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Abstract

Objectives
The aim of this study was to assess safety and immunogenicity of a dose-sparing
fractional intradermal (ID) booster strategy with the mRNA-1273 COVID-19 vaccine.

Methods

COVID-19 naive adults aged 18-30 years were recruited from a previous study on
primary vaccination regimens that compared 20 pg ID vaccinations with 100 ug IM
vaccinations with mRNA-1273 as the primary vaccination series. Participants previously
immunized with ID regimens were randomly assigned (1:1) to receive a fractional ID
booster dose (20 ug) or the standard-of-care intramuscular (IM) booster dose (50 pug)
of the mRNA-1273 vaccine, six months after completing their primary series (ID-ID
and ID-IM group, respectively). Participants that had received a full dose IM regimen
as the primary series, received the IM standard-of-care booster dose (IM-IM group).
Additionally, COVID-19 naive individuals aged 18-40 years that had received an IM
mMRNA vaccine as the primary series were recruited from the general population to
receive a fractional ID booster dose (IM-ID group). Immunogenicity was assessed using
IgG anti-spike antibody responses and neutralizing capacity against SARS-CoV-2.
Cellularimmune responses were measured in a sub-group. Safety and tolerability were
monitored.

Results

In January 2022, 129 participants were included. Fractional ID boosting was safe and
well-tolerated, with fewer systemic adverse events compared to IM boosting. At day
28 post-booster, anti-spike S11gG geometric mean concentrations were 9,106 (95% Cl:
7,150-11,597) binding antibody units (BAU)/mL in the IM-IM group and 4,357 (3,003-
6,322) BAU/mL, 6,629 (4,913-8,946) BAU/mL, and 5,264 (4,032-6,873) BAU/mL in the
ID-IM, ID-ID, and IM-ID groups, respectively.

Conclusions

ID boosting provides robust immune responses and is a viable dose-sparing strategy
for mRNA COVID-19 vaccines. The favorable side-effect profile supports its potential in
reducing vaccine hesitancy. Fractional dosing strategies should be considered early in
the clinical development of future mRNA vaccines to enhance vaccine availability and
pandemic preparedness.
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Introduction

The swift development and widespread distribution of SARS-CoV-2 vaccines have
proven highly effective in mitigating the severe consequences of COVID-19.' The
mRNA-1273 vaccine demonstrated a protective efficacy of 93% after two intramuscular
(IM) doses of 100 pg as a primary series, after a median follow-up of 5.3 months.? A
booster dose of mMRNA-1273 with 50 ug IM led to 1.7-fold (95% confidence interval
(CI) 1.5 - 1.9) higher neutralizing antibody titers than those at 28 days after the second
injection of the primary series.?

While many countries have already conducted multiple booster rounds, a
major disparity in booster administration between high-income and low- and middle-
income countries remains. One of the causes are the high vaccine costs.* Fractional
dosing strategies could be a cost effective method to increase vaccine coverage®, and
may contribute to vaccine uptake in populations with fear of side effects as a reason
for vaccine hesitancy.%”

Given the higher density of antigen-presenting cells in the dermis as compared
to muscle tissue, the skin is an obvious site for fractional dose delivery. Previously,
we have shown that two fractional intradermal (ID) doses of 20 ug mRNA-1273 as a
primary series were safe and highly immunogenic.?? To evaluate whether this strategy
is also suitable for the mRNA-1273 booster, we extended the trial and administered a
booster dose six months after the primary ID or IM series. We measured the immune
responses elicited by a fractional (20 pg) ID booster or a full dose (50 pg) IM booster
after either a fractional ID primary series or a regular (100 pg) IM primary series.

Methods

Study design and population

This open-label, partly randomized-controlled clinical trial was performed at the
Leiden University Medical Center, a tertiary health care facility in the Netherlands. This
is a follow-up study of a previous trial comparing safety and immunogenicity in healthy
SARS-CoV-2-naive adults who were randomly assigned to primary vaccination with
either two fractional doses of 20 ug of mRNA-1273 (Spikevax®) through the ID route
or the standard regimen with two doses of 100 pg of mRNA-1273 vaccine through
the IM route (EU Clinical Trials Register: EUCTR2021-000454-26-NL). The vaccine was
manufactured in Switzerland.

Participants of the original trial (aged 18 - 30) received a booster (third) dose
six months after completing the primary vaccination series. In the original trial, two
methods of ID administration were assessed: ID delivery according to the Mantoux
technique and perpendicular ID administration using an ultra-short Bella-mu® 1.4
micro needle (U-Needle BV, Enschede, The Netherlands). Since both methods yielded
similar antibody responses, participants were grouped together in the current trial
and randomly assigned (1:1) to receive either a standard IM booster dose of 50 ug
mRNA-1273 (ID-IM group) or a fractional ID booster dose of 20 ug mRNA-1273 (ID-ID
group). Participants who had initially received two IM doses of 100 ug mRNA-1273
were assigned to the standard IM booster dose of 50 ug mRNA-1273 (IM-IM group).
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For comparison, a fourth group of healthy adults (ages 18-40 years) was
included, having received a primary series with two IM doses of either 100 pg mRNA-
1273 or 30 pg of BNT16b2 (Comirnaty®) through the Dutch Municipal Health Service
four to eight months earlier. This fourth group received a fractional ID booster dose of
20 pg mRNA-1273 (IM-ID group).

Participants with a history of COVID-19 or immunodeficiency were excluded
from the study. All participants were screened for recent or current SARS-CoV-2
infection before enrolment and at every on-site visit by anti-SARS-CoV-2-nucleocapsid
(anti-N) antibodies and SARS-CoV-2 PCR of a mid-turbinate/throat swab and they were
asked for positive COVID-19 antigen self-tests of PCRs at the municipal health care
center. Participants were excluded when tested positive.

Written informed consent was obtained from all participants. The trial was
done in accordance with the principles of the Declaration of Helsinki and Good Clinical
Practice. The study was reviewed and approved by the Medical Ethics Committee of
Leiden, The Hague, Delft (NL 76702.058.21).

Randomization and blinding

Randomization of ID-primed participants (block sizes of 4) was done using sealed
envelopes. Clinical investigators and participants were unblinded to the administration
route. Laboratory personnel remained blinded for the study groups.

Vaccination procedure

Vaccine was prepared according to the manufacturer’s instructions. A single dose of
50 ug mRNA-1273 vaccine was administered to participants in the IM-IM and ID-IM
group as a 0.25 mL IM injection in the deltoid muscle. The participants in the ID-ID
group and the IM-ID group received a single dose of 20 ug mRNA-1273 vaccine asa 0.1
mL ID injection in the skin of the deltoid region. Participants in the IM-ID group were
vaccinated intradermally with a Becton Dickinson U-100 Micro-FineTM insulin syringe
with integrated 29G needle, using the Mantoux technique. Participants in the ID-ID
group were vaccinated using the Bella-mu® 1.4 mm micro-needle. A clearly visible
wheal was indicative of a successful ID injection, with a minimally required diameter
of 6 mm.

Monitoring of tolerability and safety

Participants were asked to record solicited and unsolicited adverse events (AEs) for
fourteen days following vaccination (supplements 1). The severity of AEs was graded
according to a standard grading scale (supplements 1). Solicited AEs included local
and systemic reactions.

Immunogenicity analysis
Blood samples for immunological analyses were taken before booster vaccine
administration, 28 days after vaccination and six months (25 to 27 weeks) after
vaccination.

Binding IgG antibody responses against the receptor binding domain (RBD)
and to the S1 subunit of the spike protein and the nucleocapsid (N) of SARS-CoV-2
were measured in serum as previously described.® Concentrations were expressed
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as international binding antibody units per mL (BAU/mL). Anti-N IgG concentrations
>14.3 BAU/ml were considered proof of a convalescent SARS-CoV-2 infection.

The presence of antibodies with neutralizing capacity against SARS-CoV-2
was measured using a microneutralization assay (MNA) as previously described.!
Serum dilutions ranging from 1:10 to 1:10240 were tested, and the first dilution that
resulted in zero plaque formation was reported as PRNT 100.

In the original trial, a subset of 25 participants of each group was selected to
assess cellular immune responses. From those who remained in the booster study (13
in the IM-IM group, 4 in the ID-IM group and 6 in the ID-ID group), peripheral blood
mononuclear cells were isolated. SARS-CoV-2 spike-specific B- and T- cell responses
were measured before and 28 days after vaccination, as described previously® and in
supplements 4 and 5.

Statistical analysis and sample size

No formal power calculation was performed as all participants of the original trial were
eligible to participate in the current study. The sample size of the IM-ID group of 40
was based on the expected group size of the other groups.

All participants that received a booster vaccination were included in the
intention-to-treat (ITT) population. The per protocol (PP) population comprised all
participants who received a booster vaccination with a negative SARS-CoV-2 PCR
at the day of vaccination (PCR results became available on the day after vaccine
administration). Safety was assessed in the ITT population and immunogenicity in the
PP population.

Primary outcome was defined as the S1 and RBD binding antibody
concentrations at day 28 post-vaccination. Neutralizing capacity was a secondary
outcome measure. The ID-IM, ID-ID and IM-ID groups were compared pairwise to
the IM-IM control group. No adjustments for antibody concentrations before booster
were made since the objective was to assess the entire vaccination regimen (primary
series + booster). Binding antibody concentrations were reported in geometric mean
concentrations (GMCs) with two-sided 95% Cl and neutralizing antibodies were
reported in geometric mean titers (GMTs) with two-sided 95% Cl. Geometric mean
fold rises (GMFRs) with two-sided 95% Cl were used to report the changes in antibody
concentrations and titers during follow-up. At every time point, the four groups were
compared with each other using a non-parametric test that adjusts for multiple
comparison (Dunn’s multiple comparison test).

The study protocol specified a non-inferiority analysis as primary outcome
for the original trial. Since the sample size was not powered for the booster part of the
trial and there were no non-inferiority criteria pre-defined for this part of the study, no
non-inferiority analysis was performed.

All statistical analyses were performed using SPSS Statistics version 25.0 (IBM
Corp, Armonk, New York). A p-value below 0.05 was considered significant.
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Results

Participants

Details on the recruitment and loss to follow-up are shown in figure 1. In January
2022, a total of 129 participants received a booster: 31 in the IM-IM group, 27 in the
ID-IM group, 28 in the ID-ID group and 43 in the IM-ID group. Two participants in the
ID-IM group and three participants in the IM-ID group were excluded from the PP
population because of a positive PCR for SARS-CoV-2 on the day of the booster. At the
primary endpoint 28 days after the booster, 94/124 (75.8%) of the participants in the
PP population were still in the trial. COVID-19 was the main reason for exclusion during
the trial, which was balanced among the groups (figure 1).

Figure 1. Flowchart of inclusions, exclusions and loss to follow-up of study participants
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The current trial Is a continuation ot a previous trial that compared the satety and immunogenicity ot two
intradermally administered fractional doses of 20 ug of mMRNA-1273 to the standard immunization regimen with
two intramuscular doses of 100 ug of mRNA-1273 vaccine (EU Clinical Trials Register: EUCTR2021-000454-26-NL).
Participants who received IM vaccinations in the primary series in the previous trial, were recruited to receive a
50 ug IM booster (IM-IM group, standard of care). Participants who received a fractional ID vaccination in the
primary series in the previous trial, were recruited to receive a 50 ug IM booster (ID-IM group) or a 20 ug ID booster
(ID-ID group). A fourth group was recruited from the general population to receive a fractional ID booster dose of
20 ug mRNA-1273 (IM-ID group).

Anti-N = anti-nucleocapsid; ID = intradermal; IM = intramuscular.

Baseline characteristics of the participants are reported in table 1. The IM-ID
group contained relatively more females and was slightly older compared to the other
groups. In the IM-ID group 88.4% of the participants had received a regimen with the
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BNT126b2 vaccine in the primary immunization series, whereas the other groups had
only received the mRNA-1273 vaccine.

Table 1. Characteristics of participants at inclusion (intentiont-to-treat population)

IM-IM ID-IM ID-ID IM-ID
Primary series  Primaryseries Primary series  Primary series
100 pg IM 20 pg ID 20 png ID 100 pg IM*
Booster dose Booster dose Booster dose Booster
50 pug IM 50 pg IM 20 ug Bella- dose 20 pg
mu ® ID standard
needle
n 31 17 28 43
Female, N (%) 14 (45.2) 11 (40.7) 11 (39.3) 25(58.1)
Age in years, 24.1 (3.5) 23.1(3.4) 23.0(3.2) 26.8 (5.7)
mean (SD)
BMI in kg/m?, 24.2 (4.1) 24.9 (4.3) 23.8 (5.0) 23.4(3.2)
mean (SD)
Primary series 0(0.0) 0(0.0) 0(0.0) 38(88.4)
with BNT162b2,
n (%)
Time between 176 (3) 176 (3) 177 (3) 176 (17)

primary seies
and booster in
days, mean (SD)

All primary series and booster vaccinations were with mRNA-1273, except *
*30 ug in the case of a primary series with BNT162b2
BMI = body mass index; ID = intradermal; IM = intramuscular; SD = standard deviation.

Serological immunogenicity
Details on antibody concentrations and neutralizing capacity can be found in figure 2
and table 2.

At 28 days after booster administrations, the anti-S1 GMC of the IM-IM
group (9,106 (95% Cl 7,150 - 11,597)) was significantly higher than that of the ID-
IM (4,357 (3,003 - 6,322), p=0.01) and the IM-ID group (5,264 (4,032-6,873), p=0.02).
GMFRs (booster +28 days/pre-booster) for anti-S1 IgG did not differ between groups.
Neutralization GMTs at 28 days after booster vaccination were 445 (331 - 598) in the
IM-IM group, 598 (415 - 863) in the ID-IM group, 440 (287 — 674) in the ID-ID group
and 234 (168 - 355) in the IM-ID group. Neutralization titers in the ID-IM group were
significantly higher than in the IM-ID group at this time point (p=0.02).

Six months after booster vaccination, all 27 remaining participants had
detectable antibody levels, and anti-S1 GMCs were significantly higher for the ID-ID
group compared to the IM-ID group (p=0.045). Neutralization GMTs six months after
booster were lower for IM-ID group compared to the ID-IM group (p=0.04) and the ID-
ID group (p=0.02).
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Figure 2. Antibody responses
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Every dot represents the result of a single participant at that time point. Error bars represent geometric means
with a two-sided 95% Cl. A single asterisk represents a significant difference with a p<0.05, a double asterisk a
p<0.01 (Dunn'’s multiple comparison test). IM-IM stands for IM primary series and IM booster, ID-IM stands for ID
primary series and IM booster, etc.

A Anti-S1 IgG antibody concentrations in BAU/mL. B Anti-RBD IgG concentrations in BAU/mL. C Anti-N IgG titers
in BAU/mL. Horizontal dotted line represents the cut-off for seropositivity (14.3 BAU/mL). D Virus neutralization
titers. Horizontal dotted line represents the lower limit of detection. Results below the limit of detection were
arbitrarily set to 1. E Anti-S1 IgG fold change. Horizontal dotted line represents a fold change of 1 (no increase and
no decrease). F Anti-RBD IgG fold change. Horizontal dotted line represents a fold change of 1 (no increase and
no decrease). G Neutralization titer fold change. Horizontal dotted line represents a fold change of 1 (no increase
and no decrease).

BAU = binding antibody units; Cl = confidence interval; ID = intradermal; IgG = immunoglobulin G; IM =
intramuscular; PRNT = plaque reduction neutralization test; RBD = receptor binding domain.
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Table 2. Antibody concentrations reported in GMCs (IgG) and GMTs (neutralization)

and fold change reported in GMFR (per protocol population)

Pre-booster

Booster +
28 days

Booster + 6
months

N

Anti-S 1gG, BAU/

mL (95% CI)

Anti-RBD IgG,

BAU/mL (95% CI)

Neutralization,
PRNT

100

N

Anti-S IgG, BAU/

mL (95% Cl)

Anti-S11gG, GMFR

(95% CI)*

Anti-RBD IgG,

BAU/mL (95% Cl)

Anti- RBD IgG,
GMFR (95% Cl)

Neutralization,
PRNT

100

Neutralization,

GMFR (95% Cl)*

N

Anti-S11gG, GMFR

(95% Cl)*
Anti-RBD IgG,

BAU/mL (95% CI)

(95% ClI)

(95% ClI)

31

588 (471-
743)

352 (283-
437)

19(11-30)

24

9,106 (7,150-
11,597)

16.1 (11.5-
22.7)

5,535
(4,430-
6,916)
16.6 (11.9-
23.2)

445 (331-
598)

26.8(13.1-
54.8)

0.2 (0.1-0.7)

1,248 (544-
2,862)

ID-IM

25

359 (291-
442)

224 (186-
272)

18 (12-27)

19

4,357 (3,003-
6,322)

12.1(7.8-
18.7)

2,588 (1,761-
3,804)

11.9(7.9-
17.9)

598 (415-
863)

34.1(17.5-
66.4)

0.7 (0.2-2.5)

1,795 (1,190-
2,707)

ID-ID

28

383 (291-
505)

224 (186-
272)

20 (13-30)

22

6,629 (4,913-
8,946)

17.8(10.5-
30.0)

3,900 (2,903-
5,239)

16.7 (10.2-
27.4)

440 (287-
674)

23.3(12.4-
43.9)

0.7 (0.1-4.3)

2,466 (787-
7,733)

IM-ID

40

453 (334-
613)

224 (186-
272)

20 (13-30)

29

5,264 (4,032-
6,873)

12.3 (8.4-
18.2)

3,192 (2,404-
4,239)

12.7 (2.8-
18.1)

234 (168-
355)

17.0(10.2-
28.4)

0.2 (0.1-0.3)

520 (357-
757)
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Table 2. Antibody concentrations reported in GMCs (IgG) and GMTs (neutralization)
and fold change reported in GMFR (per protocol population)

IM-IM ID-IM ID-ID IM-ID

Anti- RBD IgG, 0.2(0.1-0.7) 0.8(0.3-2.6) 0.7 (0.1-4.0) 0.1 (0.1-0.3)
GMFR (95% Cl)

Neutralization, 135 (54-336) 230(89-601) 291 (69- 36 (18-73)
PRNT, , (95% Cl) 1218)

Neutralization, 0.4(0.2-0.7) 0.3(0.1-0.5) 0.3(0.1-0.5) 0.2 (0.1-0.5)
GMFR (95% Cl)

* GMFR = geometric mean (booster + 28 days) / geometric mean(pre-booster).

** GMFR = geometric mean (booster + 6 months) / geometric mean (booster + 28 days).

BAU = binding antibody units; Cl = confidence interval; GMC = geometric mean concentration; GMFR = geometric
mean fold rise; GMT = geometric mean titer; ID = intradermal; IgG = immunoglobulin G; IM = intramuscular;
PRNT = plaque reduction neutralization test; RBD = receptor binding domain.

Cellularimmunogenicity

The frequencies of spike-specific CD4* and CD8* T-cell responses, and B-cell responses
before and after booster were comparable between the ID-ID, the IM-IM and the ID-
IM groups (supplements 4; figure S3 for T-cells, supplements 5; figure S4 for B-cells).
Percentages of IgG positive SARS-CoV-2 specific B-cells correlated with the anti-S1 1gG
antibody titers before booster, while no correlation was found 28 days after boosting
(figure S4C).

Safety and tolerability

No acute or serious adverse reactions and no grade 4 AEs occurred after vaccine
administration. Mild and moderate pain at the injection site was the most prevalent
AE (figure 3). Local muscle stiffness was more severe and more prevalent in IM boosted
groups whereas itch at the injection site did occur more in ID boosted groups. Systemic
AEs were more prevalent in IM boosted groups. This was especially true for nausea and
vomiting, headache, chills and fever.

One of the participants in the ID-IM group developed hyperpigmentation on
her left hand and arm and face two days after the IM booster (supplements 3; figure
S2), which fully resolved within a week. Relatedness with vaccine administration was
unclear.
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Figure 3. Local and systemic adverse events after booster vaccination
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primary series and IM booster, ID-IM stands for ID primary series and IM booster, etc.
ID = intradermal; IM = intramuscular.

131



132

Chapter 7

Discussion

In this study, we compared the safety, tolerability, and immunogenicity of a fractional
ID booster dose (20 ug mRNA-1273 COVID-19 vaccine) to the standard of care (50 ug
IM dose), in both ID and IM primed, COVID-19 naive healthy persons. Fractional ID
boosting was safe and well tolerated, with fewer systemic AEs compared to IM boosting.
While regimens that contained one or two fractional ID vaccine doses exhibit slightly
lower immunogenicity, all participants had anti-S1 IgG concentrations >300 BAU/L,
which has been previously associated with 90% (77 — 94%) protective efficacy against
SARS-CoV-2 infection.”

Other studies with ID boosting of COVID-19 vaccines have been conducted'? '8,
but to our knowledge, this is the first to assess an ID primary-booster regimen
consisting solely of mRNA COVID-19 vaccines. Moreover, it is the first to evaluate the
booster response in individuals who have received ID vaccinations as their primary
series. We demonstrate that these ID-primed individuals reached high antibody
concentrations and that their fold change in SARS-CoV-2 spike-specific B-cells did
not differ compared to the controls, which suggest a good memory response. This
is an important finding for future pandemics as in the acute stages of an epidemic,
rapidly immunizing a larger number of people can yield greater benefits in preventing
mortality than inducing higher antibody concentrations in a smaller group.'?° The
excellent boostability of individuals primed with a fractional ID dose, emphasizes the
need to incorporate fractional dosing regimens early in the clinical development of
future mRNA vaccines to improve vaccine availability and pandemic preparedness.”’

Participants that received an ID booster reported less systemic AEs than IM
boosted participants monitored in the first two weeks after the booster, which is in
accordance with other studies assessing ID boosting with COVID-19 vaccines.'>'*7
'8 When recruiting the participants for the IM-ID group, we noted increased interest
among individuals hesitant to receive another full dose. Although there is a multitude
of reasons why people are reluctant to getting a COVID-19 vaccination, an important
concern is side effects.??? Given its favorable systemic AE profile compared to IM
vaccination, ID vaccination may thus be a method to decrease vaccine hesitancy.

This study has some limitations. Firstly, the findings in a relatively young and
healthy population may not apply to older populations or those with co-morbidities,
necessitating further study in older persons. Additionally, the IM-ID group was
recruited from the general population, with nearly 90% having received BNT162b2 as
their primary series, which was the preferred vaccine for adults in the Netherlands. This
disparity hampers direct comparison with the other groups and may also explain the
observed lower binding and neutralizing antibody responses. Previous research shows
that on average, a BNT162-mRNA-1273 prime-booster combination leads to circa
15% lower antibody concentrations and circa 30% lower neutralizing antibody titers
compared to a prime-booster regimen solely comprising mRNA-1273.% Lastly, the
high exclusion rate during the study due to COVID-19 has led to relatively small groups
that may not have sufficient power to identify subtle differences in immunogenicity
or side effects. This factor also limits the ability to draw conclusions on long term
immunogenicity since a rather small number of participants remained in the study up
to six months post-booster. Exclusions due to COVID-19 may also have introduced a
survival bias.
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In conclusion, we have demonstrated that a fractional ID booster of the mRNA-
1273 vaccine elicits a robust immune response, which supports ID administration as
a dose-sparing strategy for mRNA vaccines in a future epidemic or when a new more
virulent variant of concern arises.
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corresponding author on reasonable request.
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