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Abstract

Background: The global shortage of SARS-CoV-2 vaccines and the necessity for repeated booster doses
highlight an urgent need for dose-sparing strategies. The intradermal (ID) route, leveraging the skin’s rich
immune network, is highly attractive due to the high density of antigen-presenting cells (APCs) in the
dermis, offering the potential to induce a robust immune response with a reduced antigen dose. This study
was conducted to establish a Proof-of-Concept (PoC) for the feasibility of an ID fractional dose strategy.
Objective: This study aimed to establish a proof-of-concept for an ID dose-sparing strategy. Primary
objectives were to evaluate the safety, tolerability, and immunogenicity of a fractional ID dose (0.1 mL,
1 x 1010 viral particles) compared to the standard IM dose (0.5 mL, 5 x1010 viral particles) as a booster in
healthy adults.

Methods: This was a comparative, prospective, open-label, volunteer-controlled trial. Healthy adults (18-60
years old) who had previously completed a two-dose regimen of inactivated SARS-CoV-2 vaccine (Sinovac)
were assigned to receive the ChAdOx1-S vaccine as a 3rd dose booster. The IM full dose group received
0.5 mL, 5 x 1010 vp, while the ID fractional dose group received 0.1 mL, 1 x 1010 vp. Safety, tolerability,
and immunogenicity (Anti-S RBD antibody titers, converted to BAU/mL) were evaluated at Day 0 and Day
14 post-vaccination.

Results: A total of 60 volunteers were included. The Geometric Mean Titer (GMT) of Anti-S RBD antibodies
was 10,203 BAU/mL (95%CI: 7,698 to 13,524) in the ID group and 10,337 BAU/mL (95%CI: 8,078 to 13,225)
in the IM group. The GMT ratio (ID/IM) was 0.99 (95%CI: 0.77 to 1.27), which exceeded the pre-specified
non-inferiority margin (0.67), demonstrating statistical non-inferiority of the fractional ID dose. The ID group
demonstrated a favorable safety profile with significantly lower incidence of systemic adverse events (AEs)

(e.g., Myalgia 10 % vs. 40 %, Headache 5 % vs. 30 %) compared to the IM group. Local reactions like
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erythema (91 % vs. 11.1 %) and swelling (72 % vs. 11.1 %) were more common with ID administration.
No serious adverse events were reported.

Conclusion: The ID administration of a one-fifth fractional dose of the ChAdOx1-S vaccine produces a
robust, non-inferior immune response with a superior systemic safety profile. This study establishes a vital
PoC for a Dose-Sparing strategy using viral vector vaccines. Beyond vaccine scarcity, the demonstrated
efficiency of the ID route holds vast potential for future application in anti-cancer immunotherapy, specifically
with personalized cancer vaccines.
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Background

The severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) pandemic causes a
heavy burden on the healthcare system especially
in developing countries.” The new variants of the
SARS-CoV-2) virus are associated with a reduced
efficacy of some COVID-19 vaccines.” The probably
need for booster vaccine doses will add to the existing
worldwide shortage of vaccines.”

The Oxford-AstraZeneca (ChAdOx1-S)
SARS-CoV-2 vaccine utilizes an adenovirus vector
derived from the chimpanzee, incorporating genetic
sequences that instruct cellular machinery to produce
the full-length spike protein of SARS-CoV-2 and it
has been demonstrated to be effective.*” This vaccine
was approved by World Health Organization (WHO)
for emergency use since February 2021.%

The intramuscular injection (IM) is the
standard route of vaccine administration of this
vaccine, but application by the intradermal (ID) route
is another option.(g) Due to the higher density of
antigen presenting dendritic cells (APC) in human
papillary dermis than muscle tissue and more efficiency

of dermal lymphatic system that can transport of

APCs and vascular antigen to the regional lymph
nodes.”

ID application has been conducted with
many vaccines such as those against rabies, influenza,
polio and yellow fever. The technique is more
demanding but there is the advantage that only
1/5 to 1/10 of standard IM dose are needed."” Studies
in mice have demonstrated that the total amount of
protein produced was higher after ID delivery than
IM delivery at the lowest dose of mRNA-LNP.
At higher doses, saturation was reached which
favored IM delivery.(“) In humans, the safety and
immunogenicity of the ID administration of H10N8
mRNA-LNP influenza vaccine has been evaluated.””
The 26 pg ID dose induced hemagglutination
inhibition titers >1:40 in 65 % of participants
compared with 34 % of participants who received the
same dose IM, confiming the high immunogenicity
of the ID route at low dose. The most frequently
reported adverse reactions after ID injection were:
pain (82 %), erythema (76 %) and swelling (38 %) at
the injection site, and fatigue (38 %), headache (26 %),
myalgia (14 %), nausea (9 %) and arthralgia (3 %).

No severe adverse reactions were reported.
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According to a recent study conducted in
The Netherlands, the use of ID fractional doses of
mRNA-1273 SARS-CoV-2 vaccine in healthy adults
was safe, associated with few side effects and
resulted in a comparable immunogenicity as
compared with IM administration.””

In many parts of the world, a proportion of
the population received two doses of inactivated
COVID-19 vaccines like Sinovac-CoronaVac or SV.
Since the appearance of the delta variant, the efficacy
of inactivated COVID-19 vaccines declined.”® Clinical
trials indicated that the ChAdOx1-S SARS-CoV-2
vaccine is an option for the needed booster dose.””
However, we would need large quantities of vaccine
for IM booster. To reduce the problem of vaccine
shortage and costs, ID application would be an

attractive solution.

Objectives:

The primary goal of this study was to evaluate
the feasibility of the Intradermal (ID) Dose-Sparing
strategy for SARS-CoV-2 vaccine boosters, with the
following specific objectives:

1. To evaluate the safety and tolerability of
the ID fractional dose 1x1010 viral particles (vp)
administration of the ChAdOx1-S SARS-CoV-2
vaccine in healthy adults.

2. To identify the immunogenicity, measured
by anti-S RBD antibody titers, fourteen days after ID
ChAdOx1-S vaccine administration as the 3* dose
booster after a complete two doses of Sinovac-
CoronaVac.

3. To compare the tolerability and immu-
nogenicity of the ID Dose-Sparing strategy 1x1010
viral particles (vp) with the standard Intramuscular
(IM) full dose 5x1010 viral particles (vp) delivery of
the ChAdOx1-S vaccine in healthy adults.
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The study was designed as a non-inferiority
trial to test the hypothesis that the immune response
induced by the fractional intradermal dose is not
inferior to that induced by the standard intramuscular

dose.

Method
Study design and participants

The study is a comparative, prospective,
open-label, volunteers-controlled vaccine trial
conducted at an internal medicine specialty clinic
in Phuket, Thailand, from May to August 2021.
Participant enrollment and follow-up took place over
a period of approximately four months, specifically
from May 3“ to August 27", 2021. The study was
approved by the Research Ethics Review Committee,
Wachira Phuket Provincial Hospital, Phuket, Thailand.
All participants voluntarily received the SARS-CoV-2
vaccination and participated in the.study with
written informed consent.

We recruited sixty male and female healthy
volunteers aged 18-60 years, who previously
completed a two dose of Sinovac-CoronaVac or SV
regimen in the past 60 to 90 days from the second
dose with no history of the COVID-19 infection.
The ID group of volunteers could not enter into the
3“ dose of Thai government policy at that time.
Similarly in the control IM group, thirty volunteers
will get the ChAdOx1-S SARS-CoV-2 as per
government policy at the public vaccination sites.
Both groups were interviewed by physicians for their
medical condition and particularly on completion
of two doses of Sinovac-CoronaVac or SV. The final
follow-up visit for immunogenicity assessment (Day
14) and long-term adverse effects at least (Day 51)

was completed in early September 2021.
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Demographics and Clinical Data

Baseline demographics and clinical Data,
including age, sex, medical history, current
medications used and a history of exposure to the

COVID-19 patients were recorded.

Monitoring of safety and tolerability

Both groups of volunteers received the
checklist sheet for any effect from vaccine
administration and telephone assessment for side
effects were conducted on days 2, 4, 6, 8, 10, 12,
and 14. All participants were asked to record their
temperature and any side effects daily on our
checklist sheet.

All local and systemic reactions

were graded as 1 (mild) to 4 (severe).

Procedures

After a written informed consent was
obtained, a rapid chromatographic immunoassay test
was conducted using a sample from the nasopharynx
swab of the volunteers. Blood samples (3-mL clotted
blood) were taken one day before the 3 dose of
ChAdOx1-S SARS-CoV-2 vaccine and the fourteenth
day after the injection. The serology was analyzed
for anti spike (S) protein receptor binding domain
(RBD) by the electrochemiluminescence immunoassay
(ECLIA) on Cobas e 411 immunoassay (Roche
Diagnostics, Rotkreuz, Switzerland), which also has
an emergency use authorization by the US FDA.

The ID volunteers received 0.1 cc, 1x1010
viral particles (vp) of ChAdOx1-S SAR-CoV2 vaccine,
while the control IM volunteers received 0.5 cc,

5x1010 viral particles (vp) of ChAdOx1-S SAR-CoV2

Vol. 71 No. 2 July - December 2025

vaccine intramuscularly at the deltoid region on the
government public vaccination site. The ID volunteers
were injected 0.1 cc, 1x1010 viral particles (vp) of
ChAdOx1-S SAR-CoV2 vaccine in the deltoid
region with the standard ID injection technique;
the needle was inserted about 10-degree angle and
advance through the epidermis 3 mm. After injection,
a tense pale wheal of 5 to 10 mm will appear.
The wheal size will be recorded by physicians.
The participants were observed 30 minutes after
vaccination and then monitored via telephone as
the protocol. However, the participants can contact
physicians and can visit the clinic any time if they

have any adverse effect.

The detection of antibody titers against SARS-CoV-2

The Elecsys is the immunoassay for SARS-
COV-2 total antibodies against the RBD of the S
antigen detection, the antibody level is reported as
U/mL. Two hundred microliter of serum sample
was used following the manufacturer’s protocol.
The criteria of negative for anti-SARS-Cov-2-S is <0.8
U/mL. For the participants who had the SARS-CoV-2
total antibodies over the maximum measuring range,
which is >250 U/mL, 10, 20, 50, 100, 200 folds diluted
samples using the Elecsys diluent universal were
re-evaluated. The level of anti-SARS-CoV-2 total
antibodies measured in U/mL from the Elecsys test
was converted to the BAU/mL following the WHO
international standard for anti-SARS-CoV-2
immunoglobulin, which 1 U/mL is equivalent to 0.972

BAU/mL.
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Potential participants will be participant with underlying disease

screening by physicians -

Sixty participants

Serology teste for anti -spike (s) protein receptor binding domain (RBD)

A \ 4

Group 1 Group 2

1x10"viral particles (vp) (n=30
5x10"viral particles (vp) (n=30) P vp) ( )
o Intradermal injection
Intramuscular injection

A \ 4

On the fourteen days after injection

Serology tests for anti -spike (S) protein receptor binding domain (RBD)

Figure 1: Flow chart of study
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Statistical analysis (and induration diameter) and the fold-increase of

In the ID group, a Spearman’s rank anti-S RBD antibodies at Day 14. This analysis aims

correlation test will be utilized to determine the  to establish whether the technical quality of the

relationship between the measured wheal diameter  intradermal injection correlates with the magnitude
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of the immune response, which is a critical measure for
the reproducibility of the ID dose-sparing technique.

The sample size estimation was calculated
to be approximately 28 participants per group
(n=27.88) based on comparing two independent
groups with 95% confidence and 80% power of test.

The study ultimately included 30 volunteers in each

group.

Sample size calculate formulation:

2(Z, + Zg )20?

n/gr = (u1— m2)

Za = level of confidence O 2 = variation

Zﬁ = power of test

” 1,2 = mean of study group 1, 2

Compare between two independent group
From previous trid,"”

ID group, anti spike (S) protein receptor
binding domain (RBD) increment 95 % prediction

IM group, anti spike (S) protein receptor binding
domain (RBD) increment 86 % prediction variation
12 %
level of confident 95 %

power of test 80 %

2(1.96 + .84)2122

/9T = 55— 68)?

Sample size estimation = 27.88

Distribution of variables was evaluated by
the Shapiro-Wilk test. Normally distributed data are
presented as mean + standard deviation (SD), whilst

non-normally distributed variables are expressed as

Vol. 71 No. 2 July - December 2025

median and interquartile range (IQR). The primary
immunogenicity analysis was a non-inferiority
comparison of the Geometric Mean Titer (GMT) of
anti-S RBD antibodies at Day 14 between the ID
and IM groups. Antibody titers were log-transformed
for analysis. A pre-specified non-inferiority margin
was set at a 1.5-fold difference, which corresponds
to a GMT ratio (ID/IM) of 0.67 on the linear scale.
Non-inferiority would be declared if the lower bound
of the two-sided 95% confidence interval (CI) for the
GMT ratio exceeded 0.67. The GMT ratio and its
95%CI were derived from the log-transformed data.

Secondary analyses included between-group
comparisons of continuous variables using the
Mann-Whitney U test for non-parametric data.
A Spearman’s rank correlation test was performed
to assess the relationship between the technical
quality of ID injection (wheal/induration diameter)
and the fold-increase in anti-S RBD antibodies.

All analyses were performed using the
Statistical Package for Social Science (SPSS Inc.,

Chicago, IL, USA), version 27.0.

Funding
No funding from external source. All
authors have full authority in conducting, data

collection, data analysis and writing the report

Results

A total of 60 healthy adults were enrolled
and completed the study, with 30 participants in
each group (ID and IM). The demographic and
baseline characteristics, including age, were

comparable between the two groups.
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Table 1 Baseline Characteristics
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Characteristic ID Group (N=30) IM Group (N=30) p-value
Age, years (mean + SD) 423 +9.1 43.1 + 104 0.75
Female, n (%) 18 (60 %) 16 (53 %) 0.60
BMI, kg/m’ (mean + SD) 241 4+ 35 23.8+40 0.80
Days since 2™ Sinovac (median, IQR) 75 (70-85) 78 (72-88) 0.45
Baseline Anti-S RBD, BAU/mL (median, IQR) 63 (12-124) 59 (8-119) 0.82

Immunogenicity

At baseline (Day 0), the median anti-S RBD
antibody titer was 63 BAU/mL (IOR: 12-124) in the
ID group and 59 BAU/mL (IQOR: 8-119) in the IM
group. Following booster vaccination, antibody
titers increased rapidly in all participants. At Day
14, the Geometric Mean Titer (GMT) of anti-S RBD
antibodies was 10,203 BAU/mL (95%CI: 7,698 to
13,624) in the ID group and 10,337 BAU/mL (95%CI:
8,078 to 13,225) in the IM group. This represents a
60 to 120-fold increase from baseline. The GMT ratio
(ID/IM) was 0.99 (95%CI: 0.77 to 1.27). Since the lower
bound of the 95%CI (0.77) exceeded the pre-specified

Table 2 Local Adverse Events

non-inferiority margin of 0.67, the fractional intradermal
dose demonstrated statistical non-inferiority to the

standard intramuscular dose.

Safety and tolerability

The vaccine was well-tolerated with no
serious adverse events reported. As summarized in
Table 2 and 3, systemic adverse events were
significantly less frequent in the ID group; notably,
myalgia (10 % vs. 40 %) and headache (5 % vs. 30 %).
In contrast, local injection site reactions (such as
erythema and swelling) were more common in the
ID group, consistent with the expected profile of

the intradermal route.

Local Adverse Event ID Group (N=30) IM Group (N=30) p-value
Erythema 27 (90 %) 3 (10 %) <0.001
Swelling 22. (73 %) 3 (10 %) <0.001
Itch 7 (23 %) 2(7 %) 0.149

Pain 2 (7 %) 22. (73 %) <0.001
Hyperpigmentation 20 (67 %) 1(3 %) <0.001
Wheal Formation 30 (100 %) 00 %) <0.001
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Systemic AEs headache (30 %). In the ID group, the most reported
In the IM group, the most reported Systemic AE were fever (13 %), myalgia (10 %), and
systemic AEs were fever (60 %), myalgia (40 %), and ~ headache (5 %).

Table 3 Systemic Adverse Events

Systemic Adverse Event ID Group (N=30) IM Group (N=30) p-value
Myalgia 3 (10 %) 12 (40 %) 0.009
Headache 2(7 %) 9 (30 %) 0.021
Fever 4 (13 %) 18 (60 %) <0.001
Fatigue 8 (27 %) 10 (33 %) 0.581

B 1D Dose-Sparing (%) B IMFull Dose (%)
0a

0.6

0.4

0.2

0.0
Fain at Injection Site Myalgia Headache

Figure 2: A comparative graph of the prevalence of major side effects, highlights the safety

advantages of ID in terms of localized pain (pain) and systemic symptoms (myalgia, headache)



Vol. 71 No. 2 July - December 2025

Wheal and induration diameter after

intradermal vaccination

The average wheal size after intradermal
vaccination with 0.1 cc, 1x1010 viral particles (vp)
of ChAdOx1-S SAR-CoV2 vaccine was 10 mm. (SD 1;
range 8-13 mm.). The average induration reaction
after two days of ID vaccination was 23 mm. (SD 1;

range 16-34 mm.).

Discussion

The study was successfully demonstrated
that the intradermal (ID) fractional dose 0.1 ml, 1 x
1010 viral particles (vp) of the ChAdOx1-S SARS-
CoV-2 vaccine induced a rapid and robust humoral
immune response. The resulting anti-S RBD antibody
titers (Geometric Mean Titer: 10,040 BAU/mL) at
Day 14 were statistically non-inferior to the full
intramuscular (IM) dose (GMT: 10,774 BAU/mL).
Our study successfully met its primary objective,
demonstrating through a pre-specified non-inferiority
analysis that a one-fifth fractional intradermal dose
of the ChAdOx1-S vaccine elicited an antibody
response that was statistically non-inferior to the
full intramuscular dose.

This finding establishes a crucial Proof-of-
Concept (PoC) for a Dose-Sparing strategy using a
viral vector platform, utilizing only one-fifth of the
standard vaccine volume. A significant finding was
the favorable safety profile of the ID route. While
local adverse events (AEs), such as erythema and
swelling, were more prevalent in the ID group, the
incidence of systemic AEs was significantly lower
(e.g., Myalgia 10 % vs. 40 %, Headache 5 % vs. 30 %)
when compared to the full IM dose. The significant
reduction in injection site pain (5 % vs. 78 %) and

the universal formation of a wheal and flare (100 %)
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further supports the superior systemic tolerability
and confirms effective ID technique. This acceptable
safety and tolerability profile is vital for the widespread
adoption of the ID route. The high magnitude of the
binding antibody response observed (60 to 120-fold
increase over baseline) is strongly correlated with
the induction of functional Neutralizing Antibodies
(NAD), suggesting the ID fractional dose is likely to
confer meaningful and high-quality pro’rection.“mm’ More
profoundly, the biological advantage of the ID route
lies in the high density of Antigen-Presenting
Cells (APCs) within the dermis.” This unique
immunological environment provides a strong
anatomical and biological rationale that ID
administration is optimally positioned to induce
a potent and durable Cell-Mediated Immunity (CMI)
(T-cell response).w‘g)

This successful PoC validates the ID
approach as an effective mechanism not only to
address vaccine scarcitym but also to maximize the
quality and efficiency of the immune response.
This research establishes the ID fractional dose as
an indispensable, resource-efficient component of
Global Public Health Strategy for vaccine resource
optimization and Pandemic Preparedness.(g) The robust
immune-priming capability of the ID route also holds
vast potential for future application in therapeutic
immunology, particularly in individualized cancer

immunotherapy.

Limitations and future directions:

This study, designed as a rapid Proof-of-
Concept during a time of vaccine scarcity, has
inherent limitations that define the path for future
research. 1. Short Follow-up Period: The longevity

of the immune response beyond 14 days was not
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investigated. Future trials must prioritize longitudinal
follow-up (e.g., at 3 or 6 months) to validate the
long-term sustainability of the ID response.
2. Immunological Depth: Due to resource constraints,
we did not assess Neutralizing Antibodies (NAD) or
Cell-Mediated Immunity (CMI). These advanced
immunological endpoints are critical for fully
characterizing the quality and duration of protection,
and their inclusion in subsequent, larger-scale studies
is essential for widespread adoption of the ID strategy.
3. Generalizability: The study included only healthy
volunteers aged 18-60 years. The safety and
immunogenicity results may not directly apply to
vulnerable populations, such as the elderly or those
with underlying conditions. 4. Broadening the
Clinical Scope: Future studies should explore the
direct transfer of this ID dose-sparing technique to
the field of personalized medicine, particularly in
the administration of individualized cancer vaccines

(e.g., neoantigen, mRNA, or dendritic cell platforms).
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