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Background: Geriatric populations are at an increased risk of severe

presentations, hospitalization, and loss of life from COVID-19. Few studies

have explored vaccination regimens in adults >65 years old. Repeated booster

vaccination is required for high-risk populations as COVID-19 vaccine efficacy is

short-lived. We compared the immunogenicity and reactogenicity of second

intradermal (ID) COVID-19 booster vaccination with second intramuscular (IM)

vaccination in older adults.

Methods: This single-center, open-labeled, prospective, cohort study

conducted at Siriraj Hospital enrolled older adults ≥65 years old who

previously received a first booster (third dose) mRNA vaccine (mRNA-1273 or

BNT162b2) via ID or IM administration. Participants were allocated to receive a

second booster of the same vaccine type and route as their first booster 16–17

weeks thereafter. Anti-SARS-CoV-2 receptor binding domain IgG and

neutralizing antibody titers against Wuhan and Omicron subvariants (BA.1,

BA.2, and BA.4/5) were measured 2 weeks after vaccination.

Results:Of 91 enrolled participants, 72.5% were women, with a median age of 75

years. Forty-nine participants (53.8%) received a second ID booster, and 42

(46.2%) received a second IM booster. Two weeks after the second booster, all

groups generated anamnestic IgG antibody responses that were 5.41- to 10.00-

fold higher than at baseline. Overall, higher antibody GMTs against Wuhan and

Omicron subvariants were observed in IM compared with ID regimens. ID

mRNA-1273 induced similar GMTs to IM BNT162b2 2 weeks after the second

booster against Wuhan (486.77 [321.48, 737.05] vs. 472.63 [291.24, 767.01],
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respectively; p = 0.072). Higher GMTs against Omicron BA.1 (GMR [95% CI], 1.71

[1.39, 2.11]; p = 0.023), BA.2 (1.34 [1.11, 1.62]; p = 0.845), and BA.4/5 (1.10 [0.92,

1.33]; p = 0.531) were seen in all groups at 2 weeks after the second booster

compared with 2–4 weeks after the first booster. Both local and systemic AEs

were less frequent after the second than after the first booster, regardless of

administrative route and vaccine type. Local AEs were significantly more frequent

in ID mRNA-1273 arms than their respective BNT162b2 arms 2 weeks after the

second booster (ID-mRNA-1273 vs. ID-BNT162b2: p ≤ 0.001).

Conclusion: Repeated fractional ID vaccination may be an alternative booster

vaccination strategy for geriatric populations.
KEYWORDS

repeated dose, intradermal vaccination, fractional dose, intramuscular vaccination,
COVID-19, second booster, older adult
1 Introduction

A second COVID-19 booster (fourth dose) has been

recommended for geriatric, and other high-risk, populations due to

their increased risk of developing severe COVID-19, hospitalization,

and/or death (1). Several studies in healthcare workers demonstrated

that a second booster is safe, immunogenic, and had moderate

efficacy against symptomatic infection (2–4). One study in adults

aged ≥60 years found that a second booster vaccine was safe and

reduced hospitalization by 64% (5).

Intradermal (ID) vaccination with dose-sparing approaches

helps alleviate limited access to vaccine supplies, particularly in

low- and middle-income countries (6). We previously found that

the administration of a reduced dose (fractional) mRNA

vaccination as a primary series (7) or first booster (third dose) (8,

9) was both safe and immunogenic in adults. In particular,

fractional ID mRNA-1273 booster doses in older adults (≥65

years) induced humoral and cellular immune responses that were

not significantly different from a standard intramuscular (IM)

BNT162b2 booster (9). This suggests that ID vaccination may be

an alternative option for next-generation variant vaccines, settings

with limited vaccine supplies, or settings with multiple available

vaccine types. In addition, despite the tendency for higher local AEs

in ID than IM vaccination routes (particularly for mRNA-1273),

fewer systemic AEs were observed in ID than IM mRNA-1273 and

BNT162b2 booster vaccine regimens (9).

Few studies explored these vaccination regimens in older adults

(>65 years). The available immunogenicity data of repeated ID

vaccination is also limited. AEs after a second booster are also a

concern. This study assessed the immunogenicity and

reactogenicity of repeated fractional ID vaccination as a

second booster.
02
2 Materials and methods

2.1 Study design and participants

This single-center, open-labeled, prospective, cohort study was

conducted at Siriraj Hospital, Bangkok, Thailand from 9 January to 8

August 2022. ≥65-year-old participants who received ID or IM

mRNA-1273 or BNT162b2 as a first booster 16–17 weeks prior in

our previous study (9) were eligible for enrollment. All participants

previously received two doses of IM ChAdOx1 as their primary series.

Those with a history of SARS-CoV-2 infection, those with acute illness

or inflammation, those with a history of anaphylaxis to any vaccines or

drugs, those who received any vaccination within 2 weeks of the study,

those on immunosuppressive treatments, or those who were

immunosuppressed were excluded. This study was registered under

the Thai Clinical Trials Registry (TCTR20220112002), approved by the

Siriraj Institutional Review Board (COA no. Si 335/2022), and carried

out according to the International Council on Harmonization’s Good

Clinical Practice (13th Edition), Belmont Report, and Declaration of

Helsinki. All participants provided written informed consent

before enrollment.
2.2 Study procedure

Participants were allocated to receive the same vaccine type and

route as their first booster: 20 µg of ID-mRNA-1273 (0.10 mL), 50 µg

of IM-mRNA-1273 (0.25 mL), 10 µg of ID-BNT162b2 (0.10 mL), and

30 µg of IM-BNT162b2 (0.30 mL). The different dosages between the

first (100 µg, 0.50 mL) and second (50 µg, 0.25 mL) IM-mRNA-1273

boosters were because of modified recommendations by the Thai

Ministry of Public Health following the recent approval of 50 µg of
frontiersin.org
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mRNA-1273 by the Thai Food and Drug Administration as booster

vaccines in Thailand.

ID vaccinations were administered in the deltoid muscle region

using the Mantoux technique. Wheals were measured to verify

correct injection technique [ ≤ 4–8 mm in diameter, as described

previously (9)].
2.3 Measured outcomes

Blood samples were collected before (baseline) and 2 weeks after

the second booster for anti-SARS-CoV-2 receptor binding domain

(RBD) IgG and 50% pseudovirus neutralizing titers (PVNT50)

against the ancestral (Wuhan) strain and Omicron subvariants

(BA.1, BA.2, BA.4/5). Anti-RBD IgG against SARS-CoV-2 spike

protein (S1 subunit) were determined through chemiluminescent

microparticle immunoassays (CMIA) using the SARS-CoV-2 IgG II

Quant (Abbott, List No. 06S60) on the ARCHITECT I System. The

assay measured antibody levels between 21.0 and 40,000.0 in

arbitrary units (AU)/mL, later converted to the World Health

Organization’s International Standard concentration of binding

antibody unit per mL (BAU/mL) through the equation BAU/mL

= 0.142 AU/mL provided by the manufacturer. Pseudovirus

neutralization assays (PVNT) were performed as previously

described (10). PVNT50 was defined as the highest serum dilution

that reduced virus infectivity by 50% relative to control wells with

no serum. The minimum detection limit was 1:40. Titers lower than

this limit of detection (LOD) (<40) were assigned values of 20.

Participants were observed for at least 30 min after vaccination

for immediate AEs. Participants and their caretakers were

instructed to submit self-assessments of solicited local (i.e., pain,

erythema, injection site swelling/induration, localized axillary

lymphadenopathy, or swelling/tenderness ipsilateral to the

injection arm) and systemic (i.e., headaches, fatigue, myalgia,

arthralgia, diarrhea, dizziness, nausea/vomiting, rash, fever, and

chills) AEs 7 days after vaccination using electronic diaries (Google

Forms). Follow-up phone calls were performed by medical

personnel 3–5 days after vaccination to verify self-reported AEs.

Local and systemic AE severity were graded using a numerical

rating scale of 1–4 based on the Common Terminology Criteria for

Adverse Events (v5.0) guide published by the United States

National Cancer Institute (NCI/NIH) (11).
2.4 Statistical analyses

AE endpoints were presented as frequencies and chi-square

tests or Fisher’s exact tests used to assess statistical differences.

Immunological endpoints were reported as geometric mean

concentrations (GMCs) and geometric mean titers (GMTs) with

95% confidence intervals (CIs), respectively. Unpaired t-tests were

used to compare IgG GMCs between groups. We compared

immunogenicity and AE (second booster dose) data from this

study with our previous study (first booster dose data) (9). All

statistical analyses were performed using GraphPad™ Prism 9

(v9.2.0, 283; GraphPad™ Software, CA, USA) except for anti-
Frontiers in Immunology 03
RBD IgG comparisons between different age groups, which were

performed using ANOVA through STATA (v17, StataCorp™, LP,

College Station, TX, USA). p ≤ 0.05 was set as the statistically

significant cutoff point.
3 Results

3.1 Baseline characteristics

Of 91 enrolled participants, 72.5% (n = 66) were women, 49.5%

(n = 45) had a normal body mass index (BMI), and the median

(interquartile range) age was 75 (71–84) years (Table 1). Forty-nine

(53.8%) participants received repeated ID boosters, while 42

(46.2%) received repeated IM boosters. The median time between

the first and second booster was 17 weeks. Four participants

developed SARS-CoV-2 infection and were excluded from the

analyses (Figure 1).
3.2 SARS-CoV-2 anti-RBD IgG responses

At 16–17 weeks after the first booster dose, anti-RBD IgG

GMCs decreased across all groups by 4.22- to 7.07-fold. Two

weeks after the second booster dose, 5.41- to 10.00-fold

anamnestic responses from baseline (16–17 weeks after the first

booster) were observed for all groups (p = 0.064; Figure 2). These

titers were 1.38- to 1.57-fold higher than anti-RBD IgG levels

generated 2–4 weeks after the first booster (p ≤ 0.05 for IM

mRNA-1273 and BNT162b2, p ≤ 0.01 for ID BNT162b2). GMCs

(95% CI) were highest in IM mRNA-1273 (5,320.38 BAU/mL

[3,725.03, 7,598.98]), followed by IM BNT162b2 (3,115.56 BAU/

mL [2,087.82, 4,769.35]), ID mRNA-1273 (2,972.77 BAU/mL

[2,173.06, 4,066.77]), and ID BNT162b2 (2,341.98 BAU/mL

[1,867.83, 2,936.50]) (p = 0.006; Figure 2; Supplementary

Table 1). While anti-RBD IgG GMCs were higher in IM regimens

than their respective ID regimens (p = 0.014 for IM vs. ID mRNA-

1273, p = 0.183 for IM vs. ID BNT162b2), anti-RBD IgG GMCs

induced by the ID mRNA-1273 regimen were not significantly

different from the IM BNT162b2 regimen (Figure 2). This trend was

consistent across all three time points.
3.3 NAb against SARS-CoV-2 Wuhan and
Omicron subvariants

Higher proportions of seropositive participants (PVNT50 ≥ 1:40)

andGMTs against Omicron subvariants BA.1, BA.2, and BA.4/5 were

observed in all groups at 2 weeks after the second booster compared

with at 2–4 weeks after the first booster (95.4%, 97.7%, and 86.2% vs.

85.7%, 93.4%, and 83.5%, respectively; Figures 3B–D; Supplementary

Table 1). No significant differences in seropositive rates against

Omicron subvariants BA.1, BA.2, and BA.4/5 were seen across

vaccine types (mRNA-1273 vs. BNT162b2: 97.4% vs. 93.9%, p =

0.629; 97.4% vs. 98.0%, p = 0.999; 86.8% vs. 85.7%, p = 0.880) or

administration routes (ID vs. IM: 95.7% vs. 95.1, p = 0.999; 97.8% vs.
frontiersin.org
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97.6%, p = 0.999; 84.8% vs. 87.8%, p = 0.983) at 2 weeks after the

second booster (Figures 3B–D; Supplementary Table 1). Despite no

statistical significance, higher GMTs were observed after the second

than after the first booster dose in IM compared with ID regimens

and in mRNA-1273 compared with BNT162b2 vaccines (Figure 3A;

Supplementary Table 1). In line with anti-RBD IgG GMCs, GMTs
Frontiers in Immunology 04
(95% CI) induced by the ID mRNA-1273 regimen were not

significantly different from the IM BNT162b2 regimen at 2 weeks

after the second booster against Wuhan (486.77 [321.48, 737.05] vs.

472.63 [291.24, 767.01], respectively; p = 0.072) (Figure 3A). For

Omicron subvariants, a statistical difference was observed only for

BA.1 (ID mRNA-1273 vs. IM BNT162b2: 323.97 [195.12, 537.91] vs.
FIGURE 1

Consort flow diagram. A total of 91 participants were screened, and all deemed eligible for enrollment. Participants were allocated into four arms
based on their first booster regimen. Participants were assessed before the administration of their second booster (16–17 weeks after their first
booster) and at 2 weeks after receiving a second booster.
TABLE 1 Baseline characteristics of participants included in the study.

First booster
-

Second booster

Vaccine Type

p-
valueAll

mRNA-1273
20 µg ID

-
mRNA-1273
20 µg ID

mRNA-1273
100 µg IM

-
mRNA-1273 50

µg IM

BNT162b2 10
µg ID

-
BNT162b2 10

µg ID

BNT162b2 30
µg IM

-
BNT162b2 30

µg IM

Number of subjects, n (%)
91

(100.00)
22

(24.18)
18

(19.78)
27

(29.67)
24

(26.37)

Age (yrs, median [IQR])
75.00
(71.00,
84.00)

73.00
(71.00, 82.00)

77.50
(70.00, 83.00)

80.00
(72.00, 86.00)

74.00
(70.00, 82.00)

0.477

Female, n (%)
66

(72.53)
18

(81.82)
14

(77.78)
17

(62.96)
17

(70.83)
0.480

BMI (kg/m2, median [IQR])
24.40
(21.60,
26.80)

23.90
(20.20, 26.40)

25.85
(22.50, 28.20)

23.90
(21.40, 26.60)

24.25
(21.35, 27.30)

0.238

Underweight (BMI < 18.5 kg/m2, n [%])
4

(4.40)
1

(4.55)
0

(0.00)
2

(7.40)
1

(4.17)
0.653

Normal (BMI 18.5–24.9 kg/m2, n [%])
45

(49.45)
11

(50.00)
7

(38.89)
15

(55.56)
12

(50.00)

Overweight (BMI ≥ 25.0 kg/m2, n [%])
42

(46.15)
10

(45.45)
11

(61.11)
10

(37.04)
11

(45.83)

Interval between first and second booster
(wks, median [IQR])

17.00
(16.00,
17.00)

17.00
(17.00, 18.00)

17.50
(17.00, 18.00)

16.00
(16.00, 17.00)

16.00
(16.00, 16.00)

0.002
front
IM, intramuscular injection; ID, intradermal injection; µg, micrograms; IQR, interquartile range; wks, weeks; BMI, body mass index; yrs, years.
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542.82 [275.01, 1,071.40], p = 0.007) but not for BA.2 (328.28 [201.68,

534.33] vs. 472.96 [261.99, 853.81], p = 0.206) or BA.4/5 (205.10

[110.09, 382.11] vs. 308.27 [158.57, 599.29], p = 0.115) (Figures 3B–

D). Both IM mRNA-1273 and BNT162b2 had higher GMTs than

their respective ID regimens against BA.1 (p = 0.022 for mRNA-1273,

p = 0.020 for BNT162b2), BA.2 (p = 0.039 for mRNA-1273, p = 0.433

for BNT162b2), and BA.4/5 (p = 0.608 for mRNA-1273, p = 0.031 for

BNT162b2) subvariants at 2 weeks after the second booster

(Figures 3B–D; Supplementary Table 1). Despite no statistical
Frontiers in Immunology 05
difference, GMTs were also higher across arms at 2 weeks after the

second booster compared with at 2–4 weeks after the first booster

(GMR [95% CI] of 1.34 [1.11, 1.62] for BA.2, p = 0.845; 1.10 [0.92,

1.33] for BA.4/5, p = 0.531), except for the BA.1 subvariant, which

was statistically significant (1.71 [1.39, 2.11], p = 0.023) (Figures 3B–

D; Supplementary Table 1). NAbs against Omicron subvariants were

lower than those for Wuhan at 2 weeks after the second booster in

all arms (GMT [95% CI]: 385.28 [295.36, 502.58], 429.52

[342.07, 539.33], and 209.88 [157.98, 278.83] for BA.1, BA.2,
A B

DC

FIGURE 3

Neutralizing antibody (NAb) titers of 50% pseudovirus neutralization assays (PVNT50) against (A) the ancestral (Wuhan) strain and Omicron (B) BA.1,
(C) BA.2, and (D) BA.4/5 subvariants at 2–4 weeks after the first booster and at 2 weeks after the second booster dose. Geometric mean titers
(GMTs) are displayed with 95% confidence intervals (CIs) and were compared using unpaired Student t-tests. Only statistically significant p-values are
displayed, with *, **, and *** denoting p ≤ 0.05, ≤ 0.01, and ≤ 0.001, respectively. µg, micrograms; ID, intradermal; IM, intramuscular.
FIGURE 2

Anti-SARS-CoV-2 receptor binding domain (RBD) IgG geometric mean concentrations (GMC) before and after the administration of a second
booster. GMCs are displayed with 95% confidence intervals (CIs) and were compared using unpaired Student’s t-tests. Only statistically significant p-
values are displayed, with *, **, and *** denoting p ≤ 0.05, ≤ 0.01, and ≤ 0.001, respectively. µg, micrograms; BAU/mL, binding antibody units per
mL; ID, intradermal; IM, intramuscular.
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andBA.4/5 subvariants vs. 517.16 [426.33, 627.35] for Wuhan)

(Supplementary Table 1).
3.4 Adverse events

Figure 4A depicts wheal size immediately after ID vaccination.

Figure 4B illustrates that both local and systemic AEs (mild and

moderate) were less frequent after the second than the first booster,

regardless of administrative route and vaccine type (p ≤ 0.05 for both

local and systemic AEs for ID BNT162b2). Local AEs were significantly

more frequent in ID mRNA-1273 arms than their respective

BNT162b2 arms at 2 weeks after the second booster (p ≤ 0.001 for

ID-mRNA-1273 vs. ID-BNT162b2; Figure 4B). This was also observed

2–4 weeks after the first booster. Systemic AEs were more frequent in

IM vaccine regimens compared with their respective ID regimens at 2

weeks after the second booster (p = 0.304; Figure 4B; Supplementary

Table 2). Systemic AEs also occurred more frequently in mRNA-1273

(27% for ID mRNA-1273 and 44% for IM mRNA-1273) compared

with BNT162b2 (22% for ID BNT162b2 and 42% for IM BNT162b2)

arms at 2 weeks after the second booster, regardless of administrative

route (Figure 4B). The most common systemic AEs at 2 weeks after the

second booster were myalgia (29.67%), headache (10.99%), and fatigue

(10.99%) (Supplementary Table 2). There was no statistical difference

in the frequency of these AEs across arms, regardless of dosing route or

vaccine type (Supplementary Figure 1), except for fatigue, which was

less prevalent 2 weeks after the second booster compared with 2–4

weeks after the first booster in those administered ID BNT162b2 (p =

0.05; Supplementary Figure 1). All local and systemic AEs were mild to

moderate and resolved 2–3 days after administration of the second

booster vaccines. No serious AEs were observed across arms.
4 Discussion

This was the first study to evaluate immunogenicity of repeated

fractional ID mRNA COVID-19 vaccines as a second booster in a
Frontiers in Immunology 06
geriatric population and offer an alternative to standard IM

regimens. Regardless of IM or ID route, we found that a second

booster generated robust humoral immune responses that were

similar or higher than those generated by a first booster against

Wuhan and Omicron subvariants. While ID regimens generally

induced lower humoral immune responses than IM regimens, ID-

mRNA-1273 induced similar humoral immune responses to IM-

BNT162b2. This suggests that fractional ID mRNA-1273 dosing

regimens may provide similar protection to the standard IM

BNT162b2 dosing regimens currently used globally to prevent

severe COVID-19, with an additional advantage of lowering

systemic AEs.

The increased anti-RBD IgG GMCs observed after a second

booster, compared with baseline levels, noted in this study were

consistent with previously reported values (12). Compared with

adults aged ≥60 years old that received only a first booster, a second

COVID-19 booster was associated with a 60%–70% vaccine

effectiveness (VE) against hospitalization and >74% VE against

death during the Omicron predominant period (5, 13–15).

Consistent with a previous study, anamnestic antibody responses

were observed after the administration of a second booster dose

(16). This study also observed that NAb against Omicron

subvariants were lower than Wuhan, and that mRNA-1273

vaccine regimens induced higher antibody responses than

BNT162b2 vaccine regimens. A second booster of BNT162b2 or

mRNA-1273 also induced higher NAb against Omicron subvariants

compared with titers seen after a first booster. One crucial finding

was that a higher proportion of individuals seroconverted against

the Omicron subvariant after a second than after a first booster.

This reflects the importance of a second booster against Omicron

subvariant responses in adults aged ≥65 years. Further research is

warranted, particularly against new Omicron subvariants (i.e.,

XBB, BQ.7).

This study’s findings build upon a previous study that found

fractional ID vaccination of mRNA COVID-19 vaccines as a

primary series and first booster were safe and immunogenic in

adults (8). Despite the lower antibody responses observed in ID
A B

FIGURE 4

(A) An example of a wheal observed immediately after the administration of a second booster dose. (B) Local and systemic adverse events (AEs)
reported 7 days after intramuscular (IM) or intradermal (ID) vaccination as a second booster. Only statistically significant p-values are displayed, with
* and *** denoting p ≤ 0.05 and ≤ 0.001, respectively. µg, micrograms.
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compared with IM regimens, similar T-cell responses were observed

across groups at 2–4 weeks after a first booster (9). Whether higher

ID vaccine dosage will improve immunogenicity remains to

be determined.

Despite the tendency for ID regimens to have greater local AEs

than IM regimens, a reduced frequency of systemic AEs was

observed in this study after ID compared with IM arms of the

same vaccine type. The frequency of both local and systemic AEs

was lower at 2 weeks after the second booster compared with at 2–4

weeks after the first booster (9), regardless of administrative route

and vaccine type. The lower observed AEs after the second

compared with the first booster may promote vaccine uptake in

geriatric populations. ID vaccination uses a fraction of the dose of

standard IM vaccination, which also helps to alleviate vaccine

supply issues. This is highly relevant for settings that have limited

COVID-19 vaccine supplies, particularly those with next-

generation COVID-19 vaccines.

This study had some limitations. First, the differences observed

between vaccine routes and incidences of AEs should be interpreted

with caution due to our small, predominantly female sample and

non-randomized, unblinded study design. Second, we did not

measure NAb at baseline (prior to administering the second

booster). This may influence our ability to interpret the

magnitude of peak antibody responses. However, based on RBD

IgG data, NAb titers were expected to wane to similar levels across

the groups. Third, we did not measure T-cell responses, and thus,

could not evaluate improved cellular immunogenicity following the

second booster. Finally, the technicalities of ID administration (i.e.,

requirements for specialized needles and techniques) may be less

familiar than IM injection. Medical personnel of this study were

trained to routinely administer ID rabies and BCG vaccines, and

wheal size measurements were used to ensure proper techniques

after injection (9).

In summary, we found that mRNA COVID-19 vaccines as a

second booster with repeated fractional ID or IM routes generated

robust humoral immune responses in a geriatric population. These

humoral immune responses were greater after the second than after

the first booster of the same vaccine regimen. Despite generating

lower antibody responses than IM, ID vaccination offers an

alternative vaccination strategy in settings with limited vaccine

supplies and concerns regarding systemic AEs.
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