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Introduction: The necessity for an equal distribution of the COVID-19 vaccination is critical. Lower-
middle and lower income countries may not be able to manufacture their vaccines, nor may they be able
to afford to buy them for every inhabitant. Furthermore, the vaccination’s potency may wane over time. A
booster dosage is recommended. Despite this, certain areas or groups of people are still waiting for their
first vaccine dosage.
Objectives: The purposes of this study were to assess the safety and tolerability of patients who received a
fractionated intradermal administration (ID) of PFE-BNT as a booster dose in a group of people who had
previously finished full doses of Verocell and to determine the antibody response after the injection.
Methods: An open-label experiment was carried out. Participants were at least 18 years old. Participants
received 6 ug of PFE-BNT vaccination through intradermal injection. The safety and adverse reactions
were monitored at immediate after injection, 30 min later, day 1, day 7, and day 30. Venous blood tests
for specific IgG concentration against SARS-CoV-2 spike S1 were received prior to injection and day 30.
Results: 42 participants completed the study. The mean age was 48 (the range; 23–62). The average dura-
tion after completing the 2nd dose of Verocell was 78.3 days (95% CI; 73.9–82.8). There was no serious
adverse event. Almost 50% of participants reported minor adverse reactions on day 1 and roughly 30% still
reporting on day 7. Systemic reactions were found less than 5%. The antibody level at day 30 was 16669.8
(95% CI; 3692.6–51238.9), which was 40 times higher.
Conclusion: PFE-BNT at a dose of 6 ug (1/5 of the typical dose) was shown to be safe and well tolerated
when given intradermally. The antibody reaction was very strong. The ID administration could poten-
tially save vaccine doses.
� 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 severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), also known as coronavirus disease 2019 (COVID-19), orig-
inated in December 2019 in Wuhan, China. It has ever since rapidly
spread worldwide, causing morbidity and mortality in its way. In
March 2020, the World Health Organization (WHO) designated
the COVID-19 outbreak as a pandemic [1].

To end the COVID-19 pandemic, equitable access to effective
vaccine is imperative. Currently, 7.38 billion doses of vaccines have
been administered across 184 countries. It will take another six
months to fully vaccine 75% of the world’s population and for the
herd immunity to kick in. Population in countries and regions with
the highest incomes are getting injected 20 times more than those
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in the lowest incomes areas [2]. This disparity in vaccinations is
giving rise to emergence of new mutant strains which might make
the vaccinations ineffective [1].

Previous research has found that the immune response
waned over time, particularly in inactivated vaccines [3]. Accord-
ing to a study’s predicted model, the immune response of an
inactivated vaccine with a 50% efficacy at first will decrease to
half efficacy after 130 days and less than 20% efficacy at 240 days
[3]. A joint study of 500 people from Thammasat University’s
faculty of medicine, Thailand and the National Centre for Genetic
Engineering and Biotechnology (Biotec) reported that the level of
antibodies of who received two doses of Sinovac has dropped by
50% every 40 days [4]. People who received a second dosage
after more than 60 days had lower mean antibody levels than
those who received it after less than 60 days. Furthermore, the
vaccine’s effectiveness against the original strain was reduced
from 60% to 70% in the first 60 days to roughly 50% after that
[4]. The study with the real subjects showed an accelerated rate
of decline in vaccine efficacy than a predictive model in the pre-
vious study.

WHO with support of the Strategic Advisory Group of Experts
(SAGE) on Immunization and its COVID-19 Vaccines Working
Group suggested that (1) waning of the immunity overtime, (2)
reduction of the efficacy in protection against severe disease and
variant(s) of concern, and (3) insufficiency of the immunity in pro-
tection in some risk groups are reasons to support the booster dose
for covid-19 vaccine. The management for vaccine booster doses
may differ by vaccine product, epidemiological setting, risk group,
and vaccine coverage rates [5].

According to an interim study from a randomized, double-blind,
placebo-controlled phase 2 clinical research involving 540 adults, a
third dose of Sinovac given 6 months or longer after the second
dose could raise neutralizing antibodies by around threefold [6].
Another randomized, double-blind, placebo-controlled phase 1/2
clinical research including 303 healthy people aged 60 and up
found that giving the third dosage of Sinovac 8 months after the
second dose increased the geometric mean titer (GMT) of serum
neutralizing antibodies by 7 times [7]. An observation study (un-
published data) from Chulalongkorn University’s Center of Excel-
lence in Clinical Virology found that people who completed two
doses of Sinovac and received AstraZeneca as a third dose in a Sino-
vac and Astra Zeneca mix-and-match regimen increased their level
of immunity by 131.5 times after two weeks [8]. The increase in
antibody levels after a booster dosage has shown that those who
have completed the basic Covid-19 vaccine’s recommended dose
should receive a booster dose as time passes.

Despite the WHO’s recommendation for a booster dosage, vac-
cine shortage, distribution, and equity remain key issues in low-
and middle-income countries. The intradermal (ID) delivery of
Covid-19 vaccination was recommended as a solution to these
problems. [9]. The papillary dermis, which is the ID route’s target
layer, is thought to be densely packed with antigen-presenting
cells (APC). Due to the prevalence of APCs in the dermis, the dose
of ID administration could be reduced to 1/10 or 1/5 of conven-
tional IM or SC doses [10,11].

According to MedRxiV, a research in the Netherlands indicated
that ID delivery of 10 ug and 20 ug of mRNA-1273 vaccination,
which are 1/10 and 1/5 dosages of IM route, was well tolerated
and safe, and resulted in a significant antibody response in 38
healthy volunteers (median age is 25) [12]. Another unpublished
study from Thailand found that the antibody levels of a booster
dose of Astrazenaca IM route and Astrazenaca ID, which is a 1/5
dose of IM route, were similar in participants aged 18–59 who
had already received two doses of Sinovac vaccines. The mean anti-
body levels of IM Vs.ID were 17,214.1 AU/ml and 17,662.3 AU/ml,
respectively [13].
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Given a very few studies have been done to prove the tolerabil-
ity, safety, and immunogenicity of the ID route and no study has
been done with the Pfizer-BioNTech (PFE-BNT) booster dose, we
investigated the safety and tolerability and immunogenicity of
the PFE-BNT vaccine delivered intradermally as a booster dose.
2. Methods

2.1. Study design and participants

This is an open-label research study. Eligible participants were
adults 18 years and older who completed 2 doses of a three-
week schedule of inactivated Verocell’s Covid-19 vaccine(Sino-
vac�), had finished 2 doses of Verocell for more than 8 weeks,
and have not had SARS-CoV-2 infection. Participants were
excluded from the study if they had a history of severe adverse
or allergic reactions to previous vaccinations, were pregnant or
planning to become pregnant within 4 weeks of vaccination, used
systemic or topical corticosteroids, had bleeding diathesis, received
another Covid-19 vaccine, or were infected with SARS-CoV-2 after
enrollment.

The study protocol was approved by Lampang hospital institu-
tional review board (No.100/64). A written consent was provided
by all participants. The vaccine manufacturer was not involved in
this study. The trail was registered at Thai Clinical Trials Registry
at TCTR20211023002.

Antibody titers were compared between pre ID vaccination (the
day that subjects received PFE-BNT immunization) and post ID
vaccination on day 30.

2.2. Sample size

The sample size was calculated using data from a previous
study, which found that participants who completed two doses
of BNT162b2 had an antibody level of 1108 u/ml, or 8027.5 Au/
ml, and participants who previously had Covid-19 infection and
completed two doses of BNT162b2 after the infection had an anti-
body level of 8174 u/ml, or 59218.3 Au/ml [14,24]. The antibody
titer of subjects who had previously been infected with Covid-19
was 7.3 times higher than that of their counterparts. We used
the ID delivery route, which used only 1/5 dose of IM vaccination
and only one booster shot, therefore we predicted the participants’
antibody titers to be roughly 5 times higher. We employed a single
sample group, with a statistical power of 80% and a type I error of
5%. The estimated required sample size was 32. We used 42 partic-
ipants in our study.

2.3. Procedures

PFE-BNT vaccine lot 30125BA was utilized in the study. The vac-
cine was procured and distributed from ministry of public health,
Thailand. Each vaccine was prepared according to Thailand’s
Department of Disease Control’s PFE-BNT vaccine preparation rec-
ommendations, which is the same recommendation aligns with
the vaccine manufacturer [15]. The PFE-BNT vaccine vial is diluted
with 1.8 ml of sterile 0.9% NaCl solution. To prepare ID administra-
tion dosage, 0.06 ml (6ug/dose) was withdrawn from the vial using
the low dead-space (LDS) technique with a syringe insulin ultrafine
II. The 6 ug/dose is 1/5 of the 30 ug/dose of IM PFE-BNT. A skilled
pharmacist prepared each dose of vaccination and ensured that it
met quality standards. The vaccine was kept refrigerated at 3–8
degrees Celsius and used within 3–4 h after preparation. The intra-
dermal administration approach, using syringe insulin ultrafine II,
was performed during injection. The injection site was at the upper
arm.



Table 1
Characteristics of participants.

Characteristics Mean (95% CI)/N (%)

Age 48 (45.4–51.4)
Sex M 12 (28.3)

F 30 (71.4)
Days after completing full dose

of Verocell
78.3 (73.9–82.8)
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2.4. Monitoring of safety and tolerability

Adverse events were observed immediately after injection,
30 min later, and on day 1, 7 and 30. Participants were monitored
from the moment of injection to 30 min after the injection at the
research location. On day 1, 7, and 30 after ID injection, partici-
pants answered an online side effect monitoring survey that
included local and systemic side effects. The official account chat
box was provided during the trial for participants to use direct
message to contact PI with any further adverse effects or concerns.

2.5. Antibody level after ID injection

Each individual had 4 ml of whole blood taken from them. The
whole blood was collected using gel and clot activator tubes. After
Fig. 1. Total adve

Fig. 2. Local r
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centrifuging the whole blood in the tube at 2000 rounds per min-
ute for 10 min, sera were isolated from the whole blood. 25 ul of
serum were used for each test [16]. Sera were obtained from par-
ticipants before ID injection and on day 30 after ID injection. Sera
were tested by using an automated AdviseDx SARS-CoV-2 IgG II
assay, Architect. This machine detects immunoglobulin class G
(IgG) antibodies to the receptor binding domain (RBD) of the S1
component of the spike protein of SARS-CoV-2 using the chemilu-
minescent microparticle immunoassay (CMIA) approach. The Advi-
seDx SARS-CoV-2 IgG II assay’s result unit is AU/ml (Arbitary unit),
and the cutoff is 50 Au/ml. The AU/ml can be converted to WHO
unit (Binding antibody unit --BAU/ml) by multiplying the result
with 0.142. The AdviseDx assay sensitivity is 92.7% (95% CI 90.2–
94.8) and specificity is 99.9% (99.4–100%) [22,23].
2.6. Statistical analysis

Descriptive statistic and independent t-test were used for data
analysis.
2.7. Duration

The study was conducted during August–September 2021.
rse reaction.

eactions.



Fig. 3. Systemic reactions.
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3. Results

3.1. Participants’ characteristics

42 participants completed the study. The age range of partici-
pants was 23 to 62 years old. Their characteristics were shown in
Table 1.
3.2. Safety & tolerability

There was no serious adverse event. An overall of vaccine-
related adverse reactions is shown in Fig. 1. There was no acute
reaction reported at immediately after injection. There were some
minor reactions discovered at 30 min, day 1, day 7, and day 30.

Within 30 min of injection, local adverse effects began to
appear, and some participants still had some of the local reactions
on day 30. On day 1, the majority of local reactions were red
(40.5%), pain and swelling (30.9%), and itching (14.2%); on day 7,
the majority of local reactions were red (21.4%), itching (16.7%),
and pain and swelling (4.7%). Majority of local reactions might
occur as early as the 1st day after injection and can last up to
7 days. On the day 30, just one participant out of 42 (2.4%) felt itch-
ing and redness at the injection site (Fig. 2).

Systemic reactions were found on the report on day 1 and day 7.
All of themwere minor systemic reactions. 2.4% of participants had
headache on the day 1. 4.8% of participants had myalgia, 2.4% had
headache, and 2.4% had lymphadenopathy at day 7. There were no
subjects who reported a fever (Fig. 3).
3.3. Antibody response after ID injection

The mean of the antibody level before and after ID injection was
shown on Table 2. After ID injection, antibody response was about
40 times higher on average. Each participant’s antibody response
following ID injection ranged from 17.4 to 90.2 times greater.
Table 2
The means of antibody level of Pre-ID vaccination and Post-ID vaccination.

Mean of
Antibody
level (Au/ml)

95% CI
(Au/ml)

Range
(Au/ml)

Pre-ID vaccination 432.1 284.2–580 85.1–2627.1
Post-ID vaccination 16669.8 13020.9–20318.7 3692.6–51238.9
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The antibody level of each participant pre/post ID injection was
shown in Fig. 4.

4. Discussion

The fractional dose of ID administration, which is 6 lg/dose (1/5
of the IM dose), was found to be safe, well tolerated, and immuno-
genic as a booster dose in adults who had already received two
doses of inactivated vaccine. This finding was backed up by prior
research on ID administration on Astrazeneca in Thailand [13]
and a study on mRNA-1273 in the Netherlands [12], which found
that ID administration on Covid-19 vaccination is safe and can
boost immune response in adults.

In our study, the mean age of participants was 48, which was
significantly greater than the previous study, which involved par-
ticipants aged 18–30. As a result, fractional ID injection as a boos-
ter dose could be utilized safely in adults over 30 years old.

There were no major negative effects in patients who got an ID
booster dose of PFE-BNT immunization. The majority of ID inject-
able side effects were minor, such as burning, itching, redness,
pain, and swelling at the injection site. Some participants’ local
effects could linger until the 7th day. The local reactions described
in this investigation were similar to those described in an mRNA-
1273 analysis [12]. Local reactions in the mRNA-1273 ID adminis-
tration research, on the other hand, appeared within 1–2 days and
lasted no more than 7 days, with the exception of hyperpigmenta-
tion at the injection site, which remained until day 44 [12]. The
local reactions to PFE-BNT vaccine ID injection were likewise sim-
ilar to numerous fractional ID delivery vaccines that had previously
been employed, such as rabies and influenza [17]. In our investiga-
tion, the systemic effects were mild. During the 30-day follow-up
period, no participants had a fever or experienced cardiac adverse
effects. Only 1 out of 42 participants (2.4%) had a headache, and 1
to 2 persons out of 42 (2.3–4.8%) had myalgia, headache, and lym-
phadenopathy. When compared to a study that evaluated the risks
and safety of BNT162b2 mRNA vaccine at 42 days on participants
who received IM administration, the systemic reactions were
minor. BNT162b2 mRNA IM approach was most strongly associ-
ated with an elevated risk of myocarditis (risk ratio, 3.24), 2.7
events per 100,000)) persons; lymphadenopathy ((risk ratio,
2.43), 78.4 events per 100,000 persons); appendicitis (risk ratio,
1.40) 5.0 events per 100,000)), and herpes zoster infection ((risk
ratio, 1.43), 15.8 events per 100,000 persons) [18].

The antibody levels of subjects who received a booster dose of
PFE-BNT by ID injection increased between 17.4 and 90.2 times
from baseline on day 30 after vaccination, with an average anti-



Fig. 4. Antibody response of each participant pre Vs. post ID vaccination.
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body response level of 16669.8 Au/ml (95% CI; 13020.9–20318.7).
In a previous investigation [19], antibody levels in patients infected
with SAR-CoV-2 who had received two doses of PFE-BNT rose from
334 (IQR; 103–1070 Au/ml) to 18,047 Au/ml (95% CI; 10884–
22413 AU/ml) on day 42 after vaccination. The antibody levels
increased approximately 54 times.

Anti-spike antibody titers that we used to measure antibody
level in our study are associated with neutralizing activity. A pre-
vious study showed that neutralization titers significantly corre-
lated with spike-binding titers (Spearman q = 0.87, P < 0.0001)
[20]. Also, the anti-spike antibody titers has positive percent agree-
ment with PRNT (plaque reduction neutralization test) at 100%
(95% CI 95.2–100) [16,23]. Despite the importance and high level
of neutralization antibodies after immunization [19,21] or in con-
valescent persons [21], the effectiveness of neutralizing antibody
or anti-spike antibody titer in protecting and preventing COVID-
19 infection, hospitalization, death, or transmission remains
unknown. As a result, future research or follow-up studies in peo-
ple who have already been vaccinated via any route will be needed
to see if antibody levels are linked to protection or may be used as
a marker.

The limitations of our study included; the method that we
used is not a gold standard method, which is the neutralizing
activity method. However, the anti-spike antibody assay method,
which we employed in this investigation to quantify pre and
post-vaccination, is commercially accessible, has a wide accept-
ability, and is well calibrated. It also has a perfect agreement
(100%) with the gold standard measure [16,23]. Another draw-
back is that we did not compare antibody levels after ID delivery
to those who received a booster dose of conventional injection.
As a result, there may be some uncertainty about the antibody
levels after IM and ID routes. More research is needed to com-
pare both IM and ID administration. Next, in our trial, we exclu-
sively employed the PFE-BNT vaccine, despite the fact that
different vaccines might be administered via the ID method.
Finally, we did not investigate the adverse reactions and anti-
body level’s longevity after day 30.
5

In conclusion, the administration of 6 ug of PFE-BNT ID as a
booster in people over the age of 18 who have received two doses
of inactivated vaccine is safe and well tolerated, and could result in
a more robust immune response. Local adverse effects were mod-
est, while systemic side effects were insignificant. In nations or
regions where vaccination distribution is insufficient, ID adminis-
tration could be safely employed and suggested as a dose-sparing
method.
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