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First reported in November 2019, COVID-19 has evolved into 
a pandemic and caused over 3.4 million deaths (as of May 19, 
2021) worldwide.1,2 Vaccination has been proposed as a means 
to end the pandemic. Although there are concerns regarding 
virus mutations and uncertainties surrounding the duration 
of the vaccination’s preventative effects, the immunogenicity3 

and clinical effectiveness of COVID-19 vaccination have so far 
been excellent.4,5 Several vaccines are being developed, and af-

ter their commercialization in January 2021, vaccination drives 
have begun in several countries.6 As of May 19, 2021, 1.18 mil-
lion people in Korea have received two doses of the COVID-19 
vaccine.7 

The Pfizer-BioNTech COVID-19 vaccine (BNT162b2) was in-
troduced on February 27, 2021, in Korea. The COVID-19 vaccine 
manufactured by Pfizer is a novel mRNA vaccine. The vaccine 
injects mRNA encoding the SARS-CoV-2 spike protein: ribo-
somes translate the mRNA sequence to produce proteins that 
can stimulate immunity.8 mRNA vaccines have several advan-
tages over conventional vaccines, such as low antigen degrada-
tion and mutation potential and rapid mass production, and 
have shown 95% immunogenicity9 and high effectiveness in 
clinical trials conducted in Israel and Scotland.10,11 However, in-
formation on its adverse events is lacking. Adverse events are 
particularly concerning because the vaccine was developed in 
a very short time, and this is the first commercialized mRNA 
vaccine.12 The Pfizer-BioNTech COVID-19 vaccine’s reports 
on adverse events have been published through phase 3 trials 
and the FDA Adverse Event Reporting System of the United 
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States.5 However, most of these data were obtained from Cau-
casian or American-African individuals, with only limited data 
obtained from Asian individuals. In Korea, the COVID-19 Vac-
cination Management System (https://is.kdca.go.kr/) is being 
used to collect reports of possible adverse events following CO-
VID-19 vaccination. Anyone, including health care workers, pa-
tients, and related family members, can make a report via the 
webpage or phone. While the systemic adverse events of the 
Pfizer-BioNTech COVID-19 vaccine are known to be more severe 
after the second dose, no data have been reported on this in Ko-
rea.5 Therefore, we conducted a study to investigate the adverse 
events of two-dose Pfizer-BioNTech COVID-19 vaccination.

Healthcare workers in a tertiary hospital (Incheon, Republic 
of Korea, 920 beds) received the Pfizer-BioNTech COVID-19 vac-
cine between March 9 and March 12, 2021 (first dose) and be-
tween March 30 and April 2, 2021 (second dose, 3 weeks apart). 
The vaccine was subcutaneously administered into the deltoid 
muscle at a volume of 0.3 mL. An obligatory observation period 
of 15–30 minutes was maintained in the room next to the injec-
tion room for monitoring anaphylaxis. A diary card was used for 
the survey, which was collected within 1 week after the ques-
tionnaire. The participants were considered respondents when 
they reported adverse events on at least 1 day. Ethics approval 
was obtained from the Institutional Review Board of Inha Uni-
versity Hospital (No.: 2021-04-048). The requirement for in-
formed consent was waived under the approval of the Inha 
University Institutional Review Board.

The survey items were largely divided into local (redness, ede-
ma, and pain) and systemic (fever, fatigue, headache, chills, my-
algia, arthralgia, vomiting, and diarrhea) adverse events. The se-
verity of each adverse event was divided into five stages: local 
swelling and redness, grade 0 for <2 cm, grade 1 for 2–5 cm, grade 
2 for 5–10 cm, grade 3 for >10 cm, and grade 4 (critical) for skin 
necrosis; fever: grade 0 for <38°C, grade 1 for 38°C–38.4°C, 
grade 2 for 38.4°C–38.9°C, grade 3 for 39.0°C–39.9°C, and grade 
4 (critical) for ≥40°C; local tenderness, headache, fatigue, 
chills, myalgia, arthralgia, and itching, grade 0 for no symp-
toms, grade 1 for symptoms not interfering with daily activity, 
grade 2 for symptoms causing some interference with daily 
activity, grade 3 for symptoms severely interfering with daily 
activity, and grade 4 (critical) for a visit to the emergency 
room or hospital admission requirement; nausea, grade 0 for 
non-specific, grade 1 for 2 times/day, grade 2 for >2 times/day, 
grade 3 for intravenous hydration requirement, and grade 4 
(critical) for a visit to the emergency room or hospital admis-
sion requirement; diarrhea, grade 0 for non-specific, grade 1 
for 2–5 times/day, grade 2 for 4–5 times/day, grade 3 for ≥6 
times/day, and grade 4 (critical) for a visit to the emergency 
room or hospital admission requirement; urticaria, grade 0 for 
non-specific, grade 1 for ≤20, grade 2 for 21–50, grade 3 for ≥50, 
and grade 4 (critical) for a visit to the emergency room or hospi-
tal admission requirement. The chi-square test was used to 
compared adverse events after the first and second doses. The 

Jonckheere-Terpstra test was used for analysis by age group. A 
p value of <0.05 was considered to indicate statistical signifi-
cance. Data analysis was performed using SPSS statistical soft-
ware, version 21 (IBM Corp., Armonk, NY, USA).

A total of 2498 workers aged 20–65 years were vaccinated. 
Five of 2498 workers were excluded due to adverse effects or 
pregnancy at the second dose. Of all vaccinated individuals, 
76.6% were women. Among the 2498 healthcare workers, 900 
(36.0%) were in their 20s, 619 (24.8%) in their 30s, 460 (18.4%) 
in their 40s, 402 (16.1%) in their 50s, and 107 (4.3%) in their 60s. 
The questionnaire response rates were 75.1% (1876/2498) for 
the first dose and 73.8% (1840/2493) for the second dose. No 
serious adverse events, such as anaphylaxis, occurred after the 
first or second dose. 

The most common local adverse event was pain, which was 
reported in 84.9% (1592/1876) of responders after the first dose 
and 90.4% (1664/1840) of responders after the second dose, fol-
lowed by swelling [16.5% (309/1876) and 35.5% (653/1840), re-
spectively] and redness [14.1% (264/1876) and 31.9% (587/1840), 
respectively] (Table 1). No critical adverse events were reported 
after the first dose. After the second dose, two patients visited 
the emergency room with severe pain; however, neither of 
them progressed to skin necrosis. Local adverse events were 
significantly more frequent after the second dose than after the 
first dose. The onset of symptoms was most common on the 
second day after vaccination, both after the first and second 

Table 1. Local Adverse Events among Healthcare Workers

Dose 1 (n=1876) Dose 2 (n=1840) p value
Redness*

Grade 1 (Mild) 232 (12.4) 400 (21.7)
Grade 2 (Moderate) 26 (1.4) 157 (8.5)
Grade 3 (Severe) 6 (0.3) 30 (1.7)
Grade 4 (Critical) 0 (0.0) 0 (0.0)
Any (Grade 1–4) 264 (14.1) 587 (31.9) <0.001

Swelling*
Grade 1 (Mild) 268 (14.3) 455 (24.7)
Grade 2 (Moderate) 38 (2.0) 173 (9.4)
Grade 3 (Severe) 3 (0.2) 25 (1.4)
Grade 4 (Critical) 0 (0.0) 0 (0.0)
Any (Grade 1–4) 309 (16.5) 653 (35.5) <0.001

Pain at the injection site†

Grade 1 (Mild) 895 (47.7) 654 (35.5)
Grade 2 (Moderate) 652 (34.8) 797 (43.3)
Grade 3 (Severe) 45 (2.4) 211 (11.5)
Grade 4 (Critical) 0 (0.0) 2 (0.1)
Any (Grade 1–4) 1592 (84.9) 1664 (90.4) <0.001

Data are presented as n (%).
*Grade 0=lesser than 2 cm, Grade 1=2–5 cm, Grade 2=5–10 cm, Grade 3= 
above 10 cm, critical=necrosis; †Grade 0=no symptom, Grade 1=symptom 
does not interfere with daily activity, Grade 2=symptom causes some inter-
ference with daily activity, Grade 3=symptom severely interferes with daily 
activity, critical=visit to the emergency room or hospital admission required.
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doses (Fig. 1); however, four people reported the worsening of 
swelling after the fifth day. 

Among systemic adverse events, fatigue was the most com-
mon [52.8% (991/1876) after the first dose and 77.0% (1417/1840) 
after the second dose], followed by myalgia [49.0% (920/1876) 
and 76.1% (1400/1840), respectively], headache [28.7% (538/1876) 
and 59.2% (1090/1840), respectively], chills [16.7% (313/1876) 
and 54.0% (994/1840), respectively], itching [12.0% (226/1876) 
and 22.7% (417/1840), respectively], nausea/vomiting [11.4% 
(214/1876) and 22.6% (416/1840), respectively], and urticaria 
[2.3% (43/1876) and 2.7% (50/1840), respectively]. Fever was re-
ported only in 1% (18/1876) of responders after the first dose, 
which significantly increased to 24.7% (454/1840) after the sec-
ond dose (Table 2). Systemic adverse events were the most com-
mon on the second day after vaccination (Fig. 1). Critical sys-
temic adverse events occurred in three patients after the first 
dose and in 10 patients after the second dose. These patients 
were all treated in the emergency room, and hospitalization was 
not required for any patient. The incidence of adverse events ac-
cording to age group is described in Table 3. In the second dose, 
pain, fever, headache, and nausea/vomiting were reported more 
frequently among younger participants than among older par-
ticipants, whereas arthralgia and itching were more severe in 
older adults.

Researchers have reported on the safety of COVID-19 vacci-
nation in Korea.13,14 However, these studies either focused on 

Table 2. Systemic Adverse Events among Healthcare Workers

Dose 1 (n=1876) Dose 2 (n=1840) p value
Fever*

Grade 1 (Mild) 12 (0.6) 332 (18.0)
Grade 2 (Moderate) 5 (0.3) 96 (5.2)
Grade 3 (Severe) 1 (0.1) 25 (1.4)
Grade 4 (Critical) 0 (0.0) 1 (0.1)
Any (Grade 1–4) 18 (1.0) 454 (24.7) <0.001

Fatigue†

Grade 1 (Mild) 620 (33.0) 406 (22.1)
Grade 2 (Moderate) 344 (18.3) 660 (35.9)
Grade 3 (Severe) 26 (1.4) 348 (18.9)
Grade 4 (Critical) 1 (0.1) 3 (0.2)
Any (Grade 1–4) 991 (52.8) 1417 (77.0) <0.001

Headache†

Grade 1 (Mild) 349 (18.6) 370 (20.1)
Grade 2 (Moderate) 166 (8.8) 513 (27.9)
Grade 3 (Severe) 22 (1.2) 202 (11.0)
Grade 4 (Critical) 1 (0.1) 5 (0.3)
Any (Grade 1–4) 538 (28.7) 1090 (59.2) <0.001

Chills†

Grade 1 (Mild) 214 (11.4) 337 (18.3)
Grade 2 (Moderate) 90 (4.8) 411 (22.3)
Grade 3 (Severe) 8 (0.4) 238 (12.9)
Grade 4 (Critical) 1 (0.1) 8 (0.4)
Any (Grade 1–4) 313 (16.7) 994 (54.0) <0.001

Nausea/vomiting‡

Grade 1 (Mild) 182 (9.7) 320 (17.4)
Grade 2 (Moderate) 30 (1.6) 87 (4.7)
Grade 3 (Severe) 2 (0.1) 7 (0.4)
Grade 4 (Critical) 0 (0.1) 2 (0.1)
Any (Grade 1–4) 214 (11.4) 416 (22.6) <0.001

Diarrhea§

Grade 1 (Mild) 103 (5.5) 164 (8.9)
Grade 2 (Moderate) 27 (1.4) 45 (2.4)
Grade 3 (Severe) 2 (0.1) 4 (0.2)
Grade 4 (Critical) 0 (0.1) 0 (0.0)
Any (Grade 1–4) 132 (7.0) 213 (11.6) <0.001

Myalgia†

Grade 1 (Mild) 559 (29.8) 404 (22.0)
Grade 2 (Moderate) 320 (17.1) 628 (34.1)
Grade 3 (Severe) 40 (2.1) 363 (19.7)
Grade 4 (Critical) 1 (0.1) 5 (0.3)
Any (Grade 1–4) 920 (49.0) 1400 (76.1) <0.001

Arthralgia†

Grade 1 (Mild) 140 (7.5) 255 (13.9)
Grade 2 (Moderate) 57 (3.0) 305 (16.6)
Grade 3 (Severe) 14 (0.7) 157 (8.5)
Grade 4 (Critical) 2 (0.1) 4 (0.2)
Any (Grade 1–4) 213 (11.4) 721 (39.2) <0.001

Table 2. Systemic Adverse Events among Healthcare Workers (Continued)

Dose 1 (n=1876) Dose 2 (n=1840) p value
Itching†

Grade 1 (Mild) 176 (9.4) 283 (15.4)
Grade 2 (Moderate) 46 (2.5) 131 (7.1)
Grade 3 (Severe) 4 (0.2) 2 (0.1)
Grade 4 (Critical) 0 (0.0) 1 (0.1)
Any (Grade 1–4) 226 (12.0) 417 (22.7) <0.001

Urticaria¶

Grade 1 (Mild) 40 (2.1) 36 (2.0)
Grade 2 (Moderate) 0 (0.0) 8 (0.4)
Grade 3 (Severe) 2 (0.1) 4 (0.2)
Grade 4 (Critical) 1 (0.1) 2 (0.1)
Any (Grade 1–4) 43 (2.3) 50 (2.7) 0.407

Data are presented as n (%).
*Grade 0=lower than 38°C; Grade 1=38°C–38.4°C; Grade 2=38.4°C–38.9°C, 
Grade 3=39.0°C–39.9°C, critical=40°C or above; †Grade 0=no symptom, 
Grade 1=symptom does not interfere with daily activity, Grade 2=symptom 
causes some interference with daily activity, Grade 3=symptom severely in-
terferes with daily activity, critical=visit to the emergency room or hospital 
admission; ‡Grade 0=non-specific, Grade 1=two times/day, Grade 2=more 
than 2 times/day, Grade 3=requires intravenous hydration, critical=visit to 
the emergency room or hospital admission; §Grade 0=non-specific, Grade 
1=two to three times/day, Grade 2=four to five times/day, Grade 3=six or 
more times/day, critical=visit to the emergency room or hospital admission 
required; ¶Grade 0=non-specific, Grade 1=20 or less than 20, Grade 2=21–50, 
Grade 3=50 or more than 50, critical=visit to the emergency room or hospital 
admission.
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AstraZeneca’s ChAdOx1 COVID-19 vaccine or were limited to 
reported adverse events after the first dose. Because the booster 
dose of the Pfizer-BioNTech COVID-19 vaccine is essential for 
sustaining the efficacy of the vaccine, studies on adverse events 
after two doses are important. One previous survey study con-
ducted in Korea reported on adverse reactions after the second 
dose in Korea, but was limited to a relatively small number of 
vaccinees (342 healthcare workers).15 The most reliable study 
on the safety of two doses is the Pfizer-BioNTech COVID-19 
vaccine’s Phase 3 trial.16 Our survey was designed based on this 
Pfizer Phase 3 trial, and the age group in our study was similar 
to the 18–55 years age group of the Pfizer Phase 3 trial. There-
fore, these two studies can be compared indirectly. Fever is an 
objective indicator and is simple to measure. The incidences of 
fever in the Pfizer Phase 3 trial were 3.7% after the first dose and 
15.8% after the second dose, similar to our study results (0.9% 
and 16.0%, respectively). However, the incidences of fatigue, 

Table 3. Adverse Events by Age Group 

Dose 1 (n=1876) Dose 2 (n=1840)
Events/

participants (%)
p value

Events/
participants (%)

p value

Redness 0.006    0.365
20–29 121/735 (16.5) 250/741 (33.7)
30–39 67/488 (13.7) 140/480 (29.2)
40–49 43/331 (13.0) 107/317 (33.7)
50–59 28/269 (10.4) 75/257 (29.2)
60–69 5/53 (9.4) 15/45 (33.3)

Swelling   0.005   0.870 
20–29 144/735 (19.6) 250/741 (33.7)
30–39 75/488 (15.4) 170/480 (35.4)
40–49 44/331 (13.3) 111/317 (35.0)
50–59 38/269 (14.1) 95/257 (37.0)
60–69 8/53 (15.1) 15/45 (33.3)

Pain at the injection site <0.001 0.024
20–29 618/735 (84.1) 654/741 (88.3)
30–39 428/488 (87.7) 451/480 (94.0)
40–49 296/331 (89.4) 303/317 (95.6)
50–59 216/269 (80.3) 223/257 (86.8)
60–69 34/53 (64.2) 33/45 (73.3)

Fever   0.252 <0.001
20–29 8/735 (1.1) 202/741 (27.3)
30–39 6/488 (1.2) 139/480 (29.0)
40–49 4/331 (1.2) 79/317 (24.9)
50–59 0/269 (0.0) 32/257 (12.5)
60–69 0/53 (0.0) 2/45 (4.4)

Fatigue   0.755   0.070 
20–29 376/736 (51.1) 562/741 (75.8)
30–39 271/488 (55.5) 393/480 (81.9)
40–49 192/331 (58.0) 247/317 (77.9)
50–59 127/269 (47.2) 184/257 (71.6)
60–69 25/53 (47.2) 31/45 (68.9)

Headache   0.374   0.001
20–29 212/736 (28.8) 450/741 (60.7)
30–39 146/488 (29.9) 140/480 (29.2)
40–49 99/331 (29.9) 184/317 (58.0)
50–59 67/269 (24.9) 138/257 (53.7)
60–69 14/53 (26.4) 20/45 (44.4)

Chills   0.219   0.142
20–29 105/736 (14.3) 377/741 (50.9)
30–39 91/488 (18.6) 305/480 (63.5)
40–49 76/331 (23.0) 185/317 (58.4)
50–59 35/269 (13.0) 116/257 (45.1)
60–69 6/53 (11.3) 11/45 (24.4)

Nausea/vomiting   0.585   0.035
20–29 84/736 (11.4) 180/741 (24.3)
30–39 59/488 (12.1) 109/480 (22.7)
40–49 41/331 (12.4) 80/317 (25.2)
50–59 27/269 (10.0) 43/257 (16.7)
60–69 3/53 (5.7) 4/45 (8.9)

Table 3. Adverse Events by Age Group (Continued)

Dose 1 (n=1876) Dose 2 (n=1840)
Events/

participants (%)
p value

Events/
participants (%)

p value

Diarrhea 0.006   0.390 
20–29 63/736 (8.6) 75/741 (10.1)
30–39 37/488 (7.6) 64/480 (13.3)
40–49 20/331 (6.0) 45/317 (14.2)
50–59 9/269 (3.3) 23/257 (8.9)
60–69 3/53 (5.7) 6/45 (13.3)

Myalgia 0.013   0.525
20–29 378/736 (51.4) 548/741 (74.0)
30–39 244/488 (50.0) 393/480 (81.9)
40–49 157/331 (47.4) 246/317 (77.6)
50–59 125/269 (46.5) 185/257 (72.0)
60–69 26/53 (49.1) 28/45 (62.2)

Arthralgia <0.001 <0.001
20–29 65/736 (8.8) 240/741 (32.4)
30–39 50/488 (10.2) 196/480 (40.8)
40–49 45/331 (13.6) 157/317 (49.5)
50–59 44/269 (16.4) 108/257 (42.0)
60–69 9/53 (17.0) 20/45 (44.4)

Itching   0.249 <0.001
20–29 83/737 (11.3) 142/741 (19.2)
30–39 56/488 (11.5) 97/480 (20.2)
40–49 43/331 (13.0) 78/317 (24.6)
50–59 37/269 (13.8) 80/257 (31.1)
60–69 7/53 (13.2) 20/45 (44.4)

Urticaria 0.603   0.715
20–29 18/737 (2.4) 19/741 (2.6)
30–39 13/488 (2.7) 13/480 (2.7)
40–49 5/331 (1.5) 9/317 (2.8)
50–59 4/269 (1.5) 8/257 (3.1)
60–69 3/53 (5.7) 1/45 (2.2)
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myalgia, headache, and arthralgia, which are more subjective 
than fever, were higher in our study than in the Pfizer-BioNTech 
COVID-19 vaccine’s Phase 3 trial. Adjustments for factors, such 
as race and age, however, should be made. Also, because our 
study was not a case-controlled study, it may cause such differ-
ences. The incidence of critical adverse events was 0.2% after 
the first dose and 0.7% after the second dose in our study, which 
was higher than 0.01% (after both the first and second doses) of 
the Pfizer Phase 3 trial. Because all respondents in our study 
who reported critical adverse events visited the emergency 
room, their adverse events were classified as Grade 4. Howev-
er, we should consider that healthcare workers have better ac-
cess to emergency medical centers than non-medical workers. 

In this study, the higher incidence of adverse events after the 
second dose should be noted. The incidence of all systemic ad-
verse events, except urticaria, was significantly higher after the 
second dose than after the first dose in this study. Therefore, we 
suggest that systemic adverse events occur more frequently af-
ter the second dose than after the first dose of the Pfizer-BioN-
Tech COVID-19 vaccine in Koreans as well. Depending on the 
progression of the pandemic or emergence of variants of the 
SARS-CoV-2 virus, a third vaccination dose or annual vaccina-
tion may be considered. In that case, further research on the 
adverse events after the additional booster dose is needed.

This study has some limitations. First, the number of vaccinees 
studied was relatively small. Second, because the study popula-
tion comprised only healthcare workers, it cannot represent the 
entire population in Korea. Third, no control group was includ-
ed. Finally, this study did not determine the effects of antipyret-
ics that could affect symptoms after vaccination. A large-scale, 
case-control study is warranted to overcome these limitations 
and validate our findings.

In conclusion, pain was the most common local adverse event, 
and fatigue and myalgia were the most common systemic ad-
verse events of the Pfizer-BioNTech COVID-19 vaccine among 
healthcare workers in Korea. The incidence of systemic adverse 
events was higher after the second dose than after the first dose. 
Further large-scale studies should be undertaken in a popula-
tion of a broader age group and high-risk groups.
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