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ABSTRACT

Background: Although coronavirus disease 2019 (COVID-19) vaccines have been distributed
worldwide under emergency use authorization, the real-world safety profiles of mRNA
vaccines still need to be clearly defined. We aimed to identify the overall incidence and
factors associated with adverse events (AEs) following mRNA COVID-19 vaccination.
Methods: We conducted web-based survey from December 2 to 10 in 2021 with a 2,849
nationwide sampled panel. Study participants were individuals who had elapsed at least two-
weeks after completing two dosing schedules of COVID-19 vaccination aged between 18—49
years. We weighted the participants to represent the Korean population. The outcome was
the overall incidence of AEs following mRNA COVID-19 vaccination and associated factors.
We estimated the weighted odds ratios (ORs) using multivariable logistic regression models
to identify the factors associated with AEs.

Results: Of the 2,849 participants (median [interquartile range] age, 35 [27-42] years; 51.6%
male), 90.8% (n = 2,582) for the first dose and 88.7% (n = 2,849) for the second dose reported
AEs, and 3.3% and 4.3% reported severe AEs, respectively. Occurrence of AEs was more
prevalent in mRNA-1273 (OR, 2.06; 95% confidence interval [CI], 1.59-2.67 vs. BNT162b2),
female sex (1.88; 1.52-2.32), and those with dermatologic diseases (2.51; 1.32-4.77). History
of serious allergic reactions (1.96; 1.06-3.64) and anticoagulant medication use (4.72;
1.92-11.6) were associated with severe AEs.

Conclusion: Approximately 90% of participants reported AEs following mRNA COVID-19
vaccination. Substantial factors, including vaccine type (mRNA-1273), female sex, and
dermatologic diseases were associated with AEs. Our findings could aid policymakers in
establishing vaccination strategies tailored to those potentially susceptible to AEs.

Keywords: COVID-19 Vaccines; Drug-Related Side Effects and Adverse Reactions; mRNA
Vaccines; Risk Factors; Survey and Questionnaires
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INTRODUCTION

In the midst of the coronavirus disease 2019 (COVID-19), vaccines have been rapidly
developed and introduced under emergency use authorization around the world. The
messenger RNA (mRNA) vaccine, BNT162b2 (Pfizer/BioNTech), was the first COVID-19
vaccine accepted by the World Health Organization (WHO)! and used widely together with
mRNA-1273 (Moderna), based on their high efficacy (> 94%) in phase-3 trials.2:3 In South
Korea, BNT162b2 and mRNA-1273 have been rolled out since February 27, 2021, and June 18,
2021, respectively. Primarily, adults aged < 60 years were the main targets of these vaccines,
which then expanded to all populations aged > 5 years by May 2022, resulting in a vaccine
coverage rate of > 80%.4

Given the limited public health experience with this novel vaccine platform and potential
movement toward annual COVID vaccination strategy like influenza immunization, it is
important to identify and monitor the safety of mRNA vaccines.>¢ In phase-3 trials, major
adverse events (AEs) after vaccination were mild-to-moderate and transient events including
injection site pain (66.0-88.2%), fatigue (34.0-65.3%), and headache (25.0-58.6%). The
incidence of serious AEs was rare (0.6%) and was similar in the vaccine and placebo groups.2:3
Following the COVID-19 vaccination, surveillance studies using government-sponsored
reporting system database, health record data, or real-time data from mobile applications
were conducted to evaluate the real-world safety of mRNA vaccines with an understanding

of the clinical trial limitations.”12 The studies found reassuring results with respect to the
acceptable safety profile of the vaccines; however, they mainly focused on AEs reported in

the phase-3 trials, which did not reflect the safety concerns recently raised (e.g., menstrual
disorder and hair loss), and the results of those studies would likely be limited to under-
reporting bias. Furthermore, less safety data exists focusing on young adults, since previous
studies largely included participants aged > 50 years. Also, few studies identified the factors
associated with AEs after mRNA vaccination. Worldwide proportion of people fully vaccinated
is 62.2% as of September 2022,13 and people not vaccinated due to concerns about the AEs of
COVID-19 vaccines also exist, thereby information on the risk factors for AEs is required.

This study aimed to investigate a population-based safety profile of mRNA COVID-19 vaccines
and to identify factors associated with participant-reported AEs following mRNA COVID-19
vaccination using nationally representative survey data generated from a population aged
between 18—49 years in Korea.

METHODS

Design, setting, and participants

We conducted a cross-sectional, web-based survey between December 2-10, 2021. Gallup
Korea, an affiliation of Gallup International, distributed a survey invitation incorporating
general concepts, purpose, and informed consent via e-mail to online panels stratified
according to age, sex, and region to represent the Korean population. Participants were
enrolled if they met the inclusion criteria of the study: 1) individuals who had elapsed at least
two weeks after completing both doses of COVID-19 vaccination, and 2) individuals aged 18—
49 years. We defined these criteria considering the timing of implementing a nationwide mass
vaccination of mRNA COVID-19 vaccine to the general population aged 18-49 years in Korea.
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We also enrolled participants who received a heterologous vaccine of COVID-19 (adenoviral
vector vaccine as the first dose and subsequent mRNA vaccine, or BNT162b2 as the first dose
and subsequent mRNA-1273 or vice versa) as the government allowed heterologous vaccination
in a similar period of mass vaccination. After enrollment, the participants provided responses
regarding their baseline characteristics, COVID-19 vaccination status, and AEs. We then
weighted the study participants to adjust for under- or over-coverage from the expected
distributions of age, sex, and regional strata derived from the Korean population. A detailed
explanation of minimal sample size calculation, participant rewards, the weight calculation
methods, etc. is provided in the Supplementary Data 1.

Questionnaires

We developed participant-reporting questionnaires to identify the overall incidence of AEs.
The contents of the questionnaire were as follows: 1) demographic and clinical characteristics
including age, sex, education level, smoking status, alcohol consumption status, occupation,
body mass index (BMI), comorbidities (e.g., diabetes, hypertension, cardiovascular diseases,
cancer, autoimmune diseases, dermatologic diseases, respiratory diseases, renal diseases,
liver diseases, neurological diseases, and other unsolicited diseases), history of COVID-19,
history of serious allergic reactions (e.g., anaphylaxis, and systemic edema), and previous
use of anticoagulant medications in the past six months; 2) COVID-19 vaccination status
(types and timing of vaccination at the first and second dose); and 3) AEs following COVID-19
vaccination. Participant-reported AEs were measured to determine whether they experienced
AEs, including injection site pain, fatigue, arthralgia or myalgia, headache, chills, fever,
injection site swelling or redness, nausea or vomiting, menstrual disorders and unexpected
vaginal bleeding, stomachache or diarrhea, rash other than at the injection site, dyspnea,
mental illness, respiratory symptoms, hair loss, exacerbation of underlying disease, and
other unsolicited symptoms (participants could respond by free text). If participants reported
any AEs, they were requested to report the duration of each symptom and the time of onset
following branching logic. Symptom severity was measured by four exclusive criteria:
‘symptoms were mild enough to not interfere with daily life,” ‘symptoms interfered with

daily life, but did not visit the hospital,” ‘hospital visit was made, but was not hospitalized,’
‘hospitalized including intensive care unit or had an emergency department visit.” Severe AEs
were defined as responses to a hospital visit/hospitalization due to AEs. The questionnaire in
Korean is provided in Supplementary Data 2.

Outcomes

The primary outcome was the overall incidence of participant-reported AEs following mRNA
COVID-19 vaccination and factors associated with AEs. To focus on mRNA vaccines, we
restricted only AEs following the mRNA COVID-19 vaccine in our analyses; if a participant
received ChAdOx1 nCov-19 (not mRNA vaccine) at the first dose and BNT162b2 at the second
dose, AEs of ChAdOx1 nCov-19 at the first dose were excluded, while AEs of BNT162b2 at the
second dose were included. We classified AEs into two categories (local and systemic) as the
aspects may differ across participants’ characteristics. Local AEs included injection site pain,
injection site swelling, redness, swollen lymph nodes, and lymphadenitis, while systemic

AEs included other than local AEs specified above. The secondary outcome was the dose-

and vaccine-type-specific odds of AEs among the sub-population of study participants. We
composed a subset of the study cohort, excluding participants who had received heterologous
vaccination, to minimize the potential association between heterologous vaccinations and AEs.
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Statistical analysis

The overall incidence of AEs following both doses of COVID-19 vaccination was summarized
into weighted proportions by the type of vaccine and sex. For baseline characteristics, we
presented the median and interquartile range (IQR) for continuous variables, and frequency
and proportion for categorical variables. We conducted multivariable logistic regression

to identify factors associated with AEs, using the weighted odds ratio (OR) and 95%
confidence interval (CI). The unit of analysis was each dose of the COVID-19 vaccination

to consider multiple vaccinations from the same participants. Given that the AE types

may differentially occur depending on participants’ characteristics, we constructed the
regression model separately according to the types of AEs (any-, severe-, local-, and systemic-
AEs vs. no AEs). The model included several demographic and clinical factors: COVID-19
vaccine types (BNT162b2/mRNA-1273), vaccine dose (first dose/second dose), heterologous
vaccination, age, sex (male/female), BMI (was categorized into four groups following Asian
BMI classification: underweight [< 18.5 kg/m?], normal bodyweight [18.5 to < 23 kg/m?],
overweight [23 to < 25 kg/m?], obesity [higher than 25 kg/m?]),14 history of COVID-19, serious
allergic reaction, anticoagulant medication use, smoking status, alcohol consumption, and
comorbidities. Moreover, dose- and vaccine-type-specific odds of having different types of
AEs were assessed in a subset of study participants using multivariable logistic regression.
The same variables used in the primary analysis were included in the model. A two-tailed P
value < 0.5 was considered statistically significant. All statistical analyses were performed
using SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA).

Ethics statement

Ethical approval for this survey was obtained from the Institutional Review Board of
Sungkyunkwan University (approval number: SKKU 2021-11-019). All participants provided
electronic consent and remained anonymous.

RESULTS

Totally 2,849 adults participated in the survey, with a median (IQR) age of 35 (27-42) years and
1,470 (51.6%) men (Table 1). Our study meets the American Association for Public Opinion
Research (AAPOR) reporting guideline,5 and the survey attained a response rate of 13.8% and
a cooperation rate of 66.9% under the AAPOR Response Rate Calculation. Most participants
received homologous vaccination (BNT162b2 [n = 1,950, 68.4%]; mRNA-1273 [n = 617, 21.7%])
and 282 (9.9%) received heterologous vaccination. Among the cohort, 3.1% had a history of a
serious allergic reaction and 1.0% used anticoagulants six-months before vaccination. A total
of 50 participants reported having other diseases, including thyroid disorders accounting for
the most (15 cases), followed by gout (5 cases) and gastritis/gastric ulcer (3 cases): Although
Meniere’s disease, hepatitis B, anemia, ophthalmic disease, and polycystic ovary syndrome
were included as well, the frequency of these conditions was uncommon.

Among participants receiving the mRNA COVID-19 vaccine, 90.8% of the first dose and
88.7% of the second dose reported AEs; those with severe AEs were 3.3% and 4.3%,
respectively (Fig. 1). The incidence of AEs following mRNA-1273 was higher than that of
BNT162b2 at both doses: first dose (93.5% vs. 89.9% for any AEs; 4.8% vs. 2.9% for severe
AEs) and second dose (95.0% vs. 87.0%; 5.8% vs. 3.9%) (Supplementary Table 1). The
incidence of AEs was higher in women than in men at the first dose (93.9% vs. 87.7% for
any AEs; 3.6% vs. 3.1% for severe AEs) and second dose (91.9% vs. 85.5%; 5.6% vs. 3.1%)
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Table 1. Characteristics of COVID-19 vaccinated participants

Characteristics

No. (%)

Total participants

Weighted participants

(N = 2,849) (n = 2,849)
Age, median (IQR), yr 35(27-42) 35(27-42)
18-29 1,017 (35.7) 971 (34.1)
30-39 780 (27.4) 850 (29.8)
40-49 1,052 (36.9) 1,028 (36.1)
BMI, median (IQR), kg/m? 29.9 (20.6-25.6) 23.0 (20.7-25.7)
Underweight (< 18.5) 192 (6.7) 186 (6.5)
Normal bodyweight (18.5 to < 23) 1,263 (44.3) 1,242 (43.6)
Overweight (23 to < 25) 567 (19.9) 572 (20.1)
Obesity (> 25) 827 (29.0) 849 (29.8)
Sex
Male 1,409 (49.5) 1,470 (51.6)
Female 1,440 (50.5) 1,379 (48.4)
Homologous vaccination
BNT162b2 1,956 (68.7) 1,950 (68.4)
MRNA-1273 619 (21.7) 617 (21.7)
Heterologous vaccination® 274 (9.6) 282 (9.9)
History of COVID-19 15 (0.5) 15 (0.5)
History of serious allergic reaction 87 (3.1) 87 (3.1)
Anticoagulant medications use in the past 6 mon 28 (1.0) 29 (1.0)
Smoking status
Never 1,923 (67.5) 1,896 (66.5)
Past 367 (12.9) 378 (13.3)
Current 559 (19.6) 575 (20.2)
Alcohol consumption, /wk
None 778 (27.3) 768 (26.9)
0-1 1,622 (56.9) 1,623 (57.0)
2-3 363 (12.7) 369 (13.0)
>4 86 (3.0) 89 (3.1)
Comorbidities
Diabetes 66 (2.3) 68 (2.4)
Hypertension 184 (6.5) 193 (6.8)
Cardiovascular diseases 36 (1.3) 37 (1.3)
Cerebrovascular diseases 15 (0.5) 15 (0.5)
Cancer 21 (0.7) 20 (0.7)
Autoimmune diseases 43 (1.5) 44 (1.5)
Dermatologic diseases 130 (4.6) 129 (4.5)
Respiratory diseases 78 (2.7) 79 (2.8)
Renal diseases 13 (0.5) 14 (0.5)
Liver diseases 36(1.3) 37 (1.3)
Neurological diseases 3(0.1) 3(0.1)
Psychiatric or mental diseases 94 (3.3) 95(3.3)
Other diseases 50(1.8) 49 (1.7)
Education
No high school degree 58 (2.0) 55(1.9)
High school graduate 577 (20.3) 568 (19.9)
Associate degree 493 (14.8) 421 (14.8)
Bachelor’s degree 1,493 (52.4) 1,504 (52.8)
Graduate 298 (10.5) 301 (10.6)
Occupation
Employed 1,992 (69.9) 2,020 (70.9)
Unemployed or housemaker 857 (30.1) 829 (29.1)
Region
Metropolitan 567 (19.9) 569 (20.0)
Urban 725 (25.4) 723 (25.4)
Rural 1,557 (54.7) 1,557 (54.7)

COVID-19 = coronavirus disease 2019, IQR = interquartile range, BMI = body mass index, mRNA = messenger RNA.
2Heterologous vaccination included participants who received ChAdOx1 nCov-19 at the first dose and BNT162b2 or
MRNA-1273 at the second dose, or BNT162b2 at the first dose and mRNA-1273 at the second dose and vice versa.
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(Supplementary Table 2). The most common AEs were injection site pain, fatigue, arthralgia/
myalgia, headache, chills, fever, injection site swelling/or redness, nausea/vomiting,
menstrual disorders and unexpected vaginal bleeding. Whereas most AEs appeared and
disappeared within three-days, menstrual disorders and unexpected vaginal bleeding, and
hair loss appeared mostly after seven-days of vaccination and persisted for more than three-
days (Supplementary Tables 3 and 4). For the severe AEs, there were five cases of thrombosis
with thrombocytopenia, four cases of myocarditis/or pericarditis, and one case of anaphylaxis
(Supplementary Table 5).

The factors associated with AEs and severe AEs following mRNA COVID-19 vaccination

are shown in Table 2. The odds of any AEs were higher in mRNA-1273 (weighted OR, 2.06;
95% CI, 1.59-2.67 vs. BNT162b2), female sex (OR, 1.88; 1.52-2.32), older age group (OR,
1.41; 1.12-1.78 at 40-49 years, and OR, 1.27; 1.01-1.60 at 30-39 years vs. 18-29 years), and
those with dermatologic diseases (OR, 2.51; 1.32-4.77); lower in the second dose (OR, 0.82;
0.68-0.98) and those with a history of COVID-19 (OR, 0.35; 0.15-0.83). The odds of severe
AEs were higher in mRNA-1273 (OR, 1.67; 1.23-2.26 vs. BNT162b2), those with a history of a
serious allergic reaction (OR, 1.96; 1.06-3.64), recent anticoagulant use (OR, 4.72; 1.92-11.6),
and those with dermatologic diseases (OR, 2.49; 1.55-4.00).

The factors associated with local and systemic AEs after the COVID-19 vaccination are shown
in Table 3. Local AEs were more prevalent in mRNA-1273 (OR, 1.37; 1.18-1.60 vs. BNT162b2),
female (OR, 1.43; 1.24-1.65). The odds of systemic AEs were higher in mRNA-1273 (OR, 1.84;
1.57-2.15 vs. BNT162b2), female sex (OR, 1.71; 1.49-1.97), and patients with dermatologic
diseases (OR, 1.77; 1.26-2.49) and lower in those receiving heterologous vaccination (OR,
0.73; 0.56-0.96).

When assessing the association between the odds of AEs stratified by vaccine type (mRNA-
1273 vs. BNT162b2) and dose (second vs. first), significant trends of reported AEs were
observed across vaccine types and doses (Fig. 2). While all AEs were more predominant in
mRNA-1273 than in BNT162b2, the odds were particularly higher for systemic AEs at the
second dose (OR, 2.92; 2.27-3.77). For both mRNA COVID-19 vaccines, the incidence of
systemic AEs increased at the second dose compared to that at the first dose, whereas the
incidence of local AEs decreased.

DISCUSSION

Our survey revealed that 88.7-90.8% of mRNA COVID-19 vaccbine recipients experienced AEs
and 3.3-4.3% reported severe AEs after the first/second dose. The most predominant AEs
were injection site pain, fatigue, arthralgia, and myalgia, similar to the results of previous
studies.?8,16,17 Substantial factors, including vaccination with mRNA-1273, first dose, female
sex, and dermatologic diseases were associated with AEs. Additionally, the second dose,
history of serious allergic reactions, and anticoagulant medication use in the past six-months
were associated with greater odds of severe AEs.

The magnitude of reporting AEs among BNT162b2 recipients was considerably smaller
compared to participants in the phase-3 trials of BNT162b2. While 83% and 78% of
vaccine recipients aged 16-55 years reported injection site pain after the first and second
doses, respectively, in the trial,2 73.4% and 67.8% reported the same AE in this study.
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A Adverse events by vaccine types after first dose
of COVID-19 vaccination

Any adverse events
Severe adverse events
Local adverse events
Systemic adverse events
Injection site pain
Fatigue
Arthralgia or myalgia
Headache
Chills
Fever
Injection site swelling or redness

Nausea or vomiting

Chest pain
Other symptoms
Stomachache or diarrhea
Rash
Dyspnea

| ALl (N =2,582) Mental illness

m BNT162b2 (n = 1,960)
= MRNA-1273 (n = 622)

Respiratory symptoms
Hair ross

Exacerbation of underlying disease

T
100 80 60 40 20 0

Proportion of adverse events, %

c Adverse events by sex after first dose
of COVID-19 vaccination
Any adverse events
Severe adverse events
Local adverse events
Systemic adverse events
Injection site pain
Fatigue
Arthralgia or myalgia
Headache
Chills
Fever
Injection site swelling or redness

Nausea or vomiting

Chest pain
Other symptoms
Stomachache or diarrhea
Rash
Dyspnea

Mental illness

| AlL(N =2,582)
H Male (n=1,317)
H Female (n =1,265)

Respiratory symptoms
Hair ross

Exacerbation of underlying disease

T
100 80 60 40 20 0
Proportion of adverse events, %

Menstrual disorders and unexpected vagina bleeding

Menstrual disorders and unexpected vagina bleeding

Adverse events by vaccine types after second dose
of COVID-19 vaccination

m All (N = 2,849)
m BNT162b2 (n = 2,215)
= MRNA-1273 (n = 634)

0 20 40 60 80 100

Proportion of adverse events, %

Adverse events by sex after second dose
of COVID-19 vaccination

m All (N =2,849)
M Male (n =1,470)
® Female (n =1,379)

1
0 20 40 60 80 100

Proportion of adverse events, %

Fig. 1. Adverse events following mRNA COVID-19 vaccination by characteristics of participants. (A) Adverse events by vaccine types after first dose of COVID-19
vaccination. (B) Adverse events by vaccine types after second dose of COVID-19 vaccination. (C) Adverse events by sex after first dose of COVID-19 vaccination.

(D) Adverse events by sex after second dose of COVID-19 vaccination.
COVID-19 = coronavirus disease 2019.
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Table 2. Baseline characteristics associated with any adverse events and severe adverse events following mRNA

COVID-19 vaccination

Characteristics (N = 2,849)

Weighted OR (95% Cl)

Any adverse events

Severe adverse events

Type of COVID-19 vaccine
BNT162b2
MRNA-1273
Vaccine dose (2nd dose vs. 1st dose)
Sex
Male
Female
Age, yr
18-29
30-39
40-49
Heterologous vaccination®
History of COVID-19
History of serious allergic reaction
Anticoagulant medications use in the past 6 mon
Smoking status
Never
Past
Current
Alcohol consumption, /wk
None
0-1
2-3
>4
BMI, kg/m?
Underweight (< 18.5)
Normal bodyweight (18.5 to < 23)
Overweight (23 to < 25)
Obesity (> 25)
Comorbidities
Diabetes
Hypertension
Cardiovascular diseases
Cerebrovascular diseases
Cancer
Autoimmune diseases
Dermatologic diseases
Respiratory diseases
Renal diseases
Liver diseases
Neurological diseases
Psychiatric or mental diseases
Other diseases

1 (Reference)
2.06 (1.59-2.67)
0.82 (0.68-0.98)

1 (Reference)
1.88 (1.52-2.32)

1 (Reference)
1.27 (1.01-1.60)
1.41(1.12-1.78)
0.78 (0.54-1.15)
0.35 (0.15-0.83)
1.32 (0.70-2.50)
92.35 (0.67-8.26)

1 (Reference)
1.43 (1.03-1.97)
0.83 (0.65-1.05)

1 (Reference)
1.37 (1.11-1.69)
1.22 (0.89-1.66)
1.47 (0.83-2.61)

1.71 (1.06-2.75)

1 (Reference)
0.96 (0.75-1.23)
0.96 (0.77-1.19)

0.95 (0.53-1.71)
0.81 (0.57-1.16)
0.88 (0.39-2.01)
0.95 (0.26-3.42)
3.39 (0.44-26.4)
2.71 (0.82-8.91)
2.51 (1.32-4.77)
1.47 (0.75-2.90)
N/A
0.47 (0.25-0.90)
0.46 (0.04-4.77)
1.05 (0.62-1.79)
2.19 (0.86-5.55)

1 (Reference)
1.67 (1.23-2.96)
1.31 (0.98-1.75)

1 (Reference)
1.39 (1.00-1.93)

1 (Reference)
1.31(0.92-1.87)
0.93 (0.64-1.35)
1.01 (0.53-1.93)
1.37 (0.37-5.06)
1.96 (1.06-3.64)
4.792 (1.92-11.6)

1 (Reference)
0.86 (0.54-1.38)
0.64 (0.41-1.02)

1 (Reference)
0.71 (0.52-0.98)
0.74 (0.45-1.24)
1.25 (0.58-2.70)

0.78 (0.43-1.42)

1 (Reference)
0.88 (0.59-1.33)
1.04 (0.73-1.48)

1.01 (0.41-2.45)
1.52 (0.87-2.68)
9.96 (0.95-5.40)
0.33 (0.03-4.22)
1.20 (0.27-5.28)
1.27 (0.49-3.26)
9.49 (1.55-4.00)
1.62 (0.82-3.17)
0.16 (0.01-2.06)
0.77 (0.23-2.63)
N/A
0.80 (0.37-1.75)
9.35 (1.08-5.11)

COVID-19 = coronavirus disease 2019, OR = odds ratio, Cl = confidence interval, BMI = body mass index, N/A = not
applicable, mRNA = messenger RNA.

2Heterologous vaccination included participants who received ChAdOx1 nCov-19 at the first dose and BNT162b2 or
MRNA-1273 at the second dose, or BNT162b2 at the first dose and mRNA-1273 at the second dose and vice versa.

The proportion of individuals who reported fatigue after the first dose (43.1%) and the
second dose (41.9%) was also lower than that expected from clinical trials (47% and 59%,
respectively). In contrast, the proportion of patients experiencing any AEs after both doses
of mRNA-1273 in this study (93.5-95.0%) was higher than that reported in the clinical

trial (87.8-92.2%).3 However, considerable differences were observed in the trends of AEs
compared with results from other participant-reporting studies. The UK app study showed
that 13.5% (dose 1) and 22.0% (dose 2) of BNT162b2 recipients reported systemic side-effects
and 71.9% (dose 1) and 68.2% (dose 2) reported local side-effects.? In the US online cohort
study, AEs were reported by 64.9% of partially vaccinated and 80.3% of fully vaccinated.10
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Table 3. Baseline characteristics associated with local and systemic adverse events following mRNA COVID-19

vaccination

Characteristics (N = 2,849)

Weighted OR (95% CI)

Local adverse events

Systemic adverse events

Type of COVID-19 vaccine
BNT162b2
MRNA-1273
Vaccine dose (2nd dose vs. 1st dose)
Sex
Male
Female
Age, yr
18-29
30-39
40-49
Heterologous vaccination®
History of COVID-19
History of serious allergic reaction
Anticoagulant medications use in the past 6 mon
Smoking status
Never
Past
Current
Alcohol consumption, /wk
None
0-1
2-3
>4
BMI, kg/m?
Underweight (< 18.5)
Normal bodyweight (18.5 to < 23)
Overweight (23 to < 25)
Obesity (> 25)
Comorbidities
Diabetes
Hypertension
Cardiovascular diseases
Cerebrovascular diseases
Cancer
Autoimmune diseases
Dermatologic diseases
Respiratory diseases
Renal diseases
Liver diseases
Neurological diseases
Psychiatric or mental diseases
Other diseases

1 (Reference)
1.37 (1.18-1.60)
0.75 (0.66-0.85)

1 (Reference)
1.43 (1.24-1.65)

1 (Reference)
1.03 (0.89-1.20)
1.50 (1.28-1.76)
0.99 (0.75-1.30)
0.56 (0.27-1.14)
1.09 (0.75-1.59)
0.90 (0.48-1.68)

1 (Reference)
1.01 (0.82-1.24)
0.90 (0.76-1.07)

1 (Reference)
1.19 (1.03-1.38)
1.16 (0.93-1.44)
1.62 (1.08-2.49)

1.13 (0.86-1.48)

1 (Reference)
0.97 (0.82-1.15)
0.91 (0.78-1.06)

0.73 (0.49-1.08)
0.85 (0.65-1.09)
0.84 (0.49-1.44)
1.15 (0.48-2.76)
1.36 (0.58-3.20)
1.10 (0.65-1.85)
1.14 (0.84-1.56)
1.52 (1.00-2.30)
0.74 (0.31-1.78)
0.63 (0.38-1.04)
1.63 (0.18-15.9)
0.92 (0.66-1.28)
1.74 (1.01-3.00)

1 (Reference)
1.84 (1.57-2.15)
1.99 (1.14-1.46)

1 (Reference)
1.71 (1.49-1.97)

1 (Reference)
1.02 (0.88-1.20)
0.85 (0.73-0.99)
0.73 (0.56-0.96)
0.56 (0.27-1.17)
1.28 (0.87-1.89)
0.98 (0.51-1.87)

1 (Reference)
1.05 (0.86-1.28)
0.76 (0.65-0.90)

1 (Reference)
1.14 (0.99-1.39)
1.22 (0.99-1.59)
1.27 (0.88-1.85)

1.31 (0.99-1.73)

1 (Reference)
1.06 (0.90-1.25)
0.94 (0.81-1.09)

1.02 (0.68-1.52)
1.03 (0.80-1.33)
1.40 (0.78-2.49)
1.17 (0.49-2.81)
1.10 (0.52-2.33)
1.32 (0.76-2.28)
1.77 (1.26-2.49)
1.43 (0.96-2.15)
9.09 (0.69-6.30)
0.58 (0.35-0.96)
2.30 (0.23-22.9)
1.19 (0.84-1.70)
9.18 (1.26-3.75)

COVID-19 = coronavirus disease 2019, OR = odds ratio, Cl = confidence interval, BMI = body mass index, mRNA =
messenger RNA.

2Heterologous vaccination included participants who received ChAdOx1 nCov-19 at the first dose and BNT162b2 or
MRNA-1273 at the second dose, or BNT162b2 at the first dose and mRNA-1273 at the second dose and vice versa.

Although the proportion of AEs was generally higher in our study, we speculated that the
difference might be due to potential racial and age differences of the study cohort. As our
population mainly comprised Asian heritage and younger individuals (median age of 35 years)
compared with the aforementioned studies (54 years; UK study; 59-64 years; US study),
contrasting trends of AEs and association of age might be observed, unlike other studies.
Given that Beatty and colleagues identified that Asians are more likely to report AEs following
the COVID-19 vaccine compared to Caucasians (OR, 1.49; 1.28-1.73),10 this does not preclude
the association of genetic differences in AEs following mRNA COVID-19 vaccine.
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A mMRNA-1273 vs. BNT162b2

Adverse events

Weighted OR (95% CI)

Any adverse events
First dose
Second dose

1.62 (113-2.33)
2.78 (1.88-4.11)

Severe adverse events

First dose
Second dose

1.79 (1.12-2.87)
1.55 (1.01-2.37)

Local adverse events

First dose
Second dose

1.34 (1.07-1.69)
1.43 (116-1.77)

Systemic adverse events

First dose
Second dose

1.30 (1.06-1.60)
2.92 (2.27-3.77)

B Second dose vs. first dose

mm) Reported more in MRNA-1273 Adverse events Weighted OR (95% Cl) mm Reported more in second dose
Any adverse events
—a— BNT162b2 0.75 (0.62-0.92) —a—
—a— MRNA-1273 1.31(0.80-2.16) —
Severe adverse events
—a— BNT162b2 1.42 (0.99-2.03) —
— MRNA-1273 1.25 (0.74-2.10) —t—
Local adverse events
—— BNT162b2 0.74 (0.64-0.85) —a—
—— MRNA-1273 0.78 (0.59-1.03) ——
Systemic adverse events
—— BNT162b2 1.13 (0.98-1.29) ——
—a— MRNA-1273 2.49 (1.85-3.36) —a—
T T 1 T T 1
1 2 4 0.5 1 2 4

0.5

Weighted OR (95% Cl) Weighted OR (95% Cl)

Fig. 2. Comparison of participant-reported adverse events between vaccine types and doses.
OR = odds ratio, CI = confidence interval, mRNA = messenger RNA.

https://jkms.org

Among the factors that may have an impact on AEs, the vaccine type was the most
significant. Particularly, mRNA-1273 was significantly associated with higher odds of

AEs than BNT162b2. These results were consistent with the findings of clinical trials,?3
survey-based studies,10,18,19 and a government-sponsored surveillance study.20 However,
heterologous vaccination was not associated with AEs in this study. Clinical trials of
heterologous prime-boost schedules with ChAdOx1 nCov-19 and BNT162b2 and a
prospective cohort study identified no difference in reactogenicity between heterologous
and homologous immunization regimens.2-23 Although an inverse association between
heterologous vaccination and systemic AEs was observed, this should be interpreted with
caution, and further evidence on the safety of heterologous vaccination would be required.

In secondary analyses with homologous mRNA vaccine recipients for both doses, mRNA-
1273 recipients had higher odds of reporting all types of AEs, regardless of the vaccine dose,
compared to BNT162b2 recipients. We also found less frequent reporting of local AEs after
the second dose than after the first dose in BNT162b2 recipients (OR, 0.74; 0.64-0.85) and
more frequent reporting of systemic AEs after the second dose in mRNA-1273 recipients (OR,
2.49;1.85-3.36). These results were in line with the profile of safety reports in clinical trials
and previous observational studies.239:24 Although the CI was wide and included the null
value, the odds for local AEs after the second dose of mRNA-1273 were low compared with
those after the first dose (OR, 0.78; 0.59-1.03). This was considerably different from previous
findings that local AEs were also more common after the second dose than the first dose in
mRNA-1273 recipients.3:24 Further research is needed to interpret this result.

Of the baseline characteristics, female sex was one of the evident factors associated with
AEs, showing that the overall incidence of AEs in women was generally higher than that

in men in this study, which was also proved by recent studies.10,18,25 A notable finding

was that over 15% of female participants reported menstrual disorders and unexpected
vaginal bleeding after mRNA vaccination. Although a recent cohort study concluded that
COVID-19 vaccination was associated with a small change in the menstrual cycle,26 menstrual
disorders and unexpected vaginal bleeding should be carefully monitored in future booster
shots. A history of COVID-19 was associated with lower odds of AEs in our study, however;
in previous studies, this was not the case.10,2%28 Since the number of participants with
COVID-19 history in our study was too small (n = 15), the results might have been derived
by chance. Dermatologic diseases are a potential factor associated with AEs. Specific
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responses to dermatologic diseases could not be identified in our questionnaire. Still,
considering the representativeness of this study, it would have shown a similar trend to the
common skin diseases in Korea,29 including allergic contact dermatitis, atopic dermatitis,
and urticaria. A Japanese study also found that atopic dermatitis was associated with
immediate hypersensitivity reactions to mRNA vaccine (OR, 5.82; 1.01-33.71).30 A cohort
study reported that atopy may not be a significant risk factor for an allergic reaction to the
mRNA vaccine, but this interpretation is limited by a small sample size (n = 68).31 1t is known
that defects in the epidermal barrier function accelerate sensitization to allergens following
dermal exposure.32 Thus, individuals with dermatologic diseases are likely to experience
hypersensitive reactions to the COVID-19 vaccines.

For severe AEs, a history of serious allergic reactions and recent anticoagulant use were
significantly associated factors. According to a study analyzing the Vaccine Adverse Event
Reporting System database, allergy history was more common in vaccine recipients with
anaphylactic reactions than in those without (64.9% vs. 49.6%, OR, 1.88).8 Another cohort
study also found that a history of high-risk allergy was highly associated with an increased
risk of allergic reactions after mRNA COVID-19 vaccination (relative risk, 2.46; 1.92-3.16).33
With respect to recent anticoagulant use, as the number of participants who administered
anticoagulants was small, experiences of severe AE in those participants could have a
significant impact on the result. In light of the fact that the current COVID-19 vaccination
guidelines do not specify contraindications in relation to the indication of anticoagulants
and that vaccination can be performed if the anticoagulant user’s treatment status remains
stable, the possibility of chance finding cannot be ruled out in this study. However, given
the negative effect on anticoagulation control following BNT162b2 inoculation was reported
recently,34 continuous monitoring should be needed to be tailored to those populations who
were prescribed anticoagulant medication.

Our results should be interpreted with caution given the following limitations. First, there
might be potential misclassification of outcomes, as AEs reported by the participants were
not medically reviewed. However, we attempted to determine the solicited AEs mainly based
on the symptoms experienced by the participants, not medical jargon, focusing on patient-
reported outcomes. Second, recall bias from participants who experienced AEs and the
heterogeneous characteristics between participants and non-participants may have biased
the results due to the nature of the survey-based study. Enrolled participants may have
responded to the survey because they experienced symptoms, whereas those who did not
experience symptoms were likely to not be interested in completing the survey. Third, the
possibility of chance finding cannot be ruled out due to the limited number of participants
in this study. Fourth, despite our effort to enhance the representativeness of the sample by
stratified sampling and weighting, our study participants might not reflect the overall Korean
population. Lastly, as we only examined the short-term safety of mRNA vaccines, further
studies are required to evaluate the long-term AEs.

In conclusion, this nationally representative survey revealed that approximately 90% of
mRNA vaccine recipients aged 18-49 years reported AEs, however, most AEs were mild and
transient. We also found that vaccination with mRNA-1273, female sex, and dermatologic
diseases were associated with participant-reported AEs. Additionally, a history of serious
allergic reactions and anticoagulant use were significantly associated with greater odds of
severe AEs. So far, public health authorities provided information on mRNA vaccines-related
frequently reported AEs and their magnitudes, but rarely focused on differences in AEs
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by vaccine type or dose and risk factors to AEs. We believe that this study generated more
enhanced evidence that can be used to update the guidance. Moreover, considering that
COVID vaccination might become an annual shot, our findings may aid policymakers and
physicians in establishing future vaccination strategies tailored to individuals potentially
susceptible to AEs.
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