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A B S T R A C T   

As the first authorized COVID-19 vaccine in Japan, the BNT162b2 mRNA COVID-19 vaccine is utilized for mass 
vaccination. Although efficacy has been proved, real-world evidence on reactogenicity in Japanese personnel is 
needed to prepare the public. Healthcare workers in a large academic hospital in Japan received two doses of the 
Pfizer-BioNTech vaccine from March 17 to May 19, 2021. Online questionnaires were distributed to registered 
recipients following each dose, from day 0 through day 8. Primary outcomes are the frequency of reactogenicity 
including local and systemic reactions. Length of absence from work was also analyzed. Most recipients self- 
reported reactogenicity after the first dose (97.3%; n = 3254; mean age [36.4]) and after the second dose 
(97.2%; n = 3165; mean age [36.5]). Systemic reactions following the second dose were substantially higher 
than the first dose, especially for fever (OR, 27.38; 95% CI, [22.00–34.06]; p < 0.001), chills (OR, 16.49; 95% CI, 
[13.53–20.11]; p < 0.001), joint pain (OR, 8.49; 95% CI, [7.21–9.99]; p < 0.001), fatigue (OR, 7.18; 95% CI, 
[6.43–8.02]; p < 0.001) and headache (OR, 5.43; 95% CI, [4.80–6.14]; p < 0.001). Reactogenicity was more 
commonly seen in young, female groups. 19.3% of participants took days off from work after the second dose 
(2.2% after the first dose), with 4.7% absent for more than two days. Although most participants reported 
reactogenicity, severe cases were limited. This study provides real-world evidence for the general population and 
organizations to prepare for BNT162b2 mRNA COVID-19 vaccination in Japan and other countries in the region.   

Note 

Since the outbreak of the coronavirus (COVID-19) pandemic, Japan’s 
citizens have practiced strict personal hygiene including masks and 
hand-washing. Japan has declared a nationwide State of Emergency 
twice since the outbreak, with 10 prefectures currently under a third 
round as of June 18, 2021. Nonetheless, the disease continues to spread 
in the country. Vaccination is expected to be a critical step in fighting the 
disease. Pfizer-BioNTech BNT162b2 mRNA COVID-19 vaccine (there
after: Pfizer-BioNTech COVID-19 vaccine) was the first to be authorized 
for emergency use by the Ministry of Health, Labor and Welfare of Japan 
on February 14, 2021 [1]. However, due to the high awareness of 
reactogenicity following vaccines such as Human Papillomavirus (HPV) 
vaccines in the past, the Japanese people are cautious about COVID-19 
vaccination [2]. Vaccine safety has been shown to be important to the 

Japanese public. 
High efficacy of the Pfizer-BioNTech COVID-19 vaccine (95%) was 

observed in clinical trials and supported in real world vaccination efforts 
[3–5]. However, previous studies showed reactogenicity following 
Pfizer-BioNTech COVID-19 vaccines [3,6–8]. Severe allergic reactions 
after receiving this mRNA-based vaccine were reported as well [9]. 
Because the frequency and degrees of reactogenicity may vary 
depending on ethnicity and region, assessment of the adverse reactions 
is an important step toward preparation of Japan’s general population to 
receive the vaccine. Reactogenicity reflecting differences in age groups 
and gender is informative, as well as to provide data to organizations 
anticipating possible absences from work following each worker’s dose 
of the vaccine. 

Healthcare workers in a large academic hospital (1051 beds) 
voluntarily registered to receive COVID-19 vaccines from March 17 to 
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April 23 for the first dose, and April 7 to May 19 for the second dose. 
Pfizer-BioNTech COVID-19 vaccines were administered. According to a 
previous study targeting the healthcare workers in the same hospital in 
the summer of 2020, 0.34% (n = 4147) were found to have antibody 
evidence of previous SARS-CoV-2 infection [10]. A healthcare ques
tionnaire was distributed prior to the vaccination [11]. Those with 
medicine/food allergies, previous experience of spasm, or anaphylaxis 
following vaccination, were asked to remain for 30 min in the vacci
nation setting. 

An online questionnaire survey was conducted with approval of the 
institutional review board of this academic hospital. (No. 2021055). 
Questionnaires were distributed to registered vaccine recipients from 
Day 0 to Day 8 after each dose. Reactogenicity was divided into two 
groups: injection site reactions such as pain, swelling, burning sensation, 
redness, induration, and itching; systemic reactions such as fatigue, 
myalgia (muscle ache), headache, fever (self-reported; ≧37.5 ◦C), chills, 
joint pain, and nasal discharge. Anaphylaxis cases were asked to be self- 
reported, then confirmed by researchers’ review of patient treatment 
records, and subsequently recorded based on Brighton Collaboration’s 
definitions [12]. Consequences of reactogenicity such as any work ab
sences were asked to be self-reported as well. 

Primary outcomes are the frequencies of reactogenicity after the first 
and second dose. Multivariate analysis was performed to assess differ
ences in reactogenicity by sex, age and between the two doses. In 
addition, the average length of absence from work due to adverse re
actions was assessed. Statistical analyses were performed using IBM 
SPSS Statistics for Windows, version 27 (IBM Japan). Two-sided p- 
values less than 0.05 were considered statistically significant. 

3381 healthcare workers received the first dose of the Pfizer- 
BioNTech vaccine from March 17 to April 23, 2021. 3354 received the 
second dose from April 7 to May 19, 2021. After the first dose, 3254 
(96.2%; mean age [36.4]) healthcare workers participated in the ques
tionnaire survey; after the second dose, 3165 (94.4%; mean age [36.5]) 
participated. Characteristics of the participants and reactogenicity are 
shown in Table 1. Most participants reported an injection site reaction 
(91.3% after dose 1; 92.1% after dose 2) or a systemic reaction (75.1% 
after dose 1; 86.8% after dose 2) during the days 0–8 after vaccination. 

Regarding adverse reactions after the first dose, pain at the injection 
site was most commonly reported as a local reaction (89.4%). Approx
imately 30% self-reported swelling and a burning sensation. For sys
temic reactions, muscle ache was the top self-reported reaction (65.5%), 
followed by fatigue (27.7%), headache (14.2%), joint pain (6.1%), chills 
(3.7%) and fever (2.9%). Regarding adverse reactions after the second 
dose, pain (87.3%) remained as the top local reaction, but the overall 
frequency of systemic reactions was higher than after the first dose, 
especially for fatigue (72.8%), muscle pain (64.3%), headache (45.7%), 
fever (42.8%), chills (37.3%) and joint pain (34.5%) (Supplementary, 
Fig. 1). 

Multivariate analysis was performed to assess the differences in 
reactogenicity by sex and age, for the first dose and the second dose 
(Table 2). Women were found to have higher rates of reactogenicity in 
all items, compared to men. Additionally, those with older age tended to 
have lower rates of reactogenicity. Comparing reactogenicity following 
the doses, the rates following the second dose were higher, especially for 
fever (OR, 27.38; 95% CI, [22.00–34.06]; p < 0.001), chills (OR, 16.49; 
95% CI, [13.53–20.11]; p < 0.001), joint pain (OR, 8.49; 95% CI, 
[7.21–9.99]; p < 0.001), fatigue (OR, 7.18; 95% CI, [6.43–8.02]; p <
0.001) and headache (OR, 5.43; 95% CI, [4.80–6.14]; p < 0.001). In
cidences of fever by age groups following each dose of vaccine are 
shown in Fig. 1a and 1b. Compared to the first dose, healthcare worker 
participants had substantially higher rates of fever after the second dose, 
especially for age groups ≦29 years (53.5%). Among participants who 
reported fever following the second dose, more than 40% reported fever 
of 38.0 ◦C or higher in age groups under 60 years old, with the per
centage slightly higher among younger groups (Fig. 1b). 

Due to adverse reactions including fever, fatigue, headache, and 

chills, 610 (19.3%) participating healthcare workers took at least one 
day off from work after the second dose, compared to 71 (2.2%) after the 
first dose (Table 1). 

One case of anaphylaxis was reported by a woman (32 years old) 
immediately after receiving the first dose; flushing in the face, itching on 
the abdominal area, vomiting, and cough were reported; adrenaline 
injection was administered. No abnormal vital signs were found. 
Another case of anaphylaxis was reported by a woman (38 years old) 5 
min after receiving the second dose. Abnormalities on throat and cough 
were reported; adrenaline injection was administered. Pharyngeal 
edema was not found with fiberscope examination. No abnormal vital 
signs were reported. 

This study showed a sample of real-world adverse reactions 
following Pfizer-BioNTech COVID-19 vaccines among healthcare 
workers in a large academic hospital in Tokyo, Japan. Most recipients 
self-reported reactogenicity (including injection site or systemic re
actions) after the first dose (97.3%), as well as after the second dose 
(97.2%). The rate of reactogenicity was higher compared to the findings 
from Korean studies with 80.1% (n = 277) after the first dose and 89.1% 
(n = 265) after the second dose [6,7]. These adverse reactions were 

Table 1 
Participants’ characteristics and reactogenicity following two doses of the 
BNT162b2 mRNA COVID-19 vaccine.   

No. (%)  

Dose 1 (n =
3254) 

Dose 2 (n =
3165) 

No. of recipients 3381 3354 
No. of respondents 3254 (96.2) 3165 (94.4) 
Demographic characteristics .. .. 
Age Groups   

≤29 1178 (36.2) 1132 (35.8) 
30–39 953 (29.3) 926 (29.3) 
40–49 632 (19.4) 624 (19.7) 
50–59 329 (10.1) 324 (10.2) 
60–69 138 (4.2) 137 (4.3) 
≥70 24 (0.8) 22 (0.7) 

Sex .. .. 
male 1116 (34.3) 1091 (34.5) 
female 2138 (65.7) 2074 (65.5) 

Occupation   
doctor 926 (28.5) 899 (28.4) 
nurse 1162 (35.7) 1129 (35.7) 
pharmacist 100 (3.1) 100 (3.2) 
administrative staff 1066 (32.8) 1037 (32.8) 

Reactogenicity .. .. 
Any 3165 (97.3) 3077 (97.2) 
Injection site reactions (any) 2972 (91.3) 2915 (92.1) 

pain 2908 (89.4) 2736 (87.3) 
swelling 1001 (30.8) 1359 (42.9) 
burning sensation 930 (28.6) 1194 (37.7) 
redness 494 (15.2) 840 (26.5) 
induration 545 (16.7) 606 (19.1) 
itching 327 (10.0) 514 (16.2) 

Systemic reactions (any) 2445 (75.1) 2748 (86.8) 
fatigue 901 (27.7) 2304 (72.8) 
myalgia (muscle ache) 2132 (65.5) 2035 (64.3) 
headache 463 (14.2) 1447 (45.7) 
fever 95 (2.9) 1354 (42.8) 

- low-grade fever (≥37.5◦C, but <
38.0◦C) 

70/95 (73.7) 757/1354 
(55.9) 

- high-grade fever (≥38.0◦C) 25/95 (26.3) 597/1354 
(44.1) 

chills 119 (3.7) 1180 (37.3) 
joint pain 198 (6.1) 1092 (34.5) 
nasal discharge 49 (1.5) 69 (2.2) 
Anaphylaxis 1 (0.03) 1 (0.03) 

Absence from work (no. of days)  .. 
no absence 3183 (97.8) 2555 (80.7) 
1 day 48 (1.5) 461 (14.6) 
2–3 days 6 (0.2) 137 (4.3) 
4–5 days 9 (0.3) 6 (0.2) 
≥6 days 8 (0.2) 6 (0.2)  
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more commonly seen in female younger participants, which is consistent 
with the findings of the reports from Korea [6,7]. 

When compared to a previous large-scale US study (first dose: n =
1,659,724; second dose: n = 971,375) with site injection and systemic 
reactions assessed separately, our findings were much higher following 
the first dose (injection site reactions: 91.3% vs 65.4%; systemic re
actions: 75.1% vs 48.0%) and second dose (injection site reactions: 
92.1% vs 68.6%; systemic reactions: 86.8% vs 64.2%) [8]. Frequency of 
systemic reactions were substantially greater after the second dose, 
which was consistent with the findings of the US study. Compared to the 
US study, we found even higher rates of these systemic reactions in our 
healthcare workers in Japan: fatigue (72.8% vs 47.8%), muscle ache 
(64.3% vs 36.8%), and fever (42.8% vs 21.5%) [8]. The large-scale US 
study also revealed that local and systemic reactions were less 
commonly reported by participants 65 years and older compared with 
those younger than 65 years, which is consistent with our findings. 
Regarding gender differences, no detailed information was available in 
the US study, but a UK study reported that reactogenicity was higher 
among women, consistent with the findings of our study [13]. 

Anaphylaxis was confirmed in one participant after the first dose 
(0.031%) and one participant after the second dose (0.031%). Both 
confirmed anaphylaxis cases were Brighton Collaboration level 3; no 

level 1 or 2 cases were reported in this academic hospital. According to 
the US Centers for Disease Control and Prevention (CDC), the frequency 
of anaphylaxis with the Pfizer-BioNTech COVID-19 vaccine was around 
11.1 per million doses as of December 2020 [14]. In another study 
among Mass General Brigham (MGB) employees in America (n = 25, 
929), anaphylaxis was confirmed in 7 employees after the first dose 
(0.027%; [95% CI, 0.011–0.056]) [15]. 

Although most healthcare worker participants in this Japanese aca
demic hospital self-reported local or systemic reactions following each 
dose of Pfizer-BioNTech vaccine, severe cases were limited. 19.3% of the 
participants self-reported absence from work after receiving the second 
dose, but they typically took 1 day off (14.6%), with less than 5.0% 
needing to take more than 2 days from work. 

This study has several limitations worth addressing. First, this 
questionnaire survey was self-administered online. Although all the 
participants were healthcare workers, perception regarding adverse re
actions may vary, resulting in under-reporting or over-reporting. Sec
ond, this study was conducted in a single hospital, which may not fully 
represent the large number of healthcare workers in Japan. 

In conclusion, most healthcare workers reported reactogenicity in 
this Japanese hospital. The rates of fatigue, headache, fever, chills, and 
joint pain were greatly increased following the second dose. Higher 

Table 2 
Multivariate analysis for differences in sex, age, and doses; reactogenicity following two doses of the BNT162b2 mRNA COVID-19 vaccine.   

Female (reference: male) Age (unit change: one year older) Dose 2 (reference: dose 1) 

Reactogenicity Odds ratio 95% CI p value Odds ratio 95% CI p value Odds ratio 95% CI p value 

pain (injection site) 1.48 1.26 1.73 <0.001 0.99 0.98 1.00 0.001 0.82 0.70 0.95 0.010 
swelling 1.42 1.27 1.59 <0.001 0.98 0.98 0.99 <0.001 1.71 1.54 1.90 <0.001 
burning sensation 1.56 1.39 1.75 <0.001 0.97 0.97 0.98 <0.001 1.54 1.38 1.71 <0.001 
redness 1.58 1.38 1.82 <0.01 0.98 0.98 0.99 <0.001 2.04 1.80 2.32 <0.001 
induration 1.27 1.10 1.46 0.001 1.00 1.00 1.01 0.163 1.18 1.04 1.34 0.012 
itching 3.66 2.99 4.48 <0.001 1.01 1.00 1.01 0.070 1.76 1.52 2.05 <0.001 
fatigue 1.47 1.31 1.66 <0.001 0.99 0.98 0.99 <0.001 7.18 6.43 8.02 <0.001 
muscle pain 1.59 1.42 1.77 <0.001 0.97 0.97 0.98 <0.001 0.95 0.86 1.05 0.334 
headache 2.46 2.16 2.81 <0.001 0.99 0.98 0.99 <0.001 5.43 4.80 6.14 <0.001 
fever 1.80 1.55 2.09 <0.001 0.97 0.96 0.97 <0.001 27.38 22.00 34.06 <0.001 
chills 1.88 1.61 2.19 <0.001 0.98 0.97 0.99 <0.001 16.49 13.53 20.11 <0.001 
joint pain 2.02 1.73 2.35 <0.001 0.98 0.98 0.99 <0.001 8.49 7.21 9.99 <0.001 
nasal discharge 1.71 1.12 2.63 0.014 1.01 1.00 1.03 0.152 1.46 1.01 2.11 0.046  

Fig. 1. a: Incidence of fever following 1st dose by age groups. b: Incidence of fever following 2nd dose by age groups. 
Notes: 
1. Fever is defined as ≧37.5 ◦C with 2 categories: low-grade fever (≧37.5 ◦C, but <38.0 ◦C) and high-grade fever (≧38.0 ◦C). 
2. Percentages of fever incidence by age groups are calculated by numbers of fever incidence of each group as percentage of total number of participating healthcare 
workers in the associated age groups. 
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incidence of adverse reactions was found in women and younger ages. 
Although adverse reactions were commonly reported, severe cases were 
limited. Our findings provide real-world evidence on the frequency of 
reactogenicity after receiving the Pfizer-BioNTech BNT162b2 mRNA 
COVID-19 vaccine in Japan, helping clinicians and the general popula
tion set realistic expectations for postvaccination adverse reactions in 
Japan and other countries in the region. 
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