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Abstract
We aimed to investigate the type and frequency of adverse events over 7 days following the first and second BNT162b2 
vaccination. This observational and historical cohort study included patients aged 5–11 years who received two doses of 
BNT162b2 and provided consent along with their guardians. We collected data on sex, age, height, weight, blood type, his-
tory of Bacille Calmette-Guerin vaccination, allergic disease, medication, history of coronavirus disease 2019 (COVID-19), 
and adverse reactions 7 days following the first and second BNT162b2 vaccination using a questionnaire. Our results were 
compared with previously reported results for individuals aged 12–15 years. A total of 421 participants were eligible for 
this study. Among the 216 patients with allergic disease, 48 (22.2%) had experienced worsening of their chronic diseases, 
and the frequency of fatigue and dizziness after the second dose was higher than that of healthy individuals. The experience 
of systemic adverse reactions was associated with asthma. The frequency of headache, diarrhea, fatigue, muscle/joint pain, 
and fever after the second BNT162b2 vaccination was lower in individuals aged 5–11 years than in those aged 12–15 years. 
Fever was the only systemic adverse reaction that lasted longer than 5 days (1.0% of participants).

Conclusions: Individuals with allergic diseases, who are potentially susceptible to COVID-19, may experience worsen-
ing of their chronic diseases and more frequent adverse reactions after BNT162b2 vaccination than healthy individuals. To 
ensure that children with allergic diseases receive the vaccine safely, further information needs to be collected.

What is Known:
• Adverse reactions afterBNT162b2 vaccination among individuals aged 5–11 years are generallynonserious, more common after second vac-

cination, and substantially less commoncompared to those observed among individuals aged 12–15 years.
What is New:
• Individuals with allergic diseasesexperienced worsening of their chronic diseases and more frequent adversereactions after BNT162b2 vac-

cination than healthy individuals.
• Systemic adverse reactions were associatedwith asthma. Fever was the only systemic adversereaction that lasted longer than 5 days.
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Introduction

COVID-19 was first confirmed in China in December 2019 
and spread rapidly worldwide. This disease causes pneumo-
nia and other respiratory diseases and has resulted in 6.34 
million cumulative deaths as of July 5, 2022 [1]. COVID-19 
also exerts an enormous impact on children. Although clini-
cal manifestations of pediatric COVID-19 cases are gener-
ally less severe than those of adult cases [2–5], some chil-
dren suffer from longer-term sequelae, such as multisystem 
inflammatory syndrome [4, 678] and long COVID [9]. Fur-
thermore, social isolation measures, such as school closures 
and curfews associated with the COVID-19 pandemic have 
had a significant impact on children’s education [10–12], 
physical health, and mental health [13–17]. Therefore, safe 
and effective vaccines to prevent COVID-19 in children 
could dramatically reduce not only the physical effects of 
infection but also the marked social impact of the pandemic 
[18]. On December 11, 2020, the Food and Drug Admin-
istration (FDA) issued an Emergency Use Authorization 
for urgent use of the Pfizer-BioNTech COVID-19 vaccine 
(BNT162b2) for the prevention of COVID-19 for individuals 
aged 16 years and older. Then, the FDA approved the admin-
istration of BNT162b2 for individuals aged 12–15 years 
on May 10, 2021, and for individuals aged 5–11 years on 
October 29, 2021 [19]. Widespread vaccination across age 
groups is essential in ongoing efforts to curtail the pan-
demic [20]. Therefore, evaluating the adverse reactions of 
BNT162b2 vaccination in children and assessing whether 
this vaccine meets high safety standards is a crucial public 
health issue [21]. Previous studies have reported adverse 
reactions after BNT162b2 vaccination among individuals 
aged 5–11 years. Adverse reactions in this population were 
generally nonserious, more common after the second vac-
cination, and substantially less common than those observed 
among individuals aged 12–15 years [22–24]. Children with 
underlying comorbidities are at risk of severe COVID-19 [8; 
25–29]; however, long-term data on the adverse reactions 
after BNT162b2 vaccination in these patients are limited.

Fukushima Prefecture, Japan, began administering 
BNT162b2 in two doses (10 μg, 0.2 mL each), 3 weeks 
apart to individuals aged 5–11 years on March 9, 2022. 
This prefecture has experienced a triple disaster: the radia-
tion disasters, the Fukushima Daiichi Nuclear Power Plant 
accident, and the Great East Japan earthquake. Since these 
experiences, this prefecture has been an ongoing cross-sector 
collaboration among the local government, private and pub-
lic medical sectors, and the community for over 10 years 
[30]. Based on these collaborations, this prefecture has been 
continuously subjected to COVID-19 antibody titer monitor-
ing to develop infection prevention measures accordingly 
in the Fukushima Vaccination Community Survey (FVCS) 

[31–36]. This prefecture has some of the best information 
on antibody titers and adverse reactions after BNT162b2 
vaccination in Japan, making it suitable for studying adverse 
reactions of BNT162b2 vaccination in the long-term based 
on the presence or absence of allergic diseases in individuals 
aged 5–11 years. Therefore, we aimed to investigate the type 
and frequency of adverse reactions in healthy and allergic 
disease individuals aged 5–11 years over the first 7 days fol-
lowing the first and second BNT162b2 vaccination.

Materials and methods

Study site, design, and participants

This was an observational and historical cohort study using 
a paper-based questionnaire from April 2, 2022, to June 29, 
2022. The Seireikai group that runs Hirata Central Hospital 
is located in the Ishikawa district, which is a mountainous 
region and one of the most resource-poor areas in the Fuku-
shima Prefecture. The Seireikai group and four municipali-
ties (Hirata village, Tamagawa village, Ishikawa town, and 
Furudono town) in the Ishikawa district conducted a mass 
vaccination program for children together to secure physi-
cians and manage adverse reactions specific to children. This 
vaccination program included sufficient time to explain the 
vaccine efficacy and safety to children and their parents/
guardians, a free call center, follow-up on adverse reac-
tions, and a questionnaire. The study population included 
children who had received the BNT162b2 vaccination at 
the Seireikai group during the mass vaccination programs. 
The eligibility criteria for the study participants consisted 
of individuals aged 5–11 years who had received two doses 
of the BNT162b2 vaccination (10 μg, 0.2 mL each) during 
the study period and consent from the children or their sur-
rogates. Our results were compared with previously reported 
results for individuals aged 12–15 years [37].

Questionnaire

We created a questionnaire consisting of two sections to 
study adverse reactions in healthy and allergic disease indi-
viduals aged 5–11 years throughout the 7 days following 
their first and second BNT162b2 vaccination. "Introduction" 
asked for the sociodemographic characteristics of the chil-
dren, including their sex, age, height, weight, blood type, 
history of Bacille Calmette-Guerin (BCG) vaccination given 
as regular immunization services, allergic disease, medica-
tion, and history of COVID-19. "Materials and methods" 
asked for their adverse reactions 7 days following their first 
and second BNT162b2 vaccinations. This section assessed 
the presence of local pain, headache, diarrhea, dizziness, 
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fatigue, muscle/joint pain, nausea, fever, swelling of BCG 
scar, worsening of chronic diseases (including asthma, hay 
fever, allergic rhinitis, atopic dermatitis, and food allergies), 
and medication use as adverse reactions. We designed these 
questions based on findings from experts and previous stud-
ies [31–38]. We enquired regarding the swelling of BCG 
scar following mRNA vaccination in the questionnaire since 
it has been reported in a previous study [38].

Data collection

When the vaccination program for children was conducted, 
we distributed the questionnaire to the children or their sur-
rogates and explained how to complete it. The parent or sur-
rogate recorded their children's adverse reactions for 7 days 
following the first and second BNT162b2 vaccination and 
posted the results to the Seireikai group. The deadline for 
responses was June 29, 2022.

Statistical analysis

We compared the participant characteristics using descrip-
tive statistics according to the presence of allergic diseases. 
Allergic diseases included asthma, hay fever, allergic rhi-
nitis, atopic dermatitis, and food allergies. We conducted 
a descriptive analysis of the characteristics of those with 
allergic diseases who experienced worsening of their 
chronic disease after the first and/or second BNT162b2 
vaccination. Categorical variables (sex, blood type, BCG 
vaccination, allergic disease, medication, and COVID-19) 
are presented as frequencies, and continuous variables (age, 
height, weight, and body mass index [BMI)) are presented 
as the mean and standard deviation. We created a bar graph 
of the frequency of adverse reactions after the first and sec-
ond BNT162b2 vaccinations. We also created a bar graph 
comparing the frequency of adverse reactions after the sec-
ond dose of BNT162b2 vaccination among individuals aged 
5–11 years and those aged 12–15 years [37]. Moreover, we 
conducted a chi-squared test for categorical variables and 
a t-test for continuous variables. Logistic multiple regres-
sion was used to assess the relationship between systemic 
adverse reactions that may have social consequences, such as 
school attendance, age, sex, BMI, history of BCG vaccina-
tion, asthma, hay fever, allergic rhinitis, atopic dermatitis, 
food allergies, and medication. Systemic adverse reactions 
were defined as any one of the following after the first or 
second BNT162b2 vaccination: headache, diarrhea, dizzi-
ness, fatigue, muscle/joint pain, nausea, fever, and medi-
cation used to treat an adverse reaction. We considered 
p-values < 0.05 to be statistically significant. The statistical 
software STATA/IC (version 15; Lightstone, DL, College 
Station, TX, USA) and Python (version 3.7.12) were used 
for all analyses.

Results

Participant characteristics

In four municipalities (Hirata village, Tamagawa village, 
Ishikawa town, and Furudono town) in the Ishikawa dis-
trict, 1536 individuals aged 5–11 years were eligible for 
BNT162b2 vaccination, and 806 received two doses of the 
vaccination in the Seireikai group during the study period. 
Of the 806 individuals that were recruited, 421 (52.2%) 
consented to participate in the study. The mean age of 
the participants was 8.8 ± 1.9 years, the mean height was 
132.8 ± 12.9 cm, 216 (51.3%) participants were male, 216 
(51.3%) had allergic diseases, and 190 (45.1%) experienced 
systemic adverse reactions. Table 1 shows the allergic dis-
ease profile: 162 patients had hay fever, 71 had allergic 
rhinitis, 54 had atopic dermatitis, 46 had asthma, and 16 
had food allergies. Of the 216 participants with allergic dis-
eases, 45 (20.8%) experienced worsening of their chronic 
diseases after the first BNT162b2 vaccination, 41 (19.0%) 
experienced worsening of their chronic diseases after the 
second BNT162b2 vaccination, and 54 (12.8%) experienced 
worsening of their chronic diseases after the first and/or sec-
ond BNT162b2 vaccination. The frequency of worsening of 
chronic diseases (p < 0.001), fatigue (p = 0.002), and nausea 
(p = 0.038) after the second BNT162b2 vaccination was sig-
nificantly higher among individuals with allergic diseases.

Time course of adverse reactions

For both the first and second BNT162b2 vaccination, local 
pain exhibited the highest frequency of approximately 70% 
2 days after vaccination, and < 1% of cases continued for 
more than 6 days. No participants experienced systemic 
adverse reactions lasting longer than 5 days after both the 
first and second BNT162b2 vaccinations, except for fever 
in 1.0% of patients (Fig. 1). Of the 216 participants with 
allergic diseases, approximately 20% continued to experi-
ence worsening their chronic disease throughout the study 
period (Fig. 2a). No significant differences were observed 
in the time course of adverse reactions by sex or weight 
(Fig. 2b, c).

Participants with allergic diseases who experienced 
worsening of their chronic diseases

Forty-eight (22.2%) of the 216 participants with allergic dis-
eases, including 14 (30.4%) of the 46 participants with asthma, 
experienced worsening of their chronic diseases. The worsen-
ing of their chronic diseases lasted 5.9 ± 2.4 days after the first 
BNT162b2 vaccination and 5.4 ± 2.6 days after the second 
BNT162b2 vaccination (Supplementary Table 1). The mean 
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Table 1  Participant 
characteristics based on the 
presence or absence of allergic 
disease (n = 421)

Allergic disease 
(n = 216)

No allergic 
disease (n = 205)

Total (n = 421) P-value

Male 112 (51.9) 104 (50.7) 216 (51.3) 0.82
Height (cm) (mean [SD]) 134.1 [13.0] 131.4 [12.7] 132.8 [12.9] 0.053
Weight (kg) (mean [SD]) 32 [8.7] 30.9 [9.9] 31.5 [9.3] 0.25
Age (mean [SD]) 9 [1.9] 8.6 [1.9] 8.8 [1.9] 0.052
BMIa

   Below 25th percentile 39 (20.9) 43 (26.4) 82 (23.4) 0.22
   Between 25–75th percentiles 82 (43.9) 62 (38.0) 144 (41.1) 0.23
   Above 75th percentiles 66 (35.3) 58 (35.6) 124 (35.4) 0.96

Blood type
   A 57 (26.4) 48 (23.4) 105 (24.9) 0.48
   B 25 (11.6) 30 (14.6) 55 (13.1) 0.35
   O 41 (19.0) 39 (19.0) 80 (19.0) 0.99
   AB 14 (6.5) 11 (5.4) 25 (5.9) 0.63

BCG vaccination 205 (94.9) 193 (94.1) 398 (94.5) 0.73
Allergic disease
   Asthma 46 (21.3) 0 (0.0) 46 (10.9) -
   Hay fever 162 (75) 0 (0.0) 162 (38.5) -
   Allergic rhinitis 71 (32.9) 0 (0.0) 71 (16.9) -
   Atopic dermatitis 54 (25.0) 0 (0.0) 54 (12.8) -
   Food allergies 16 (7.4) 0 (0.0) 16 (3.8) -

Medication
   Steroid 4 (1.9) 3 (1.5) 7 (1.7) 0.76
   Antihistamine 60 (27.8) 0 (0.0) 60 (14.3) -
   COVID-19 2 (0.9) 3 (1.5) 5 (1.2) 0.61

AR after first dose
   Local pain 172 (79.6) 155 (75.6) 327 (77.7) 0.32
   Headache 26 (12.0) 20 (9.8) 46 (10.9) 0.45
   Diarrhea 8 (3.7) 5 (2.4) 13 (3.1) 0.45
   Dizziness 1 (0.5) 1 (0.5) 2 (0.5) 0.97
   Fatigue 26 (12.0) 23 (11.2) 49 (11.6) 0.79
   Muscle/joint pain 13 (6.0) 12 (5.9) 25 (5.9) 0.94
   Nausea 2 (0.9) 3 (1.5) 5 (1.2) 0.61
   Fever 15 (6.9) 17 (8.3) 32 (7.6) 0.60
   Swelling of BCG scar 1 (0.5) 3 (1.5) 4 (1.0) 0.29
   Others 7 (3.2) 6 (2.9) 13 (3.1) 0.85
   Worsening of CD 45 (20.8) 6 (2.9) 51 (12.1)  < 0.001
   Medication use 11 (5.1) 10 (4.9) 21 (5.0) 0.92

AR after second dose
   Local pain 158 (73.1) 153 (74.6) 311 (73.9) 0.73
   Headache 30 (13.9) 30 (14.6) 60 (14.3) 0.83
   Diarrhea 4 (1.9) 1 (0.5) 5 (1.2) 0.20
   Dizziness 3 (1.4) 2 (1.0) 5 (1.2) 0.70
   Fatigue 43 (19.9) 24 (11.7) 67 (15.9) 0.022
   Muscle/joint pain 9 (4.2) 11 (5.4) 20 (4.8) 0.56
   Nausea 11 (5.1) 3 (1.5) 14 (3.3) 0.038
   Fever 26 (12) 19 (9.3) 45 (10.7) 0.36
   Swelling of BCG scar 1 (0.5) 3 (1.5) 4 (1.0) 0.29
   Others 7 (3.2) 7 (3.4) 14 (3.3) 0.92
   Worsening of CD 41 (19) 5 (2.4) 46 (10.9)  < 0.001
   Medication use 10 (4.6) 12 (5.9) 22 (5.2) 0.57
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age was significantly lower (p = 0.033), and the frequency of 
allergic rhinitis (p = 0.004), food allergy (p = 0.006), and anti-
histamine medication (p < 0.001) was significantly higher in 
the group with the allergic disease who experienced worsen-
ing of their chronic diseases. No significant difference was 
observed in the frequency of adverse reactions after the first 
and second BNT162b2 vaccination between groups with the 
allergic disease who experienced worsening of their chronic 
diseases and those who did not (Table 2).

Comparison of frequency of adverse reactions

Comparing adverse reactions after the first vaccination with 
those after the second vaccination, the frequency of diarrhea 

was significantly higher after the second BNT162b2 vac-
cination, but no significant differences were observed in 
other adverse reactions (Fig. 3a) (Supplementary Table 2a). 
The frequency of headache (p < 0.001), diarrhea (p < 0.001), 
fatigue (p < 0.001), muscle/joint pain (p < 0.001), and fever 
(p < 0.001) after the second BNT162b2 vaccination was 
significantly lower in the individuals aged 5–11 years than 
in individuals aged 12–15 years (Fig. 3b) (Supplementary 
Table 2b).

Factors associated with systemic adverse reactions

The results of multiple logistic regression analysis revealed 
that asthma (OR, 2.24; 95% CI, 1.08–4.66) was predominantly 

Data are presented as means [standard deviation] or numbers (percentages) of participants
We conducted chi-squared tests for categorical variables and t-tests for continuous variables
BMI Body Mass Index, AR Adverse Reaction, CD Chronic Diseases, BCG Bacille Calmette-Guerin
a We used BMI percentiles for each age for Japanese children in 2000. Based on the respondents’ weight, 
height, sex, and age, the 25th percentile and below was defined as thin, the 25–75th percentile was defined 
as normal, and the 75th percentile and above was defined as overweight. 
b According to “Pfizer-BioNTech COVID-19 Vaccine Reactions & Adverse Events” published by the Cent-
ers for Disease Control and Prevention, systemic adverse reactions include headache, diarrhea, dizziness, 
fatigue, muscle pain, nausea, fever, and medication use

Table 1  (continued) Allergic disease 
(n = 216)

No allergic 
disease (n = 205)

Total (n = 421) P-value

After 1st and/or 2nd dose
   Systematic  ARb 98 (45.4) 92 (44.9) 190 (45.1) 0.92
   Worsening of CD 48 (22.2) 6 (2.9) 54 (12.8)  < 0.001

Local Pain 68% 71% 28% 6% 1% 1% 1% 62% 67% 34% 9% 3% 1% 1%

Headache 4% 6% 3% 1% 0% 0% 0% 4% 11% 5% 1% 0% 0% 0%

1% 1% 2% 1% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0%

Dizziness 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0%

Fa�gue 7% 5% 2% 0% 0% 0% 0% 7% 10% 3% 0% 0% 0% 0%

Muscle pain 5% 4% 1% 0% 0% 0% 0% 3% 5% 3% 0% 0% 0% 0%

Nausea 0% 0% 0% 1% 0% 0% 0% 0% 2% 1% 0% 0% 0% 0%

Fever 5% 4% 2% 1% 1% 0% 0% 2% 10% 2% 0% 0% 0% 0%

Swelling of BCG 1% 1% 0% 0% 0% 0% 0% 1% 1% 0% 0% 0% 0% 0%

Other 1% 1% 1% 1% 1% 0% 0% 1% 3% 2% 1% 1% 1% 0%

Worsening of CD 12% 11% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%

Medica�on use 3% 1% 0% 1% 0% 0% 0% 2% 4% 1% 0% 0% 0% 0%

(day) 1 2 3 4 5 6 7 1 2 3 4 5 6 7

Days since COVID-19 Vaccina�on
A�er 1st dose A�er 2nd dose

stnapicitraP
)124=N(

s
motp

myS

Fig. 1  Time course of adverse reactions. The frequency of adverse reactions throughout 7 days following the first and second administration of 
BNT162b2 vaccination
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positively associated with experiencing systemic adverse reac-
tions that could have social consequences, such as affecting 
school attendance. Age, sex, BMI, BCG vaccination history, 
allergic diseases other than asthma, and antihistamine medi-
cation were not significantly associated with experiencing 
systemic adverse reactions (Table 3).

Discussion

We studied individuals aged 5–11 years in the Ishikawa 
district to investigate the type and frequency of adverse 
reactions in healthy and allergic disease individuals aged 
5–11  years over 7  days following the first and second 
BNT162b2 vaccination. This study revealed that among 
the patients with allergic diseases, 22.2% had experienced 
worsening of their chronic diseases, and the frequency of 
adverse reactions was higher than that of healthy individu-
als. Moreover, systemic adverse reactions were associated 
with asthma. Additionally, the frequency of adverse reac-
tions was lower in those aged 5–11 years than in those aged 
12–15 years. Fever was the only systemic adverse reaction 
that lasted longer than 5 days (1.0% of participants).

The type and frequency of adverse reactions after 
BNT162b2 vaccination differed according to the presence 
of allergic diseases. Moreover, 48 (22.2%) of the 216 par-
ticipants with allergic diseases, including 14 (30.4%) of the 
46 participants with asthma, experienced worsening of their 
chronic diseases. Individuals with allergic diseases rarely 
had systemic adverse reactions that lasted longer than 5 days 
after BNT162b2 vaccination, but they exhibited a higher fre-
quency of fatigue and dizziness after the second BNT162b2 
vaccination than healthy individuals. To our knowledge, this 
is the first report on the worsening of chronic diseases after 
BNT162b2 vaccination for children with asthma. However, 

similar observations after vaccination for other infectious 
diseases have been reported. For example, the worsening 
of asthma after inactivated influenza vaccination has been 
reported. The frequency was similar to that in the placebo 
group (33.6 and 33.0%, respectively) and was consistent with 
our results (30.4%) [39]. The higher frequency of adverse 
reactions in those with allergic diseases was consistent with 
previous reports on adults [40]. It has been suggested that 
individuals with allergic diseases, such as asthma, who are 
potentially susceptible to COVID-19 [8, 25–29], may experi-
ence more adverse reactions after BNT162b2 vaccination. 
Therefore, to ensure that children with allergic diseases 
receive the vaccine safely, further information regarding 
adverse reactions and long-term effects of BNT162b2 vac-
cination needs to be collected.

There were factors associated with the development of 
systemic adverse reactions. The results of multiple logis-
tic regression analysis revealed that asthma (OR, 2.24; 95% 
CI, 1.08–4.66) was predominantly positively associated with 
experiencing systemic adverse reactions. In contrast, BMI 
was not associated with systemic adverse reactions in this 
study, which differed from previous reports of adults [41]. 
Risks for COVID-19 severity include being overweight and 
allergic diseases, including asthma [42]. Because asthma is 
also a risk factor for anaphylactic shock [43], monitoring 
systemic adverse reactions after BNT162b2 vaccination in 
children with asthma is vital.

The frequency of adverse reactions after BNT162b2 vac-
cination differed among those aged 5–11 years and those 
aged 12–15 years. Specifically, the frequency of headache 
(p < 0.001), diarrhea (p < 0.001), fatigue (p < 0.001), mus-
cle/joint pain (p < 0.001), and fever (p < 0.001) after the sec-
ond BNT162b2 vaccination was significantly lower in those 
aged 5–11 years than those aged 12–15 years. These results 
were consistent with previous reports [22, 23]. Moreover, 

Local Pain 69% 73% 28% 6% 1% 0% 0% 61% 67% 36% 12% 3% 1% 0%

Headache 4% 8% 4% 1% 0% 0% 1% 3% 12% 7% 2% 1% 0% 0%

1% 2% 2% 1% 1% 0% 0% 0% 1% 0% 0% 0% 0% 0%

Dizziness 0% 0% 0% 0% 0% 0% 0% 0% 1% 1% 0% 0% 0% 0%

Fa�gue 6% 6% 1% 0% 0% 0% 0% 7% 14% 5% 0% 0% 0% 0%

Muscle pain 6% 3% 0% 0% 0% 0% 0% 3% 4% 2% 0% 0% 0% 0%

Nausea 0% 0% 0% 0% 0% 0% 0% 0% 3% 2% 1% 0% 0% 0%

Fever 5% 3% 2% 1% 1% 0% 0% 2% 11% 3% 0% 0% 0% 0%

Swelling of BCG 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Other 1% 1% 1% 1% 0% 0% 1% 0% 3% 2% 1% 1% 0% 0%

Worsening of CD 21% 19% 18% 18% 18% 18% 18% 18% 17% 17% 17% 17% 17% 17%

Medica�on use 3% 1% 1% 1% 0% 0% 0% 1% 4% 2% 0% 0% 0% 0%

Local Pain 67% 70% 28% 6% 1% 1% 1% 63% 66% 31% 5% 3% 1% 1%

Headache 4% 4% 2% 0% 1% 0% 0% 5% 11% 2% 0% 0% 0% 0%

0% 1% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Dizziness 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0%

Fa�gue 8% 4% 2% 0% 0% 0% 0% 7% 7% 1% 0% 0% 0% 0%

Muscle pain 4% 4% 2% 0% 0% 0% 0% 2% 5% 3% 0% 0% 0% 0%

Nausea 0% 0% 0% 1% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0%

Fever 4% 4% 1% 1% 1% 0% 0% 1% 8% 0% 0% 0% 0% 0%

Swelling of BCG 1% 1% 0% 0% 0% 0% 0% 1% 1% 0% 0% 0% 0% 0%

Other 1% 1% 1% 1% 1% 0% 0% 1% 3% 1% 0% 1% 1% 0%

Worsening of CD 3% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%

Medica�on use 3% 1% 0% 0% 0% 0% 0% 2% 4% 0% 0% 0% 0% 0%

(day) 1 2 3 4 5 6 7 1 2 3 4 5 6 7

Days since COVID-19 Vaccina�on

s
motp

myS
esaesid cigrell A

)612=n(
esaesid cigrellA oN

)502=n(

A�er 1st dose A�er 2nd dose

Local Pain 69% 72% 29% 6% 1% 0% 0% 62% 67% 37% 8% 3% 1% 0%
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Fig. 2  Time course of adverse reactions by a presence of allergic diseases, b sex, and c weight The frequency of adverse reactions throughout 
7 days following the first and second administration of BNT162b2 vaccination according to participant demographics
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Table 2  Characteristics of 
allergic diesease individuals 
according to worsening 
of chronic diseases after 
vaccination

Data are presented as means [standard deviation] or numbers (percentages) of participants
We conducted chi-squared tests for categorical variables and t-tests for continuous variables
BMI Body Mass Index, AR Adverse Reaction, CD Chronic Disease
a We used BMI percentiles for each age for Japanese children in 2000. Based on the respondents’ weight, 
height, sex, and age, the 25th percentile and below was defined as thin, the 25–75th percentile was defined 
as normal, and the 75th percentile and above was defined as overweight

Worsening of CD 
(n = 48)

No worsening of CD 
(n = 168)

Total (n = 216) P-value

Male 27 (56.3) 85 (50.6) 112 (51.9) 0.49
Height (cm) (mean [SD]) 131.3 [13.1] 134.9 [12.9] 134.1 [13.0] 0.109
Weight (kg) (mean [SD]) 29.7 [8.4] 32.7 [8.8] 32 [8.7] 0.053
Age (mean [SD]) 8.4 [2.1] 9.1 [1.8] 9.0 [1.9] 0.033
BMIa

   Below 25th percentile 12 (28.6) 27 (18.6) 39 (20.9) 0.156
   Between 25 and 75th percentiles 16 (38.1) 66 (45.5) 82 (43.9) 0.45
   Above 75th percentile 14 (33.3) 52 (35.9) 66 (35.3) 0.81

Blood type
   A 13 (27.1) 44 (26.2) 57 (26.4) 0.90
   B 8 (16.7) 17 (10.1) 25 (11.6) 0.21
   O 5 (10.4) 36 (21.4) 41 (19.0) 0.086
   AB 3 (6.3) 11 (6.5) 14 (6.5) 0.94

BCG vaccination 44 (91.7) 161 (95.8) 205 (94.9) 0.25
Allergic disease
   Asthma 14 (29.2) 32 (19.0) 46 (21.3) 0.131
   Hay fever 38 (79.2) 124 (73.8) 162 (75.0) 0.45
   Allergic rhinitis 24 (50.0) 47 (28.0) 71 (32.9) 0.004
   Atopic dermatitis 12 (25.0) 42 (25.0) 54 (25.0) 1.00
   Food allergies 8 (16.7) 8 (4.8) 16 (7.4) 0.006

Medication
   Steroid 1 (2.1) 3 (1.8) 4 (1.9) 0.89
   Antihistamine 27 (56.3) 33 (19.6) 60 (27.8)  < 0.001
   COVID-19 infection 0 (0.0) 2 (1.2) 2 (0.9) 0.45

AR after 1st dose
   Local pain 43 (89.6) 129 (76.8) 172 (79.6) 0.052
   Headache 5 (10.4) 21 (12.5) 26 (12.0) 0.70
   Diarrhea 2 (4.2) 6 (3.6) 8 (3.7) 0.85
   Dizziness 0 (0.0) 1 (0.6) 1 (0.5) 0.59
   Fatigue 4 (8.3) 22 (13.1) 26 (12.0) 0.37
   Muscle/joint pain 1 (2.1) 12 (7.1) 13 (6.0) 0.194
   Nausea 0 (0.0) 2 (1.2) 2 (0.9) 0.45
   Fever 6 (12.5) 9 (5.4) 15 (6.9) 0.086
   Swelling of BCG scar 1 (2.1) 0 (0.0) 1 (0.5) 0.061
   Other 4 (8.3) 3 (1.8) 7 (3.2) 0.024
   Medication use 2 (4.2) 9 (5.4) 11 (5.1) 0.74

AR after 2nd dose
   Local pain 39 (81.3) 119 (70.8) 158 (73.1) 0.151
   Headache 3 (6.3) 27 (16.1) 30 (13.9) 0.083
   Diarrhea 0 (0.0) 4 (2.4) 4 (1.9) 0.28
   Dizziness 0 (0.0) 3 (1.8) 3 (1.4) 0.35
   Fatigue 6 (12.5) 37 (22.0) 43 (19.9) 0.145
   Muscle/joint pain 1 (2.1) 8 (4.8) 9 (4.2) 0.41
   Nausea 2 (4.2) 9 (5.4) 11 (5.1) 0.74
   Fever 5 (10.4) 21 (12.5) 26 (12) 0.70
   Swelling of BCG scar 0 (0.0) 1 (0.6) 1 (0.5) 0.59
   Other 2 (4.2) 5 (3.0) 7 (3.2) 0.68

AR After 1st and/or 2nd dose
   Medication use 2 (4.2) 8 (4.8) 10 (4.6) 0.86
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no serious adverse reactions that would have required 
hospitalization occurred in individuals aged 5–11 years. 
In general, body weight is an important factor in clinical 
considerations of drug administration. Further investiga-
tion is warranted to determine how the three-fold differ-
ence in vaccine dosage between those aged 5–11 and those 
over 12 years of age (10 µg vs. 30 µg) and the difference 
in dosage per body weight affects safety after BNT162b2 
vaccination.

Common adverse reactions after BNT162b2 vaccination 
did not last long. For both the first and second BNT162b2 
vaccination, local pain had the highest frequency of about 
70% 2 days after BNT162b2 vaccination, and less than 1% 
of cases continued for more than 6 days. Additionally, fever 
was the only systemic adverse reaction that lasted longer 
than 5 days after the first and second BNT162b2 vaccina-
tions, occurring in 1.0% of cases. These results are consist-
ent with previous reports that adverse reactions peaked at 1 
or 2 days after BNT162b2 vaccination, and < 10% of those 
reactions lasted for 7 days [44]. Because the main reason 
people hesitate for vaccination is concern about adverse 
reactions [45], knowing that common adverse reactions for 
individuals aged 5–11 years end within 5 days are important.

Some limitations should be considered when interpreting 
the results of this study. First, it was not possible to assess 
whether the worsening of the chronic diseases was due to 
the administration of the BNT162b2 vaccine. To assess this, 
studies are needed to compare the frequency of worsening 
of chronic diseases in the BNT162b2 vaccination group 
with that in the placebo group. Second, the questionnaire 
response rate of 52.2% might affect the results and make 
generalization difficult because we were not able to examine 
the extent to which reporting bias might be present and the 
respondents were representative of the study’s population. 
Third, we could not clarify the level of side effects (e.g., 
the level of an asthma attack) since the self-administered 
questionnaire contains possible reporting bias. Fourth, due 
to the limited sample size, we could not detect rare adverse 
reactions following vaccination, such as anaphylactic shock. 
Despite these limitations, the present study was the first to 
examine adverse reactions in 27.4% of individuals aged 
5–11 years in the Ishikawa district over a long period and 
investigate the factors that influence these reactions.
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Table 3  Logistic multiple regression analysis to identify variables that 
influence systemic ARs

According to “Pfizer-BioNTech COVID-19 Vaccine Reactions & Adverse 
Events” published by the Centers for Disease Control and Prevention, 
systemic adverse reactions include headache, diarrhea, dizziness, fatigue, 
muscle pain, nausea, fever, and medication use
B(se) Partial regression coefficient, OR  Odds ratio, CI  Confidence 
Interval, AR Adverse Reaction, CD Chronic Disease

B (se) OR (95% CI) P-value

Age 0.060 1.01 (0.90–1.14) 0.84
Sex (base: male) 0.242 1.08 (0.70–1.68) 0.72
Obesity (base: normal)
   Thin 0.229 0.80 (0.46–1.40) 0.44
   Overweight 0.174 0.69 (0.42–1.13) 0.142

BCG vaccination 0.835 1.45 (0.47–4.48) 0.52
Allergic diseases
   Asthma 0.837 2.24 (1.08–4.66) 0.031
   Hay fever 0.224 0.91 (0.56–1.47) 0.69
   Allergic rhinitis 0.292 0.94 (0.51–1.72) 0.83
   Atopic dermatitis 0.313 0.85 (0.41–1.75) 0.66
   Food allergies 0.798 1.27 (0.37–4.35) 0.70

Medication for CD
   Antihistamine 0.351 1.04 (0.53–2.01) 0.92
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Conclusion

In this study, we found that individuals aged 5–11 years with 
allergic diseases experienced worsening of their chronic dis-
eases for 1 week after the first and second BNT162b2 vac-
cinations and had a higher frequency of commonly reported 
adverse reactions than healthy individuals. Individuals with 
allergic diseases, who are potentially susceptible to COVID-
19, may experience more adverse reactions after BNT162b2 
vaccination than healthy individuals. To ensure that chil-
dren with allergic diseases receive the vaccine safely, further 
information needs to be collected regarding the adverse reac-
tions and long-term effects of BNT162b2 vaccination and 
the mechanism causing these reactions.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00431- 022- 04643-0.

Acknowledgements We would like to thank all the staff from the 
Seireikai Health Care Group, the Hirata Village Office, and the Fuku-
shima Medical University who contributed significantly to the accom-
plishment of this research, especially Hideo Sato, Yasuko Suzuki, Rika 
Hanzawa, Emi Murakami, Miki Abe, Keiko Abe, Yuka Harada, Hiroki 
Yoshimura, Fumiya Omata, and Morihito Takita.

Authors’ contributions Conceptualization was performed by Makoto 
Yoshida, Yurie Kobashi, Takeshi Kawamura, Masatoshi Wakui, Kenzo 
Takahashi, and Masaharu Tsubokura. Data was collected by Makoto 
Yoshida, Yurie Kobashi, Yuzo Shimazu, Hiroaki Saito, Chika Yama-
moto, Kenzo Takahashi, and Masaharu Tsubokura. Data was analyzed 
and interpreted by Makoto Yoshida and Yurie Kobashi. The article was 
drafted by Makoto Yoshida and Yurie Kobashi. All authors read and 
approved the final manuscript.

Funding This research was supported by the AMED Development 
of vaccines for the Novel Coronavirus Disease under grant number 
JP21nf0101638h0001.

Data availability The data that support the findings of this study are 
available from the Seireikai Health Care Group; however, restrictions 
apply to the accessibility of these data, which were used under license 
for the current study, as they are not publicly available. Nevertheless, 
data are available from the authors upon reasonable request and with 
permission from the Seireikai Health Care Group.

Declarations 

Ethics approval This study was approved by the ethics committees of 
the Hirata Central Hospital (approval number: 2022–0331-1) and the 
Fukushima Medical University (approval number: 2022–087). This 
study was conducted in accordance with the Code of Ethics of the 
World Medical Association (Declaration of Helsinki).

Consent to participate Informed consent was obtained from all par-
ticipants or their guardians.

Consent for publication Not applicable.

Competing interests Yurie Kobashi and Masaharu Tsubokura received 
a research grant from the Pfizer Health Research Foundation for 
research not associated with this study. The remaining authors declare 
no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Medicine JHUo (2022) COVID-19 dashboard by the center for 
systems science and engineering (CCCE) at Johns Hopkins Uni-
versity (JHU). https:// coron avirus. jhu. edu/ map. html. Accessed 5 
July 2022

 2. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, Tong S (2020) 
Epidemiology of COVID-19 among children in China. Pediatrics 
145:e20200702. https:// doi. org/ 10. 1542/ peds. 2020- 0702

 3. Chu VT, Yousaf AR, Chang K et al (2021) Household transmis-
sion of SARS-CoV-2 from children and adolescents. N Engl J 
Med 385:954–956. https:// doi. org/ 10. 1056/ NEJMc 20319 15

 4. Tang J, Novak T, Hecker J et al (2022) Cross-reactive immu-
nity against the SARS-CoV-2 Omicron variant is low in pediatric 
patients with prior COVID-19 or MIS-C. Nat Commun 13:2979. 
https:// doi. org/ 10. 1038/ s41467- 022- 30649-1

 5. Wu Z, McGoogan JM (2020) Characteristics of and important 
lessons from the coronavirus disease 2019 (COVID-19) outbreak 
in China: summary of a report of 72 314 cases from the Chinese 
Center for Disease Control and Prevention. JAMA 323:1239–
1242. https:// doi. org/ 10. 1001/ jama. 2020. 2648

 6. Patel T, Kelleman M, West Z, Peter A, Dove M, Butto A, Oster 
ME (2022) Comparison of multisystem inflammatory syndrome 
in children-related myocarditis, classic viral myocarditis, and 
COVID-19 vaccine-related myocarditis in children. J Am Heart 
Assoc 11:e024393. https:// doi. org/ 10. 1161/ JAHA. 121. 024393

 7. Wangu Z, Swartz H, Doherty M (2022) Multisystem inflamma-
tory syndrome in children (MIS-C) possibly secondary to COVID-
19 mRNA vaccination. BMJ Case Rep 15:e247176. https:// doi. 
org/ 10. 1136/ bcr- 2021- 247176

 8. Tsabouri S, Makis A, Kosmeri C, Siomou E (2021) Risk factors 
for severity in children with coronavirus disease 2019: a com-
prehensive literature review. Pediatr Clin North Am 68:321–338. 
https:// doi. org/ 10. 1016/j. pcl. 2020. 07. 014

 9. Buonsenso D, Munblit D, De Rose C, Sinatti D, Ricchiuto A, 
Carfi A, Valentini P (2021) Preliminary evidence on long COVID 
in children. Acta paediatr. Oslo, Norway 110:2208–2211. https:// 
doi. org/ 10. 1111/ apa. 15870

 10. Engzell P, Frey A, Verhagen MD (2021) Learning loss due to 
school closures during the COVID-19 pandemic. Proc Natl Acad 
Sci USA 118

 11. Hoofman J, Secord E (2021) The effect of COVID-19 on educa-
tion. Pediatr Clin North Am 68(5):1071–1079. https:// doi. org/ 10. 
1016/j. pcl. 2021. 05. 009

 12. Child Ufe (2022) COVID-19 and children UNICEF data club. 
https:// data. unicef. org/ covid- 19- and- child ren/. Accessed 5 
July 2022

 13. McKune SL, Acosta D, Diaz N, Brittain K, Beaulieu DJ, Maurelli 
AT, Nelson EJ (2021) Psychosocial health of school-aged chil-
dren during the initial COVID-19 safer-at-home school mandates 

https://doi.org/10.1007/s00431-022-04643-0
http://creativecommons.org/licenses/by/4.0/
https://coronavirus.jhu.edu/map.html
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1056/NEJMc2031915
https://doi.org/10.1038/s41467-022-30649-1
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1161/JAHA.121.024393
https://doi.org/10.1136/bcr-2021-247176
https://doi.org/10.1136/bcr-2021-247176
https://doi.org/10.1016/j.pcl.2020.07.014
https://doi.org/10.1111/apa.15870
https://doi.org/10.1111/apa.15870
https://doi.org/10.1016/j.pcl.2021.05.009
https://doi.org/10.1016/j.pcl.2021.05.009
https://data.unicef.org/covid-19-and-children/


 European Journal of Pediatrics

1 3

in Florida: a cross-sectional study. BMC Public Health 21:603. 
https:// doi. org/ 10. 1186/ s12889- 021- 10540-2

 14. Rider EA, Ansari E, Varrin PH, Sparrow J (2021) Mental health 
and wellbeing of children and adolescents during the COVID-19 
pandemic. BMJ 374:n1730. https:// doi. org/ 10. 1136/ bmj. n1730

 15. Uccella S, De Grandis E, De Carli F et al (2021) Impact of the 
COVID-19 outbreak on the behavior of families in Italy: a focus 
on children and adolescents. Front Public Health 9:608358. 
https:// doi. org/ 10. 3389/ fpubh. 2021. 608358

 16. Horita N, Moriguchi S (2022) Trends in suicide in Japan following 
the 2019 coronavirus pandemic. JAMA Netw Open 5:e224739. 
https:// doi. org/ 10. 1001/ jaman etwor kopen. 2022. 4739

 17. Viner R, Russell S, Saulle R et al (2022) School closures during 
social lockdown and mental health, health behaviors, and well-
being among children and adolescents during the first COVID-19 
wave: a systematic review. JAMA Pediatr 176:400–409. https:// 
doi. org/ 10. 1001/ jamap ediat rics. 2021. 5840

 18. Skeens MA, Hill K, Olsavsky A, Buff K, Stevens J, Akard TF, 
Shah N, Gerhardt CA (2022) Factors affecting COVID-19 vaccine 
hesitancy in parents of children with cancer. Pediatr Blood Cancer 
69:e29707. https:// doi. org/ 10. 1002/ pbc. 29707

 19. Drug USF (2022) Comirnaty and Pfizer-BioNTech COVID-19 vac-
cine. https:// www. fda. gov/ emerg ency- prepa redne ss- and- respo nse/ 
 coron avirus- disea se- 2019- covid- 19/ comir naty- and- pfizer- 
 biont ech- covid- 19- vacci ne. Accessed 5 July 2022

 20. Walter EB, Talaat KR, Sabharwal C et al (2022) Evaluation of the 
BNT162b2 COVID-19 vaccine in children 5 to 11 years of age. N 
Engl J Med 386:35–46. https:// doi. org/ 10. 1056/ NEJMo a2116 298

 21. Campagnani G, Bardanzellu F, Pintus MC, Fanos V, Marcialis 
MA (2022) COVID-19 vaccination in children: an open ques-
tion. Curr Pediatr Rev 18:226–236. https:// doi. org/ 10. 2174/ 
15733 96318 66621 12200 93111

 22. Hause AM, Shay DK, Klein NP et al (2022) Safety of COVID-
19 vaccination in US children ages 5–11 years. Pediatrics 
150:e2022057313. https:// doi. org/ 10. 1542/ peds. 2022- 057313

 23. Hause AM, Baggs J, Marquez P, Myers TR, Gee J, Su JR, Zhang 
B, Thompson D, Shimabukuro TT, Shay DK (2021) COVID-
19 vaccine safety in children aged 5–11 years – United States, 
November 3–December 19, 2021. MMWR Morb Mortal Wkly 
Rep. 70:1755–1760. https:// doi. org/ 10. 15585/ mmwr. mm705 152a1

 24. Creech CB, Anderson E, Berthaud V et al (2022) Evaluation of 
mRNA-1273 Covid-19 vaccine in children 6 to 11 years of age. N 
Engl J Med 386:2011–2023. https:// doi. org/ 10. 1056/ NEJMo a2203 315

 25. Chantasrisawad N, Puthanakit T, Tangsathapornpong A et al 
(2022) Immunogenicity and reactogenicity of mRNA BNT162b2 
COVID-19 vaccine among Thai adolescents with chronic diseases. 
Vaccines 10:871. https:// doi. org/ 10. 3390/ vacci nes10 060871

 26. Shi T, Pan J, Katikireddi SV et al (2022) Risk of COVID-19 hos-
pital admission among children aged 5–17 years with asthma in 
Scotland: a national incident cohort study. Lancet Respir Med 
10:191–198. https:// doi. org/ 10. 1016/ S2213- 2600(21) 00491-4

 27. Wong BLH, Ramsay ME, Ladhani SN (2021) Should children be 
vaccinated against COVID-19 now? Arch Dis Child 106:1147–
1148. https:// doi. org/ 10. 1136/ archd ischi ld- 2020- 321225

 28. Woodruff RC, Campbell AP, Taylor CA et  al (2022) Risk 
factors for severe COVID-19 in Children. In: Pediatrics 
149:e2021053418. https:// doi. org/ 10. 1542/ peds. 2021- 053418

 29. Størdal K, Ruiz PL, Greve-Isdahl M, Surén P, Knudsen PK, Gulseth 
HL, Tapia G (2022) Risk factors for SARS-CoV-2 infection and 
hospitalisation in children and adolescents in Norway: a nationwide 
population-based study. BMJ Open 12:e056549. https:// doi. org/ 10. 
1136/ bmjop en- 2021- 056549

 30. Kobashi Y, Shimazu Y, Sonoda Y, Saito H, Yoshida M, Tsubokura 
M (2022) Maturing of public-private-people partnership (4P): 

lessons from 4P for triple disaster and subsequently COVID-19 
pandemic in Fukushima. J Glob Health 12:03028. https:// doi. org/ 
10. 7189/ jogh. 12. 03028

 31. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, Kaneko 
Y, Kodama T, Tsubokura M (2022) Factors associated with anti-severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike 
protein antibody titer and neutralizing activity among healthcare 
workers following vaccination with the BNT162b2 vaccine. PLoS 
One17:e0269917. https:// doi. org/ 10. 1371/ journ al. pone. 02699 17

 32. Kobashi Y, Shimazu Y, Kawamura T, Nishikawa Y, Omata F, 
Kaneko Y, Kodama T, Tsubokura M (2022) Peak IgG antibody 
titers against SARS-CoV-2 spike protein following immunization 
with the Pfizer/BioNTech BNT162b2 vaccine. Fukushima J Med 
Sci 68:67–70. https:// doi. org/ 10. 5387/ fms. 2021- 28

 33. Yoshida M, Kobashi Y, Kawamura T et al (2022) Factors associ-
ated with COVID-19 vaccine booster hesitancy: a retrospective 
cohort study. Fukushima vaccination community survey Vaccines 
10:515. https:// doi. org/ 10. 3390/ vacci nes10 040515

 34. Kobashi Y, Nishikawa Y, Kawamura T, Kodama T, Shimazu Y, 
Obara D, Zhao T, Tsubokura M (2021) Seroprevalence of SARS-
CoV-2 antibodies among hospital staff in rural Central Fuku-
shima, Japan: a historical cohort study. Int Immunopharmacol 
98:107884. https:// doi. org/ 10. 1016/j. intimp. 2021. 107884

 35. Kobashi Y, Shimazu Y, Nishikawa Y, Kawamura T, Kodama 
T, Obara D, Tsubokura M (2021) The difference between IgM 
and IgG antibody prevalence in different serological assays for 
COVID-19; lessons from the examination of healthcare work-
ers. Int Immunopharmacol 92:107360. https:// doi. org/ 10. 1016/j. 
intimp. 2020. 107360

 36. Shimazu Y, Kobashi Y, Zhao T, Nishikawa Y, Sawano T, Ozaki 
A, Obara D, Tsubokura M (2021) Mental distress in a clinical 
nurse due to a false-positive COVID-19 antibody test result during 
the COVID-19 epidemic in Japan: a case report. Clin Case Rep 
9:e04122. https:// doi. org/ 10. 1002/ ccr3. 4122

 37. Pfizer (2022) Study to describe the safety, tolerability, immuno-
genicity, and efficacy of RNA vaccine candidates against COVID-
19 in healthy individuals. U.S. National Library of Medicine, clin-
icalTrials.gov https:// clini caltr ials. gov/ ct2/ show/ NCT04 368728

 38. Mohamed L, Madsen AMR, Schaltz-Buchholzer F, Ostenfeld A, 
Netea MG, Benn CS, Kofoed PE (2021) Reactivation of BCG 
vaccination scars after vaccination with mRNA-Covid-vaccines: 
two case reports. BMC Infect Dis 21:1264

 39. The American Lung Association Asthma Clinical Research Cent-
ers The safety of inactivated influenza vaccine in adults and chil-
dren with asthma (2001) N Engl J Med 345:1529–1536. https:// 
doi. org/ 10. 1056/ NEJMo a0119 61

 40. Morimoto H, Hayano S, Ozawa N, Ogura Y, Usui H, Usami T, 
Ohse A, Otsuka M, Miyachi M, Tokura Y (2021) Questionnaire 
survey of possible association of allergic diseases with adverse 
reactions to SARS-CoV-2 vaccination. Vaccines 9:1421. https:// 
doi. org/ 10. 3390/ vacci nes91 21421

 41. Iguacel I, Maldonado AL, Ruiz-Cabello AL, Casaus M, Moreno 
LA, Martínez-Jarreta B (2021) Association between COVID-
19 vaccine side effects and body mass index in Spain. Vaccines 
9:1321. https:// doi. org/ 10. 3390/ vacci nes91 11321

 42. Agca M, Tuncay E, Yıldırım E et al (2021) Is obesity a potential 
risk factor for poor prognosis of COVID-19? Infect Chemother 
53:319–331. https:// doi. org/ 10. 3947/ ic. 2021. 0026

 43. Bian S, Li L, Wang Z, Cui L, Xu Y, Guan K, Zhao B (2022) 
Allergic reactions after the administration of COVID-19 vaccines. 
Front Public Health 10:878081. https:// doi. org/ 10. 3389/ fpubh. 
2022. 878081

 44. Prevention CfDCa (2022) Safety monitoring of COVID-19 vac-
cine among children and young adults in v-safe. https:// www. 

https://doi.org/10.1186/s12889-021-10540-2
https://doi.org/10.1136/bmj.n1730
https://doi.org/10.3389/fpubh.2021.608358
https://doi.org/10.1001/jamanetworkopen.2022.4739
https://doi.org/10.1001/jamapediatrics.2021.5840
https://doi.org/10.1001/jamapediatrics.2021.5840
https://doi.org/10.1002/pbc.29707
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/comirnaty-and-pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/comirnaty-and-pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/comirnaty-and-pfizer-biontech-covid-19-vaccine
https://doi.org/10.1056/NEJMoa2116298
https://doi.org/10.2174/1573396318666211220093111
https://doi.org/10.2174/1573396318666211220093111
https://doi.org/10.1542/peds.2022-057313
https://doi.org/10.15585/mmwr.mm705152a1
https://doi.org/10.1056/NEJMoa2203315
https://doi.org/10.3390/vaccines10060871
https://doi.org/10.1016/S2213-2600(21)00491-4
https://doi.org/10.1136/archdischild-2020-321225
https://doi.org/10.1542/peds.2021-053418
https://doi.org/10.1136/bmjopen-2021-056549
https://doi.org/10.1136/bmjopen-2021-056549
https://doi.org/10.7189/jogh.12.03028
https://doi.org/10.7189/jogh.12.03028
https://doi.org/10.1371/journal.pone.0269917
https://doi.org/10.5387/fms.2021-28
https://doi.org/10.3390/vaccines10040515
https://doi.org/10.1016/j.intimp.2021.107884
https://doi.org/10.1016/j.intimp.2020.107360
https://doi.org/10.1016/j.intimp.2020.107360
https://doi.org/10.1002/ccr3.4122
https://clinicaltrials.gov/ct2/show/NCT04368728
https://doi.org/10.1056/NEJMoa011961
https://doi.org/10.1056/NEJMoa011961
https://doi.org/10.3390/vaccines9121421
https://doi.org/10.3390/vaccines9121421
https://doi.org/10.3390/vaccines9111321
https://doi.org/10.3947/ic.2021.0026
https://doi.org/10.3389/fpubh.2022.878081
https://doi.org/10.3389/fpubh.2022.878081
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-01-05/03-covid-hause-508.pdf


European Journal of Pediatrics 

1 3

cdc. gov/ vacci nes/ acip/ meeti ngs/ downl oads/ slides- 2022- 01- 05/ 
03- covid- hause- 508. pdf. Accessed 5 July 2022

 45. SeyedAlinaghi S, Karimi A, Pashaei Z, Afzalian A, Mirzapour P, 
Ghorbanzadeh K, Ghasemzadeh A, Dashti M, Nazarian N, Vahedi 
F, Tantuoyir MM, Shamsabadi A, Dadras O, Mehraeen E (2022) 
Safety and adverse events related to COVID-19 mRNA vaccines; 

a systematic review. Arch Acad Emerg Med 10:e41 https:// www. 
ncbi. nlm. nih. gov/ pmc/ artic les/ PMC92 06826/

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Makoto Yoshida1 · Yurie Kobashi2,3 · Yuzo Shimazu3 · Hiroaki Saito3 · Chika Yamamoto3 · Takeshi Kawamura4,5 · 
Masatoshi Wakui6 · Kenzo Takahashi7,9 · Naomi Ito3 · Yoshitaka Nishikawa2 · Tianchen Zhao3 · 
Masaharu Tsubokura2,3,8

1 Faculty of Medicine, Teikyo University School of Medicine, 
Itabashi-ku, Tokyo, Japan

2 Department of Internal Medicine, Serireikai Group Hirata 
Central Hospital, Ishikawa District, Fukushima, Japan

3 Department of Radiation Health Management, Fukushima 
Medical University School of Medicine, Fukushima City, 
Fukushima, Japan

4 Isotope Science Centre, The University of Tokyo, 
Bunkyo-ku, Tokyo, Japan

5 Laboratory for Systems Biology and Medicine, Research 
Centre for Advanced Science and Technology (RCAST), 
University of Tokyo, Meguro-ku, Tokyo, Japan

6 Department of Laboratory Medicine, Keio University School 
of Medicine, Shinjuku-ku, Tokyo, Japan

7 Teikyo University Graduate School of Public Health, 
Itabashi-ku, Tokyo, Japan

8 Research Center for Community Health, Minamisoma 
Municipal General Hospital, Minamisoma, Fukushima, Japan

9 Department of Pediatrics, Jyoban Hospital, Iwaki, 
Fukushima, Japan

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-01-05/03-covid-hause-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-01-05/03-covid-hause-508.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9206826/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9206826/

	Time course of adverse reactions following BNT162b2 vaccination in healthy and allergic disease individuals aged 5–11 years and comparison with individuals aged 12–15 years: an observational and historical cohort study
	Abstract
	Introduction
	Materials and methods
	Study site, design, and participants
	Questionnaire
	Data collection
	Statistical analysis

	Results
	Participant characteristics
	Time course of adverse reactions
	Participants with allergic diseases who experienced worsening of their chronic diseases
	Comparison of frequency of adverse reactions
	Factors associated with systemic adverse reactions

	Discussion
	Conclusion
	Acknowledgements 
	References


