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A B S T R A C T   

Background: Data are limited regarding the safety of and antibody response to the BNT162b2 severe acute res
piratory syndrome coronavirus 2 (SARS-CoV-2) messenger ribonucleic acid vaccine in adolescents and young 
adults with underlying disease. 
Methods: This prospective observational study enrolled patients age 12–25 years with chronic underlying disease 
who received 2 doses of BNT162b2. A 18-item questionnaire was used to assess adverse events within 7 days 
post-vaccination, and data regarding severe adverse events were collected from electronic medical records. An 
antibody titer for the receptor-binding domain of the spike protein in SARS-CoV-2 was used to assess antibody 
response after the second vaccine dose. 
Results: Study participants were 429 patients (241 [56.2%] age 12–15 years; 188 [43.8%] age 16–25 years). The 
most common underlying diseases were genetic or chromosomal abnormalities and/or congenital anomalies, 
followed by endocrine or metabolic diseases; 32% of participants were immunocompromised. Severe adverse 
events were observed after the second dose in 1 (0.4%) patient age 12–15 years and in 2 (1.1%) patients age 
16–25 years; all patients recovered. Seropositivity after the second vaccine dose was 99.0%. The geometric mean 
antibody titer was higher in patients age 12–15 years versus 16–25 years (1603.3 [1321.8–1944.7] U/mL vs. 
949.4 [744.2–1211.0] U/mL). Compared with immunocompetent patients, immunocompromised patients had a 
lower antibody titer (2106.8 [1917.5–2314.7] U/mL vs. 467.9 [324.4–674.8] U/mL). 
Conclusions: Vaccination with BNT162b2 was acceptably safe and immunogenic for adolescents and young adults 
with underlying disease.   

1. Introduction 

Since December 2019, infection with severe acute respiratory syn
drome coronavirus 2 (SARS-CoV-2) has resulted in more than 580 
million cases of coronavirus disease 2019 (COVID-19) with 6.4 million 
deaths worldwide as of August 2022 [1]. To counter this global 
pandemic, several types of COVID-19 vaccines have been developed and 

distributed. 
The COVID-19 vaccine BNT162b2 (BioNTech, Pfizer) is one of the 

most common vaccines used for this disease [2]. It contains messenger 
ribonucleic acid (mRNA) that encodes the spike glycoprotein of 
SARS-CoV-2. A multinational placebo-controlled trial of BNT162b2 in 
adults showed favorable outcomes with 95% efficacy for COVID-19 
prevention and a low incidence of serious adverse events [3]. A 
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subsequent clinical trial evaluated this vaccine for healthy adolescents 
and young adults age 12–25 years [4]. Results showed 100% efficacy for 
COVID-19 prevention, higher immunogenicity in patients age 12–15 
years versus 16–25 years, and an acceptable safety profile with mini
mum serious adverse events [4]. 

Based on these data, several countries, including Japan, expanded 
the indication for BNT162b2 to include the young population age 12 
years and older. In the clinical trial; however, participants were mainly 
healthy patients, and few had stable preexisting disease, including 
hepatitis B, hepatitis C, or human immunodeficiency virus infection [4]. 
Therefore, safety and antibody response data are still lacking for ado
lescents and young adults with underlying disease, including immuno
compromised conditions. In Japan, use of BNT162b2 was initiated for 
adolescents with chronic underlying disease in June 2021. Our current 
study investigated the safety and antibody response for use of BNT162b2 
in this population. 

2. Patients and methods 

2.1. Study design, participants and objectives 

This prospective, observational, single-center study investigated the 
safety of and antibody response to BNT162b2 in adolescents and young 
adults with underlying disease. Vaccination was administered as 2 doses 
(30 μg/dose), typically more than 21 days apart, as part of general 
clinical practice between July and October 2021 at a tertiary children’s 
hospital, the National Center for Child Health and Development in 
Tokyo, Japan. Patients age 12–25 years with chronic underlying medical 
conditions and regular hospital visits were eligible for the study. The 
underlying medical conditions eligible for the study are listed in 
Table S1. Immunocompromised status was defined by these criteria: 
receipt of at least one immunosuppressive agent, chemotherapy within 6 
months, primary immunodeficiencies or hematologic/oncologic dis
eases, and hematopoietic cell transplantation within 2 years. The pri
mary objective of the study was to assess the safety of BNT162b2, and 
the secondary objective was to evaluate the antibody response to 
BNT162b in this population. 

2.2. Safety of BNT162b2 

Participants were requested to complete a paper or web-based 18- 
item questionnaire regarding the local and systemic reactogenicity 
events that occurred within 7 days after each vaccination (Table S2). In 
addition, electronic medical record data were collected regarding severe 
adverse events within 3 weeks after the first dose (dose 1) and 4 weeks 
after the second dose (dose 2). Severe adverse events were defined as 
cases that required hospitalization for any reasons that were difficult to 
exclude in association with the vaccination. Patients who did not answer 
the questionnaire were excluded from the safety analysis. Absence of an 
answer regarding a particular symptom on the questionnaire was 
interpreted as a lack of this symptom for the participant. 

2.3. Antibody response to BNT162b2 

The SARS-CoV-2 antibody levels were measured by the electro
chemiluminescence immunoassay (Elecsys®, Anti-SARS-CoV-2 S, 
Roche). This quantitative immunoassay is validated for determination of 
antibodies to the SARS-CoV-2 spike (S) protein receptor-binding domain 
(RBD) in human serum and plasma [5]. A cut-off value ≥ 0.8 U/mL was 
interpreted as a positive [6]. The SARS-CoV-2 antibody levels were 
measured before vaccination (only if the residual sample was available) 
and 2 weeks–4 months after dose 2. Patients with a history of COVID-19 
before vaccination and patients who did not complete both vaccination 
doses were excluded from the antibody response analysis. Both sero
positivity rate and quantitative antibody titer were compared between 
younger and older patients (age 12–15 years and 16–25 years) [4] and 

between patients with and without immunocompromised conditions. 

2.4. Statistical analysis 

The total sample size was not based on statistical hypothesis testing. 
The frequency and proportion of adverse events and antibody titer after 
the second dose were collected from electronic medical records and 
compared between the two age groups (12–15 years, 16–25 years) and 
between immunocompromised status (presence or absence of immu
nocompromise). The Bayesian approach was used to calculate the 
probability that the posterior distribution of the proportion of cases of 
fever after dose 2 is greater than the beta distribution, beta (200, 800). 
The beta (200, 800), which corresponds to the threshold of 20%, was set 
based on the reference of Frenck et al. (2021) [4]. To use the 
beta-binomial model, we also set the conjugate prior distribution, beta 
(2, 8). Antibody titer was described by the geometric mean antibody 
titer and its 95% confidence intervals (CIs). Values below the limit of 
quantification were substituted with a titer corresponding to the cut-off 
value of 0.4 U/mL. Interim analysis was planned to be performed when 
every 100 participants were enrolled; however, this analysis was not 
performed because of the unexpectedly rapid participant enrollment. All 
statistical analysis was performed using SAS software, version 9.4 (SAS 
Institute). 

2.5. Ethical considerations 

The study was conducted with the approval of the Ethics Committee 
of the National Center for Child Health and Development, Tokyo, Japan 
(2021-060). Written informed consent was obtained from the partici
pants or their guardians. 

3. Results 

3.1. Patient background 

During the study period, 528 patients age 12–25 years with under
lying medical conditions received at least 1 dose of BNT162b2. Among 
these 528 patients, 429 (81%) were enrolled into the study (Fig. 1). 
Characteristics of patients who received at least 1 dose of BNT162b2 are 
summarized in Table 1. Median age was 15.0 years, and the number of 
male patients was 204 (47.6%). Genetic or chromosomal abnormalities 
and/or congenital anomalies were most common underlying medical 
conditions (67 patients, 15.6%), followed by endocrine or metabolic 
diseases (55 patients, 12.8%) and neurologic diseases (47 patients, 
11.0%). Approximately 32% of patients had immunocompromised 
conditions, and 43 (10%) and 12 (2.8%) patients had undergone solid 
organ and hematopoietic cell transplantation, respectively. Only 3 pa
tients had a history of COVID-19 infection before vaccination. The pre- 
vaccination SARS-CoV-2 antibody in 91 (21.2%) patients showed no 
evidence of pre-vaccine COVID-19, and only 1 patient showed a positive 
value near the cut-off. The age groups were 241 (56.2%) patients age 
12–15 years and 188 (43.8%) patients age 16–25 years. The background 
characteristics, including the percentage of patients with immunocom
promised conditions, were comparable between groups. 

3.2. Safety and adverse events 

The frequency of local and systemic adverse events within 1 week 
after each dose of the vaccine are described in Fig. 2 and Fig. S1. The 
questionnaire collection rate for dose 1 and dose 2 was 92.5% and 
80.6%, respectively. Most variables, including fever, were higher after 
dose 2 than after dose 1. In fact, 138 (32.3%, 95% Bayesian credible 
interval, 27.8–36.5) patients experienced fever ≥38.0 ◦C after dose 2. 
The probability of the hypothesis of a >20% proportion of fever after 
dose 2 was >0.999. Fever was more common in the younger age group 
(12–15 years) than in the older age group (16–25 years) and in 
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immunocompetent than immunocompromised patients. Anaphylaxis 
was observed in 2 patients age 16–25 years after dose 1. 

Severe adverse events were observed in no (0.0%) patients age after 
dose 1 and were observed in 1 (0.4%) patient age 12–15 years and 2 
patients (1.1%) age 16–25 years after dose 2. Serious adverse events 
potentially related to the vaccination were as follows: fever requiring 
hospitalization, facial pain and flushing, and bloody diarrhea. All pa
tients fully recovered from those events. No patients developed 
myocarditis after the vaccination; however, chest pain was observed in 
2.8% and 3.0% of patients after dose 1 and dose 2, respectively. 

3.3. Antibody response 

The SARS-CoV-2 S protein RBD antibody titer was measured in 397 
patients. The median time interval from receipt of the vaccine to anti
body measurement (interquartile range) from dose 2 was 42 (30–55) 

days. The seroconversion rate after the dose 2 was 99.0% (Table 2). 
However, 4 immunocompromised patients did not develop measurable 
antibodies; their primary diagnosis were agammaglobulinemia, severe 
combined immunodeficiency, and liver or kidney transplant recipient. 
The geometric mean antibody titer (95% CIs) was higher in the younger 
age group (12–15 years) than in the older group (16–25 years) (1603.3 
[1321.8–1944.7] U/mL vs. 949.4 [744.2–1211.0] U/mL). Compared 
with immunocompetent patients, patients with immunocompromised 
conditions showed significantly lower antibody titers (2106.8 
[1917.5–2314.7] U/mL vs. 467.9 [324.4–674.8] U/mL). The details of 
the antibody in each category are shown in Fig.S2. Among patients with 
immunocompromised conditions, patients taking multiple immuno
suppressive agents, such as steroids or biologic agents tended to show 
lower antibody titers. The antibody titer and time after dose 2 is 
described in Fig. 3. The antibody titers in immunocompetent patients 
were higher, but waned over time. 

Fig. 1. Patients selection flow. 
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 

Table 1 
Characteristics of patients who received at least 1 dose of BNT162b2.  

Variables Subcategories Total 12–15 years 16–25 years 

Case number  429 241 188 
Age (years), median (IQR)  15.0 (13.0–18.0) 13.0 (13.0–15.0) 18.0 (16.0–20.0) 
Male sex, number (%)  204 (47.6) 118 (49.0) 86 (45.7) 
Underlying diseasea, number (%) Genetic or chromosomal abnormalities, congenital anomalies 

Endocrine/Metabolic diseases 
Neurological diseases 
Liver diseases 
Gastrointestinal diseases 
Allergic diseases 
Hematologic/Oncologic diseases 
Renal/urinary diseases 
Cardiovascular diseases 
Collagen/Inflammatory diseases 
Other diseasesb 

67 (15.6) 
55 (12.8) 
47 (11.0) 
43 (10.0) 
40 (9.3) 
34 (7.9) 
34 (7.9) 
33 (7.7) 
32 (7.5) 
25 (5.8) 
19 (4.4) 

43 (17.8) 
36 (14.9) 
29 (12.0) 
24 (10.0) 
16 (6.6) 
22 (9.1) 
17 (7.1) 
17 (7.1) 
14 (5.8) 
17 (7.1) 
6 (2.5) 

24 (12.8) 
19 (10.1) 
18 (9.6) 
19 (10.1) 
24 (12.8) 
12 (6.4) 
17 (9.0) 
16 (8.5) 
18 (9.6) 
8 (4.3) 
13 (6.9) 

Immunosuppressive conditionc, number (%)  138 (32.2) 75 (31.1) 63 (33.5) 
Immunosuppressive agents, number (%) Any 

Single agent 
Multiple agents 

124 (28.9) 
71 (16.6) 
53 (12.4) 

67 (27.8) 
41 (17.0) 
26 (10.8) 

57 (30.3) 
30 (16.0) 
27 (14.4) 

Steroids, number (%)  33 (7.7) 19 (7.9) 14 (7.5) 
Biologic agents  38 (8.9) 19 (7.9) 19 (10.1) 
Transplantation Any transplantation 

Solid organ transplantation 
Hematopoietic transplantation 

55 (12.8) 
43 (10.0) 
12 (2.8) 

32 (13.3) 
27 (11.2) 
5 (2.1) 

23 (12.2) 
16 (8.5) 
7 (3.7) 

COVID-19 infection Pre-vaccination, number (%)  3 (0.7) 2 (0.8) 1 (0.5) 

COVID-19, coronavirus disease 2019. 
a If patients had multiple comorbidities, the primary investigator selected the most relevant comorbidity. 
b Musculoskeletal diseases: 6, Primary immunodeficiencies: 6, Psychiatry diseases: 4, Blood vessel or lymphatic abnormalities: 2, Respiratory diseases: 1. 
c Immunocompromised status was defined by these criteria: previous receipt of at least one immunosuppressive agent, chemotherapy within 6 months to treat 

primary immunodeficiencies or hematologic/oncologic diseases, and hematopoietic cell transplantation within 2 years. 
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4. Discussion 

This study revealed a high seroconversion rate and acceptable safety 
with the use of BNT162b2 in adolescents and young adults age 12–25 
years with underlying disease, although the antibody titer was lower in 
immunocompromised patients. 

Safety and adverse reactions of BNT162b2 in healthy adolescents 
and young adults has been investigated [4]. Pain at injection site, fa
tigue, headache, chills, muscle pain, and fever were common adverse 
reactions and more frequently reported after dose 2. A similar trend was 
observed in our patient population. Regarding fever, 36% of patients age 
12–15 years had a body temperature higher than 38 ◦C after dose 2, and 
43% of the patients required antipyretics. This finding suggests that 

healthcare providers should provide patients and parents or guardians 
with guidance for the likelihood of adverse reactions, especially after 
dose 2, and the management of these events. Furthermore, fever 
post-vaccination was more common in immunocompetent versus 
immunocompromised patients. This finding may be due to the weak 
immune reaction after the vaccination in immunocompromised 
patients. 

It is known that serious adverse events rarely occur after BNT162b2 
in adolescents and young adults. A previous study showed 0.6% and 

Fig. 2. Incidence of adverse events. A: After dose 1 in different age groups. 
B: After dose 2 in different age groups. C: After dose 1 in immunocompetent and immunocompromised patients. D: After dose 2 in immunocompetent and 
immunocompromised patients. After dose 1 and dose 2, 397/429 (92.5%) and 344/427(80.6%) of patients answered the questionnaire, respectively. Two patients 
did not receive dose 2. 

Table 2 
SARS-CoV-2 S antibody positivity and titers after the second vaccination.   

Patients, 
number 

Antibody 
positive, 
number (%) 

Geometric mean 
antibody titer (95% CI, 
U/mL) 

Total 397 393 (99.0) 1272.6 
(1091.3–1484.0) 

Immunosuppressive 
condition (+) 

133 129 (97.0) 467.9 (324.4–674.8) 

Immunosuppressive 
condition (− ) 

264 264 (100) 2106.8 
(1917.5–2314.7) 

Age group 
12–15 years 222 221 (99.5) 1603.3 

(1321.8–1944.7) 
Immunosuppressive 
condition (+) 

74 73 (98.6) 707.6 (438.6–1141.7) 

Immunosuppressive 
condition (− ) 

148 148 (100) 2413.3 
(2132.5–2731.2) 

16–25 years 175 172 (98.3) 949.4 (744.2–1211.0) 
Immunosuppressive 
condition (+) 

59 56 (94.9) 278.5 (160.0–484.6) 

Immunosuppressive 
condition (− ) 

116 116 (100) 1771.6 
(1539.2–2038.9) 

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 

Fig. 3. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike 
protein receptor-binding domain antibody titer and duration after vaccination 
dose 2. 
Open triangle represents immunocompetent patients. Open circle represents 
immnocompromised patients. Dotted line represents local polynomial regres
sion (LOESS) curve of immunocompetent patients. Solid line represents LOESS 
curve of immunocompromised patients. 
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1.7% of patients age 12–15years and age 16–25 years who received 
BNT162b2 experienced serious adverse events [4]. In our study, serious 
adverse events were observed only in 3 (0.7%) patients after dose 2. 
Despite the presence of underlying disease, all patients fully recovered. 
This finding suggest that BNT162b2 is acceptably safe, even in the pa
tients with underlying medical conditions. 

Myocarditis is rare but important adverse event after receipt of the 
SARS-CoV-2 mRNA vaccine and mainly occur in male adolescents and 
young adults. In a review of the Vaccine Adverse Event Reporting Sys
tem in the United States, the rate of myocarditis was highest in male 
adolescents age 12–17 years with 62.8 cases/million after dose 2 of the 
mRNA vaccine [7]. A similar result was reported from Israel, with the 
highest rate in male adolescents age 16–19 years (15.1 cases/100,000 
after dose 2 of BNT162b) [8]. In our population, including cardiovas
cular or collagen diseases, none of the patients were diagnosed with 
myocarditis, although the sample size was relatively small. However, 
3% of patients reported chest pain, which may be a sign of myocarditis, 
and clinicians should be aware of the possible risk of myocarditis after 
SARS-CoV-2 mRNA vaccination in this population. 

To assess the immunogenicity of BNT162b2, we measured the SARS- 
CoV-2 S protein RBD antibody by the electrochemiluminescence 
immunoassay as an alternative to the neutralizing antibody assay. This 
assay is highly sensitive (97.92%) and specific (99.95%) [9] and 
commonly used in research on both COVID-19 infection [10] and the 
SARS-CoV-2 vaccine antibody response [11]. The optimal cut-off value 
of this antibody titer for preventing SARS-CoV-2 infection remains un
clear; however, previous reports showed that this assay was highly 
correlated with those measuring neutralizing antibodies [12], which is 
directly associated with infection prevention. Therefore, we believe that 
the SARS-CoV-2 S protein RBD antibody may be a surrogate marker of 
the neutralizing antibody and vaccine effectiveness. 

This study revealed that SARS-CoV-2 antibody titer was higher in the 
younger population (age 12–15 years) than the older population (age 
16–25 years). Similar results were shown in the phase 3 trial of 
BNT162b2 in healthy adolescents [4]. The study showed the geometric 
mean antibody titer ratio of BNT162b2 neutralizing antibody in the 
younger age group (12–15 years) was 1.76 times higher than that in the 
older group (16–25 years). Furthermore, another phase 2/3 trial of 
BNT162b2 showed that the geometric mean antibody titer of BNT162b2 
in children age 5–11 years who received 10 μg of BNT162b2 was similar 
to that in patients age 16–25 years who received 30 μg of BNT162b2 
[13]. In that study, the BNT162b2 dose was decreased from 30 μg to 10 
μg, given the high frequency of adverse reactions, including fever, in the 
30-μg group. In our study, a high incidence of fever and high antibody 
titer were observed in the younger age group (12–15 years). This finding 
suggests that it may be worthwhile to consider performing clinical trials 
to investigate the option of dose reduction in this patient population. 

Several studies have investigated the efficacy and immune reaction 
after SARS-CoV-2 mRNA vaccination in special circumstances, espe
cially in the immunocompromised adult population. The vaccine effec
tiveness of BNT162b2 in immunocompromised patients is low compared 
with that in the general population [14,15]. It is also known that anti
body response to SARS-CoV-2 mRNA vaccine is low in immunocom
promised patients, including solid organ transplant recipients [16] and 
in those with leukemia [17] and cancer [18]. Thus, the Centers for 
Disease Control and Prevention recommend a booster dose of mRNA 
vaccine in these populations [19]. 

Our data showed a lower antibody titer in immunocompromised 
patients, including solid and hematopoietic cell transplant recipients 
and those taking immunosuppressive agents. This finding may indicate 
the need for a booster dose of the SARS-CoV-2 mRNA vaccine in ado
lescents and young adults, especially for those with immunocompro
mised conditions. 

This study has several limitations. First, the number of study par
ticipants was too small to assess rare vaccine-related adverse events. For 
example, myocarditis is a known rare adverse event associated with the 

SARS-CoV-2 mRNA vaccine and occurs most often in young male ado
lescents (age 12–17 years); however, its frequency remains low, with 
approximately 1 cases/16,000 vaccinations [20]. If patients feel chest 
pain after receiving SARS-CoV-2 mRNA vaccine, they should visit the 
hospital and be assessed promptly. Second, we were unable to assess the 
clinical effectiveness of the vaccination because of the small number of 
children with COVID-19 in Japan. During the study period, Japan was 
experiencing an epidemic of COVID-19; however, the number of re
ported cases was about 0.8 million [21], which is only 0.6% of total 
population in Japan. In fact, only one case of COVID-19 after dose 1 was 
recognized in this cohort. Lastly, pre-vaccinated SARS-CoV-2 S protein 
RBD antibody was confirmed in only 21% of the study population. 
Therefore, it is difficult to exclude the possibility that unrecognized 
patients with COVID-19 may have influenced post-vaccine seroposi
tivity. On the other hand, almost all patients who had undergone 
SARS-CoV-2 antibody testing before receiving the vaccine were sero
negative, and none had a history of COVID-19. 

In conclusion, BNT162b2 was acceptably safe and immunogenic in 
adolescents and young adult patients with underlying disease. Further 
large-scale studies are warranted to address assess this population for 
rare adverse events after vaccination with BNT162b2. 
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