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Background/Aims: This study aimed to assess the association between local and 
systemic reactogenicity and humoral immunogenicity after severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) vaccination.
Methods: Adverse events were prospectively evaluated using an electronic diary 
in 135 healthy adults who received a SARS-CoV-2 vaccine (AZD1222, AstraZeneca/
Oxford, n = 42; or BNT162b2, Pfizer/BioNTech, n = 93). We semi-quantitatively 
measured anti-S1 immunoglobulin G (IgG) using an enzyme-linked immunosor-
bent assay at baseline, 3 weeks after the first dose of AZD1222 or BNT162b2, and 2 
weeks after the second dose of BNT162b2. We evaluated the association between 
the maximum grade of local or systemic adverse events and the anti-S1 IgG opti-
cal density using multivariate linear regression with adjustment for age, sex, and 
use of antipyretics. 
Results: The median age of the 135 vaccinees was 30 years (36 years in the AZD1222 
group and 29 years in the BNT162b2 group) and 25.9% were male (9.5% in the 
AZD1222 group and 33.3% in the BNT162b2 group). Local and systemic adverse 
events were generally comparable after the first dose of AZD1222 and the second 
dose of BNT162b2. The grades of local and systemic adverse events were not sig-
nificantly associated with anti-S1 IgG levels in the AZD1222 or BNT162b2 group.
Conclusions: Local and systemic reactogenicity may not be associated with hu-
moral immunogenicity after SARS-CoV-2 vaccination. 
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Can reactogenicity predict immunogenicity after 
COVID-19 vaccination?
Young Hoon Hwang1,*, Kyoung-Ho Song2,*, Yunsang Choi2, Suryeong Go2, Su-Jin Choi3, Jongtak Jung2, 
Chang Kyung Kang1, Pyoeng Gyun Choe1, Nam-Joong Kim1, Wan Beom Park1, and Myoung-don Oh1

INTRODUCTION

The coronavirus disease 2019 (COVID-19) global ep-
idemic continues despite the introduction of vaccines 
against severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [1]. In South Korea, the government began 
a nationwide COVID-19 vaccination program in Febru-
ary 2021. Two types of vaccines are currently available 
in South Korea, namely, a chimpanzee adenovirus-vec-
tored vaccine called AZD1222 (AstraZeneca/Oxford) [2,3] 

and a mRNA-based vaccine called BNT162b2 (Pfizer/Bi-
oNTech) [4].

Safety profiles from major clinical trials showed that 
mild-to-moderate adverse reactions to the vaccines 
are common, and a prospective survey in South Korea 
yielded similar results [5]. However, the clinical implica-
tion of vaccine reactogenicity is uncertain. In addition, 
although the efficacy of COVID-19 vaccines has been 
proven by randomized clinical trials [2-4], vaccinees may 
be concerned about antibody formation at an individu-
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al level. Some experts argue that vaccine reactogenicity 
correlates with immunogenicity, while others insist this 
is not always the case [6,7].

The correlation between reactogenicity and immuno-
genicity after vaccination has been poorly studied, espe-
cially for novel SARS-CoV-2 vaccines. Here, we aimed 
to evaluate the association between reactogenicity and 
immunogenicity for two SARS-CoV-2 vaccines by per-
forming a prospective survey of adverse events and mea-
suring humoral immunity.

METHODS

Study population and design
This study included healthy healthcare workers who 
planned to receive a SARS-CoV-2 vaccine in Seoul Na-
tional University Hospital (SNUH) and Seoul National 
University Bundang Hospital (SNUBH) between March 
and April 2021. Although participants in the AZD1222 
group were scheduled to receive two injections 10 weeks 
apart, they did not receive the second injection during 
the study period. Participants in the BNT162b2 group 
received two injections 3 weeks apart. 

Serum samples were collected at baseline, 3 weeks 
after the first injection of AZD1222 or BNT162b2, and 
2 weeks after the second injection of BNT162b2 and 
stored at –70°C. Participants reported solicited and un-
solicited adverse events from the day of vaccination (day 
0) to 7 days after vaccination (day 7) using an electronic 
diary-based self-report form. This study was approved 
by the Institutional Review Board of SNUH (2102-032-
1193) and SNUBH (B-2102-669-302). All participants pro-
vided written informed consent. 

Adverse event assessment
Local (injection site pain, swelling, and redness) and 
systemic (vomiting, diarrhea, headache, fatigue, chills, 
muscle pain, joint pain, and fever) adverse events were 
assessed using the U.S. Food and Drug Administration 
guidance [8]. Participants reported use of antipyretics 
during the self-report period. Grade 0 was no adverse 
events in all categories. Adverse events were graded as 
follows: Grade 1, did not interfere with activity; Grade 
2, interfered with activity; Grade 3, prevented daily ac-
tivity; and Grade 4, required an emergency department 

visit or hospitalization. Exceptions were as follows: local 
redness and swelling (Grade 1, 2.5 to 5.0 cm in diameter; 
Grade 2, 5.0 to 10.0 cm in diameter; Grade 3, > 10 cm in 
diameter; and Grade 4, necrosis or exfoliative dermati-
tis), vomiting (Grade 1, 1 to 2 times in 24 hours; Grade 
2, > 2 times in 24 hours; Grade 3, required intravenous 
hydration; and Grade 4, required an emergency depart-
ment visit or hospitalization due to hypovolemic shock), 
diarrhea (Grade 1, 2 to 3 loose stools in 24 hours; Grade 2, 
4 to 5 loose stools in 24 hours; Grade 3, six or more loose 
stools in 24 hours; and Grade 4, required an emergency 
department visit or hospitalization), and fever (Grade 1, 
38.0°C to 38.4°C; Grade 2, 38.5°C to 38.9°C; Grade 3, 39.0°C 
to 40.0°C; and Grade 4, > 40°C). 

Measurement of anti-S1 immunoglobulin G by a 
semi-quantitative enzyme-linked immunosorbent 
assay 
Antibody immunoglobulin G (IgG) against the spike 
protein subunit (S1) of SARS-CoV-2 was semi-quanti-
tatively measured using an enzyme-linked immuno-
sorbent assay (ELISA) kit (EUROIMMUN, Mountain 
Lakes, NJ, USA) [9]. The optical density (O.D.) ratio was 
interpreted as follows: < 0.8, negative; ≥ 0.8 to < 1.1, bor-
derline; and ≥ 1.1, positive. Borderline was considered 
negative for analysis.

Statistical analysis
The association between the highest grade of local or 
systemic adverse events and the anti-S1 IgG O.D. ratio 
in post-vaccination serum was evaluated using a mul-
tivariate linear regression model. The anti-S IgG O.D. 
ratio was set as the dependent variable and the highest 
grade of local or systemic adverse events was set as the 
independent variable. Additional covariates were age, 
sex, and use of antipyretics. p values less than 0.05 were 
considered statistically significant. All statistical analy-
ses were conducted using IBM SPSS Statistics version 
26.0 for Windows (IBM, Armonk, NY, USA).

RESULTS

Study population
A total of 135 healthy healthcare workers who received a 
SARS-CoV-2 vaccine were enrolled in this study. Among 
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them, 42 participants received AZD1222 and 93 partic-
ipants received BNT162b2. Their median age was 30 
years (36 years in the AZD1222 group and 29 years in 
the BNT162b2 group) and 25.9% were male (9.5% in the 
AZD1222 group and 33.3% in the BNT162b2 group).

Local and systemic reactogenicity after SARS-CoV-2 
vaccination
Among the 42 participants who received the first injec-
tion of AZD1222, 39 (93%) reported a local adverse event 
and 40 (95%) reported a systemic adverse event. The 
most common adverse event was local pain (93%), fol-
lowed by fatigue (81%), muscle pain (79%), and headache 
(62%) (Fig. 1A). Eleven (26%) participants reported mod-
erate or severe local adverse events (Grade ≥ 2), 30 (71%) 
reported moderate or severe systemic adverse events, 
and 36 (86%) took antipyretics. One person visited the 
emergency department due to severe fatigue and weak-

ness 15 minutes after receiving AZD1222. Her symptoms 
improved after 3 hours of close observation and she was 
discharged. 

In the BNT162b2 group, adverse events were more 
common and severe after the second injection than after 
the first injection (Fig. 1B and 1C). Among the 93 partic-
ipants who received the second injection of BNT162b2, 
85 (91%) reported a local adverse event, of which 37 (40%) 
were moderate-to-severe. Seventy-six (82%) reported a 
systemic adverse event, of which 56 (60%) were mod-
erate-to-severe, and 68 (73%) took antipyretics. Local 
and systemic adverse events were comparable after the 
first injection of AZD1222 and the second injection of 
BNT162b2. However, fever was more common in the 
AZD1222 group than in the BNT162b2 group (36% vs. 
19%, p = 0.042).

Figure 1. Local and systemic adverse events (AEs) reported within 7 days after AZD1222 (AstraZeneca) or BNT162b2 (Pfizer) 
vaccination. Local (left) and systemic (right) AEs were assessed for 7 days after each vaccination using an electronic diary form. 
Solicited AEs are shown after the first injection of AZD1222 (A) and after the first (B) and second (C) injections of BNT162b2. 
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Immunogenicity after vaccination
One of the 42 participants in the AZD1222 group showed 
serologic positivity at baseline (O.D. ratio 1.38) and was 
excluded from the analysis. The baseline anti-S1 IgG O.D. 
ratio in the AZD1222 group was 0.24 (95% confidence in-
terval [CI], 0.18 to 0.29). Serologic positivity was observed 
in 88% (36 of 41) of participants at 3 weeks after the first 
injection of AZD1222, and their mean anti-S1 IgG O.D. 
ratio was 4.76 (95% CI, 3.84 to 5.67) (Fig. 2A and 2B).

In the BNT162b2 group, serum samples were collect-
ed from 40 participants after the first injection and from 
93 participants after the second injection. Among them, 
one participant was excluded from the analysis due to 
serologic positivity at baseline (O.D. ratio 1.25). The base-
line anti-S1 IgG O.D ratio was 0.15 (95% CI, 0.11 to 0.19). 
Serologic positivity was observed in 100% of participants 
at 3 weeks after the first injection of BNT162b2 (39 of 39), 
and their mean anti-S1 IgG O.D. ratio was 10.37 (95% CI, 
9.51 to 11.23) (Fig. 2C and 2D). After the second injection, 
all 92 BNT162b2 recipients showed serologic positivity, 
and their mean anti-S1 IgG O.D. ratio was 10.56 (95% CI, 
10.16 to 10.97) (Fig. 2E and 2F).

Association of reactogenicity and humoral immuno-
genicity
A multivariate linear regression model showed that 
the grades of local (p = 0.129) and systemic (p = 0.324) 
adverse events after the first injection of AZD1222 
were not significantly associated with the anti-S1 IgG 
O.D. ratio after adjustment for age, sex, and use of 
antipyretics (Supplementary Table 1). Similarly, the 
grades of local and systemic adverse events after the 
first and second injections of BNT162b2 were not sig-
nificantly associated with the anti-S1 IgG O.D. ratio. 
Age was significantly associated with the anti-S1 IgG 
level after the first injection of BNT162b2 (p = 0.006), 
and age and female sex were significantly associated 
with the anti-S1 IgG level after the second injection 
of BNT162b2 (p = 0.036 and p = 0.009, respectively).  

DISCUSSION

To the best of our knowledge, this is the first study to 
evaluate the association between reactogenicity and hu-
moral immunogenicity for novel SARS-CoV-2 vaccines. 

This study showed that the severity of local and systemic 
adverse events was not associated with anti-SARS-CoV-
2-specific IgG levels after vaccination with AZD1222 or 
BNT162b2. These findings may be helpful for counsel-
ing vaccinees and managing vaccine adverse events. 

Reactogenicity refers to a subset of reactions that oc-
cur after vaccination and are commonly manifested with 
inflammation [10]. In a clinical setting, reactogenicity af-
ter vaccination is linked to safety and is widely surveyed 
by the severity and frequency of adverse events. How-
ever, it is unclear whether a more reactogenic vaccine 
elicits a more immunogenic response. Some studies of 
vaccine adjuvants suggest that there is a correlation be-
tween reactogenicity and humoral and cellular immune 
responses; however, the results are inconsistent [6,7,10]. 

In the case of SARS-CoV-2 vaccination, previous stud-
ies reported that BNT162b2 is less reactogenic and im-
munogenic in an older population consistent with the 
current study, but the humoral response after two doses 
exceeds that in convalescent serum [4,11]. However, the 
direct correlation between adverse events and immuno-
genicity has not been evaluated. Our study explored the 
association between reactogenicity and the humoral re-
sponse after SARS-CoV-2 vaccination following adjust-
ment for age, sex, and use of antipyretics. We showed 
that reactogenicity to AZD1222 and BNT162b2 was not 
associated with humoral immunogenicity. Therefore, 
the severity of adverse events cannot be used as a surro-
gate marker of vaccine efficacy. Reactogenicity is influ-
enced by the immunologic properties of vaccines and 
many other factors such as physicochemical properties, 
administration-related factors, and intrinsic host fac-
tors, and therefore cannot be assumed to correlate with 
immunogenicity [10].

This study has several limitations. First, the severity 
of adverse events was assessed based on a self-report, 
which could be subjective. Second, only the maximum 
severity of adverse events was analyzed and the duration 
of adverse events was not considered. Third, only two 
vaccines were evaluated, and other SARS-CoV-2 vaccines 
may yield different results. Finally, humoral immunity 
was assessed by an anti-S1 IgG semi-quantitative ELISA 
rather than by a neutralizing antibody assay. However, 
the results obtained using this ELISA kit correlate well 
with live virus neutralizing antibody titers [12].

In conclusion, anti-SARS-CoV-2-specific antibody 
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Figure 2. Anti-S1 immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) results according to the severity 
of local and systemic adverse events. Anti-S1 IgG ELISA optical density (O.D.) ratios were plotted according to the maximum 
grade of any local and systemic adverse event after the first injection of AZD1222 (A, B) and after the first (C, D) and second (E, 
F) injections of BNT162b2. Dotted lines denote the cutoff value of a positive anti-S1 IgG O.D. ratio (O.D. ratio ≥ 1.1). Vertical and 
horizontal lines denote the mean and 95% confidence interval of the anti-S1 IgG O.D. ratio, respectively.
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levels are not associated with the severity of local or 
systemic adverse events following vaccination with 
AZD1222 or BNT162b2. Our findings suggest that hu-
moral immunogenicity cannot be predicted by reacto-
genicity after SARS-CoV-2 vaccination.
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