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Background: Currently, booster dose is needed after 2 doses of non-live COVID-19 vaccine. With limited
resources and shortage of COVID-19 vaccines, intradermal(ID) administration might be a potential dose-
sparing strategy.
Objective: To determine immunologic response and reactogenicity of ID ChAdOx1 nCoV-19 vaccine
(AZD1222,Oxford/AstraZeneca) as a booster dose after completion of 2-dose CoronaVac(SV) in healthy
adult.
Methods: This is a prospective cohort study of adult aged 18–59 years who received 2-dose SV at
14–35 days apart for more than 2 months. Participants received ID AZD1222 at fractional low dose
(1�1010 viral particles,0.1 ml). Antibody responses were evaluated by surrogate virus neutralization
test(sVNT) against delta variant and wild type, and anti-spike-receptor-binding-domain immunoglobulin
G(anti-S-RBD IgG) at prior, day14, 28, 90, and 180 post booster. Solicited reactogenicity was collected for
7 days post-booster. Primary endpoint was the differences of sVNT against delta strain � 80%inhibition at
day14 and 90 compared with the parallel cohort study of 0.5-ml intramuscular(IM) route.
Results: From August2021, 100 adults with median age of 46 years (IQR 41–52) participated. Prior to
booster, geometric mean (GM) of sVNT against delta strain was 22.4% inhibition (95 %CI 18.7–26.9)
and of anti-S-RBD IgG was 109.3 BAU/ml (95.4–125.1). Post ID booster, GMs of sVNT against delta strain
were 95.5% inhibition (95%CI 94.2–96.8) at day14, 73.1% inhibition (66.7–80.2) at day 90, and 22.7% in-
hibition (14.9–34.6) at day180. The differences of proportion of participants achieving sVNT against delta
strain � 80%inhibition in ID recipients versus IM were + 4.2% (95 %CI �2.0to10.5) at day14, and
�37.3% (�54.2to-20.3) at day 90. Anti-S-RBD IgG GMs were 2037.1 BAU/ml (95%CI 1770.9–2343.2) at
day 14 and 744.6 BAU/ml (650.1–852.9) at day 90,respectively. Geometric mean ratios (GMRs) of
n; GMR,
in; sVNT,
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anti-S-RBD IgG were 0.99 (0.83–1.20) at day 14, and 0.82 (0.66–1.02) at day 90. Only 18% reported fever-
ish, compared with 37% of IM (p = 0.003). Common reactogenicity was erythema at injection site (53%)
while 7% reported blister.
Conclusion: Low-dose ID AZD1222 booster enhanced lower neutralizing antibodies at 3 months com-
pared with IM route. Less systemic reactogenicity occurred, but higher local reactogenicity.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Over 250 million cases of Coronavirus disease (COVID-19)
were reported worldwide with more than 5 million deaths [1],
despite over 7 billion doses of vaccines administered. In Thailand,
as of November 2021, more than 2 million cases of COVID-19
were reported with over 20,000 deaths. Non-live COVID-19 vac-
cine, CoronaVac (Sinovac Life Sciences, Beijing, China), was used
for mass vaccination in several countries e.g., Thailand, China,
Brazil, and Chile. Effectiveness of CoronaVac for prevention of
COVID-19 was 65.9% from study in Chile [2] and 36.8% from
study in Brazil [3]. With the rising of delta variant (B.1.617.2)
of SAR-CoV-2 globally, the neutralizing activity induced by Coro-
naVac declined [4]. Heterologous prime-boost vaccination may
provide better immunogenicity. With AZD1222 followed by
BNT162b2 heterologous prime-boost vaccination, this vaccination
strategy provided highest T cell responses compared with homol-
ogous vaccination [5,6].

Standard administration of currently available COVID-19 vac-
cine is via intramuscular injection. Potential routes for vaccine
administration could be intramuscular (IM) or intradermal (ID)
administration in which efficacy is related to the immunogenicity
[7]. ID administration offers potential dose-sparing benefit com-
pared with intramuscular administration, rabies vaccination as
an example. ID vaccination is a technique in which the vaccine
is administered into dermis which is rich in antigen presenting
cells such as dermal dendritic cells [8]. Because of the abundance
of antigen presenting cells in skin, ID administration required less
antigenic dose (usually 20%-30% of standard dose) to induce com-
parable immune responses to standard IM vaccination. Many
studies showed effective immune response by ID administration
of influenza, rabies, hepatitis B, Bacille Calmette-Guerin (BCG),
and polio vaccines [7,9–12]. For influenza vaccine, a systematic
review and meta-analysis showed comparable seroprotection
rates for 9-lg ID with 15-lg IM injection with higher local
adverse events particularly erythema and swelling [9]. For rabies
vaccine, ID schedules offered advantages through saving in costs,
doses, and time as recommended by WHO, and were approved
use on label of vaccine [12].

Fractionated-dose ID COVID-19 vaccine is potential for rapid
achievement of herd immunity based on other vaccines reported
[7]. Study of one-tenth dose of mRNA-1273 ID vaccination showed
comparable anti-spike IgG and anti-receptor-binding-domain
(anti-RBD) IgG responses to conventional IM vaccination at 2 weeks
post primary vaccination series [13]. However, one-fifth dose of
BNT162b2 ID booster in healthy Thai adult post 2-dose CoronaVac
failed to boost T cell response at 14 days, despite robust neutraliz-
ing antibodies response [14]. A case report of ID AZD1222 after 2
doses of CoronaVac showed increase of antibodies, T cell responses
against spike protein, and neutralizing antibody to almost 100% at
2–3 weeks after booster with minimal local reaction [15].

This study aims to evaluate immunogenicity and reactogenicity
of ID AZD1222 booster dose in adults who had received 2 doses of
CoronaVac.
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2. Methods

2.1. Study design and participants

This study was conducted at Chulalongkorn University Health
Center, Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand. This is a prospective cohort study. The participants who
aged 18 – 59 years old and received two doses of CoronaVac for at
least 60 days, 14 – 35 days apart were included in this study. The
exclusion criteria were receiving any immunosuppressants or
blood products within 3 months before the enrollment or receiving
any vaccines within 2 weeks. All participants gave written
informed consent prior to study enrollment.

This study was registered in Thai Clinical Trials Registry
(thaiclinicaltrials.org, TCTR 20210817003). Immunogenicity
parameters were compared with the parallel randomized con-
trolled trial on healthy adult with standard dose and low dose IM
administration of AZD1222 booster after completing 2 doses of
CoronaVac (TCTR20210722003), conducted at same settings and
lab. We compared the results of this study with conventional stan-
dard dose (0.5 ml) IM group at the same study site (Chulalongkorn
University). Institutional review board of Faculty of Medicine, Chu-
lalongkorn University approved this study (IRB no. 663/64) and
parallel IM AZD1222 booster study (IRB no. 600/64).
2.2. Study procedures

One hundred participants were recruited in this study. At base-
line, the history of SARS-CoV-2 vaccination and exposure to con-
firmed COVID-19 case within 3 months was taken. Blood sample
was collected prior to giving a booster dose. The participants
received ID AZD1222 lot number A1009, manufactured by Siam
Bioscience Co., Ltd., 0.1 ml (1 � 1010 viral particles). The ID vacci-
nation was performed by trained physician/nurse (RN and TT) at
the deltoid area using Mantoux technique [16]. The solicited local
and systemic reactogenicity during 7 days after vaccination was
recorded in the diary. The solicited reactogenicity included pain,
swelling, erythema, fever, headache, malaise, myalgia, arthralgia,
vomiting, and diarrhea. Scheduled visits, as shown in Fig. 1, were
day 14 for 50 participants, day 28 for 50 participants, day 90 for
40 participants, and day 180 for 60 participants, to collect reacto-
genicity data and perform blood collection.

The cell-mediated immunity (CMI) sub study was performed
among 20 participants, selected by the order of enrollment, with
enzyme-linked immunospot (ELISpot) assay at baseline, day 28,
day 90, and day 180 to evaluate T and B cell responses.
2.3. Immunogenicity outcomes

All participants’ samples were tested for anti-spike-receptor-b
inding-domain (anti-S-RBD) IgG, and functional neutralizing anti-
body (NAb) against SARS-CoV-2 wild type and delta variants by
surrogate virus neutralization test (sVNT). All of the immunogenic-

http://thaiclinicaltrials.org


Fig. 1. Flow diagram of study participants. CMI: Cell-mediated immunity, ID: Intradermal, IM: Intramuscular, yIM group from standard-dose AZD1222 booster in healthy
adult completing 2-dose CoronaVac at the same study site (Chulalongkorn University, Bangkok, Thailand) of Nanthapisal S, et al. A randomized clinical trial of a booster dose
with low versus standard dose of AZD1222 in adult after 2 doses of inactivated vaccines. Vaccine 2022. https://doi.org/10.1016/j.vaccine.2022.03.036.
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ity results in ID group were compared with IM participants at
equivalent time points.

2.3.1. Quantitative spike receptor binding domain IgG (anti-S-RBD
IgG) ELISA

The ELISA protocol was adapted from Amanat et al. (2020) [17].
Briefly, diluted serum samples were incubated in 96-well plates
coated with purified recombinant Myc-His-tagged S-RBD, residues
319–541 from SARS-CoV-2 (Wuhan-Hu-1). Then, ELISA was per-
formed. Anti-S-RBD IgG level was reported in binding-antibody
units (BAU/mL) following conversion of OD450 values with the
standard curve using known units of WHO international standard
(NIBSC 20/136). We used anti-S-RBD IgG level at 506 BAU/ml,
which is correlated with 80% vaccine efficacy reported by the
Oxford COVID vaccine trial group [18], as a cut off.

2.3.2. Surrogate virus neutralization test (sVNT)
A surrogate virus neutralization test was set up as previously

described in Tan et al. (2020) [19]. Recombinant SRBD from the
wild-type (Wuhan-Hu-1) and delta (B.1.617.2) strains were used.
Serum samples - SRBD mixture were incubated in 96-well plates
coated with 0.1 lg/well recombinant human ACE2 ectodomain
(GenScript). Then, ELISA was performed. The negative sample
was pre-2019 human serum. The % inhibition was calculated as
follows:

%inhibition ¼ 100� 1� sampleOD450
negativeOD450

� �
2.3.3. Enzyme-linked immunospot (ELISpot) assay to evaluate T and B
cell responses

For T cell, ELISpot assay using a Human IFN-c ELISpotProTM kit
(Mabtech, Stockholm, Sweden) was used for SARS-CoV-2-specific T
cell responses in fresh peripheral blood mononuclear cells
(PBMCs). Briefly, 2.5 � 105 PBMCs were stimulated in AIM-V med-
ium with overlapping peptide pool from 100 peptides of SARS-
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CoV-2 Spike (S) defined peptides and 101 peptides from the nucle-
oprotein (N), membrane protein (M), open reading frame proteins
(O) (Mabtech, Stockholm, Sweden) at a final concentration of 2 lg/
ml for 20 hours. Negative control and positive control, anti-CD3,
were also included. The spots were counted using ImmunoSpot
analyzer. Spot counts for negative control wells were subtracted
from the test wells to generate normalized readings, these are pre-
sented as spot forming unit (SFU) per million PBMCs.

For B cells, Human IgG SARS-CoV-2 RBD ELISpot PLUS (ALP) kit
(Mabtech, Stockholm, Sweden) was used for SARS-CoV-2-specific B
cell responses. Briefly, the memory B cells were differentiated into
antibody secreting cells by pre-stimulating the fresh PBMCs with
R848 and IL-2 for 72 hours. Unstimulated well was also used as
negative control. Stimulated and unstimulated PBMCs (5 � 105

cells per well) were added into ELISpot plate and incubated for
18 hours. An RBD-WASP antigen was added into RBD-specific IgG
detected well while MT78/145- biotinylated antibodies were
added into total IgG detected well, positive control. Anti-WASP-
ALP was added into RBD-specific IgG detected well and negative
control well while streptavidin-ALP was added into total IgG
detected well. Spot counting was performed in the same method
as T cells.

2.4. Reactogenicity

Solicited reactogenicity was recorded by participants using
diary. All symptoms were graded in 3 grades [20]: grade 0 for no
symptom; grade 1 for mild symptom, which was not interfere with
activities or vomiting 1 – 2 times/day or diarrhea 2 – 3 times/day;
grade 2 for moderate symptom, which interfered with activities or
need to take medication, or vomiting more than 2 times/day or
diarrhea 4 – 5 times/day; grade 3 for severe symptom, which inca-
pacitated or need hospitalization or diarrhea 6 or more times/day.
Fever was graded as grade 1 (38.0 – 38.4 �C), grade 2 (38.5 –
38.9 �C), grade 3 (39 – 40 �C), and grade 4 (more than 40 �C). Unso-
licited adverse events were also recorded at all visits by study
team.

https://doi.org/10.1016/j.vaccine.2022.03.036


Table 1
Baseline characteristics of participants receiving AZD1222 booster vaccine after 2-dose CoronaVac in healthy adults.

Characteristics ID
(N = 100)

IM–

(N = 100)
p-value

Gender
Female, n (%) 45 (45) 61 (61) 0.02y*

Age (years) 46 (41–52) 45 (34–50) 0.08�

BMI (kg/m2) 24.8 (21.4–27.4) 24.1 (21.6–26.9) 0.37�

Underlying disease, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)
Diabetes mellitus, n (%)
Allergic rhinitis, n (%)

19 (19)
7 (7)
6 (6)
6 (6)
1 (1)

29 (29)
9 (9)
7 (7)
3 (3)
2 (2)

0.10y

0.60y

0.77y

0.31y

0.56y

Duration of 2nd doses of CoronaVac and AZD1222 (days) 71 (65–76) 66 (62–74) 0.002�*
Immunogenicity at baseline prior to booster
� sVNT-delta (% inhibition), GM (95% CI) 22.4 (18.7–26.9) 17.9 (14.3–22.5) 0.14§

� sVNT-WT (% inhibition), GM (95% CI) 44.5 (40.6–48.7) 41.8 (37.1–47.1) 0.41§

� Anti-S-RBD (BAU/ml), GM (95% CI) 109.3 (95.4–125.1) 98.9 (85.8–113.9) 0.31§

� SNMO-specific T cell response (SFU/106 PBMCs) 32 (14–56)
(n = 20)

52 (40–84)
(n = 19)

0.05�

� RBD-specific B cell response (SFU/106 PBMCs) 2 (0–10)
(n = 20)

4 (0–16)
(n = 19)

0.50�

All data are reported as median (IQR), unless otherwise indicated.
Anti-S-RBD: Anti-spike-receptor-binding-domain, BAU: Binding-antibody unit, BMI: Body mass index, GM: Geometric mean, ID: Intradermal, IM: Intramuscular, IQR:
Interquartile range, RBD: Receptor binding domain, SNMO: Spike (S) nucleoprotein (N), membrane protein (M), and open reading frame proteins (O) of SARS-CoV-2, sVNT-
delta: Surrogate virus neutralization test against delta strain, sVNT-WT: Surrogate virus neutralization test against wild type.
y Chi-square.
� Wilcoxon rank sum test.
§ Two sample independent t test *p < 0.05.
– IM group from standard-dose AZD1222 booster in healthy adult completing 2-dose CoronaVac at the same study site (Chulalongkorn University, Bangkok, Thailand) of
Nanthapisal S, et al. A randomized clinical trial of a booster dose with low versus standard dose of AZD1222 in adult after 2 doses of inactivated vaccines. Vaccine 2022.
https://doi.org/10.1016/j.vaccine.2022.03.036.
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2.5. Statistical analysis

Demographic and clinical characteristics were described for the
subjects. Continuous variables were expressed as median (in-
terquartile range: IQR) and number with percentage for categorical
variables. Differences in continuous and categorical variables
between two groups were assessed using a Wilcoxon rank sum
test, Chi-square test, or fisher exact test, respectively. The sVNT
results, against either wild type or delta strain, of more than 80%
were used to classify the achievement of 80% protection against
symptomatic infection. The anti-S-RBD IgG of more than 506
BAU/ml was used in this study as a cut-off for protective antibody
level, which previously reported to be associated with 80% vaccine
efficacy against primary symptomatic COVID-19 [18].

We presented primary comparisons between ID and IM group
in terms of the differences of proportion of participants achieving
sVNT � 80% inhibition. Non-inferiority was concluded if the lower
bound of the 95% confidence interval (95% CI) did not exceed �10%.
Geometric means (GMs) and geometric mean ratios (GMRs) with
95% CI of sVNT and anti-S-RBD IgG at day 0, 14, 28, and 90 after
booster vaccination, were calculated. Non-inferiority was con-
cluded if the lower bound of the 95% CI did not exceed 0.67. All
P-values reported are two-sided. Statistical significance was
defined as P < 0.05. Stata version 15.1 (Stata Corp., College Station,
Texas) was used for analysis.

By using a non-inferiority criterion, the sample size was calcu-
lated from the GMR of sVNT against wild type and delta variant,
and anti-S-RBD IgG, comparing ID with IM group. Assuming GMR
of 0.95 with standard deviation of 1.4, 0.67 non-inferiority margin,
90% power, and one-sided statistical testing with 5% significance
level, and ratio of 1:2, a minimum of 44 participants in ID and 88
for IM were required. Considering potentially missing data, the
sample size was increased by 10%, yielding 50 participants for ID
and 100 for IM.
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3. Results

3.1. Baseline characteristics

The participants were enrolled during August 2021. The demo-
graphic data was shown in Table 1. The median age was 46 years
(IQR 41–52), and 55% were male. Underlying disease was
described, as shown in Table 1. Duration between 2 doses of Coro-
naVac was 21 days with median of 71 days (IQR 65–76) prior to ID
booster administration. The GM of sVNT against delta strain was
22.4% inhibition and against wild type was 44.5% inhibition. The
number of females were higher in IM cohort, while the interval
between completion of 2-dose CoronaVac and AZD1222 booster
was longer in ID than IM cohort. The flow diagram of participants
was shown in Fig. 1.
3.2. Reactogenicity after ID AZD1222 booster

The most common solicited reactogenicity was localized at
injection site such as erythema and pain, as shown in Fig. 2 and
Supplementary Table 1. More than half (53%) of participants
reported erythema, lasting for median duration of 4 days (IQR
3–6), which was mostly grade 1. Pain at injection site was reported
in 43% with median duration of 2 days (IQR 1–4) and also mostly
grade 1. Other solicited reactogenicity reported were fatigue
(40%), myalgia (30%), headache (27%), feverish (18%), swelling
(17%), arthralgia (12%) and diarrhea (9%). Vesicle and blister at
injection site, which progressed to dry blister and turned to hyper-
pigmentation, were also reported as unsolicited reactogenicity
(photo as shown in Supplementary Fig. 1).

Lower systemic reactogenicity including fever (0% ID versus 27%
IM, p = N/A), feverish (18% ID versus 37% IM, p = 0.003), headache
(27% ID versus 64% IM, p < 0.001), fatigue (40% ID versus 68% IM,

https://doi.org/10.1016/j.vaccine.2022.03.036
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p < 0.001), and myalgia (30% ID versus 69% IM, p < 0.001) was
reported in ID compared with IM, as shown in Supplementary
Table 1.

3.3. Immunogenicity after ID AZD1222 booster

3.3.1. sVNT against delta strain and wild type after ID AZD1222
booster

The GMs (95% CI) of sVNT against delta strain were 95.5% inhi-
bition (94.2–96.8) at day 14, and 93.7% inhibition (91.9–95.5) at
day 28 after ID booster, as shown in Fig. 3 and Table 2. The GMs
(95% CI) of sVNT against wild type were 94.8% inhibition (94.0–
95.6) at day 14, and 93.7% inhibition (92.1–95.4) at day 28, as
shown in Table 2. The GMs of sVNT against delta strain and wild
type waned to 73.1% inhibition (95% CI 66.7–80.2) and 81.9% inhi-
bition (76.2–88.0) after 90 days, and further waned to 22.7% inhi-
bition (14.9–34.6) and 40.8% inhibition (31.2–53.4) after 180 days,
respectively.

Ninety-eight percent of the participants achieved sVNT against
delta strain and wild type � 80% inhibition at both day 14 and day
28. After 90 days, the proportion of participants dropped to 52.6%
and 68.4%, respectively. At 180 days post ID booster, only 11.4%
and 20.4% of participants had sVNT against delta strain and wild
type � 80% inhibition.

3.3.2. Anti-S-RBD IgG after ID AZD1222 booster
The GMs (95% CI) of anti-S-RBD IgG were 2037.1 (1770.9–

2343.2), 1084.9 (970.0–1213.4), 744.6 (650.1–852.9), and 330.7
(266.3–410.8) BAU/mL at day 14, 28, 90, and 180 after ID booster,
respectively, as shown in Table 2.

3.4. Immunogenicity of ID AZD1222 booster compared with IM

Proportions of participants with sVNT against delta strain � 80%
inhibition at day 14 and 28 were non-inferior among ID recipients
IM
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Table 2
Comparison of intradermal and intramuscular AZD1222 booster immunogenicity in healthy adult completing 2-dose CoronaVac.

ID IMy GMR (95% CI)
GM (95% CI) GM (95% CI)

Day 14 N = 50 N = 100
� sVNT-delta (% inhibition) 95.5

(94.2–96.8)
94.7
(92.4–97.1)

1.01
(0.97–1.04)

� sVNT-WT (% inhibition) 94.8
(94.0–95.6)

96.7
(94.9–98.4)

0.98
(0.96–1.01)

� Anti-S-RBD (BAU/ml) 2037.1
(1770.9–2343.2)

2043.2
(1824.5–2288.2)

0.99
(0.83–1.20)

Day 28 N = 50 N = 24
� sVNT-delta (% inhibition) 93.7

(91.9–95.5)
88.5
(80.1–97.7)

1.06
(0.99–1.14)

� sVNT-WT (% inhibition) 93.7
(92.1–95.4)

91.5
(85.9–97.4)

1.02
(0.98–1.08)

� Anti-S-RBD (BAU/ml) 1084.9
(970.0–1213.4)

1499.5
(1166.6–1927.4)

0.72
(0.57–0.91)

Day 90 N = 40 N = 99
� sVNT-delta (% inhibition) 73.1

(66.7–80.2)
92.8
(90.2–95.4)

0.79
(0.73–0.85)

� sVNT-WT (% inhibition) 81.9
(76.2–88.0)

94.6
(92.4–96.9)

0.87
(0.82–0.92)

� Anti-S-RBD (BAU/ml) 744.6
(650.1–852.9)

909.0
(802.1–1030.1)

0.82
(0.66–1.02)

Day 180 N = 44
� sVNT-delta (% inhibition) 22.7

(14.9–34.6)
– –

� sVNT-WT (% inhibition) 40.8
(31.2–53.4)

– –

� Anti-S-RBD (BAU/mL) 330.7
(266.3–410.8)

– –

% (95% CI) % (95% CI) % difference (95% CI)

Day 14 N = 50 N = 100
� sVNT-delta � 80% inhibition 98.0

(89.1–99.9)
93.8
(86.9–97.6)

4.2
(�2.0 to 10.5)

� sVNT-WT � 80% inhibition 100.0
(92.8–100.0)

95.8
(89.7–98.9)

4.2
(0.01 to 8.2)

� Anti-S-RBD � 506 BAU/ml� 100.0
(92.8–100.0)

97.0
(91.5–99.4)

3.0
(�0.3 to 6.3)

Day 28 N = 50 N = 24
� sVNT-delta � 80% inhibition 98.0

(89.4–99.9)
91.7
(73.0–98.9)

6.3
(�5.4 to 18.1)

� sVNT-WT � 80% inhibition 98.0
(89.4–99.9)

91.7
(73.0–98.9)

6.3
(�5.4 to 18.1)

� Anti-S-RBD � 506 BAU/ml� 98.0
(89.4–99.9)

96.0
(79.6–99.8)

2.0
(�6.6 to 10.6)

Day 90 N = 40 N = 99
� sVNT-delta � 80% inhibition 52.6

(35.8–69.0)
89.9
(82.2–95.0)

�37.3
(�54.2 to �20.3)

� sVNT-WT � 80% inhibition 68.4
(51.3–82.5)

90.9
(83.4–95.7)

–22.5
(�38.3 to �6.7)

� Anti-S-RBD � 506 BAU/ml� 79.5
(63.5–90.7)

83.8
(75.1–90.5)

�4.4
(�18.9 to 10.2)

Day 180 N = 44
� sVNT-delta � 80% inhibition 11.4

(3.8–24.6)
– –

� sVNT-WT � 80% inhibition 20.4
(9.8–35.3)

– –

� Anti-S-RBD � 506 BAU/ml� 29.5
(16.7–45.2)

– –

Anti-S-RBD: Anti-spike-receptor-binding-domain, BAU: Binding-antibody unit, GM: Geometric mean, GMR: Geometric mean ratio, ID: Intradermal, IM: Intramuscular, sVNT-
delta: Surrogate virus neutralization test against delta strain, sVNT-WT: Surrogate virus neutralization test against wild type.
y IM group from standard-dose AZD1222 booster in healthy adult completing 2-dose CoronaVac at the same study site (Chulalongkorn University, Bangkok, Thailand) of
Nanthapisal S, et al. A randomized clinical trial of a booster dose with low versus standard dose of AZD1222 in adult after 2 doses of inactivated vaccines. Vaccine 2022.
https://doi.org/10.1016/j.vaccine.2022.03.036.
� Anti-S-RBD IgG 506 BAU/ml correlated with 80% vaccine efficacy as reported by Feng S, et al. Correlates of protection against symptomatic and asymptomatic SARS-CoV-2
infection. Nature Medicine 2021. https://doi.org/10.1038/s41591-021–01540-1.
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compared with IM recipients, with differences of 4.2% (95% CI �2.0
to 10.5) and 6.3% (�5.4 to 18.1), respectively. Unlike at day 90, it
was significantly lower, with the difference of �37.3% (�54.2 to
�20.3), with lower bound of 95% CI exceeding �10%. These differ-
ences were similar to sVNT against wild type � 80% inhibition and
3325
anti-S-RBD IgG � 506 BAU/ml, as shown in Table 2. The GMs of
sVNT against delta strain post ID and IM boosters were shown in
Fig. 3.

GMRs of sVNT against delta strain and wild type of ID boosters
were non-inferior to IM boosters at all time points, as shown in

https://doi.org/10.1016/j.vaccine.2022.03.036
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(A) SNMO-specific T cell response  

(B) RBD-specific B cell response 

Fig. 4. ELISpot assay at day 0, day 28, and day 90 of ID and IMy AZD1222 booster in
healthy adult completing 2-dose CoronaVac: (A) Interferon-c ELISpot response to
SNMO overlapping peptides of SARS-CoV-2, (B) RBD-specific IgG ELISpot assay.
Comparison of results between day 0 and day 28 or day 90 within ID or IM group
was evaluated by Wilcoxon signed rank test. Comparison of results between ID and
IM group was evaluated by Wilcoxon rank sum test, yielding no statistical
difference at all time points. ID: Intradermal, IM: Intramuscular, RBD: Receptor
binding domain, SFU: Spot forming unit, SNMO: Spike (S) nucleoprotein (N),
membrane protein (M), and open reading frame proteins (O) of SARS-CoV-2 yIM
group from standard-dose AZD1222 booster in healthy adult completing 2-dose
CoronaVac at the same study site (Chulalongkorn University, Bangkok, Thailand) of
Nanthapisal S, et al. A randomized clinical trial of a booster dose with low versus
standard dose of AZD1222 in adult after 2 doses of inactivated vaccines. Vaccine
2022. https://doi.org/10.1016/j.vaccine.2022.03.036.
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Table 2. While GMR of anti-S-RBD IgG showed non-inferiority at
day 14, with GMR of 0.99 (95% CI 0.83–1.20), and borderline infe-
rior at day 90, with GMR of 0.82 (0.66–1.02).
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3.5. T And B cell responses evaluated by ELISpot assay

Participants in CMI sub study showed no different baseline
characteristics, including age, sex, body mass index (BMI), comor-
bidities, and interval to AZD1222 boosters, to the rest of the partic-
ipants. All immunogenicity parameters, including sVNT against
delta strain and wild type, and anti-S-RBD IgG, at baseline, day
28, and day 90 were comparable to the others, except baseline
anti-S-RBD IgG but without clinical significance (CMI sub study:
median 150.5 BAU/ml, IQR 110.5–177.5; the other participants:
median 97 BAU/ml, IQR 62–165; p 0.03).

From the sub study analysis of CMI response, ELISpot assay
showed significant rise of T cell and B cell response at day 28
and declined at day 90, as shown in Fig. 4. Median (IQR) of IFN-
c-producing T cell spots specific to SNMO protein-derived peptide
pools at day 0 was 32 (14–56), at day 28 was 146 (70–192), at day
90 was 90 (20–140), and at day 180 was 56 (36–88) SFU/106

PBMCs, respectively. Compared with IM study, the median (IQR)
was 52 (40–48) at day 0, 96 (44–128) at day 28, and 44 (32–72)
SFU/106 PBMCs at day 90, respectively. Median (IQR) of RBD-
specific memory B cell spots at day 0 was 2 (0–10), increased to
18 (14–36) at day 28, declined to 6 (4–20) at day 90, and 0 (0–
65) SFU/106 PBMCs at day 180. Compared with IM study of 4 (0–
16) at day 0, 26 (16–32) at day 28, and 8 (4–16) SFU/106 PBMCs
at day 90.

3.6. Immunogenicity of ID AZD1222 booster during omicron
predominance

One participant acquired COVID-19 after ID booster. A 27-year-
old Thai male got COVID-19 upper respiratory illness at 127 days
post ID booster, during December 2021, and recovered unevent-
fully. While there was no COVID-19 case in IM booster group,
which was followed up during September to November 2021, the
period of delta variant predominance.

4. Discussion

ID AZD1222 booster vaccine in 2-dose-CoronaVac-primed
adults raised high anti-S-RBD IgG greater than 506 BAU/ml, and
high levels of functional neutralizing antibodies greater than 80%
inhibition as measured by sVNT to wild type and delta strain, thus
non-inferior to IM route at day 14. However, at 3 months post ID
AZD1222 booster vaccination, this study demonstrated, despite
similar anti-S-RBD IgG, but lower sVNT against delta strain to IM
booster, suggesting more rapid waning neutralizing antibody
response after ID compared to IM route. Most reactogenicity
occurred locally with erythema, pain, and swelling at injection site.
Erythema, swelling, and blister were reported more common in ID
booster. Systemic symptoms such as fever, feverish, headache, fati-
gue, and myalgia were less common than conventional IM
injection.

The non-inferior immunogenicity of ID vaccination was demon-
strated for influenza, rabies, and hepatitis B vaccines [21].
Immunogenicity of ID AZD1222 at day 14 was not inferior to con-
ventional IM booster vaccine as shown with difference in propor-
tion of participants having sVNT to delta strain and wild type
passing 80% and GMR of anti-S-RBD. This comparable result is sim-
ilar to previous study in Netherland [13] which reported a robust
antibody response from ID administration of mRNA COVID-19 vac-
cine at day 43 with comparable anti-spike IgG response for 10 lg
ID with 100 lg IM mRNA-1273 vaccine. Additionally, recent report
from Thailand also denoted a fractional-dose BNT162b2 ID booster,
in healthy adults who had completed 2-dose inactivated vaccine
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for 2–3 months, induced comparable antibody level and function
to the conventional IM booster when assessed on day 14 and 28
[14]. To our knowledge, no published report demonstrated
immunogenicity results at 3 months post ID AZD1222 booster vac-
cination, which this study demonstrated inferior neutralizing
antibodies.

Although, the importance of cellular immunity in correlation
with vaccine protection is still unclear, specific T cells have been
reported to reduce the severity of SARS-CoV-2 infection [22]. In
this study, we have shown that a third dose of ID AZD1222 booster
vaccine could increase specific T cell responses slightly higher than
conventional IM route, similar to the previous report [23]. As
opposed to previous ID BNT162b2 study, which failed to demon-
strate T cell response, suggesting different vaccine platforms might
play a role in cellular immune response. Specific memory B cells
also have been reported to play a crucial role for effective
responses to infection [24,25]. Our result showed the slight boost
of B cell response at 1 month and drop at 3 months, after ID
AZD1222 booster. The timing of B cell study might be accounted
for these responses since the previous study showed the detectable
B cell response after COVID-19 infection for 3–6 months [26].

This study reported local reactogenicity including erythema,
blister, and pruritus after ID AZD1222 booster vaccine which is
similar to previous report on rabies inactivated vaccine that more
erythema and pruritus were reported from ID than conventional
IM administration [27]. Also blister formation was reported after
BCG vaccination that evolved over two weeks into an ulcer at injec-
tion site [28]. ID influenza vaccine study reported significant
higher local adverse events particularly erythema and swelling,
and also more common of fever and chills which is different from
this study that fever was more common in IM vaccination [9].
Hyperpigmentation was also reported in this study as still seen
on day 28 of follow-up visit, similar to previous report of local
hyperpigmentation after hepatitis B ID vaccination in 55% [29].
Compared with parallel IM study, ID booster had more local reac-
togenicity (erythema and swelling) at injection site but less pain
and systemic reactogenicity (fatigue, myalgia, headache, feverish,
arthralgia and diarrhea), which were acceptable in the participants.
AZD1222 or ChAdOx1 nCoV-19 vaccine consists of the replication-
deficient adenoviral vector ChAdOx1 containing spike protein of
SARS-CoV-2 [30], without any adjuvants. The use of adjuvants,
components capable of enhancing and/or shaping antigen-
specific immune responses [31], might improve the immunogenic-
ity of intradermal vaccine delivery, although might lead to more
local reactions.

As current situation of COVID-19 pandemic, more vaccine sup-
ply is still needed for many countries as vaccine coverage is not
enough to prevent mortality [32–34]. Almost half of the world pop-
ulation have received at least one dose of COVID-19 vaccine but
accounted for only 2.2% of people in low-income countries [35].
AZD1222 or AstraZeneca/Oxford COVID-19 vaccine has been used
in Europe since December 2020 and distributed in many countries
including low- to middle-income countries [36]. As availability in
many countries with limited vaccine supply, the ID administration
of AZD1222 might be considered for mass vaccination as an advan-
tage of dose-sparing technique [7]. However, there are some limi-
tations, needs of skilled health providers for administration [37],
and more rapid waning of neutralizing antibodies.

Intradermal vaccination by Mantoux technique was shown to
induce similar immune response to standard route using lower
dose, likely due to the abundance of immune cells in dermis [16].
However, this manual technique requires expertise to perform it
correctly. In Thailand, ID administration of rabies vaccines has
been implemented as a choice for post-exposure prophylaxis
[12], leading to widely acceptance and expertise of health person-
nel to perform manual ID vaccination. Apart from manual tech-
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nique, several devices and techniques have been studied in
various stages of development, e.g., needle adapter, jet and ballistic
delivery, thermal ablation, etc., which offered easier application,
though specific devices are required [8], precluding them from vast
implementation, especially in developing countries.

This study was limited by cohort study design without random-
ized controlled trial but there was the parallel cohort study with
similar settings that should be able to benchmark the results. There
were 2 factors that differed between the 2 groups. Specifically,
there was more male in the ID group and the time interval between
second and third dose was 1 week longer in the ID group. However,
the immune responses at baseline before the third dose were com-
parable. Female was reported to have higher antibody response to
vaccines [38] and after severe COVID-19 [39]. The finding of later
inferior neutralizing antibodies might be attributed to this gender
difference, specifically more male participants in ID cohort, and the
one-fifth dose might be too low to provide comparable immuno-
genicity. This study chose to determine the levels of functional
neutralizing antibodies using the surrogate virus neutralization
assay, rather than standard live-virus neutralization assay. How-
ever, we used the high cut-off value at 80% of sVNT in this study.
Moreover, good correlations between sVNT and live-virus neutral-
ization have been exhibited elsewhere [19,40–42]. The other limi-
tation is the different follow-up time, 6 months for ID vs 3 months
for IM, resulting in no data on COVID-19 breakthrough infection
during the omicron era in the IM cohort. The strengths of this study
were reporting complete solicited reactogenicity of all 100 partic-
ipants with ID booster vaccination and multiple methods used for
immunity analysis including anti-S-RBD, sVNT (wild type and delta
strain) and also CMI responses.

ID AZD1222 booster vaccine in 2-dose-CoronaVac primed adult
enhanced comparable short-term neutralizing antibodies, but infe-
rior at 3 months, with intramuscular administration. T and B cell-
mediated immune responses were boosted after ID booster, similar
to IM route. Reactogenicity was usually localized (erythema and
pain) and less systemic than intramuscular vaccine. Due to more
rapid waning neutralizing antibody, dose-sparing strategy with
intradermal booster vaccination should be used in the setting of
inadequate vaccine supply. Fractional doses of COVID-19 vaccines
could speed up vaccine coverages and save lives, even with lower
efficacy, especially in the era of omicron pandemic [43].
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