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ABSTRACT
Adverse reactions after vaccination with COVID-19 mRNA vaccines are common; however, the association 
between adverse reactions and humoral responses is uncertain. To determine whether humoral immune 
responses after BNT162b2 vaccine administration were associated with local and systemic adverse 
reactions, we conducted a prospective observational cohort study in a single tertiary referral center. 
Healthcare workers who received the first dose of BNT162b2 vaccine were recruited. SARS-CoV-2 anti- 
spike IgG antibody titers were measured three weeks after the second dose and information about 
adverse reactions after vaccination was collected. Among the 887 participants, 641 (72.3%) were 
women. The median age was 38 (range, 22–74) years. All but one showed anti-spike IgG levels well 
above the cutoff, with a median level of 13,600 arbitrary units/mL. Overall, 800 (92.2%) participants 
reported some reactions after the first dose and 822 (96.3%) after the second dose. Significantly more 
participants reported systemic reactions after the second dose than after the first dose (P < .01), and 625 
(73.6%) reported that reactions were stronger after the second dose. Factors positively associated with 
elevation of anti-spike IgG levels were history of asthma (24% higher if present, P = .01) and stronger 
reactions after the second dose (19% higher if experienced, P = .02). The majority of participants showed 
good humoral responses and reported some adverse reactions after vaccination. Anti-spike IgG levels 
were significantly higher if adverse reactions after the second dose were stronger than those after the first 
dose. These findings may help inform current and future vaccine recipients.
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Introduction

Since the first case of pneumonia in late 2019,1 coronavirus 
disease 19 (COVID-19) caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) has spread globally. 
Pharmaceutical and non-pharmaceutical interventions have 
been used to decrease morbidity and mortality from 
COVID-19; but the control of the pandemic would be diffi-
cult without herd immunity through vaccination.

A number of vaccines against SARS-CoV-2 have been 
developed. Among these, the BNT162b2 mRNA vaccine is 
one of the most commonly inoculated vaccines in the world.2 

Its efficacy against symptomatic and confirmed COVID-19 was 
95.0% in the phase three trial.3 It has already prevented symp-
tomatic COVID-19 in a real-world setting.4-9

Humoral immunity, especially neutralizing antibodies, 
plays a central role against SARS-CoV-2.10,11 Early reports 
suggest that the levels of neutralizing antibodies and anti- 
spike IgG antibodies correlate with protection.12-14 In a study 
where anti-spike IgG antibody levels after vaccination with 
virus vector vaccines (ChAdOx1) were analyzed to determine 
the association with protection against SARS-CoV-2, the levels 

of anti-spike IgG above 4,446 arbitrary unit (AU)/mL and 
40,923 AU/mL were estimated to be associated with 50% and 
80% vaccine efficacy, respectively.12

Multiple factors, such as age, sex, ethnicity, and prior 
SARS-CoV-2 infection, have been reported to be associated 
with anti-spike IgG levels.15,16 Cellular immunity works 
cooperatively with humoral immunity to induce a sufficient 
immune response to control SARS-CoV-2 replication and 
has been implicated as a marker for past infection or severity 
of COVID-19.17,18 However, the role of cellular immunity 
and its association with humoral responses after vaccination 
remains to be elucidated.

Local and systemic adverse reactions after vaccination with 
mRNA are frequent, and approximately two-thirds of the reci-
pients reported local and/or systemic reactions after BNT162b2 
vaccines in different studies.3,19 While they are largely mild, 
they are considered a major cause of SARS-CoV-2 vaccine 
hesitancy.19 However, some argue that these reactions might 
reflect the successful induction of an effective immune 
response.20 In other vaccines, including those for hepatitis 
B virus, pneumococcus, Haemophilus influenzae, poliovirus, 
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prophylactic paracetamol treatment before vaccination have 
been associated with fewer recipients with fever and lower 
levels of antibody after vaccination, which suggests that early 
reactions after vaccination are indeed associated with higher 
levels of antibody.21,22 To date, data on mRNA vaccines for 
SARS-CoV-2 are still scarce. A few small studies reported that 
local and systemic reactions after vaccination with BNT162b2 
were not associated with humoral response after vaccination.23- 

26 In contrast, correlations between adverse reactions after 
vaccination and higher antibody levels were suggested in 
other recent studies;27,28 therefore, it still remains uncertain.

In this study, we aimed to investigate 1) factors asso-
ciated with humoral immune response, with special interest 
in local and systemic adverse reactions, and 2) factors 
associated with adverse reactions after BNT162b2 vaccine 
administration among healthcare workers in a single 
healthcare system in Japan.

Methods

Study design and participant recruitment

We conducted a prospective observational study at the 
University of Tokyo Hospital, Tokyo, Japan. In Japan, 
SARS-CoV-2 vaccination with the BNT162b2 mRNA vac-
cine for healthcare workers became available in 
February 2021. Healthcare workers who opted to receive 
the first dose of BNT162b2 mRNA vaccine at the University 
of Tokyo Hospital from March 12 to 31 March 2021, were 
invited to participate in the study. Participants were 
recruited via e-mail, poster advertising, and direct recruit-
ment at the vaccination site. They were included if they 
indicated their willingness to participate before the first 

vaccination. This study was conducted in accordance with 
the Declaration of Helsinki and was approved by the ethics 
committee of the University of Tokyo Hospital (approval 
number: 2020353NI). Written consent was obtained from 
each participant at the start of the study.

Study timeline and data collection

Blood samples and clinical information of the study participants 
were collected before the first and second doses and 3 weeks after 
the second dose (Figure 1). We measured anti-spike IgG anti-
body levels using a chemiluminescent microparticle immunoas-
say (SARS-CoV-2 IgG II Quant assay, Abbott Architect, U.S.) 3  
weeks after the second dose.29,30 The positive cutoff antibody 
level was defined as 50.0 AU/mL according to the manufac-
turer’s instructions. The test sensitivity and specificity were 
estimated at 98.1% and 99.6%, respectively, according to the 
U.S. Food and Drug Administration.31 We measured anti- 
nucleocapsid IgG antibody levels to assess the participants 
basic serologic status to distinguish between people who were 
already infected with SARS-CoV-2 and those who were not 
(using iFlash-SARS-CoV-2 IgG, YHLO Biotechnology 
Company). The positive cutoff index was defined as 10.0 accord-
ing to the manual provided by the manufacturer. In addition, we 
measured the counts and levels of the following before the first 
and second dose: complete blood cell counts, renal function, 
liver function, electrolytes, lipids, C-reactive protein, D-dimer, 
prothrombin time, and activated partial thromboplastin time 
(APTT). The T-cell response in the peripheral blood was eval-
uated using an interferon gamma release assay. We used the 
QuantiFERON SARS-CoV-2 Research Use Only (RUO), includ-
ing blood collection tubes of the SARS-CoV-2 Starter Set and 
Control Set (Qiagen, Hilden, Germany). Briefly, whole blood 

Figure 1. Study flow. The flowchart of participants included in the analysis of this study.
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was incubated with SARS-CoV-2 antigens in the tubes, and the 
IFN-γ concentration in plasma was measured by enzyme-linked 
immunosorbent assay according to the manufacturer’s instruc-
tions. With a cutoff of .15 IU/mL, the test sensitivity and speci-
ficity were determined as 98.3% and the specificity as 100%, 
respectively, according to the manufacturer’s instructions.32 

Individual IFN-γ concentrations were calculated by subtraction 
from the baseline concentration.

The following characteristics were collected via an online 
questionnaire (Google Forms platform) at the first sample 
collection: participants’ age, race, sex, height, weight, job cate-
gory, comorbidities, smoking and drinking status, and expo-
sure to outpatients or inpatients. The self-reported information 
on the history of COVID-19 or close contact with confirmed 
COVID-19 patients was collected at each visit for blood sample 
collection. In addition, information on adverse reactions after 
the first and second doses of vaccination was collected. Adverse 
reactions included administration site pain, administration site 
swelling, administration site redness, fever, chills, fatigue, 
headache, vomiting, diarrhea, generalized muscle pain, joint 
pain, and other symptoms (free text comments). We defined 
pain, swelling, and redness of the administration site as local 
reactions, and other adverse reactions as systemic reactions. 
We specifically asked the participants if the reactions after 
the second dose were weaker, the same, or stronger than the 
reactions after the first dose.

Statistical analysis

Only information from participants who completed all three 
blood tests was used for the analysis. The Brunner–Munzel test 
or Kruskal–Wallis test was used for comparisons of continuous 
variables. Fisher’s exact test and the chi-square test were used for 
other categorical variables. We performed multiple regression 
analysis and a sensitivity analysis to assess the factors associated 
with log-transformed levels of anti-spike IgG antibody 
(eMethods and eTable S1 in the Supplement). We explored the 
factors associated with self-reported adverse reactions using 
multiple logistic regression analysis in the same manner. We 
performed all statistical analyses using R 4.0.333 with “lawstat”34 

and “tidyverse”35 packages. All tests were two-tailed, and a P 
value <.05 was considered statistically significant.

Results

Characteristics of the study participants

Between March 12 and 31, 2021, 4,063 employees received at 
least one dose of BNT162b2 vaccine. Overall, 963 employees 
participated in the study. After excluding 66 participants who 
did not undergo blood tests at all the three time points and 10 
participants who responded that they had been diagnosed with 
COVID-19, 887 participants were analyzed (Figure 1 and 
Table 1). Eight hundred and thirty-seven (94.4%) completed 
the three questionnaires. The median age of the participants 
was 38 (range, 22–74) years and female participants (n = 641, 
72.3%) were slightly younger than male participants (38.0 vs. 
39.0 years, P = .06). The majority of participants reported no  

underlying medical problems. Only 21 (2.4%) participants 
reported active smoking, and 75 (8.5%) reported past smoking. 
Four hundred and eighty-six (54.8%) participants reported 
social drinking and 173 (19.5%) reported daily alcohol 
consumption.

Basic serologic status of participant anti-nucleocapsid 
antibody

Of 887 participants, only 9 showed positive results for anti- 
nucleocapsid IgG above the cutoff index (10.0) 3 weeks after 
the second dose. Of note, the recent study evaluating the 
same kit suggested some asymptomatic individuals might 
show false positive results.36 The median level was .06, 
which was far below the cutoff line.

Humoral response to vaccination

Of 887 participants, all but one participant who was taking 
immunosuppressants showed increased levels of anti-spike IgG 
above the cutoff level (50.0 AU/mL) 3 weeks after the second 
dose. The median level was 13,600 (interquartile range [IQR], 
8,840–20,200) AU/mL (Figure 2).

Cellular response to vaccination

We measured the IFN-γ response to specific T cell antigens 
to evaluate cellular immunity. Compared with the baseline 
level before vaccination, we observed elevated IFN-γ levels 
in 99.2% of participants. The median levels were .003 (IQR, 
−.005–.017) AU/ml at baseline and 1.386 (IQR, .666–2.561) 
AU/mL 3 weeks after the second dose (Figure 2).

Self-Reported adverse reactions

Overall, 800 (92.2%) participants reported some reactions 
after the first dose (Table 2, Supplementary figure 1). 
Female participants were more likely to report reactions 
than male participants (93.9% vs. 88.0%, P < .01). Seven 
hundred and fifty-five (87.0%) and 332 (38.2%) participants 
reported local and systemic reactions, respectively.

After the second dose, 822 participants (96.3%) 
reported some reactions. There was no sex difference in 
the proportion of participants who reported reactions. 
Seven hundred thirty-eight (86.4%) and 668 (77.9%) par-
ticipants reported local and systemic reactions, respec-
tively. Significantly more participants reported systemic 
reactions after the second dose than after the first dose 
(77.9% vs. 38.2%, P < .01). About three-quarters (n = 625, 
73.6%) of participants reported that the reactions were 
stronger after the second dose than after the first dose 
whereas 97 (11.4%) participants reported stronger reac-
tions after the first dose. One-hundred and fourteen 
(13.4%) participants reported that the reactions after the 
first and second doses were about the same. None of the 
participants experienced anaphylaxis.
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Factors associated with the levels of anti-spike IgG 
antibody

The results of the univariate analysis are shown in eTable S2 in 
the supplement. Multiple regression analysis revealed that parti-
cipant characteristics, history of natural infection, close contact 
with confirmed COVID-19 patients, exposure to inpatients, and 
self-reported reactions were significantly associated with anti- 
spike IgG antibody levels (Table 3). Compared to the partici-
pants who reported that the reactions were about the same after 
the first and second doses, those who experienced stronger 
reactions after the second dose than after the first dose had 
a statistically significant higher anti-spike IgG antibody levels 
by 19% (P = .02) whereas those who experienced stronger reac-
tions after the first dose did not (P = .31) (Figure 3). Other 
factors positively associated with the antibody level were history 
of asthma (24% higher if present, P = .01) and lymphocyte 
counts (significant but minimal effect, P = .02). Similarly, the 
factors negatively associated with the antibody level were 
increased age (11% lower every 10 years, P < .01), and history 
of daily alcohol consumption (11% lower if present, P = .04). 
Notably, the IFN-γ response to the specific T cell antigen was not 
associated with this level.

In sensitivity analysis, strong adverse reactions after 
the second dose were significant in all stratified groups except 
for stratified with the history of asthma (eTable S1).

Factors associated with self-reported adverse reactions

Multivariate logistic regression analysis was performed to 
assess the factors associated with 1) any reactions, reactions 
only at the local site, and any systemic reactions after the first 
dose; and 2) reactions only at the local site, any systemic 
reactions, fever, fatigue, and headache after the second dose. 
Because over 95% of the participants reported some adverse 
reactions after the second dose, factors associated with any 
adverse reactions were not examined.

After the first dose (Table 4) 
Age (odds ratio [OR], .96; 95% confidence interval [95% CI], 

.94–.99; P < .01), and no alcohol consumption (OR, 1.99; 95% CI, 
1.10–3.54; P = .02) were associated with any reactions. Platelet 
counts (OR for every 10,000/μL, 1.03; 95% CI, 1.01–1.06; P  
< .01) and history of asthma (OR, .55; 95% CI, .30–.99; P = .048) 
were associated with reactions only at the local sites. Platelet 
counts (OR for every 10,000/μL, .97; 95% CI, .94–.99; P = .01) 

Table 1. Characteristics of the study participants with three completed blood collections.

Characteristics
Total 

(n = 887)
Male 

(n = 246)
Female 

(n = 641) P value

Answered web questionnaire
After the first dose (n, %) 868 (97.9) 239 (97.2) 629 (98.2)
After the second dose (n, %) 854 (96.3) 237(96.4) 617 (96.0)
Completed (n, %) 837 (94.4) 230 (93.6) 607 (94.6)

Age (years, median [range]) 38 [22-74] 39.5 [23-65] 38 [22-74] 03
29≦ (n, %) 185 (20.8) 27 (12.5) 158 (24.0)
30–39 (n, %) 290 (32.8) 96 (38.7) 194 (30.5)
40–49 (n, %) 246 (27.9) 78 (30.2) 168 (27.0)
50–59 (n, %) 133 (15.1) 33 (13.7) 100 (15.6)
≧60 (n, %) 33 (3.5) 12 (4.8) 21 (2.9)

BMI (kg/m2, median [range]) 21.2 [14.9–41.5] 22.5 [16.5–38.7] 20.6 [14.9–41.5] <.01
Job category <.01

Nurse (n, %) 340 (35.5) 12 (4.9) 328 (51.3)
Physician (n, %) 226 (23.6) 144 (58.5) 82 (12.8)
Other medical staff (n, %) 180 (18.8) 62 (25.2) 118 (18.5)
Non-medical staff (n, %) 139 (14.5) 28 (11.4) 111 (17.4)

Comorbidity
Allergic disease except for asthma (n, %) 83 (9.4) 26 (10.6) 57 (8.9) 44
Asthma (n, %) 64 (7.2) 14 (5.7) 50 (7.8) 31
Hypertension (n, %) 27 (3.0) 12 (4.8) 15 (2.3) 07
Dyslipidemia (n, %) 22 (2.4) 11 (4.5) 11 (1.7) 03
Diabetes mellitus (n, %) 9 (1.0) 2 (.8) 7 (1.1) 1.00

History of smoking <.01
Never smoker (n, %) 791 (89.1) 205 (83.3) 586 (91.4)
Past smoker (n, %) 75 (8.5) 37 (15.0) 38 (6.9)
Active smoker (n, %) 21 (2.4) 4 (1.6) 17 (2.7)

Alcohol consumption <.01
No consumption (n, %) 228 (25.7) 44 (17.9) 184 (28.7)
Social drinking (n, %) 486 (54.8) 128 (52.0) 358 (55.9)
Daily consumption (n, %) 173 (19.5) 74 (30.1) 99 (15.4)

Exposure to inpatients (n, %)
Baseline (n = 897) 486 (54.8) 143 (58.1) 343 (53.5) 25
After the first dose (n = 558) 304 (55.3) 81 (55.5) 223 (55.2) 1.00
After the second dose (n = 540) 288 (54.1) 83 (57.7) 205 (52.8) 37

Exposure to outpatients (n, %)
Baseline (n = 897) 381 (43.0) 151 (61.4) 230 (35.9) <.01
After the first dose (n = 558) 234 (42.5) 79 (54.1) 155 (38.3) <.01
After the second dose (n = 540) 228 (42.9) 83 (57.6) 145 (37.4) <.01

Abbreviation: BMI, body mass index. 
Healthcare workers were classified as medical and non-medical staff. Medical staff included nurses, physicians, pharmacists, clinical laboratory technicians, radiologists, 

and medical students. Non-medical staff included administrative workers, medical clerks, and other staff without direct contact with the patients.
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and history of asthma (OR, 2.09; 95% CI, 1.14–3.87; P = .02) were 
also associated with systemic reactions as well as history of allergic 
diseases (OR, 1.68; 95% CI, 1.01–2.80; P = .05).

After the second dose (Table 4, eTable S3 in the supplement)
There were no factors associated with reactions at the local 

site or any systemic reactions.

Discussion

In this study, we examined anti-spike IgG antibody levels, 
adverse reactions, and their relationship among 887 healthcare 
workers who received the BNT162b2 mRNA vaccine. As in 
previous studies,37,38 the level of anti-spike IgG was elevated in 
almost all the participants after the second dose. Local and 
systemic adverse reactions were reported in 86.4% and 77.9% 
of participants after the second dose, respectively, which are 
higher than those reported in previous studies,3,19 but the major-
ity of the participants in this study were younger than 60 years 
old. Moreover, healthcare workers might be more attentive to 
adverse reactions than non-healthcare workers. The incidence of 
these uncommon reactions may have been underestimated.

We identified several factors associated with higher anti-
body levels. A history of asthma remained a factor significantly 
associated with higher anti-spike IgG antibody levels, whereas 
increased age and daily alcohol consumption were associated 
with lower antibody levels. This result contrasts with the obser-
vations that asthma was associated with declined humoral 

immunity in children after vaccination with other vaccines 
(i.e., measles, mumps, and rubella (MMR), and hepatitis 
B virus).39-41 There are few reports about humoral immunity 
against SARS-CoV-2 in adults with asthma so far and further 
investigations are needed to confirm our findings. Aging and 
alcohol abuse are known to increase the incidence of various 
infectious diseases.42,43 Together with the recent study,44 our 
findings highlight the increased risk of people with increased 
age and daily alcohol consumption even after vaccination.

Participants reporting stronger reactions after the second 
dose than that after the first showed significantly higher levels 
of anti-spike IgG antibody. Adverse reactions are unwelcome, 
but their presence might reflect a stronger immune response, 
which is suggested in previous reports.21,22 Recently, two pre-
vious studies reported the association between adverse reactions 
and immune response after vaccination with SARS-CoV-2 
mRNA vaccines.27,28 Our finding further supports this associa-
tion. In view of anticipated repeated vaccination with mRNA,45 

our finding might also serve as an encouraging message (that 
reactions are not welcome but may be a good sign) to the general 
public, if communicated appropriately.

Although cellular response was observed in almost all the 
participants after the second dose as elevation of IFN-γ level, it 
showed little correlation with antibody levels. A similar study 
using the BNT162b2 vaccine also showed a similar result.46 As 
another recent study showed that antigen-specific CD8+ T cells 
in peripheral blood increased rapidly after vaccination,47 the 

Figure 2. Level of anti-spike IgG and IFN-γ three weeks after the second dose of the BNT162b2 vaccine. Both box plots show the median, quartiles, and outliers. a) Anti- 
spikeIgG levels after the second dose. IgG levels in female were higher than levelsin male (***P < .001). b) Levels of IFN-γ at baseline and threeweeks after the second 
dose.
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IFN-γ level measured 3 weeks after the second dose may not 
reflect the peak level after vaccination. However, our findings 
indicate that cellular response is well maintained at least 3  
weeks after the second dose. The detailed kinetics and char-
acteristics of the cellular responses in our participants are now 
under analysis.

The predictive factors for different adverse reactions after 
mRNA vaccination have been insufficiently studied. We found 
that factors differed depending on the types of adverse reactions, 
as well as the timing after the doses. Previously, older people 
showed less reactions19 and women had a doubled risk for 
moderate systemic reactions compared to men.48 Consistent 

Table 2. Adverse reactions occurring in the participants after the first and second doses of the BNT162b2 vaccine.

Adverse reactions After the first dose (n = 868) After the second dose (n = 854) P value

Any (n, %) 800 (92.2) 822 (96.3) 03
Focal reactions (n, %) 755 (87.0) 738 (86.4) <.01
Systemic reactions (n, %) 332 (38.2) 665 (77.9) <.01
Administration site pain (n, %) 746 (85.9) 720 (84.3) <.01
Administration site pain (short)* (n, %) 475 (54.7) 394 (45.9) <.01
Administration site pain (long)** (n, %) 271 (31.2) 326 (38.2) <.01
Administration site swelling (n, %) 119 (13.7) 205 (24.0) <.01
Administration site redness (n, %) 44 (5.1) 115 (13.5) <.01
Fever (n, %) 23 (2.6) 396 (46.4) <.01
Fatigue (n, %) 170 (19.6) 542 (63.5) <.01
Headache (n, %) 97 (11.2) 333 (39.0) <.01
Chill (n, %) 13 (1.5) 236 (27.7) 04
Emesis (n, %) 3 (.3) 21 (2.5) 05
Diarrhea (n, %) 16 (1.8) 27 (3.2) <.01
Generalized muscle pain (n, %) 130 (15.0) 229 (26.8) <.01
Joint pain (n, %) 24 (2.8) 226 (26.5) <.01
Took antipyretic (n, %) 24 (2.8) 291 (34.1) <.01
Other symptoms (n, %) 60 (6.9) 84 (9.8) <.01

Axillary lymphadenopathy (n, %) 9 (1.0) 25 (2.9) <.01
Dizziness (n, %) 6 (.7) 6 (.7) <.01
Skin rash (n, %) 7 (.8) 7 (.8) <.01
Drowsiness (n, %) 6 (.7) 9 (1.0) <.01
Itchiness (%) 9 (1.0) 10 (1.2) 07

Data were analyzed by two-tailed Chi-square test or Fisher’s exact test, as appropriate. *Administration site pain that disappeared on the day after injection is defined 
was “Administration site pain (short)”. 

**Administration site pain that remained at least two days after injection was defined as “Administration site pain (long)”.

Table 3. Multiple regression analysis of factors associated with the levels of anti-spike IgG antibody after the BNT162b2 vaccine administration.

Explanatory variables Partial regression coefficient* 95% Confidence interval* P value

Age 988 (.982, .993) <.01
Female sex 1.150 (.982, 1.348) 08
Nurse 0.970 (.868, 1.084) 59
Physician 1.034 (.919, 1.163) 58
Asthma 1.243 (1.055, 1.466) <.01
Hypertension 0.863 (.678, 1.098) 23
Never smoking 0.964 (.833, 1.117) 63
Active smoking 0.795 (.579, 1.092) 16
Daily alcohol consumption 894 (.803, .994) 04
Exposure to inpatients 1.044 (.951, 1.147) 37
Focal adverse reactions only (after the second dose) 0.970 (.718, 1.309) 84
Systemic adverse reactions (after the second dose) 1.236 (.911, 1.677) 17
The comparison of adverse reactions after the first and the second dose
Stronger adverse reactions after the first dose than that after the second dose 1.092 (.921, 1.294) 31
Stronger adverse reactions after the second dose than that after the first dose 1.191 (1.031, 1.376) 02
Creatinine (after the first dose, mg/dL) 1.220 (.792, 1.88) 37
Blood urea nitrogen (after the first dose, mg/dL) 0.999 (.986, 1.012) 83
Sodium (after the first dose, mEq/L) 0.99 (.962, 1.018) 48
Chloride (after the first dose, mEq/L) 1.000 (.996, 1.0480) 09
Aspartate aminotransferase (after the first dose, IU/L) 1.002 (.996, 1.008) 54
LDL-cholesterol (after the first dose, mg/dL) 1.000 (.999, 1.002) 72
Triglyceride (after the first dose, mg/dL) 1.000 (.999, 1.001) 99
Lymphocyte (after the first dose,/μL) 1.000 (1.000, 1.000) 02
Hemoglobin (after the first dose, g/dL) 0.965 (.924, 1.007) 10
Eosinophil (after the first dose, %) 1.000 (.999, 1.000) 21
Glucose (after the first dose, mg/dL) 0.998 (.996, 1.001) 16
Hemoglobin A1C (after the first dose, %) 1.016 (.905, 1.141) 79
Activated partial thromboplastin time (after the first dose, sec) 1.012 (.997, 1.028) 11
Prothrombin time (after the first dose, international normalized ratio) 1.124 (.527, 2.399) 76

Factors significantly associated with anti-spike IgG levels (P value <.05) are highlighted in bold. 
*Partial regression coefficient and 95% Confidence Interval were calculated from 10 raised to the power of the value of the original.
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with these studies, our younger and female participants were 
more likely to report adverse reactions after the first dose. 
Interestingly, a history of asthma and alcohol consumption 

were also significantly associated with adverse reactions after 
the first dose and with antibody levels. These shared predictors 
for both anti-spike IgG antibody levels and adverse reactions 

Figure 3. Severity of adverse reactions (compared with those post first and second doses). Box plots of anti-spike IgG titers after second vaccination showing themedian, 
quartiles, and outliers. The following four groups were included: “None,”“1st,” “2nd,” and “Same” representing participants whohad no reactions after either dose, 
stronger reactions after 1stdose, stronger reactions after 2nd dose, and same level of reactionsafter the 1st and 2nd doses, respectively. IgG levels in participantswho had 
stronger reactions after 2nd dose were higher than levels inparticipants who had same level of reactions after the 1st and 2nddoses (***P < .001).

Table 4. Multiple regression analysis of factors associated with adverse reactions after the first and second dose of BNT162b2 vaccine.

Explanatory variable Odds ratio 95% Confidence interval P value

After the first dose

Any adverse reactions
Age 96 (.94, .99) <.01
Female sex 2.01 (.86, 4.72) 11
Physician 0.84 (.44, 1.65) 61
Creatinine (mg/dL) 1.08 (.09, 15.21) 95
No alcohol consumption 2.05 (1.15, 3.62) 01

Focal adverse reactions only
Asthma 55 (.30, .98) 046
Platelet (×104/μL) 1.03 (1.01, 1.06) <.01
Albumin (g/dL) 1.56 (.92, 2.65) 10

Systemic adverse reactions
Female sex 1.41 (.86, 1.17) 18
Nurse 0.92 (.64, 1.32) 66
Physician 0.71 (.46, 1.32) 11
Allergic diseases 1.68 (1.01, 2.80) 046
Asthma 2.07 (1.13, 3.84) 02
Dyslipidemia 0.39 (.11, 1.10) 10
Hemoglobin (g/dL) 1.00 (.86, 1.17) 98
Platelet (×104/μL) 96 (.93, .99) 04
Prothrombin time (international normalized ratio) 6.40 (.54, 76.81) 14

After the second dose

Focal adverse reactions only
Physician 1.44 (.94, 2.17) 09
Exposure to inpatients 0.70 (.48, 1.03) 07
Systemic adverse reactions (after the first dose) 0.70 (.32, 1.56) 37
Focal adverse reactions only (after the first dose) 1.02 (.54, 2.05) 96
Fatigue (after the first dose) 0.63 (.30, 1.27) 20
Triglyceride (after the first dose, mg/dL) 1.00 (1.00, 1.00) 13

Systemic adverse reactions
Female sex 1.09 (.69, 1.71) 70
Physician 0.76 (.49, 1.21) 24
Systemic adverse reactions (after the first dose) 1.61 (.76, 3.36) 21
Focal adverse reactions only (after the first dose) 1.16 (.61, 2.11) 64
Pain (long, after the first dose) 1.33 (.88, 2.03) 18
Fatigue (after the first dose) 1.59 (.81, 3.20) 19
Headache (after the first dose) 1.06 (.51, 2.34) 89
LDL-cholesterol (after the first dose, mg/dL) 1.00 (.99, 1.00) 11
Triglyceride (after the first dose, mg/dL) 1.00 (1.00, 1.00) 22

Factors significantly associated with adverse reactions (P value <.05) are highlighted in bold.
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may further support the hypothesis that at least some adverse 
reactions result from an immune response and therefore may 
serve as a surrogate for antibody response.

Consistent with other studies,3,19 systemic adverse reac-
tions, such as fever, fatigue, and headache, were twice as 
common after the second dose as after the first dose. This 
observation is important because these reactions can be 
a major reason for absenteeism and may recur after addi-
tional doses. Although a history of confirmed COVID-19 
was the only factor predictive of any systemic reactions, 
participants who had experienced fever, fatigue, and head-
ache after the first dose were two to three times more likely 
to experience the same symptoms. Headache was more 
common among female participants, and less so among 
participants with daily alcohol consumption. Although 
further research is needed to confirm our findings, our 
findings would be informative for people who are to receive 
or who have received the BNT162b2 vaccine.

This study has limitations. First, all adverse reactions after 
vaccination and backgrounds of participants were self- 
reported; therefore, we could not confirm their presence 
objectively. Furthermore, the severity, extent, and details of 
the reactions were not evaluated and therefore recall bias 
might have occurred. In addition, we did not evaluate if 
there was a correlation between severity of adverse reactions 
after the first dose and anti-spike IgG antibody levels after 
the first dose. Second, this was a single-center study using 
the BNT162b2 vaccine involving healthcare workers. It 
remains uncertain whether our findings can be generalized 
to other populations and other COVID-19 mRNA vaccines. 
Third, although we observed a significant difference in anti- 
spike IgG antibody levels between those with and without 
the factors, the clinical significance of this difference in 
levels, particularly its potential for protection, remains to 
be studied. Fourth, we only evaluated the association 
between adverse reactions and antibody levels 3 weeks after 
the second dose, and baseline anti-spike antibody levels 
before the vaccination were not measured although there 
were a few participants who had reported the history of 
COVID-19. Future studies are needed to evaluate the effects 
of adverse reactions on antibody response in the long term, 
as well as with additional doses. Fifth, although we found 
that some factors, LDL-cholesterol and creatinine were asso-
ciated with some adverse reactions (eTable S3), the clinical 
significance of these associations warrants further investiga-
tion. Sixth, we excluded participants with confirmed self- 
reported COVID-19 infections; however, asymptomatic 
COVID-19 infections during the study might have been 
missed, which could have affected the immune response.

In conclusion, we found that the majority of participants 
showed good humoral response and a variety of non-critical 
adverse reactions with the BNT162b2 vaccine. The observed 
association between different adverse reactions and increased 
anti-spike IgG antibody levels might be helpful information for 
those who are to receive or who have received the BNT162b2 
vaccine. Future studies are needed to confirm our findings and 
evaluate the effects of adverse reactions and cellular responses 
on antibody levels in the long term.
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