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Background Understanding the incidence pattern of cutaneous reactions is 
crucial for promoting COVID-19 vaccination. We aimed to report the global 
incidence pattern of, and factors associated with common cutaneous reac-
tions related to COVID-19 vaccination in real-world settings.

Methods We searched five databases (PubMed, Web of Science, Embase, 
CNKI, and Wanfang) from inception to May 13, 2022, for studies reporting 
the incidence of common cutaneous reactions related to COVID-19 vaccines 
in real-world settings. The outcomes were the systematic skin reactions (rash 
and urticaria) and the local injection site reactions (pain, swelling, redness, 
and erythema). We conducted random-effects meta-analyses and explored 
associated factors using multi-step statistical analyses.

Results We included 35 studies and assessed 2 549 968 participants from 
23 countries. The pooled incidence of overall systemic skin reactions was 
3.8% (95% confidence interval (CI) = 2.4%-5.5%) with short duration (about 
one week). Specifically, the pooled incidence rates of rash and urticaria were 
3.0% (95% CI = 2.1%-3.9%) and 1.1% (95% CI = 0.7%-1.5%), respectively. For 
overall local injection site reactions, the pooled incidence was 72.4% (95% 
CI = 65.7%-78.7%) with short duration (1 to 4.5 days). Except for local pain 
(72.2%, 95% CI = 65.3%-78.5%), other localized reactions had low incidence, 
including swelling (13.3%, 95% CI = 9.5%-17.7%), redness (11.5%, 95% 
CI = 5.7%-19.0%), and erythema (5.8%, 95% CI = 0.7%-15.4%). Geographical-
ly, different distribution patterns were observed for these reactions. Regard-
ing associated factors, mRNA vaccines showed lower incidence of urticaria 
(P < 0.001). Asia population showed higher incidence of urticaria (P < 0.001). 
We observed lower incidence rates of overall local injection site reactions 
and pain among inactivated vaccines (P < 0.001). We found no significant dif-
ference among reactions between the first and the second dose of vaccines.

Conclusions We examined the global incidence pattern of common cutane-
ous reactions related to COVID-19 vaccination and found low incidence and 
short duration of systemic skin reactions and local injection site reactions (ex-
cept for pain); discrepancies in these reactions were observed across different 
vaccine types. The cutaneous side effects related to COVID-19 vaccination 
do not seem to cause concern.

Registration PROSPERO: CRD42021258012.

© 2023 The Author(s)

https://creativecommons.org/licenses/by/4.0/legalcode
http://orcid.org/0000-0002-5673-3989
http://orcid.org/0000-0002-0905-8239
http://orcid.org/0000-0002-0134-1232
http://orcid.org/0000-0002-5579-6806


Guo et al. 
RE

SE
A

RC
H

 T
H

E
M

E
 2

: C
O

V
ID

-1
9

2023  •  Vol. 13  •  06008 2 www.jogh.org • doi: 10.7189/jogh.13.06008

Since first identified in 2019, the coronavirus disease 2019 (COVID-19) rapidly expanded globally and has 
been declared a pandemic and public health crisis, infecting 603 million and resulting in 6.4 million deaths 
worldwide, affecting more than 200 countries, according to the World Health Organization (WHO) [1]. For 
the general population, vaccination is one of the most effective measures for preventing coronavirus infec-
tion. Several types of COVID-19 vaccines have been approved worldwide, including mRNA vaccines, ad-
enovirus viral vector (AVV) vaccines, inactivated virus vaccines, and others [2]. They can significantly re-
duce the risk of severe symptoms, hospitalization, or death from COVID-19 [3]. For example, a two-dose 
regimen of Pfizer-BioNTech mRNA vaccine conferred 95% protection against COVID-19 in persons aged 16 
years or older [4], while the Moderna mRNA vaccine showed 94.1% efficacy at preventing COVID-19 [5].

After the approval of COVID-19 vaccines, as of September 2022, more than 12.5 billion vaccine doses have 
been administered based on WHO data [1]. During this time, cases of adverse skin reactions to COVID-19 
vaccination have been continuously reported [6-8]. As a dermatology research team, we focused on the in-
cidence pattern and factors associated cutaneous reactions following the COVID-19 vaccination. According 
to clinical trials of mRNA vaccines, local adverse reactions were common (>80%), the most common being 
localized pain; other localized reactions (e.g. swelling and erythema) had lower incidence (<10%) [5]. Clini-
cal trials of inactivated virus vaccines reported lower incidence of local adverse reaction (about 3%) [9]. For 
AVV vaccines, the incidence was approximately 50% [10]. While rarely reported in clinical trials [5,9,10], 
systemic skin responses such as rash have been more commonly reported in real-world studies [11,12]. Fur-
thermore, the factors associated with these cutaneous reactions are another concerned issue [11,13].

As more real-world studies report cutaneous reactions following COVID-19 vaccination, a deeper insight 
could be gained by summarizing their data through appropriate statistical analysis and exploring associat-
ed factors. We aimed to conduct a systematic review and meta-analysis to estimate the global incidence pat-
tern of common cutaneous reactions related to COVID-19 vaccination in real-world settings and to identify 
factors associated with these reactions.

METHODS
We performed and reported this study following the Meta-analysis Of Observational Studies in Epidemi-
ology (MOOSE) checklist [14] and registered the protocol in the International Prospective Register of Sys-
tematic Reviews (PROSPERO), registration number CRD42021258012.

Literature search

We searched PubMed, Web of Science, Embase, CNKI and Wanfang from inception to May 13, 2022, with-
out language restrictions. The full search strategies can be found in Table S1 in the Online Supplementary 
Document. We also conducted a manual search using the abovementioned electronic databases and searched 
the website of Morbidity and Mortality Weekly Report [15] for other potentially relevant studies.

Study selection

We included studies reporting the incidence rates of common cutaneous reactions related to COVID-19 vac-
cines in real-world settings, including the systematic skin reactions (rash and urticaria) and the local injec-
tion site reactions (pain, swelling, redness, and erythema). Incidence refers to the proportion of a popula-
tion receiving the vaccine that develops cutaneous reactions. The primary outcomes of this study were the 
overall systematic skin reaction and the overall local injection site reaction; the secondary outcomes were 
several specific common reported cutaneous reactions, including rash, urticaria, local injection site pain, 
local injection site swelling, local injection site redness, and local injection site erythema.

We excluded clinical trials, as we were primarily interested in the incidence of cutaneous reactions related 
to COVID-19 vaccines in real-world settings. We also excluded studies that did not report the exact rate of 
or did not focus on cutaneous reactions. Additionally, we did not apply restrictions on types or brands of 
the COVID-19 vaccines. We included conference abstracts with enough information.

For the study selection processes, two researchers independently evaluated the studies in each step; disagree-
ments were solved through group discussions. After deduplication, we screened the titles and abstracts of 
remaining studies, excluding irrelevant ones, including case reports, reviews, and others. We then evaluat-
ed the full texts of remaining studies.
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Data extraction

Two researchers independently extracted information from included studies using a pre-designed standard-
ized data extraction form (Table S2 in the Online Supplementary Document), with any disagreements re-
solved by consensus. This included the following data: basic study information, study population charac-
teristics, information on the COVID-19 vaccine, information of cutaneous reactions related to COVID-19 
vaccination, etc. Additionally, we extracted detailed data from studies which reported several findings for 
population with different characteristics, meaning more than one datapoints could be obtained from one 
single study.

Quality assessment

Two researchers independently assessed the methodological quality of included studies using the 11-item 
quality assessment tool recommended by the Agency for Healthcare Research and Quality (AHRQ) (Table 
S3 in the Online Supplementary Document). One point was given if the item was answered as “Yes”; 0 
points were given if the item was answered as “No” or “Unclear”. Totally, a maximum of 11 points could be 
given for a study, with higher points representing higher quality. The methodological quality of the enrolled 
studies was categorized as low (0-3 points), medium (4-7 points), and high (8-11 points) [16].

Statistical analysis

We performed all statistical analyses using Stata Statistical Software and R statistical language. We included 
datapoints with reports of three common types of vaccines (mRNA vaccine, inactivated virus vaccine, and 
AVV vaccine) and sample size >100 in the meta-analyses. Additionally, for the overall local injection site 
reactions, we included studies which reported at least incidence of local injection site pain avoid under-es-
timating the pooled values. We calculated the pooled estimates for the incidence and the 95% confidence 
intervals (CIs) using the metaprop Stata command to perform meta-analysis of binomial data [17]. The I2 sta-
tistic was calculated to quantify the heterogeneity across studies; the statistical heterogeneity across studies 
was identified if the P-value for Cochran’s Q was <0.05 or the I2 was >50% [18]. We used a random effects 
model if we detected heterogeneity; otherwise, we used a fixed effects model. To detect the risk of publica-
tion bias, we generated funnel plots and conducted the Egger’s and Begg’s test, considering publication bias 
if P < 0.05 either test [19].

To explore factors associated with cutaneous reactions, we undertook the following multi-step statisti-
cal analyses. First, we detected the heterogeneity across studies, as described above. Then, we performed 
sensitivity analyses by excluding studies one by one and repeating the meta-analysis using the remaining 

data. Furthermore, we conducted the uni-
variate meta-regression analyses focusing 
on several available factors, including age 
groups, ethnic groups, vaccine types, and 
vaccine doses. Accordingly, we conducted 
a stratified the analyses by these factors 
to show detailed incidence rates in each 
subgroup.

RESULTS
The search retrieved a total of 1897 re-
cords, 920 of which were excluded after 
deduplication. We excluded 887 records 
after the title and abstract screening and 
a further 58 after the full-text review, 
including reviews (n = 4), case reports 
(n = 14), and original articles that were 
not relevant (n = 40). Additionally, three 
studies were identified through the man-
ual search and website search. Finally, we 
included 35 studies with 86 datapoints 
[11,12,20-52]. The study selection process 
is presented in Figure 1.Figure 1. Study selection flowchart.
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Study characteristics and quality assessment

The included studies’ characteristics are shown in Table 1. There were 23 full articles, five letters, three 
conference abstracts, and four reports/short reports/brief communications. The studies included a total of 
2 549 968 participants covering 23 countries. Regarding cutaneous reactions related to COVID-19 vaccina-
tion, 32 studies reported local injection site reactions and 21 reported systemic skin reactions. Three most 
common COVID-19 vaccines were evaluated, including mRNA vaccine, inactivated virus vaccine, and AVV 
vaccine. As shown in Figure 2, Pfizer-BioNTech (BNT162b2) mRNA vaccine was the most studied vaccine, 
accounting for 50 datapoints, followed by Oxford-AstraZeneca (ChAdOx1 nCoV-19) AVV vaccine (25 dat-
apoints) and Moderna (mRNA-1273) mRNA vaccine (24 datapoints).

We evaluated the included studies’ methodological quality using the AHRQ tool as shown in Figure S1 in the 
Online Supplementary Document. The total score of these studies ranged from 2 to 7 and 62.9% (n = 22) 
of them were considered moderate quality.

Incidence pattern and factors associated with systemic skin reactions

According to the random-effects meta-analysis, the pooled incidence of overall systemic skin reactions was 
3.8% (95% CI = 2.4%-5.5%) (Figure 3 and Figure S2 in the Online Supplementary Document). Specifically, 
the pooled incidence rates of rash and urticaria were 3.0% (95% CI = 2.1%-3.9%) and 1.1% (95% CI = 0.7%-
1.5%), respectively (Figure 3 and Figure S3-4 in the Online Supplementary Document The global distri-
bution of overall systemic skin reactions was shown in Figure 4, panel A and Table S4 in the Online Supple-
mentary Document. The highest and the lowest ones were overserved in Saudi Arabia (19.3%) and Portugal 
(0.2%). Similarly, for the local injection site reactions, the three types of vaccines showed different distri-
bution patterns of overall systemic skin reactions (Figure S5-7 in the Online Supplementary Document).

We conducted further analyses to detect potential factors associated with systemic skin reactions. As shown 
in Figure 3, we noted high levels of heterogeneity across studies (I2>50%). Based on the leave-one-out sen-
sitivity analyses, no single study significantly affected the initial findings (Figure S8-10 in the Online Sup-
plementary Document). For the overall systemic skin reactions and rash, the results of meta-regression 
and subgroup analyses suggested that there were no significant contributions to heterogeneity in the eth-
nic groups (P > 0.05), vaccine types (P > 0.05), and vaccine doses (P > 0.05) (Figure 5 and Figure 6). Despite 
a small number of studies (n = 2), we observed higher incidence of overall systemic skin reactions among 
the group with mean/median age ≥50 years (13.4%, 95% CI = 13.2%-13.6% vs 3.7%, 95% CI = 1.5%-6.8%; 
P = 0.070) (Figure 5). For urticaria, mRNA vaccines had significant lower incidence rates (P = 0.006); the in-
cidence rates for mRNA vaccines, inactivated vaccines, and AVV vaccines were 0.7% (95% CI = 0.4%-1.1%), 
4.0% (95% CI = 2.2%-6.1%), and 3.1% (95% CI = 1.8%-4.6%), respectively (Figure 6). Regarding ethnic 
groups, the Asian population (2.9%, 95% CI = 2.1%-3.7%) showed significant higher incidence of urticaria 
(P < 0.001) compared with North America population (0.4%, 95% CI = 0.2%-0.6%) and European popula-
tion (0.6%, 95% CI = 0.1%-1.4%) (Figure 6).

Regarding publication bias, the non-symmetric funnel plots and the Egger’s test (P < 0.001) indicated pub-
lication bias for overall systemic skin reactions (Figure S11 in the Online Supplementary Document). 
However, for rash and urticaria, we found no evidence of publication bias through visualization of funnel 
plots and the results of Egger’s and Begg’s tests (Figure S12-13 in the Online Supplementary Document).

Regarding the duration of systemic skin reactions, major findings [22,23,26] were summarized in the Ta-
ble S6 in the Online Supplementary Document. We reported on inconsistent results. The median dura-
tion for rash ranged from one to 8.79 days; the median duration for urticaria ranged from one to 5.48 days.

Incidence pattern and factors associated with local injection site reactions

For overall local injection site reactions, according to the random-effects meta-analysis, we estimated the 
pooled incidence rate to be 72.4% (95% CI = 65.7%-78.7%) (Figure 3 and Figure S14 in the Online Supple-
mentary Document). The most common specific local injection site reaction was local injection site pain 
(72.2%, 95% CI = 65.3%-78.5%). Other localized reactions had lower incidence, including swelling (13.3%, 
95% CI = 9.5%-17.7%), redness (11.5%, 95% CI = 5.7%-19.0%), and erythema (5.8%, 95% CI = 0.7%-15.4%), 
respectively (Figure 3 and Figure S15-18 in the Online Supplementary Document). Geographically, the 
incidence of local injection site reactions varied considerably; the highest and the lowest ones were observed 
in India (93.1%) and Thailand (0.7%) (Figure 4, panel B and Table S5 in the Online Supplementary Doc-
ument). We observed different distribution patterns for the three types of vaccines (Figure S19-21 in the 
Online Supplementary Document).
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Table 1. Characteristics of the included studies

References, year 
of publication 
(study location)

Vaccine and dose Study population Key findings of systemic skin reactions Key findings of local injection site reactions

Zdanowski et 
al. [20], 2022 
(Poland)

Pfizer-BioNTech (mRNA 
vaccines); dose 1 & 2

The COVID-19-free group: 145 pregnant (31.4 ± 2.6 
y) and 19 non-pregnant (33.1 ± 3.6 y) women health 
care professionals. The COVID-19-exposed group: 
24 pregnant (31.3 ± 1.9 y) and 16 non-pregnant 
(34.0 ± 4.4 y) women health care professionals.

The COVID-19-free group: the overall systemic 
skin reactions incidence rate: 1) after the first dose 
9.7% (pregnant) and 4.8% (non-pregnant); 2) after 
the second dose 6.7% (pregnant) and 5.3% (non-
pregnant). The COVID-19-exposed group: the 
overall systemic skin reactions incidence rate: 1) 
after the first dose 0% (pregnant) and 25.0% (non-
pregnant); 2) after the second dose 0% (pregnant) 
and 13.3% (non-pregnant).

The COVID-19-free group: the overall local injection 
site reactions incidence rate: 1) after the first dose 
94.5% (pregnant) and 100% (non-pregnant); 2) after 
the second dose 87.7% (pregnant) and 100% (non-
pregnant). The COVID-19-exposed group: the overall 
local injection site reactions incidence rate: 1) after 
the first dose 100% (pregnant) and 100% (non-
pregnant); 2) after the second dose 87.5% (pregnant) 
and 86.7% (non-pregnant).

Wang et al. [21], 
2022 (China)

Sinovac (inactivated virus 
vaccines); dose 2

60 systemic lupus erythematosus (SLE) patients aged 
40.1 ± 12.5 y (3.3% males). 70 rheumatoid arthritis 
(RA) patients aged 40.7 ± 11.7 y (8.6% males). 35 
healthy controls (HCs) aged 39.5 ± 10.2 (8.6% males).

The incidence rates of rash: 3.3% (SLE), 0% (RA), 
and 0% (HCs). The incidence rates of myalgia: 
6.7% (SLE), 4.3% (RA), and 8.6% (HCs).

The incidence rates of local injection site swelling: 
1.7% (SLE), 2.9% (RA), and 0% (HCs).

Son et al. [22], 
2022 (USA)

Janssen (adenovirus viral 
vector vaccine), Moderna 
(mRNA vaccine), and 
Pfizer-BioNTech (mRNA 
vaccine); Dose: not 
reported clearly

256 994 participants (50.0 ± 16.6 y, 25.8% males) 
using data from the Vaccine Adverse Event Reporting 
System (VAERS), including: Janssen group: 22 037 
participants aged 44.7 ± 15.1 y (33.8% males); 
Moderna group: 126 838 participants aged 51.5 ± 16.8 
y (23.8% males); Pfizer-BioNTech group: 10 8119 
participants aged 49.4 ± 16.4 y (26.5% males).

In Janssen group, overall systemic skin reactions 
incidence rate: 15.3%. In Moderna group, overall 
systemic skin reactions incidence rate: 12.1%. 
In Pfizer-BioNTech group, overall systemic skin 
reactions incidence rate: 15.1%.

Not reported

Rerknimitr et 
al. [23], 2022 
(Thailand)

Sinovac (inactivated virus 
vaccine) and Oxford–
AstraZeneca (adenovirus 
viral vector vaccine); Dose: 
1 & 2

Sinovac group: 29 907 participants aged 34.0 (28.0, 
43.5). Oxford-AstraZeneca group: 5322 participants 
aged 48.0 (35.0, 55.0).

Sinovac group: 1) after the first dose, the median 
duration of urticaria: 2 d; 2) after the second dose, 
the median duration of urticaria: 1 d. Oxford-
AstraZeneca group: 1) after the first dose, the 
median duration of urticaria: 4 d; 2) after the 
second dose, the median duration of urticaria: 3 d.

Sinovac group: the overall cutaneous adverse 
reactions incidence rate: 1) after the first dose 0.94%; 
the median duration: 3 d; 2) after the second dose 
0.70%. Oxford-AstraZeneca group: the overall 
cutaneous adverse reactions incidence rate: 1) after 
the first dose 1.0%; the median duration: 4.5 d; 2) 
after the second dose 0.52%.

Pourani et al. 
[24], 2022 (Iran)

Sputnik V (adenovirus 
viral vector vaccine), 
Sinopharm (inactivated 
virus vaccine), Covaxin 
(inactivated virus vaccine), 
and Oxford–AstraZeneca 
(adenovirus viral vector 
vaccine); Dose: 1 or 2

761 participants (92.9% health care workers) aged 
28.1 ± 11.9 y (29.7% males).

In Sputnik V group, the incidence rates: 4.5% 
(rash) and 2.8% (urticaria). In Sinopharm 
group, the incidence rates: 3.9% (rash) and 2.5% 
(urticaria). In Covaxin group, the incidence rates: 
5.0% (rash) and 5.0% (urticaria). In Oxford-
AstraZeneca group: the incidence rates: 3.3% 
(rash) and 3.9% (urticaria). On average, the 
duration of rash and urticaria: 8.79 and 5.48 d

In Sputnik V group, the incidence rates: 12.8% 
(erythema) and 79.9% (myalgia). In Sinopharm 
group, the incidence rates: 6.9% (erythema) and 
60.6% (myalgia). In Covaxin group, the incidence 
rates: 5.0% (erythema) and 90.6% (myalgia). In 
Oxford-AstraZeneca group: the incidence rates: 
18.7% (erythema) and 88.0% (myalgia). On average, 
the duration of erythema: 5.55 d

Ozdede et al. [25], 
2022 (Turkey)

Sinovac (inactivated 
virus vaccine) and 
Pfizer-BioNTech (mRNA 
vaccine); Dose 1 or 2

256 patients with Behçet’s syndrome (BS) aged 
43.2 ± 10.1 y (62.1% males), 247 with familial 
Mediterranean fever (FMF) aged 40.0 ± 10.3 y (40.9% 
males), and 601 with rheumatic diseases (RD) aged 
49.3 ± 12.1 y (28.6% males).

Not reported.

In Sinovac group, the incidence rate of overall local 
injection site reactions: 1.8% (BS), 0% (FMF), 2.6% 
(RD). In Pfizer-BioNTech group, the incidence rate of 
overall local injection site reactions: 5.4% (BS), 6.4% 
(FMF), 7.8% (RD).
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References, year 
of publication 
(study location)

Vaccine and dose Study population Key findings of systemic skin reactions Key findings of local injection site reactions

Massip et al. [26], 

2022 (France)

Moderna (mRNA vaccine) 

and Oxford–AstraZeneca 

(adenovirus viral vector 

vaccine); Dose 1 or 2

70 participants aged 59.0 (37.5-70.0) years (31.4% 

males).

In Moderna group, the incidence rate of urticaria: 

14.3%. In Oxford–AstraZeneca group, the 

incidence rate of urticaria: 14.3%.

In Moderna group, the incidence rate of overall 

local injection site reactions: 19.0%. In Oxford-

AstraZeneca group, the incidence rate of overall local 

injection site reactions: 39.2%.

Kitagawa et al. 

[27], 2022 (Japan)

Pfizer-BioNTech (mRNA 

vaccine) and Moderna 

(mRNA vaccine); Dose 

1 & 2

Pfizer-BioNTech group: 890 participants (36.4% 

males). Moderna group: 6401 participants (54.1% 

males).

Pfizer-BioNTech group: the skin rash incidence 

rate: 1) after the first dose 2.4%; 2) after the 

second dose 3.4%. Moderna group: the skin rash 

incidence rate: 1) after the first dose 5.3%; 2) after 

the second dose 6.5%. Overall duration: 1-2 d.

Pfizer-BioNTech group: the local injection site pain 

incidence rate: 1) after the first dose 91.7%; 2) after 

the second dose 89.1%. Moderna group: the local 

injection site pain incidence rate: 1) after the first 

dose 92.9%; 2) after the second dose 93.0%. Overall 

duration: 1-2 d.

Khan et al. 

[28], 2022 

(Bangladesh)

Oxford–AstraZeneca 

(adenovirus viral vector 

vaccine); Dose 1 & 2

293 participants aged 40.3 ± 8.7 y (45.7% males).
The skin rash incidence rate: 1) after the first dose 

3.1%; 2) after the second dose 1.0%.

The local injection site pain incidence rate: 1) after 

the first dose 58.7%; 2) after the second dose 48.5%.

Kamble et al. [29], 

2022 (India)

Oxford–AstraZeneca 

(adenovirus viral vector 

vaccine); Dose 1

836 health care workers aged 35.8 ± 9.5 y (61.2% 

males).
Not reported.

Overall local injection site reactions incidence rate: 

6.9%.

Durmaz et 

al. [30], 2022 

(Turkey)

Sinovac (inactivated virus 

vaccine); Dose 1

211 health care workers: 110 males (aged 37.0 ± 13.8 

y) and 111 females (aged 38.6 ± 13.3 y).
The incidence rate of urticaria: 5.7%. The local injection site pain incidence rate: 29.4%.

Du et al. [31], 

2022 (China)

Inactivated virus vaccine 

(nor report the brand 

name); Dose 1 & 2

72 patients with wheat-dependent exercise-induced 

anaphylaxis (WDEIA) aged 42.4 (19.0-79.0) years 

(51.4% males). 730 healthy matched controls aged 

40.8 (16.0-76.0) years (53.3% males).

Not reported.

The WDEIA group: the overall local injection site 

reactions incidence rate: 1) after the first dose 43.1%; 

2) after the second dose 35.7%; the local injection 

site pain incidence rate: 1) after the first dose 41.7%; 

2) after the second dose 34.3%; the local injection 

site redness incidence rate: 1) after the first dose 

2.8%; 2) after the second dose 1.4%; the local 

injection site swelling incidence rate: 1) after the 

first dose 9.7%; 2) after the second dose 7.1%. The 

healthy matched controls: the overall local injection 

site reactions incidence rate: 1) after the first dose 

33.8%; 2) after the second dose 27.3%; the local 

injection site pain incidence rate: 1) after the first 

dose 30.8%; 2) after the second dose 26.2%; the 

local injection site redness incidence rate: 1) after 

the first dose 3.0%; 2) after the second dose 2.6%; 

the local injection site swelling incidence rate: 1) 

after the first dose 6.2%; 2) after the second dose 

5.9%.

Table 1. continued
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Bawane et al. [32], 
2022 (India)

Covishield (virus-like 
particle vaccine) and 
Covaxin (inactivated virus 
vaccine); Dose 1 & 2

1029 health care workers. Not reported.

The Covishield group: the overall local injection site 
reactions incidence rate: 1) after the first dose 34.3%; 
2) after the second dose 35.3%. The Covaxin group: 
the overall local injection site reactions incidence 
rate: 1) after the first dose 60.0%; 2) after the second 
dose 40.5%; median duration: 3 d (IQR 1-3).

Araminda et 
al. [33], 2022 
(Indonesia)

Oxford–AstraZeneca 
(adenovirus viral vector 
vaccine) and Moderna 
(mRNA vaccine); Dose 
1 & 2

406 participants aged 18-30 y (26.6% males), 
including 205 participants received Oxford–
AstraZeneca vaccine and 201 participants had 
received Moderna vaccine.

Oxford-AstraZeneca group: the skin rash 
incidence rate: 1) after the first dose 3.9%; 2) after 
the second dose 1.0%. Moderna group: the skin 
rash incidence rate: 1) after the first dose 4.0%; 2) 
after the second dose 6.0%.

Oxford-AstraZeneca group: the local injection site 
pain incidence rate: 1) after the first dose 82.4%; 2) 
after the second dose 66.8%. Moderna group: the 
local injection site pain incidence rate: 1) after the 
first dose 80.6%; 2) after the second dose 72.1%.

Yang et al. [34], 
2021 (China)

Sinopharm (inactivated 
virus vaccine); Dose 1 & 2

248 162 individuals in a large-scale emergency use. Not reported.
Overall local injection site reactions incidence rate: 
1) after the first dose 0.44%; 2) after the second dose 
0.29%.

Tebaa et al. [35], 
2021 (Morocco)

Oxford–AstraZeneca 
(adenovirus viral vector 
vaccine); Dose: not report 
clearly

40 health care workers aged 35.4 ± 32.3 y (30.6% 
males).

Not reported. The incidence rate of local injection pain: 61.8%.

Shavit et al. [36], 
2021 (Israel)

Pfizer-BioNTech (mRNA 
vaccine); Dose 1

429 adults with wigh allergy risk aged 52 (16) years 
(29.1% males).

Not reported.
The incidence rates of local injection reactions: 73.5% 
(injection site pain) and 14.0% (swelling).

Robinson et al. 
[37], 2021 (USA)

Pfizer-BioNTech (mRNA 
vaccine) and Moderna 
(mRNA vaccine); Dose 
1 & 2

40 640 health care workers.

Pfizer-BioNTech group: the overall systemic skin 
reactions incidence rate: 1) after the first dose 
1.4%; 2) after the second dose 1.4%; the skin rash 
incidence rate: 1) after the first dose 1.2%; 2) after 
the second dose 1.1%; the urticaria incidence rate: 
1) after the first dose 0.2%; 2) after the second 
dose 0.3%. Moderna group: the overall systemic 
skin reactions incidence rate: 1) after the first dose 
2.1%; 2) after the second dose 2.6%; the skin rash 
incidence rate: 1) after the first dose 1.6%; 2) after 
the second dose 1.8%; the urticaria incidence rate: 
1) after the first dose 0.5%; 2) after the second 
dose 0.7%.

Not reported.

Riad et al. [38], 
2021 (Germany 
and Czech)

Oxford–AstraZeneca 
(adenovirus viral vector 
vaccine); Dose 1

92 health care workers aged 35.4 ± 12.6 y (22.8% 
males).

The incidence rate of skin rash: 4.3%.
The incidence rates of local injection reactions: 
72.8% (injection site pain), 10.9% (swelling), 10.9% 
(redness).

Pokorna et al. 
[39], 2021 (Czech 
Republic)

Pfizer-BioNTech (mRNA 
vaccine) and Moderna 
(mRNA vaccine); Dose 
1 or 2

539 health care workers aged 22.9 ± 2.1 y (29.3% 
males).

The incidence rate of skin rash: 0.4%.
The incidence rates of local injection reactions: 
91.8% (injection site pain), 17.4% (swelling), 13.4% 
(redness).

Table 1. continued
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Vaccine and dose Study population Key findings of systemic skin reactions Key findings of local injection site reactions

Riad et al. [40], 

2021 (Czech 

Republic)

Pfizer-BioNTech (mRNA 

vaccine); Dose 1 or 2

874 health care workers aged 42.6 ± 10.5 y (11.4% 

males).

The incidence rates of systemic skin reactions: 

3.2% (rash), 1.1% (urticaria).

The incidence rates of local injection reactions: 

83.6% (injection site pain), 23.8% (swelling), 21.4% 

(redness).

Hockova et 

al. [41], 2021 

(Slovakia)

Pfizer-BioNTech (mRNA 

vaccine); Dose 2

522 health care workers aged 37.8 ± 11.6 y (23.0% 

males).

The incidence rates of systemic skin reactions: 

1.5% (rash), 2.5% (angioedema).

The incidence rates of local injection reactions: 85.2% 

(injection site pain), 10.2% (swelling), 8.4% (redness).

Moura et al. [42], 

2021 (Portugal)

Pfizer-BioNTech (mRNA 

vaccine); Dose 1 or 2

3073 health care workers aged 40.2 ± 13.4 y (25.8% 

males).
The incidence rate of urticaria: 0.2%. Not reported.

Lim et al. [12], 

2021 (Singapore)

Pfizer-BioNTech (mRNA 

vaccine); Dose 1 & 2

1704 health care workers (age range: 18-80; 21.4% 

males).

Overall systemic skin reactions incidence rate: 1) 

after the first dose 2.5%; 2) after the second dose 

5.3%.

Overall local injection site reactions incidence rate: 

1) after the first dose 57.2%; 2) after the second dose 

70.1%.

Klugar et al. [11], 

2021 (Germany)

Pfizer-BioNTech (mRNA 

vaccine), Moderna (mRNA 

vaccine), and Oxford–

AstraZeneca (adenovirus 

viral vector vaccine); Dose 

1 or 2

599 health care workers (median age: 39 y; 27.2% 

males).

mRNA vaccine group: the incidence rates: 2.5% 

(skin rash), 0.4% (urticaria). Adenovirus viral 

vector vaccine group: the incidence rates: 4.0% 

(skin rash), 1.6% (urticaria).

mRNA vaccine group: the incidence rates: 77.4% 

(injection site pain), 18.6% (injection site swelling), 

10.8% (injection site redness). Adenovirus viral vector 

vaccine group: the incidence rates: 68.8% (injection 

site pain), 16.0% (injection site swelling), 8.8% 

(injection site redness).

Kadali et al. [43], 

2021 (USA)

Moderna (mRNA vaccine); 

Dose 1 or 2

432 health care workers with mean age 43.8 y (10.4% 

males).
The incidence rate of rash: 13.4%.

The incidence rates of local injection reactions: 94.2% 

(injection site pain), 15.1% (swelling).

Im JH et al. [44], 

2021 (Korea)

Pfizer-BioNTech (mRNA 

vaccine); Dose 1 & 2

1876 health care workers aged 20–65 y (23.4% 

males).

The incidence rate of urticaria: 1) after the first 

dose 2.3%; 2) after the second dose 2.7%.

The local injection site pain incidence rate: 1) after 

the first dose 84.9%; 2) after the second dose 90.4%. 

The local injection site redness incidence rate: 1) after 

the first dose 14.1%; 2) after the second dose 31.9%. 

The local injection site swelling incidence rate: 1) 

after the first dose 16.5%; 2) after the second dose 

35.5%.

Choi et al. [45], 

2021 (Korea)

Pfizer-BioNTech (mRNA 

vaccine); Dose 1 & 2
638 participants aged 80 (77-83) years (44.4% males). Not reported.

The overall local injection site reactions incidence 

rate: 1) after the first dose 50.3%; duration <3 d: 

93.8%; 2) after the second dose 45.2%; duration <3 

d: 86.6%. The local injection site pain incidence 

rate: 1) after the first dose 49.4%; duration <3 d: 

94.0%; 2) after the second dose 42.8%; duration <3 

d: 86.7%. The local injection site swelling incidence 

rate: 1) after the first dose 3.6%; duration <3 d: 

91.3%; 2) after the second dose 5.7%; duration <3 d: 

81.8%. The local injection site erythema incidence 

rate: 1) after the first dose 0.2%; duration <3 d: 

100%; 2) after the second dose 1.0%; duration <3 d: 

83.3%.

Table 1. continued
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Bookstein Peretz 

et al. [46], 2021 

(Israel)

Pfizer-BioNTech (mRNA 

vaccine); Dose 1 & 2

390 pregnant (32.5 ± 3.7 y) and 260 non-pregnant 

(32.4 ± 3.7 y) women.

For the pregnant women, the rash incidence rate: 

1) after the first dose 0.8%; 2) after the second 

dose 1.3%. For the non-pregnant women, the rash 

incidence rate: 1) after the first dose 0.8%; 2) after 

the second dose 0.4%.

For the pregnant women, the overall local injection 

site reactions incidence rate: 1) after the first dose 

91.8%; 2) after the second dose 92.3%. For the non-

pregnant women, the overall local injection site 

reactions incidence rate: 1) after the first dose 96.2%; 

2) after the second dose 90.4%.

Atteno et al. [47], 

2021 (Italy)

Pfizer-BioNTech (mRNA 

vaccine); Dose 1 & 2

97 participants, including 47 patients with rheumatic 

diseases (RDs) and 50 healthy controls.
Not reported.

The local injection site pain incidence rate: 1) after 

the first dose 38.1%; 2) after the second dose 53.6%.

Ali et al. [48], 

2021 (USA)

Pfizer-BioNTech (mRNA 

vaccine) and Moderna 

(mRNA vaccine); Dose 

1 & 2

113 recipients of allogeneic hematopoietic stem cell 

transplant (HCT) aged 66.5 (22-77) years (69.0% 

males).

Not reported.
The local injection site pain incidence rate: 1) after 

the first dose 40.4%; 2) after the second dose 43.8%.

Al Bahrani et al. 

[49], 2021 (Saudi 

Arabia)

Oxford–AstraZeneca 

(adenovirus viral vector 

vaccine); Dose 1

1592 participants aged 37.4 ± 9.6 y (range 19-83) 

(81.0% males).
The incidence rate of skin rash: 19.3%. The local injection site pain incidence rate: 30.5%.

Aga et al. [50], 

2021 (Iraq and 

Jordan)

Pfizer-BioNTech (mRNA 

vaccine), Oxford–

AstraZeneca (adenovirus 

viral vector vaccine), and 

Sinopharm (inactivated 

virus vaccine); Dose 1 & 2

1736 participants aged 49 (IQR 26-74) years (range 

18-86) (51.6% males).
Not reported.

Pfizer-BioNTech group: the overall local injection 

site reactions incidence rate: 1) after the first dose 

25.0%; 2) after the second dose 13.0%. Oxford–

AstraZeneca group: the overall local injection site 

reactions incidence rate: 1) after the first dose 37.5%; 

2) after the second dose 1.0%. Sinopharm group: the 

overall local injection site reactions incidence rate: 

1) after the first dose 8.0%; 2) after the second dose 

12.0%.

Shay et al. [51], 

2021 (USA)

Janssen (adenovirus viral 

vector vaccine); Single-

dose needed

338 700 Janssen COVID-19 vaccine recipients 

who completed at least one v-safe survey (active 

monitoring system).

Not reported.
The overall local injection site reactions incidence 

rate: 61%.

Gee et al. [52], 

2021 (USA)

Pfizer-BioNTech (mRNA 

vaccine) and Moderna 

(mRNA vaccine); Dose 

1 or 2

1 602 065 vaccine recipients who completed at least 

one v-safe survey (active monitoring system).
Not reported.

The incidence rates: 70.9% (injection site pain), 

10.8% (injection site swelling).

AVV vaccine – adenovirus viral vector vaccine, AZ – Oxford–AstraZeneca, BS – Behcet’s syndrome, FMF – familial Mediterranean fever, HCs – healthy controls, Pfizer – Pfizer-BioNTech vaccine, RA – rheumatoid 
arthritis; RD – rheumatic disease, SLE – systemic lupus erythematosus, WDEIA – wheat-dependent exercise-induced anaphylaxis, d – days, y – years

Table 1. continued
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We conducted further analyses to detect potential factors associated with local injection site reactions. First, 
we observed statistical heterogeneity across studies (all I2>50%) (Figure 3). Further leave-one-out sensitivity 
analyses indicated that the pooled estimation of local injection site reactions incidence was robust and that 
no single study excessively influenced the results (Figure S22-26 in the Online Supplementary Document). 
We then performed meta-regression analyses focusing on multiple factors and subgroup analyses (Figure 5). 
We found that vaccine type contributed to heterogeneities across studies (P < 0.05). We did not find signifi-
cant heterogeneity in incidence of overall local injection site reactions among different age groups (P > 0.05), 

Figure 2. Tree map summarizing the number of datapoints according to types and brands of COVID-19 vaccines. Box 
sizes indicate the number of datapoints included in the present study.

Figure 3. Incidence of common cutaneous reactions related to COVID-19 vaccination.
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Figure 4. Global maps for incidence of overall cutaneous reactions related to COVID-19 vaccination. Panel A: Global map for incidence 
of overall systematic skin reactions. Panel B: Global map for incidence of overall local injection site reactions.

Figure 5. Meta-regression analyses and subgroup analyses of overall cutaneous reactions. *Univariate meta-regression 
analyses. †mRNA vaccine vs non-mRNA vaccine. ‡Inactivated vaccine vs non-inactivated vaccine. § AVV vaccine vs 
non-AVV vaccine. ‖Asia group vs non-Asia groups. ¶North America group vs non-North America groups. #Europe 
group vs non-Europe groups. AVV vaccine – adenovirus viral vector vaccine, CI – confidence interval.
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ethnic groups (P > 0.05), and vaccine doses (P > 0.05). However, for mRNA vaccines, inactivated vaccines, and 
AVV vaccines, the incidence rates were 82.0% (95% CI = 74.7%-88.3%), 37.3% (95% CI = 26.0%-49.3%), and 
66.3% (95% CI = 47.1%-83.1%) respectively; significant lower incidence was seen in the inactivated vaccine 
group (P < 0.001) (Figure 5). Additionally, we did meta-regression analyses and subgroup analyses for spe-
cific local injection site reactions, including pain and swelling; given the limited datapoints and relatively 
lower incidence, we did not conduct these analyses for redness and erythema. Similarly, we found signifi-
cantly lower incidence of local injection site pain in the inactivated vaccine group (P < 0.001) (Figure 6). For 
swelling, we observed marginally significant difference due to limited datapoints (Figure 6).

Regarding publication bias for overall local injection site reactions and pain, swelling, redness, and erythe-
ma, the funnel plot distributions were not generally symmetric (Figure S27-31 in the Online Supplemen-
tary Document). Based on the Egger’s test and Begg’s test, we detected potential publication bias for all 
above-mentioned local injection site reactions.

We summarized major findings of the cutaneous reactions’ duration in Table S6 in the Online Supple-
mentary Document. Five studies [23,24,27,32,45] reported the duration of local injection site reactions, 
with observed discrepancies across studies. Overall, the median duration ranged from one day to 4.5 days 
[23,27,32]; more than 80% of participants showed duration of <3 days [44].

DISCUSSION
Based on our analyses of 2.55 million participants, we found low incidence and short duration of system-
ic skin reactions (rash, among others) and local injection site reactions (except for localized pain). Geo-
graphically, we observed different global distribution patterns for these reactions. We identified different 
incidence of reactions for different types of vaccines; mRNA vaccines showed significant lower incidence 
of urticaria. We also observed lower incidence rates of overall local injection site reactions and pain in 
the inactivated vaccines. However, we found similar incidence of these reactions after the first and sec-
ond dose of vaccines.

Figure 6. Meta-regression analyses and subgroup analyses of specific cutaneous reactions. *Univariate meta-regression analyses. 
†mRNA vaccine vs non-mRNA vaccine. ‡Inactivated vaccine vs non-inactivated vaccine. §AVV vaccine vs non-AVV vaccine. ‖Asia 
group vs non-Asia groups. ¶North America group vs non-North America groups. #Europe group vs non-Europe groups. AVV vaccine 
– adenovirus viral vector vaccine, CI – confidence interval.
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As suggested by previous studies, rash and urticaria have been the most studied systemic skin reactions re-
lated to COVID-19 vaccines [31]. Moreover, local injection site reactions were one of the most prevalent re-
actions [53,54]. After vaccination, the human body generates an immune response; meanwhile, the inflam-
mation in the muscle at the injection site may occur [53]. These responses can contribute to the adverse skin 
reactions [54]. We found that the incidence rates of these systemic reactions were very low and that related 
concerns were unnecessary. Although the incidence of this localized pain seemed high, we found that the 
duration of these skin reactions was short, i.e. within five days on average for localized reactions, while sys-
temic skin reactions lasted up to about one weeks. Except for local pain, other localized reactions showed 
lower incidence (95% CI = 5.8-13.3%). Furthermore, Qaderi et al [54] reported that most COVID-19 vac-
cine-induced skin reactions were self-limiting and needed little or no therapeutic intervention. Therefore, 
concerns about adverse skin reactions should not be a reason to avoid vaccination.

Concerning pre-COVID-19 reaction levels, especially the systematic skin reactions (rash and urticaria), we 
searched data from the Global Burden of Disease (GBD) study [55], which includes 369 diseases and injuries 
in 204 countries or regions around the world. As shown in the GBD official website [56], the incidence rates 
of atopic dermatitis (a surrogate disease of rash, as rash was not included in GBD study) in 2018 ranged from 
0.11% to 0.71% in different countries, which was much lower than the rash incidence (3.0%, 95% CI = 2.1%-
3.9%) after COVID-19 vaccines in our study. Interestingly, for urticaria, the 2018 incidence rates in differ-
ent countries ranged from 0.83% to 2.72%, which seem similar to the incidence (1.1%, 95% CI = 0.7%-1.5%) 
in our study. However, this was a preliminary comparison and further investigation is needed, such as the 
causal inference analysis for COVID-19 vaccines and these skin reactions.

We found discrepancies in these reactions across different vaccine types. We observed a significantly lower 
incidence of urticaria in mRNA vaccines, while we did not identify such discrepancy in rash. Similarly, an-
other recent published study [56] performed subgroup analysis by vaccine type, suggesting lower incidence 
of cutaneous adverse reactions in mRNA vaccines. We also noted varying patterns in incidence of urticaria 
in different ethnic groups and we found a higher incidence of urticaria in Asia compared with North Amer-
ica and Europe. A recently published study [57] reported similar findings. However, different COVID-19 
vaccines were utilized in different countries. The COVID-19 vaccines that are most frequently used in the 
US are mRNA vaccines and AVV vaccines; the inactivated vaccines are more often used in China. For our 
analysis of urticaria, the utilization rates of mRNA vaccines were 33.3% (n = 2/6) in Asian, 100% (n = 4/4) 
in North America, and 75% (n = 3/4) in Europe, respectively. Therefore, the discrepancy could be explained 
by the lower use of mRNA vaccines in Asian countries in our analyses.

We also explored factors associated with local injection site reactions. We noted that mRNA vaccines had 
higher incidence rate of local injection site reactions, compared with the inactivated vaccines and AVV 
vaccines. Similar findings have also been reported elsewhere [13,54]. Currently, mRNA vaccines are the 
most widely used vaccines. They can direct human cells to make a viral spike protein and evoke an im-
mune response by applying a synthetic mRNA that encodes a viral spike protein [58]. The Pfizer-BioNTech 
(BNT162b2) mRNA vaccine and Moderna (mRNA-1273) mRNA vaccine are two licensed mRNA vaccines 
and have both shown high protective efficacy (>90%) [4,5]. For the design and packaging of vaccines, both 
of BNT162b2 and mRNA-1273 contain polyethylene glycol (PEG) in their composition [59]. However, stud-
ies on the role of such excipients of COVID-19 vaccines in the onset of cutaneous reactions are limited and 
further investigation is required.

Whether vaccine recipients of different ages have different incidence of adverse reactions after COVID-19 
vaccines is a key topic of concern. A recent pooled analysis [54] showed that local injection site reactions are 
more prevalent in the younger population compared the older people. Similarly, significantly higher rates of 
local injection site pain were reported in younger group [36]. We observed higher incidence of overall sys-
temic skin reactions among the participants with mean/median age ≥50 years (P = 0.070). This may be due to 
the small number of studies available for such subgroup analyses; there were only two datapoints enrolling 
participants with a mean/median age ≥50 years. Moreover, for local injection site reactions, the number of 
studies with mean/median age ≥50 years was small (n = 3). Further studies are needed to address this issue.

Risk of the second dose of vaccines is another issue of concern. We found similar levels of multiple cutane-
ous reactions for the first and the second dose, in line with the findings regarding systemic skin reactions 
reported by Washrawirul et al [60]. Likewise, another study [61] focusing on a population experiencing 
an allergic reaction to the first dose found that the rates of a second reaction with severe immediate and 
non-severe symptoms were 4.94% (95% CI = 0.93%-22.28%) and 9.54% (95% CI = 2.18%-33.34%), respec-
tively. These findings demonstrate that a second dose of COVID-19 vaccines should not be consider a risk 
factor for adverse skin reactions.
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Notably, since we focused on real-world settings, we did not include clinical trials in our analyses. The 
common local reactions related to COVID-19 vaccination have also been assessed in randomized controlled 
trials (RCTs). In the phase 3 trial of Moderna (mRNA-1273) mRNA vaccine, the vaccine group showed 
overall local adverse reaction rate of 84.2%; similar to our findings, the most common one was local in-
jection site pain (83.7%) and other localized reactions had lower incidence, including swelling (6.1%) and 
erythema (2.8%) [5]. Different results for other types of vaccines were reported in RCTs. For inactivated 
virus vaccines, the incidence of overall local adverse reaction and local pain were reported to be approx-
imately 3%; the incidence of swelling and erythema were reported to be <1% [9]. For AVV vaccine, the 
phase 3 trial found that the incidence of overall local adverse reaction was about 50%; similar patterns 
were seen that local pain (about 50%) was the most common one and other localized reactions had low-
er incidence (about 5% for erythema and swelling) [10]. The discrepancy between real-world studies and 
RCTs may result from different participant inclusion and exclusion criteria. Regarding systemic reactions, 
RCTs mainly focused on headache, fever, fatigue, etc. other than systemic skin responses [5,9,10]. Thus, 
real-world studies could provide better understanding of systemic reactions incidence pattern following 
COVID-19 vaccination.

Strengths and limitations

To the best of our knowledge, our study is the most up-to-date and comprehensive systematic review and 
meta-analysis to evaluate the global incidence pattern of common cutaneous reactions related to COVID-19 
vaccination and is the first to extensively explore possible factors associated these reactions in real-world 
settings. The included studies covered a total of 2.55 million participants from 23 countries. Furthermore, 
our study has important public health implications for COVID-19 prevention policies. First, we summa-
rized the global data for safety of multiple COVID-19 vaccines and explore possible factors associated these 
cutaneous reactions, which have been hot topics currently. Second, our findings provide specific support 
for promoting vaccination in terms of concerns about cutaneous adverse reactions. Based on our findings, 
public health department could widely disseminate the information on cutaneous adverse reactions to the 
general population to eliminate concerns to increase vaccination rates.

This study has several limitations. First, we observed substantial heterogeneity across studies, which is a 
common phenomenon in meta-analysis focusing on rates [62-64]. Accordingly, we conducted the meta-anal-
ysis by using random-effects model for data synthesis to estimate the pooled incidence rates. Second, based 
on our current analyses, we identified potential publication bias for overall systematic skin reactions, local 
injection site pain, etc. The phenomenon could be explained by the fact that only a part of studies has been 
published since the approval of COVID-19 vaccines. Accordingly, cautious interpretation is required when 
extrapolating results to the entire general population. Third, we cannot conduct some subgroup analyses 
due to lack of eligible original studies. For example, we were not able to evaluate whether the high aller-
gy risk was a potentially associated factor; the number of studies focused on aged people was limited and 
further investigations are needed. Our systematic review and meta-analysis depend on the primary data; 
despite the best efforts, subtle methodological issues might have caused deviations of unknown direction 
and magnitude.

CONCLUSIONS
We reported the global incidence pattern of common cutaneous reactions related to COVID-19 vaccination 
and found low incidence and short duration of systemic skin reactions and local injection site reactions (ex-
cept for pain); we observed discrepancies in these reactions across different vaccine types. Our findings of-
fer comprehensive information, which could be disseminated to eliminate unnecessary concerns and pro-
mote COVID-19 vaccination.
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