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IMPORTANCE A delayed large local reaction (DLLR) is a delayed-onset adverse skin reaction
that may occur after injection of the mRNA-1273 vaccine against SARS-CoV-2.

OBJECTIVE To examine the associations between sex and age and susceptibility of DLLRs
after mRNA-1273 vaccination.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cross-sectional study was conducted
at the Self-Defense Forces large-scale vaccination center in Tokyo, Japan, from May 24 to
November 30, 2021. Participants were recipients of the second dose of the mRNA-1273
vaccine who had received the first dose 4 to 6 weeks earlier. Five experienced dermatologists
interviewed participants to assess whether they had experienced symptoms of DLLR after
administration of the first dose of the vaccine.

EXPOSURE Receipt of the first dose of the mRNA-1273 vaccine.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence rate of DLLR
stratified by sex and age group. Odds ratios (ORs) were calculated to evaluate the differences
between groups. Outcomes were tested for significance using the Pearson x? test with 95%
Cls.

RESULTS Of 5893 participants in the study, 3318 (56.3%) were male (median age, 55 years
[IQR, 38-68 years]) and 2575 (43.7%) were female (median age, 50 years [IQR, 34-67 years]).
A total of 747 participants (12.7%) experienced DLLR symptoms after the first dose of the
mRNA-1273 vaccine. Symptoms were mild and not considered as contraindications to the
vaccine. The incidence rate was significantly higher among females (22.4% [577 participants];
OR, 5.30; 95% Cl, 4.42-6.34) than among males (5.1% [170 participants]; reference).
Moreover, the incidence rate was significantly higher among participants aged 30 to 39 years
(14.3% [129 participants]; OR, 1.68; 95% Cl, 1.25-2.26), 40 to 49 years (15.8% [136
participants]; OR, 1.89; 95% Cl, 1.41-2.53), 50 to 59 years (14.9% [104 participants]; OR, 1.76;
95% Cl, 1.29-2.40), and 60 to 69 years (12.6% [182 participants]; OR, 1.45; 95% Cl, 1.10-1.91)
than among participants aged 18 to 29 years (9.0% [81 participants]; reference).

CONCLUSIONS AND RELEVANCE In this cross-sectional study, the first dose of the SARS-CoV-2
mRNA-1273 vaccine was associated with a higher incidence of DLLR among females and
among individuals aged 30 to 69 years. The findings suggest that DLLR may be a type IV
allergic skin reaction.
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adverse skin reaction around the injection site after

vaccination? (eFigure 1 in the Supplement). A DLLR
typically occurs 7 days after vaccination and has a duration of 4
days.? Discrimination of a DLLR from a local site reaction can be
based on the time of onset. A local site reaction occurs around
the injection site; however, it occurs shortly after vaccination.?
Although DLLRs may occur after any vaccination,? they have
been reported as rare**> and almost specific>* adverse skin
reactions occurring after receipt of the mRNA-1273 vaccine
(Moderna) against SARS-CoV-2. Therefore, a DLLR that oc-
curs after mRNA-1273 vaccination is commonly called “COVID
arm” in the US®” and “Moderna arm” in Japan. However, little
is known about the pathophysiology of DLLR after mRNA-
1273 vaccination.

Vaccinations with mRNA-1273 in Japan started on May 24,
2021, and DLLRs associated with the mRNA-1273 vaccine were
reported shortly thereafter.® In this retrospective cross-
sectional study, we analyzed data from medical examinations
in a large-scale population in Japan to assess the associations
of sex and age with susceptibility to DLLR. In addition, we ana-
lyzed the incidence rate of DLLR stratified by sex and age group
and performed multiple linear regression analyses to evaluate
the association of sex and age with time of DLLR onset and du-
ration of DLLR.

Q delayed large local reaction (DLLR) is a delayed-onset

Methods

This study is reported in line with the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE)
reporting guideline. The study was reviewed and approved by
the institutional review board of the Self-Defense Forces
Central Hospital, which waived the requirement for informed
consent because the study did not involve additional risks to
participants; an opt-out method was applied using aleaflet and
website. All study protocols were in accordance with the
Declaration of Helsinki.

Participants were recipients of the second dose of the
mRNA-1273 vaccine who had received a first dose of the same
vaccine 4 to 6 weeks earlier. Five experienced dermatologists
(T.H., Y. Yamazaki, S.S., Y. Yonekura, and Y.M.) interviewed par-
ticipants to assess adverse skin reactions after the first dose
of the mRNA-1273 vaccine at the Self-Defense Forces large-
scale vaccination center in Tokyo, Japan, from May 24 to No-
vember 30, 2021.

In this study, DLLR was considered if a participant re-
ported erythema, tenderness, itchiness, induration, burning
sensation, or swelling around the injection site that existed on
or after the sixth day after injection of the first dose of the
mRNA-1273 vaccine. Details of the methods are given in the
eMethods and eFigure 2 in the Supplement. The primary out-
come was the incidence rate of DLLR stratified by sex and age
group. Odds ratios (ORs) were calculated to evaluate the dif-
ferences between groups. To evaluate the association be-
tween the time of onset and duration of DLLR (dependent vari-
ables) with sex and age (independent variables), multiple linear
regression analyses were performed. Outcomes were tested for
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Key Points

Question Are sex and age associated with susceptibility of
delayed large local reactions (DLLRs) after the first injection of the
SARS-CoV-2 mRNA-1273 vaccine?

Findings In this cross-sectional study of 5893 participants, the
incidence rate of DLLRs after the first dose of the mRNA-1273
vaccine was significantly higher among females than among males
and among participants aged 30 to 69 years than among adults
aged 18 to 29 years.

Meaning The findings suggest that DLLR may be a type IV allergic
skin reaction.

significance using a 2-sided Pearson x? test with 95% CIs.
P < .05 was considered significant. Analyses were performed
using SPSS, version 22.0J (IBM Inc).

|
Results

0Of 650 532 recipients of the second dose of the mRNA-1273 vac-
cine at the Self-Defense Forces large-scale vaccination center
in Tokyo, 5893 were interviewed (3318 [56.3%] male and 2575
[43.7%] female). The median age of males was 55 years (IQR,
38-68 years; range, 18-92 years), and the median age of fe-
males was 50 years (IQR, 34-67 years; range, 18-94 years). A
total of 747 participants (12.7%) experienced DLLR symp-
toms after the first dose of the mRNA-1273 vaccine. Symp-
toms were mild and not considered as contraindications to the
vaccine. The percentage of participants with DLLR symp-
toms increased on the seventh day after vaccination and gradu-
ally decreased thereafter among both males and females
(Figure). The incidence rate, time of onset, and duration of
DLLR overall and stratified by sex and age group are pre-
sented in Table 1. The incidence rate was significantly higher
among females (22.4% [577 participants]; OR, 5.30; 95% CI,
4.42-6.34) than among males (5.1% [170 participants]; refer-
ence). Moreover, the incidence rate was significantly higher
among individuals aged 30 to 39 years (14.3% [129 partici-
pants]; OR, 1.68; 95% CI, 1.25-2.26), 40 to 49 years (15.8% [136
participants]; OR, 1.89; 95% CI, 1.41-2.53), 50 to 59 years (14.9%
[104 participants]; OR, 1.76; 95% CI, 1.29-2.40), and 60 to 69
years (12.6% [182 participants]; OR, 1.45; 95% CI, 1.10-1.91) than
among participants aged 18 to 29 years (9.0% [81 partici-
pants]; reference). Conversely, there was no significant differ-
encein the incidence rates between individuals older than 69
years (10.5% [115 participants]; OR, 1.19; 95% CI, 0.88-1.56) and
individuals aged 18 to 29 years.

The mean (SD) time of onset was significantly earlier
among males (6.97 [1.26] days) than among females (7.32 [1.44]
days) after adjustment for age (B = 0.345 days; 95% CI, 0.105-
0.586 days; P = .005), whereas there was no association be-
tween time of onset and age after adjustment for sex (§ = 0.003
days; 95% CI, -0.003 to 0.009 days; P = .30) (Table 1 and
Table 2). The mean (SD) duration of symptoms was signifi-
cantly shorter among males (4.83 [3.27] days) than among fe-
males (5.98 [4.43] days) after adjustment for age (3 = 1.535 days;
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Figure. Percentage of Participants With Delayed Large Local Reaction (DLLR) Symptoms

After the First Dose of the mRNA-1273 Vaccine
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A DLLR was considered if a participant reported erythema, tenderness,
itchiness, induration, burning sensation, or swelling around the injection site
that existed on or after the sixth day after injection. All symptoms resolved by

the 22nd day among male recipients and by the 42nd day among female
recipients.

Table 1. Incidence Rate, Time of Onset, and Duration of DLLRs After the First Dose of the mMRNA-1273 Vaccine by Sex and Age

Patients with DLLR Senil ol
Characteristic Participants, No. (%) symptoms, No. (%) OR (95% Cl) Onset Duration P value®
Total 5893 (100) 747 (12.7) NA 7.24(1.41) 5.72(4.22) NA
Sex
Female 2575 (43.7) 577 (22.4) 5.30(4.42-6.34) 7.32(1.44) 5.98 (4.43)
Male 3318 (56.3) 170 (5.1) 1 [Reference] 6.97 (1.26) 4.83(3.27) <001
Age group, y
18-29 896 (15.2) 81 (9.0) 1 [Reference] 7.11(1.19) 4.48 (3.46) NA
30-39 900 (15.3) 129 (14.3) 1.68 (1.25-2.26) 7.22(1.57) 5.09 (3.55) <.001
40-49 861 (14.6) 136 (15.8) 1.89(1.41-2.53) 7.13(1.11) 5.73 (4.28) <.001
50-59 699 (11.9) 104 (14.9) 1.76 (1.29-2.40) 7.25 (1.03) 5.02 (3.13) <.001
60-69 1446 (24.5) 182 (12.6) 1.45(1.10-1.91) 7.46 (1.69) 5.90 (4.05) .008
>69 1091 (18.5) 115 (10.5) 1.19 (0.88-1.56) 7.13(1.48) 7.63 (5.65) .26

Abbreviations: DLLR, delayed large local reaction; NA, not applicable; OR, odds
ratio.

2 Pvalue for the Pearson x? test for the association between each characteristic
and incidence.

95% CI, 0.901-2.169 days; P < .001). The duration of DLLR was
also associated with age after adjustment for sex (f = 0.041
days; 95% CI, 0.024-0.057 days; P < .001).

|
Discussion

According to a phase 3 clinical trial of the mRNA-1273 vaccine
that included 30420 participants in the US,° delayed
injection-site reactions with onset on or after the eighth day

jamadermatology.com

of vaccination occurred in 244 recipients (0.8%) after the first
dose and in 68 recipients (0.2%) after the second dose. More
recent studies on recipients who reported DLLR symptoms
after the first or second dose of the mRNA-1273 vaccine
revealed cumulative incidence rates of 1.1% among female
recipients in the US (no DLLR symptoms among 675 male
recipients)* and 0.16% in the general population in Germany.>
Although DLLR has been reported as a rare adverse event
associated with the mRNA-1273 vaccine in the US and Europe,
a previous Japanese study reported an incidence of 1.5%
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Table 2. Multiple Linear Regression Analysis for Onset or Duration of Delayed Large Local Reaction After the First mMRNA-1273 Dose by Sex and Age

Covariate

Female sex Age
Dependent variable B (95% CI) P value® B (95% CI) P value?®
Onset, d 0.345 (0.105 to 0.586) .005 0.003 (-0.003 to 0.009) .30
Duration, d 1.54 (0.901 to 2.169) <.001 0.041 (0.024 t0 0.057) <.001

926

2 Pvalue for multiple linear regression covariate (sex and age).

among males and 12.5% among females.!° In the current
study, DLLR occurred among 5.12% of males and 22.4% of
females; therefore, our results support previous findings that
DLLR is a common adverse event in Japan. The difference in
the incidence rate in our study compared with others is possi-
bly attributable to Japanese recipients being more aware of
skin symptoms after vaccination. Thus, the incidence rate of
DLLR may be underestimated in the US and Europe. To maxi-
mize the sensitivity of our study, only dermatologists with
experience in examining individuals with DLLR interviewed
the participants for details of skin symptoms, including
delayed-onset erythema, tenderness, itchiness, induration,
burning sensation, and swelling around the injection site.
Thus, the incidence rate in this study may be higher than that
previously reported in a Japan.'® Because the incidence rates
of DLLR were low in previous studies,*>° it has been difficult
to assess the association between susceptibility and demo-
graphic characteristics. Therefore, we performed association
analyses in a large-scale population to examine the factors
associated with the onset of DLLR. The incidence rate was sig-
nificantly higher among females than among males, support-
ing the findings of a previous Japanese study.!° In addition,
we found later onset and longer duration of DLLR among
females. To our knowledge, this is the first study to report this
information. Sex differences in body weight and immune
responses associated with hormonal and environmental
factors' may partially explain the differences in susceptibility,
time of onset, and duration of DLLR.

In this study, we found for the first time, to our knowl-
edge, that DLLR occurred more frequently among individu-
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als aged 30 to 69 years than among individuals aged 18 to 29
years. However, there was no significant difference in the in-
cidence rate between individuals older than 69 years and those
aged 18 to 29 years. These findings are similar to the preva-
lence for allergic contact dermatitis associated with several an-
tigens, such as formaldehyde, and suggest that DLLR is a type
IV allergic skin reaction.'? Both DLLR and allergic contact
dermatitis manifest as spongiosis of the epidermis and super-
ficial perivascular and perifollicular T-cell infiltrate with
eosinophils,®> and the histopathological similarities may sup-
port this scenario.

Limitations

This study has limitations. It did not include people who did
not receive a second dose of the mRNA-1273 vaccine; there-
fore, selection bias may exist. Recall bias may not be ex-
cluded because information regarding adverse skin reactions
was self-reported.

|
Conclusions

This cross-sectional study revealed a higher incidence rate of
DLLR after the first dose of the mRNA-1273 vaccine among fe-
males than among males and among individuals aged 30 to 69
years than among individuals aged 18 to 29 years. In addi-
tion, females had later onset and longer duration of DLLR than
males. The association between demographic characteristics
and susceptibility of DLLR suggests that the conditionisa type
1V allergic skin reaction.
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