengths. First, to our knowledge, this
was the first clinical study to assess immune responses to the
AZD1222 vaccine administered as a third ID fractional dose. Sec-
ond, the study was a randomized controlled trial, and thus alloca-
tion bias was limited. Third, both humoral immunity and CMI were
evaluated; previous studies have demonstrated that strong
humoral immune responses can prevent infection [6] while CMI
limits COVID-19 severity [37]. The study also had limitations. First,
participants and investigators were not blinded during the study
period. This may have contributed to observer bias in assessment
of the safety profile of vaccination. However, to limit this bias,
we used a questionnaire with standardized definitions for evaluat-
ing AEs. Second, we used a surrogate neutralizing antibody test
instead of a standard neutralizing antibody test. However, the
results of surrogate neutralizing antibody tests correlate with stan-
dard neutralization assays and do not require a biosafety level 3
laboratory [16]. Third, ID administration quality depends on the
injection skill of health care personnel [13]. An unexpected finding
of our study was the high levels of IFN-c secreted by immune cells
following stimulation with the S1 domain of the SARS-CoV-2 spike
protein in vaccinated participants. The upper limit of the IFN-c
1766
ELISA was 350 mIU/mL. Surprisingly, the geometric mean concen-
tration of IFN-c was more than 350 mIU/mL. Samples had to be
diluted twice to three times to fall below this upper limit. This pro-
cess required a longer time than we expected.

This study demonstrated that ID administration of a low vol-
ume of AZD1222 vaccine can elicit an excellent immune response
in previously vaccinated participants. This finding may help
address the global shortage of COVID-19 vaccine supply, especially
in developing countries. It remains unclear whether ID fractional
doses can be applied to primary vaccinations. This question will
need to be addressed by future studies.
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