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Background: There is growing evidence that the coronavirus
disease 2019 (COVID-19) vaccination can affect the regulation
of the immune system, leading to the development of
autoimmune diseases. However, the autoimmune adverse events
(AEs) after COVID-19 vaccination remain largely unclear.
Objective: We sought to investigate the autoimmune AEs after
COVID-19 vaccination from a population-based cohort in South
Korea.
Methods: A total of 4,203,887 participants, representing 50% of
the population residing in Seoul, were recruited from the
National Health Insurance Service database and then divided
into 2 groups on the basis of COVID-19 vaccination. The
cumulative incidence, hazard ratios (HRs), and 95% CIs of
autoimmune AEs were assessed following COVID-19
vaccination.
Results: The incidence of vitiligo has been observed to be
significantly higher in the vaccination group compared with the
no vaccination group. The cumulative incidence of vitiligo
began to show a significant difference starting 2 weeks after
vaccination, and it reached 2.2% in the vaccination group and
0.6% in the no vaccination group by 3 months after COVID-19
vaccination. Vitiligo (HR, 2.714; 95% CI, 1.777-4.146) was an
increased risk among autoimmune AEs. Furthermore, the risk
of vitiligo was the highest for heterologous vaccination (HR,
3.890; 95% CI, 2.303-6.573) compared with using cDNAvaccine
(HR, 2.861; 95% CI, 1.838-4.453) or mRNAvaccine (HR, 2.475;
95% CI, 1.607-3.813).
Conclusions: Vitiligo as an autoimmune AE was noted to be
substantially higher in the COVID-19–vaccinated group
compared with the controls. Therefore, the occurrence of
vitiligo could be considered as one of the significant AEs
post–COVID-19 vaccination. (J Allergy Clin Immunol
2024;153:1711-20.)
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The emergence of coronavirus disease 2019 (COVID-19) in
Wuhan, China, at the end of 2019, caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), resulted in a
global challenge by overwhelming health care systems world-
wide.1,2 The infection of COVID-19 presents extrapulmonary
complications, including cardiovascular and cerebrovascular dis-
eases.3 With the rapid development of vaccines such as
AZD1222, BNT162b2, mRNA-1273, and JNJ-78436735 during
this pandemic, vaccination has significantly reduced mortality
and severity rates; however, post–acute sequelae and adverse ef-
fects of the vaccination remain as one of the newly arising issues
in the real world.4-7

Extensive studies on the pathophysiology of COVID-19 have
revealed that SARS-CoV-2 infection triggers proinflammatory
responses, characterized by cytokines and chemokines elevation,
referred to as a ‘‘cytokine storm,’’ caused by overstimulating the
sympathetic systems.1,8,9 These mechanisms lead to a
hypercoagulopathy status, potentially causing irreversible
damage to multiple organ systems.2,10 From an immunologic
perspective, new-onset autoimmune manifestations have been
observed, with hypotheses suggesting molecular mimicry as a
possible mechanism inducing autoimmunity.9,11 Currently, the
association between autoimmune phenomena and COVID-19
remains unknown.

The current evidence suggests that both COVID-19 infection
and vaccination can have an impact on the regulation of the
immune system, potentially leading to the development of
autoimmune diseases.5 However, reports of autoimmune
adverse events (AEs) following COVID-19 vaccination have
been limited to case reports and case series, with a lack of
large population-based cohort studies to investigate
autoimmune AEs.12-14 In this study, we comprehensively
investigated the incidence and risk of autoimmune AEs after
COVID-19 vaccination using a large population-based cohort in
Seoul, South Korea.

METHODS

Study design and setting
After approval from the institutional review board (IRB) of our

hospital, we used the National Health Insurance Service (NHIS)
claims databases between January 1, 2020, and December 31,
2021. Because of the anonymous nature of the data, informed
consent was waived. The available data included demographic,
diagnostic code (based on the International Classification of
Diseases, Tenth Revision, Clinical Modification), and medication
information.15
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Abbreviations used

AE: Adverse event

AIH: Autoimmune hepatitis

AS: Ankylosing spondylitis

CCI: Charlson comorbidity index

COPD: Chronic obstructive pulmonary disease

COVID-19: Coronavirus disease 2019

DC: Dendritic cell

DM: Diabetes mellitus

GSEA: Gene-set enrichment analysis

GTEx: Genotype-Tissue Expression

HPA: Human Protein Atlas

HR: Hazard ratio

HT: Hashimoto thyroiditis

HTN: Hypertension

IBD: Inflammatory bowel disease

IRB: Institutional review board

NHIS: National Health Insurance Service

OR: Odds ratio

PBC: Primary biliary cholangitis

RA: Rheumatoid arthritis

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2

The data from 50% of the residents in Seoul, South Korea, were
randomly extracted from the NHIS claims database from 2020 to
2021. These data were retrospectively reviewed, including
primary diagnosis, secondary diagnosis, and the date of the
hospital visit. On the basis of COVID-19 vaccination status, we
divided the residents into 2 groups: the vaccination group and the
no vaccination group. The index date was set to the date of second
vaccination before October 1, 2021, for the vaccination group and
October 1, 2021, for the no vaccination group, respectively.
Occurrences of the following 10 representative autoimmune
diseases were included in this study: SLE, rheumatoid arthritis
(RA), Hashimoto thyroiditis (HT), Sjogren disease, inflammatory
bowel disease (IBD), vitiligo, Graves disease, ankylosing
spondylitis (AS), primary biliary cholangitis (PBC), and
autoimmune hepatitis (AIH).

Participants
Data for half (n 5 4,348,412) of Seoul’s total residents were

obtained from the NHIS claims database. Individuals were clas-
sified as Seoul residents when they resided in the city as of
January 1, 2021. We excluded 144,525 residents younger than
20 years, leaving 4,203,887 eligible residents. Of these,
3,839,014 residents included in the vaccination group were
inoculated from January 1, 2021, to October 1, 2021. With
the consideration of the index date and exclusion of the partic-
ipants who were deceased or had received only 1 COVID-19
vaccination dose, 2,154,389 residents in the vaccination group
were inoculated 2 or more times from January 1, 2021, to
October 1, 2021. For the no vaccination group, 364,873 partic-
ipants were included from January 1, 2021, to October 1, 2021.
The 13,890 residents among the 364,873 participants were
excluded from the study because they were deceased before
October 1, 2021. For both groups, we excluded residents diag-
nosed with any of the 10 autoimmune diseases (SLE, RA, HT,
Sjogren disease, IBD, vitiligo, Graves disease, AS, PBC, and
AIH) within a year before the index date. Finally, a total of

2,086,709 participants (85.87%) were included in the
vaccination group (COVID-19–vaccinated 2 or more times)
and 343,311 participants (14.13%) were included in the no
vaccination group (Fig 1).

Outcome measures
The primary outcomemeasurewas the cumulative incidence of

autoimmune AEs between the vaccination and the no vaccination
groups. The cumulative incidences of the representative 10
autoimmune AEs were monitored at intervals of 1 week, 2 weeks,
1 month, and 3 months after the index date. The secondary
outcome measure was the hazard ratios (HRs) with a 95% CI for
the incidental autoimmune AEs in the vaccination group. In
addition, subgroup analyses were conducted on the basis of sex,
age, number of COVID-19 vaccine doses, vaccine type (mRNA
vaccine, cDNA vaccine, or heterologous vaccination), health
insurance level, and presence of diabetes mellitus (DM),
hypertension (HTN), hyperlipidemia, and chronic obstructive
pulmonary disease (COPD).

The demographic covariates in this study included age; sex;
health insurance level; Charlson comorbidity index (CCI);
presence of DM, HTN, hyperlipidemia, and COPD; and previous
COVID-19 infection history. In the NHIS system in South Korea,
health insurance recipients were categorized into 21 different
grades on the basis of their health insurance fees. For this study,
we divided these into 3 levels: low level (from 1 to 6 health
insurance levels and medical aid), middle level (from 7 to 13
health insurance levels), and high level (from 14 to 20 health
insurance levels). The diagnostic codes for diseases in the CCI
were used as suggested by Sundararajan et al.15 The presence of
comorbid diseases (ie, DM, HTN, hyperlipidemia, and COPD)
and items in the CCI was defined as the presence of disease as
either a primary or a secondary diagnosis at least twice within
the year before the index date. Previous COVID-19 infection
history was identified as the presence of COVID-19 infection as
a primary or secondary diagnosis before the index date.

Ethical statement
This large population-based cohort study was approved by the

IRB of Ewha Womans University Hospital (no. EUMC 2022-01-
003). The IRB granted a waiver of informed consent because this
study protocol collected only counts and statistical summaries of
de-identified information.

Bioinformatic analysis
Expression analyses of HLA-A, HLA class II, PTPN2, CTLA4,

IL2RA, LPP, UBASH3A, C1QTNF6, GZMB, RERE, CCR6,
FOXP1, FOXP3, NLRP1, TSLP, XBP1, and TYR were performed
using the Genotype-Tissue Expression (GTEx) V8 release.16

Using GTEx Multi-Gene Query expression, the coexpression of
these genes was analyzed in multiple normal tissues including
cells—cultured fibroblasts, whole blood, lung, skin—sun exposed
(lower leg), and skin—not sun exposed (lower leg). The gene sets
and functional enrichment analysis were carried out with
Enrichr.17 We investigated differentially expressed gene patterns
of immune cell types retrieved from the Human Protein Atlas
(HPA).18
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Statistical analysis
Statistical analysis was performed using SAS Enterprise Guide

(version 8.3, SAS Institute, Cary, NC). A normal distribution was
confirmed with the Kolmogorov-Smirnov test. After confirming
data homogeneity or heteroscedasticity, the Student t test was
used for continuous variables and the x2 test was used for
categorical variables, as appropriate. The cumulative incidence
of autoimmune AEs was calculated on the basis of per 10,000
persons. The Fisher exact test was used to compare cumulative
incidence. A multiple logistic regression model was used to
calculate the odds ratios (ORs) and corresponding 95% CIs and
P values. The Cox regression model was used to calculate the
HRs and corresponding 95% CIs and P values. The
significance level was set at a P value of less than .05.
A detailed flowchart from data extraction to statistical analysis
is presented in Fig E1 (in the Online Repository available at
www.jacionline.org).

RESULTS

Baseline characteristics in the study population
The demographic data, comorbidities, and vaccine types for

both the vaccination group and the no vaccination groups are
presented in Table I. The sex distribution of the whole population
was 45.52% male and 54.58% female, with a mean age of

54.80 years. There were statistically significant differences
between the vaccination group and the no vaccination group
regarding sex, age, health insurance level, CCI, and comorbidities
(all P < .001). Of the whole population, 0.83% had experienced a
previous COVID-19 infection, which was significantly higher in
the no vaccination group (1.18%) compared with the vaccination
group (0.78%) (P < .001). For choices of vaccine for COVID-19,
BNT162b2 was the most common product used for the first and
second vaccinations, accounting for 56.17%, followed by
AZD1222 (42.37%) as the second most common. After the first
dose of BNT162b2, the most commonly administered vaccine
product for the second dose was also BNT162b2 (56.18%), and
similarly, after the first dose of AZD1222, the most commonly
administered vaccine product for the second dose was
AZD1222 (35.85%). The proportion of heterologous vaccination
was observed to be 6.52% (Table I).

Cumulative incidence per 10,000 of the

autoimmune AEs following the COVID-19

vaccination
Among the 10 representative autoimmune AEs in this study, the

cumulative incidence of vitiligo was observed to increase statisti-
cally significantly in the vaccination group compared with the no
vaccination group (Table II). The cumulative incidence of vitiligo

FIG 1. Study flowchart.
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per 10,000 in the whole population began to show a significant dif-
ference starting 2weeks after vaccination (P5.002), and it reached
2.2 in thevaccination group and 0.6 in the novaccinationgroup by 3
months after COVID-19 vaccination (P < .001) (Fig 2, A). When

stratified by sex, only vitiligo showed distinctive features in the cu-
mulative incidences among autoimmune AEs following COVID-
19vaccination,with higher rates in female than inmale participants
(see Table E1 in this article’s Online Repository at www.jacionline.

TABLE I. Baseline characteristics of the patients stratified by COVID-19 vaccination in Seoul, South Korea

Characteristics Total (N 5 2,430,020)

Vaccination

PNo (n 5 343,311) Yes (n 5 2,086,709)

Sex <.001

Male 1,106,115 (45.52) 158,691 (46.22) 947,424 (45.40)

Female 1,323,905 (54.48) 184,620 (53.78) 1,139,285 (54.60)

Age (y) 54.80 6 17.08 45.51 6 17.31 56.32 6 16.55 <.001

20-29 y 270,316 (11.12) 63,371 (18.46) 206,945 (9.92)

30-39 y 248,120 (10.21) 87,505 (25.49) 160,615 (7.70)

40-49 y 297,518 (12.24) 71,813 (20.92) 225,705 (10.82)

50-59 y 565,295 (23.26) 48,607 (14.16) 516,688 (24.76)

60-69 y 571,958 (23.54) 35,459 (10.33) 536,499 (25.71)

70-79 y 318,705 (13.12) 17,864 (5.20) 300,841 (14.42)
>_80 y 158,108 (6.51) 18,692 (5.44) 139,416 (6.68)

Health insurance level <.001

Low 630,641 (25.95) 100,721 (29.34) 529,920 (25.40)

Moderate 665,954 (27.41) 107,168 (31.22) 558,786 (26.78)

High 1,133,425 (46.64) 135,422 (39.45) 998,003 (47.83)

CCI <.001

0 1,579,794 (65.01) 284,493 (82.87) 1,295,301 (62.07)

1 423,475 (17.43) 26,805 (7.81) 396,670 (19.01)
>_2 426,751 (17.56) 32,013 (9.32) 394,738 (18.92)

Comorbidity

DM 405,140 (16.67) 23,818 (6.94) 381,322 (18.27) <.001

Hyperlipidemia 811,646 (33.40) 43,606 (12.70) 768,040 (36.81) <.001

HTN 717,343 (29.52) 39,711 (11.57) 677,632 (32.47) <.001

COPD 110,407 (4.54) 8,674 (2.53) 101,733 (4.88) <.001

Previous COVID-19 infection 20,234 (0.83) 4,039 (1.18) 16,195 (0.78) <.001

First vaccination product

AZD1222 884,166 (42.37)

BNT162b2 1,172,254 (56.18)

mRNA-1273 30,277 (1.45)

JNJ-78436735 12 (0.00)

Second vaccination product

AZD1222 748,167 (35.85)

BNT162b2 1,308,228 (62.69)

mRNA-1273 30,305 (1.45)

JNJ-78436735 9 (0.00)

First and second vaccination products

AZD1222 and AZD1222 748,156 (35.85)

AZD1222 and BNT162b2 136,001 (6.52)

AZD1222 and mRNA-1273 2 (0.00)

AZD1222 and JNJ-78436735 7 (0.00)

BNT162b2 and AZD1222 5 (0.00)

BNT162b2 and BNT162b2 1,172,217 (56.18)

BNT162b2 and mRNA-1273 30 (0.00)

BNT162b2 and JNJ-78436735 2 (0.00)

mRNA-1273 and BNT162b2 4 (0.00)
mRNA-1273 and mRNA-1273 30,273 (1.45)

JNJ-78436735 and AZD1222 6 (0.00)

JNJ-78436735 and BNT162b2 6 (0.00)

First and second vaccination types

No vaccination 343,311 (14.13) 343,311 (100.0)

Only mRNA vaccine 1,202,532 (49.49) 1,202,532 (57.63)

Only cDNA vaccine 748,156 (30.79) 748,156 (35.85)

Heterologous vaccination 136,021 (5.60) 136,021 (6.52)

Vaccination interval (d) 50.83 6 23.51

All values are expressed as mean 6 SD or n (%).

AZD-1222, AstraZeneca ChAdOx1-S recombinant vaccine; BNT162b2, Pfizer-BioNTech Comirnaty; JNJ-78436735, Janssen/Johnson and Johnson COVID-19 vaccine; mRNA-

1273, Moderna Spikevax.
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org). Specifically, in female participants, a significant difference
was noted starting 2 weeks after vaccination (P 5 .028), whereas
in male participants, it began to show a significant difference
starting 1month after vaccination (P5.001) (Fig 2,B).When strat-
ified by sex and age, all the cumulative incidences of the
autoimmune AEs showed no statistical significance between the
2 groups (see Table E2 in this article’s Online Repository at
www.jacionline.org). When stratified by the number of
vaccinationdoses, vitiligo showed significant cumulative incidence
at 1 week, 2 weeks, 1 month, and 3 months. Furthermore, HT
(P 5 .021), IBD (P 5 .016), and Graves disease (P 5 .023) were
observed as significant cumulative incidence at 3 months (see
Table E3 in this article’s Online Repository at www.jacionline.
org). For vitiligo, the cumulative incidence per 10,000 in the vacci-
nation group was significantly highest among thosewho received 2
doses of the vaccine at 1 week (P5 .005), 2 weeks (P < .001), and

1 month (P < .001). However, the highest incidence at 3 months
(2.65) was observed in those who received 3 doses of the vaccine
at 3 months (P < .001) (Fig 2, C).

The risks of autoimmune AEs following the

COVID-19 vaccination
Compared with the no vaccination group, we comprehensively

analyzed the risks of autoimmune AEs following the COVID-19
vaccination using the Cox proportional hazard model
(see Table E4 in this article’s Online Repository at
www.jacionline.org). The COVID-19 vaccination was associated
with a significantly increased risk of vitiligo (HR, 2.714; 95% CI,
1.777-4.146) (Fig 3, A). Furthermore, the subgroup analysis was
performed by stratifying the vaccine type (HR, 2.475 [95% CI,
1.607-3.813] in vaccination using mRNA vaccine only

TABLE II. The cumulative incidence per 10,000 of autoimmune AEs along with COVID-19 vaccination in Seoul, South Korea

Autoimmune

AEs Group (n)

1 wk 2 wk 1 mo 3 mo

Event IR 95% CI P Event IR 95% CI P Event IR 95% CI P Event IR 95% CI P

SLE No vaccination

(n 5 343,311)

0 0.00 0.00-0.00 0 0.00 0.00-0.00 1.000 3 0.09 0.00-0.19 .435 11 0.32 0.13-0.51 .155

Vaccination

(n 5 2,086,709)

0 0.00 0.00-0.00 1 0.00 0.00-0.01 11 0.05 0.02-0.08 40 0.19 0.13-0.25

RA No vaccination

(n 5 343,311)

1 0.03 0.00-0.09 .711 4 0.12 0.00-0.23 .647 7 0.20 0.05-0.35 .252 30 0.87 0.56-1.19 .189

Vaccination

(n 5 2,086,709)

14 0.07 0.03-0.10 35 0.17 0.11-0.22 69 0.33 0.25-0.41 239 1.15 1.00-1.29

HT No vaccination

(n 5 343,311)

4 0.12 0.00-0.23 .526 8 0.23 0.07-0.39 .689 13 0.38 0.17-0.58 .426 43 1.25 0.88-1.63 .053

Vaccination

(n 5 2,086,709)

17 0.08 0.04-0.12 43 0.21 0.14-0.27 104 0.50 0.40-0.59 358 1.72 1.54-1.89

SD No vaccination

(n 5 343,311)

1 0.03 0.00-0.09 1.000 2 0.06 0.00-0.14 .760 3 0.09 0.00-0.19 .356 12 0.35 0.15-0.55 .486

Vaccination

(n 5 2,086,709)

11 0.05 0.02-0.08 20 0.10 0.05-0.14 36 0.17 0.12-0.23 94 0.45 0.36-0.54

IBD No vaccination

(n 5 343,311)

5 0.15 0.02-0.27 .175 8 0.23 0.07-0.39 .524 17 0.50 0.26-0.73 .683 44 1.28 0.90-1.66 .207

Vaccination

(n 5 2,086,709)

14 0.07 0.03-0.10 38 0.18 0.12-0.24 94 0.45 0.36-0.54 331 1.59 1.42-1.76

Vitiligo No vaccination

(n 5 343,311)

2 0.06 0.00-0.14 .056 3 0.09 0.00-0.19 .002 9 0.26 0.09-0.43 <.001 23 0.67 0.40-0.94 <.001

Vaccination

(n 5 2,086,709)

44 0.21 0.15-0.27 84 0.40 0.32-0.49 179 0.86 0.73-0.98 463 2.22 2.02-2.42

Graves

disease

No vaccination

(n 5 343,311)

3 0.09 0.00-0.19 .435 6 0.17 0.03-0.31 1.000 12 0.35 0.15-0.55 .486 45 1.31 0.93-1.69 .697

Vaccination

(n 5 2,086,709)

11 0.05 0.02-0.08 38 0.18 0.12-0.24 93 0.45 0.36-0.54 296 1.42 1.26-1.58

AS No vaccination

(n 5 343,311)

3 0.09 0.00-0.19 .459 3 0.09 0.00-0.19 1.000 5 0.15 0.02-0.27 1.000 18 0.52 0.28-0.77 .795

Vaccination

(n 5 2,086,709)

12 0.06 0.02-0.09 22 0.11 0.06-0.15 36 0.17 0.12-0.23 104 0.50 0.40-0.59

PBC No vaccination

(n 5 343,311)

0 0.00 0.00-0.00 1.000 0 0.00 0.00-0.00 1.000 0 0.00 0.00-0.00 .382 1 0.03 0.00-0.09 .078

Vaccination

(n 5 2,086,709)

2 0.01 0.00-0.02 4 0.02 0.00-0.04 11 0.05 0.02-0.08 32 0.15 0.10-0.21

AIH No vaccination

(n 5 343,311)

0 0.00 0.00-0.00 0 0.00 0.00-0.00 1.000 1 0.03 0.00-0.09 .367 4 0.12 0.00-0.23 .773

Vaccination

(n 5 2,086,709)

0 0.00 0.00-0.00 1 0.00 0.00-0.01 2 0.01 0.00-0.02 21 0.10 0.06-0.14

Post hoc power was calculated for the total cumulative incidences of autoimmune AEs on the basis of the population’s known incidences, which presented as 0.962 in SLE, 1.000 in

RA, HT, SD, IBD, vitiligo, Graves disease, and AS; 0.995 in PBC; and 0.990 in AIH.

IR, Cumulative incidence rate; SD, Sjogren disease.
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[Fig 3, B]; HR, 2.861 [95% CI, 1.838-4.453] in vaccination using
cDNA vaccine only [Fig 3, C]; and HR, 3.890 [95% CI,
2.303-6.573] in heterologous vaccination [Fig 3, D]).

The influencing risk factors of vitiligo in this study
Both the multivariate logistic regression model and the Cox

proportional hazardmodel were used to assess the risk factors that
can influence vitiligo (Fig 4). Vitiligo was not influenced by
previous COVID-19 infections in both models (all P > .05). As
mentioned earlier, the vaccination and the type of vaccine were
the most important factors for vitiligo manifestations in both
models. The OR was 5.628 (95% CI, 1.713-18.488) at 2 weeks
in the case of vaccination using cDNAonly, whichwas the highest
level of ORs (Fig 4, A). For heterologous vaccination, the ORs
were 3.101 (95% CI, 1.282-7.499) at 1 month and 3.910 (95%
CI, 2.314-6.606) at 3 months following COVID-19 vaccination
(Fig 4, A). The HR of 3.890 (95% CI, 2.303-6.573) in
heterologous vaccination was the highest value among HRs in
the Cox proportional hazard model (Figs 3, D, and 4, B). The
detailed data for the multivariate logistic regression model for
HT, vitiligo, and Graves disease are presented in Table E5
(in the Online Repository available at www.jacionline.org).

Bioinformatic results of the vitiligo-susceptible

genes in this study
On the basis of our clinical results for vitiligo as an autoimmune

AE following COVID-19 vaccination, we investigated using the
GTEx, comprehensive gene-set enrichment analysis (GSEA), and
HPA to analyze the preliminary mechanistic causation of vitiligo
by vaccination. The susceptible gene sets of vitiligo including
HLA-A, HLA class II, PTPN2, CTLA4, IL2RA, LPP, UBASH3A,
C1QTNF6, GZMB, RERE, CCR6, FOXP1, FOXP3, NLRP1,
TSLP, XBP1, and TYR showed similar gene expression patterns
between skin, the whole blood, and the lungs, suggesting similar
actions of mechanisms according to locations (see Fig E2, A, in
this article’s Online Repository at www.jacionline.org). From the
comprehensive GSEA, the IL-2/signal transducer and activator of
transcription 5 (STAT5) signaling pathway, IFN-g response, and
IL-6/Janus kinase/STAT3 signaling pathway were significantly
observed from the human MSigDB 2020 gene sets (Fig E2, B).
For COVID-19–related gene sets, these genes are also related to
the environment in vitro, organoid, and human levels (Fig E2, C).
Among the coexpressed susceptible gene sets of vitiligo along
with locations, the myeloid dendritic cells (DCs) were highly
expressed from HLA-DRB1 (see Fig E3, A, in this article’s Online
Repository at www.jacionline.org). The myeloid DCs, naive B

FIG 2. The cumulative incidence per 10,000 population following COVID-19 vaccination. A, The cumulative

incidence of vitiligo per 10,000 in the whole population began to show a significant difference starting 2

weeks after vaccination (P 5 .002), and it reached 2.2% in the vaccination group and 0.6% in the no

vaccination group by 3 months after COVID-19 vaccination (P < .001). B, The cumulative incidence per

10,000 in the vaccination group was higher in females than in males. Furthermore, in females, it began

to show a significant difference starting 2 weeks after vaccination (P 5 .028). In males, it began to show a

significant difference starting 1 month after vaccination (P 5 .001). C, The cumulative incidence per

10,000 in the vaccination group was significantly the highest in cases who received 2 doses of the vaccine

at 1 week (P5 .005), 2 weeks (P < .001), and 1 month (P < .001). However, cases who received 3 doses of the

vaccine had the significantly highest level (2.65) of cumulative incidences per 10,000 at 3 months (P < .001).
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cells, memory B cells, monocytes, and plasmacytoid DCs were
specifically highly expressed from HLA-DQB1 (Fig E3, B). The
myeloid DCs were specifically highly expressed from
HLA-DPB1 (Fig E3, C). The plasmacytoid DCs showed a
high-level expression from GZMB (Fig E3, D).

DISCUSSION
Since the development of vaccines for COVID-19, numerous

studies have proven their safety and efficacy through randomized
controlled trials.19,20 Concerning the AEs of the COVID-19
vaccine, large population-based studies have reported an
increased risk of various AEs after COVID-19 vaccination.2,5,10

However, these nationwide studies focused on cardiovascular,
cerebrovascular, and neurological complications and so there
are not many studies that deal with the occurrences of
autoimmune-associated complications following COVID-19
vaccination.9 Our large population-based cohort study, involving
2,086,709 vaccinated participants among a population of
2,430,020, has identified several key findings regarding AEs
following COVID-19 vaccination. First, we found that the
cumulative incidence of vitiligo was noted to be substantially
higher in the COVID-19–vaccinated populations compared with
the controls. At 3 month follow-up, the cumulative incidence
per 10,000 of vitiligo in the no vaccination group was 0.67,

similar to the incidence of 2.6 per 10,000 in the general population
as reported by Mastacouris et al.21 Furthermore, the incidence of
other autoimmune AEs in the no vaccination group was found to
be comparable with those reported for the general populations in
existing literature (see Table E6 in this article’s Online Repository
at www.jacionline.org). Second, the COVID-19 vaccination can
potentially increase the risks of vitiligo, as one of the autoimmune
AEs, in the short-term duration (up to 3 months). Lastly,
heterologous vaccination is themost susceptible to the occurrence
of vitiligo as an autoimmune AE.

The existing studies in the literature scarcely address the
clinical associations between COVID-19 and vitiligo. One study
suggested vitiligo’s protective effect on severe COVID-19
outcomes, by decreasing hospitalization and mortality in patients
with COVID-19 infection in the TriNetX database.13 The
hypothesis of vitiligo’s protective effect originated from
interferon signaling.13,22 Conversely, contradictory results
indicate worse COVID-19 outcomes in patients with vitiligo,
which share the proinflammatory mechanisms with other
autoimmune diseases after COVID-19 infection.8 In our study,
COVID-19 infections were not associated with the occurrence
of vitiligo (HR, 1.807; 95% CI, 0.856-3.814).

Concerning the relationship between COVID-19 vaccination
and vitiligo, only limited information in the literature was
available in the form of a case report, so currently there is a

FIG 3. Forest plot of 10 representative autoimmune AEs. A, Vitiligo (HR, 2.714; 95% CI, 1.777-4.146) was the

only increased risk among autoimmune AEs in the vaccination group compared with the no vaccination

group. B, For the stratification by vaccine type, vitiligo was the only increased risk (HR, 2.475; 95% CI,

1.607-3.813) among autoimmune AE in the case of vaccination using mRNA vaccine. C, For the stratification

by vaccine type, vitiligo was the only increased risk (HR, 2.861; 95% CI, 1.838-4.453) among autoimmune AEs

in the case of vaccination using cDNA vaccine. D, The risk of vitiligo was the highest for heterologous

vaccination (HR, 3.890; 95% CI, 2.303-6.573) compared with using cDNA or mRNA vaccine.
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dearth of established studies on this subject. Their reports
presented some points: expression of skin depigmentation
following the administration of the mRNA vaccine, its onset
within 1 week after the first vaccination, and the progression of
manifestations following the second vaccination.12,14,23-26

Compared with these findings, our study encompasses important
clinical implications regarding the relationship between vitiligo
and COVID-19 vaccination. Contrary to the case presentations,
the COVID-19 vaccination did not increase the risk of vitiligo
occurrences within 1 week after (OR, 2.872; 95% CI,
0.688-11.994; P 5 .148). The risk of vitiligo onset increases
from the second week following the administration of the
COVID-19 vaccine, with OR peaking in the second week (OR,
3.755; 95% CI, 1.178-11.972; P 5 .025). All types of
COVID-19 vaccine have increased the risk of vitiligo. The
vaccinated population using the cDNA vaccine highly affected
the increased vitiligo risk at 2 weeks following the vaccination
(OR, 5.628; 95% CI, 1.713-18.488; P 5 .004). Considering the
3-month duration following COVID-19 vaccination, heterolo-
gous vaccination is a potentially important factor in the onset of
vitiligo.

The pathogenesis of vitiligo remains unknown, but many
hypotheses have suggested that the damaged melanocyte from
the stressful events release damage-associated molecular
patterns, heat shock protein, and HMGB1, which lead to the
development of a specific immune response through the
activation of CD81 T cells.22 IFN-g signaling pathways were
considered a key driver of vitiligo pathogenesis.22 Interestingly,
the BNT162b2 vaccine, as an mRNA vaccine, induces the
CD81 T-cell response from the IFN-g signaling pathway, which
shares a similar mechanism of action of autoimmune antibody
production of vitiligo.27 Ewer et al28 suggested that AZD-1222
as a cDNAvaccine affects the T-cell–mediated immune response,
which is characterized by IFN-g secretion, which was slightly
different from the mRNA vaccine. Thus, considering these
mechanisms, heterologous vaccination is thought to induce the
diverse expression of mono- and multifunctional T-cell
phenotypes mediated by IFN-g and provides stronger immune
responses. These factors are presumed to increase the risk of
vitiligo onset compared with vaccination with a single type of

vaccine. However, the assumption needs to be confirmed through
biological research.

The loss of melanocytes in vitiligo supports the autoimmune
basis, which was unknown to the triggers of the immune
response.22,29 With the development of sequencing technology,
many susceptible genes of vitiligo have been suggested as
HLA-A, HLA class II, PTPN2, CTLA4, IL2RA, LPP, UBASH3A,
C1QTNF6, GZMB, RERE, CCR6, FOXP1, FOXP3, NLRP1,
TSLP, XBP1, and TYR.29 On the basis of these susceptible gene
sets, our GTEx and GSEA data provide preliminary mechanistic
viewpoints of vitiligo caused by COVID-19 vaccination.
Overlapping the gene expression patterns suggested that the
action of mechanisms shared similar signaling pathways for the
onset of vitiligo following COVID-19 vaccination, which is ex-
pressed depending on the location. Furthermore, IFN-g response
and IL-6/Janus kinase/STAT3 signaling pathway were notably
observed in susceptible genes of vitiligo, which play a crucial
role in the immune response to COVID-19–infected environ-
ments and after COVID-19 vaccination.

The autoimmune disease such as vitiligo originated from
trained immunity, which was significantly related to the
mechanism of vaccine action.30 Thus, the vaccination program
is sufficiently expected on the onset of vitiligo as new-onset
COVID-19 vaccine–related vitiligo.30,31 Indeed, Jacobs et al32

showed that DC vaccinations triggered immunotherapy-
associated vitiligo in patients with melanoma. A dominant
hypothesis for this phenomenon is that the SARS-CoV-2 spike
protein is involved in inflammatory and immune response, which
is believed to trigger various AEs including myocarditis.33 On the
basis of this hypothesis, vitiligo as autoimmune AEs following
COVID-19 vaccination may be associated with SARS-CoV-2
spike protein but it needs to be demonstrated by future experi-
mental studies.

DCs, as a type of innate immune cells, transfer their informa-
tion to cells involved in adaptive immunity.34 Especially with the
distinctive characteristics of DC cells including induction of the
clonal expansion of T cells, the DCs are currently the main target
immune cells for the development of vaccination.35,36 Interest-
ingly, our preliminary analysis from HPA suggested that specific
immune cells such as myeloid DCs, plasmacytoid DCs, and B

FIG 4. The risk factors for vitiligo in this population. A, Multivariate logistic regression analysis for vitiligo

was performed, which was visualized using a heatmap according to ORs. B, The Cox proportional hazard

model for vitiligo visualized by forest plot showed that the heterologous vaccination has the highest value

of HR among the factors in this study. COVID-19 noted in the y-axis indicates previous COVID-19 infection.
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cells showed distinct expression, which may be key to under-
standing the mechanism action of DC-mediated vaccination.37,38

Furthermore, some studies have demonstrated that heterologous
vaccinations resulted in a more robust immune response, which
was positively correlated with antigen presentation by DCs.37,39

Because the DCs were specifically expressed on some
vitiligo-susceptible gene sets, COVID-19 vaccination (especially,
heterologous vaccination) may also potentially induce vitiligo as
an autoimmune AE mediated by DCs. However, future transla-
tional research should be conducted to strengthen our hypothesis.

In addition, our study has many strengths to make the evidence
robust in terms of autoimmune AEs following COVID-19
vaccination. For the cumulative incidences of vitiligo after
COVID-19 vaccination, there were higher levels in female than
in male participants despite similar incidences along with
sex.22,29 Our study demonstrated that female participants may
be more susceptible to the occurrence of vitiligo as adverse
AEs following the COVID-19 vaccination. The number of vac-
cine doses administered also had a significant impact on the inci-
dence of vitiligo. However, this impact was particularly
noticeable after the second dose of the vaccine, and although
the incidence increased after the third dose (booster shot)
compared with the second dose, it did not increase as substantially
as it did after the second dose. This is believed to be because, as
mentioned earlier, additional vaccine doses boost the T-cell im-
mune response, which is reflected in the cumulative incidences
of vitiligo.9,28,40 At 3-month follow-up following COVID-19
vaccination, the vaccination group stratified by age and sex pre-
sented a significantly higher incidence of SLE in females between
50 and 59 years and of AS in males between 60 and 69 years
compared with the no vaccination group. These results suggested
that late-onset SLE in females and AS in males can occur
following COVID-19 vaccination, which may be associated
with disparity in the immune system along with age and sex.
Furthermore, it implicates the need for a future study on the asso-
ciation between the expression of late-onset autoimmune disorder
and COVID-19 vaccination.

This study has several limitations. First, this large population-
based cohort study does not encompass the entire population of
South Korea. Because it is based on the population of Seoul in
2021, it represents approximately 20% of the total population of
South Korea. Second, there are differences in the baseline
characteristics between the 2 groups. Although propensity score
matching could be a statistical option to overcome this limitation,
the large population-based cohort study is scarce on the subject of
autoimmune AEs following the COVID-19 vaccination, and so
studies through the process of propensity score matching may be
necessary for future research in the form of new articles. For post
hoc power analysis based on known population incidences in rare
disease entities, our data for cumulative incidences showed more
than 0.8, but careful interpretation may be required because of the
post hoc power controversy. In this study, we tried to minimize it
through the control of covariates for statistical analyses.15

Because most studies described that the cumulative incidences
of diseases were based on a year, a long-term follow-up study is
essential to understand the exact annual incidence in the future.
Considering our target diseases as rare entities, long-term
follow-up data can potentially affect the risks of autoimmune
AEs following COVID-19 vaccination. Our study group has
further data garnered until December 2022 from the same sample
that are yet to be analyzed, which may show additional

autoimmune diseases with significantly different incidence
among the COVID-19–vaccinated population. Furthermore, the
cumulative incidence of vitiligo showed no significance while
stratified by age and sex. Because of the low incidence of vitiligo
in the general population, our results of vitiligo can be presented
with a lack of power when stratified by age and sex.21 Further
studies with a larger sample size using a global multicenter design
are required to show more clear trends in the occurrence of viti-
ligo after the COVID-19 vaccination. Lastly, our preliminary bio-
informatic study provides indirect mechanistic viewpoints but a
detailed mechanism of action was not provided because it did
not contain any biological data. In the future, translational
research will be needed to elucidate our hypothesis. Despite these
limitations, our study provides important implications for the
clinical research of COVID-19 by demonstrating the associations
between autoimmune AEs and COVID-19 vaccinations.

Vitiligo as an autoimmune AE was noted to be substantially
higher in the COVID-19 vaccinated group compared with the
controls. Furthermore, COVID-19 vaccination can potentially
increase the risk of vitiligo, which showed the highest risk in the
case of heterologous vaccination. Therefore, the occurrence of
vitiligo could be considered as one of the significant AEs post–
COVID-19 vaccination.
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Key messages

d Our analysis, based on data from Korea’s NHIS for a
large cohort in Seoul (n 5 4,203,887), reveals that among
autoimmune AEs, the incidence of vitiligo has shown a
statistically significant increase in the vaccinated
population.

d COVID-19 vaccination increased the risk of vitiligo
among autoimmune AEs, which are significantly associ-
ated with heterologous vaccination.
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