
 

  

 

Aalborg Universitet

Association of Self-reported Systemic Reactions Following SARS-CoV-2 Vaccination
With Immunological Response in the Danish National Cohort Study of Effectiveness
and Safety of SARS-CoV-2 Vaccines (ENFORCE)

Bannister, Wendy P.; Raben, Dorthe; Valentiner-Branth, Palle; Tolstrup, Martin; Larsen,
Lykke; Tarp, Britta; Iversen, Mette Brouw; Søgaard, Ole Schmeltz; Ostrowski, Sisse Rye;
Breinholt Stærke, Nina; Jakobsen, Marie Louise; Olaf Lindvig, Susan; Ruwald Juhl, Maria;
Somuncu Johansen, Isik; B. Mustafa, Ahmed; Østergaard, Lars; Dam Larsen, Fredrikke;
Knudsen, Lene Surland; Klastrup, Vibeke; Wiese, Lothar; Benfield, Thomas; Toft Petersen,
Kristine; Iversen, Kasper K.; Nielsen, Henrik; Reekie, Joanne; Lundgren, Jens; ENFORCE
Study Group; Bodilsen, J.; Petersen, K. T.; Thisted, R. K.
Published in:
Open Forum Infectious Diseases

DOI (link to publication from Publisher):
10.1093/ofid/ofad248

Creative Commons License
CC BY-NC-ND 4.0

Publication date:
2023

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Bannister, W. P., Raben, D., Valentiner-Branth, P., Tolstrup, M., Larsen, L., Tarp, B., Iversen, M. B., Søgaard, O.
S., Ostrowski, S. R., Breinholt Stærke, N., Jakobsen, M. L., Olaf Lindvig, S., Ruwald Juhl, M., Somuncu
Johansen, I., B. Mustafa, A., Østergaard, L., Dam Larsen, F., Knudsen, L. S., Klastrup, V., ... Thisted, R. K.
(2023). Association of Self-reported Systemic Reactions Following SARS-CoV-2 Vaccination With
Immunological Response in the Danish National Cohort Study of Effectiveness and Safety of SARS-CoV-2
Vaccines (ENFORCE). Open Forum Infectious Diseases, 10(6), Article ofad248.
https://doi.org/10.1093/ofid/ofad248

https://doi.org/10.1093/ofid/ofad248
https://vbn.aau.dk/en/publications/9ccfc9d4-eca1-47f6-80f2-282f834f7b14
https://doi.org/10.1093/ofid/ofad248


Open Forum Infectious Diseases                                   

M A J O R  A R T I C L E
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Background. Side effects to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccines are a key concern 
contributing to vaccine hesitancy, but more individuals may be encouraged if SARS-CoV-2 vaccines were known to lead to a 
stronger immune response.

Methods. Included were adult participants from the Danish National Cohort Study of Effectiveness and Safety of SARS-CoV-2 
Vaccines (ENFORCE) who completed a questionnaire to assess systemic reactions following SARS-CoV-2 vaccination (BTN162b2, 
mRNA-1273, ChAdOx1) and had SARS-CoV-2 spike immunoglobulin G (IgG) levels measured at baseline and post–vaccine. A 
symptom score was developed to measure severity of systemic adverse reactions (+1 for each moderate, +2 for each severe). Post– 
vaccination SARS-CoV-2 spike IgG levels were compared between participants with different scores using multivariable linear regression.

Results. A total of 6528 participants were included (56.3% females; median age [interquartile range], 64 [54–75] years). After 
the first vaccination, no association was found between symptom score and post–vaccine dose spike IgG level (P = .575). Following 
the second vaccination, significantly higher spike IgG levels were observed according to higher symptom scores (P < .001); adjusted 
geometric mean ratios were 1.16 (95% CI, 1.04–1.30), 1.24 (95% CI, 1.09–1.41), 1.25 (95% CI, 1.06–1.46), and 1.21 (95% CI, 1.08– 
1.35), for scores of 2, 3, 4, and ≥5, respectively, compared with a score of 0. After adjustment for pre–vaccine dose spike IgG, this 
association was attenuated.

Conclusions. An association was found between more severe adverse reactions and stronger antibody response after the second 
vaccination but not the first, likely attributed to higher levels of preexisting immunity gained from response to first vaccination. 
Regardless of side effects, most people experienced an effective immune response following vaccination.
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Side effects to vaccinations are expected as an outward sign of the 
induced immune response. They are one of the key concerns con
tributing to vaccine hesitancy across the world, which varies over 
time, between countries, and for different vaccine types [1–4]. 
There are many factors that can affect the type and severity of 
side effects including characteristics of the recipient and those re
lated to the vaccine itself [5]. A common assumption is that the 
occurrence of side effects indicates that the vaccine is working 
as intended, inducing protective immunity.

Although there are clear data to support that coronavirus 
disease 2019 (COVID-19) vaccines are effective at generating 
a strong immune response against the severe acute respiratory 
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syndrome coronavirus 2 (SARS-CoV-2) virus regardless of ad
verse reactions [6–9], the hypothesis put forward is that more 
severe reactions following vaccination are predictive of a better 
immunological response. Several recent studies have explored 
this potential relationship [10–20], but sample sizes were gen
erally small and only a few found supporting evidence of an 
association.

In the Danish National Cohort Study of Effectiveness and 
Safety of SARS-CoV-2 vaccines (ENFORCE; www.enforce. 
dk), we prospectively collected self-reported adverse reactions 
within 2 weeks after each vaccination and performed compre
hensive SARS-CoV-2 serological profiling of >6500 individuals 
enrolled. Our primary objective for this analysis was to investi
gate the association between the severity of systemic reactions 
after SARS-CoV-2 vaccination and immunological response.

METHODS

ENFORCE is an open-label, nonrandomized, parallel-group, 
phase IV study that enrolled adult (≥18 years) Danish residents 
before their first SARS-CoV-2 vaccination in 7 study sites 
across all 5 Danish regions. Participants who were scheduled 
to receive a vaccine as part of the Danish vaccine program 
were enrolled between February 2021 and August 2021. 
Details of the study including entry criteria and data collection 
have been described previously [21].

Ethics Approval and Participant Consent

This study was approved by the Ethical Committees of The 
Central Denmark Region. Participants provided written in
formed consent to participate in the study before any trial 
activities.

Study Population

We included individuals enrolled in ENFORCE who completed 
an assessment of adverse reactions to the first, second, or third 
(booster) vaccination and had pre– and post–vaccine dose as
sessments of SARS-CoV-2 spike immunoglobulin G (IgG) lev
els. Any participants who experienced a breakthrough 
SARS-CoV-2 infection (positive polymerase chain reaction 
[PCR] test after vaccination and before spike IgG assessment) 
were excluded from the analysis.

Data Collection

At enrollment, baseline information on age, sex, focused med
ical history, and vaccine type (BTN162b2, mRNA-1273, 
ChAdOx1) was collected. Data on any previous SARS-CoV-2 
PCR tests or SARS-CoV-2 antibody measurements were ex
tracted from the Danish national microbiology database, 
MiBa (Statens Serum Institut, Copenhagen, Denmark). The 
study protocol was approved by the Danish Medicines 
Agency (#2020-006003-42) and the National Committee on 
Health Research Ethics (#1-10-72-337-20).

Participants were asked to complete a questionnaire to report 
any of the following symptoms experienced within 2 weeks post– 
vaccination and to grade them as mild, moderate, or severe: 

• systemic reactions: muscle pain, joint pain, fatigue, fever, 
headache, nausea, chills;

• local reactions at injection site: redness, swelling, tenderness.

Total serum levels of IgG antibodies against the 
SARS-CoV-2 spike protein were measured using a multianti
gen serological assay (Meso Scale Diagnostics, Rockville, MD, 
USA) at the protocol-scheduled visits.

Definitions

For the main analysis, we developed a symptom severity score 
for systemic reactions experienced within the first week after 
vaccination, counting +1 for each moderate reaction reported 
and +2 for each severe reaction, so the score could go from 0 
(no reaction or mild reactions only) up to a maximum of 14 
(all severe reactions). We also explored alternative ways of scor
ing symptoms. First, we incorporated mild reactions, counting 
+1 for each mild reaction, +2 for each moderate, +3 for each 
severe, up to a maximum score of 21. Second, we additionally 
included local reactions using the same scoring system with a 
maximum possible score of 30. Finally, we included symptom 
assessments from the second week after the vaccination where 
available, taking the worst severity level for each reaction from 
either the first- or second-week assessment.

Immunological response was assessed by SARS-CoV-2 spike 
IgG levels assessed at the first protocol-scheduled visit date at 
least 14 days after the vaccination and before the next dose. 
These were planned as: 

• Visit 2, after the first vaccine dose and within 5 days before 
the second dose.

• Visit 3, after the second vaccine dose, 3 months (±14 days) 
after the first dose. 
○ If Visit 3 was missing (eg, for participants who received 

ChAdOx1 as the first dose where the timing of the second 
dose was close to 3 months), the next available prebooster 
assessment was used instead.

• Visit Xc, 28 days (±8 days) after the third (booster) dose.

Statistical Analysis

Characteristics were summarized for all participants included 
and were compared against those who did not meet the analysis 
inclusion criteria to evaluate any potential selection bias. In 
those with available data, we investigated the associations of 
moderate/severe systemic reactions after the first, second, and 
third vaccinations using McNemar’s tests for paired nominal 
data.
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Multivariable linear regression was used in the primary anal
ysis to identify any significant association (P < .05) between 
symptom severity score for systemic reactions and spike IgG 
level after each vaccination. The analysis was adjusted for po
tential confounders and effect modifiers, namely time from 
vaccination to spike IgG assessment, age group, sex, Charlson 
Comorbidity Index (CCI) score (based on comorbidities in 
the 5 years before enrollment) [22], vaccine type, and evidence 
of prior SARS-CoV-2 infection, where infection before first 
vaccination was defined by a positive antibody result from 
enzyme-linked immunosorbent assay (ELISA; Wantai) testing 
or a positive PCR test, and where infection before next vaccina
tion included any positive PCR tests after first vaccination. 
Symptom score was included as a categorical variable, and we 
required at least 100 participants per score category per vacci
nation for meaningful comparisons. We repeated the analysis 
adjusting for pre–vaccine dose spike IgG level to explore the ef
fect of preexisting immunity.

Due to the skewed distribution, a logarithmic transformation 
(log10) was applied to the spike IgG level. Estimates of differenc
es of log10-transformed spike IgG levels from the models were 
then back-transformed to present adjusted geometric mean ra
tios, 95% CIs, and P values. An adjusted geometric mean ratio 
with a value >1 for a symptom score category indicated a higher 
geometric mean spike IgG level compared with that for a symp
tom score of 0 (ie, no symptoms), the reference category.

Sensitivity analyses were performed repeating the analysis to 
test if alternative ways of scoring symptoms or prior 
SARS-CoV-2 infection affected the results. We also tested 

interactions to determine whether the effect of the symptom 
score was significantly different (P < .1) according to other fac
tors in the model.

An additional analysis was performed to explore the poten
tial relationship between pre–vaccine dose spike IgG level and 
occurrence of moderate or severe systemic reactions. We used 
multivariable logistic regression to estimate adjusted odds ra
tios, 95% CIs, and P values and tested interactions.

SAS software, version 9.4 (SAS Institute, Cary, NC, USA), 
was used for all analyses.

RESULTS

Characteristics

Of 6918 participants enrolled in ENFORCE, 6531 had an assess
ment of adverse reactions plus baseline and post–vaccination 
assessments of SARS-CoV-2 spike IgG level. Among these par
ticipants, there were 12, 8, and 192 breakthrough SARS-CoV-2 
infections to be excluded after the first, second, and third vacci
nations, respectively. This left 6528 participants for inclusion in 
the analyses; 6181 had data for the first vaccination, 5932 for the 
second, and 4053 for the third (Supplementary Figure 1). 
Overall, 3676 (56.3%) were female, the median age at enrollment 
(interquartile range [IQR]) was 64 (54–75) years, 5162 (79.1%) 
had a CCI score of 0, and 335 (5.1%) had evidence of prior 
SARS-CoV-2 infection (Table 1). The type of vaccines received 
(first, second, and third, respectively) were BTN162b2 (55.8%, 
60.0%, 58.4%), mRNA-1237 (38.7%, 40.0%, 41.6%), and 
ChAdOx1 (5.5%, 0%, 0%). The majority received the same 

Table 1. Characteristics of Participants

Alla 

(n = 6528)
First Vaccination  

(n = 6181)
Second Vaccination 

(n = 5932)
Third (Booster) 

(n = 4053)

Age at enrollment, median (IQR), y 64 (54–75) 64 (54–75) 64 (54–75) 64 (55–74)

Sex, No. (%)

Male 2852 (43.7) 2679 (43.3) 2559 (43.1) 1728 (42.6)

Female 3676 (56.3) 3502 (56.7) 3373 (56.9) 2325 (57.4)

CCI score categories,b No. (%)

0 5162 (79.1) 4886 (79.0) 4701 (79.2) 3259 (80.4)

1–2 1156 (17.7) 1104 (17.9) 1047 (17.7) 676 (16.7)

>2 210 (3.2) 191 (3.1) 184 (3.1) 118 (2.9)

Evidence of prior SARS-CoV-2 infection,c No. (%) 335 (5.1) 309 (5.0) 319 (5.4) 305 (7.5)

Vaccine type, No. (%)

BTN162b2 … 3450 (55.8) 3559 (60.0) 2367 (58.4)

mRNA-1237 … 2390 (38.7) 2373 (40.0) 1685 (41.6)

ChAdOx1 … 341 (5.5) 0 (0.0) 1 (0.0)

Time from vaccine dose to post–vaccine spike IgG assessment, median (IQR), 
wk

… 4 (3–5) 9 (8–10) 4 (4–5)

Pre–vaccine dose SARS-CoV-2 spike IgG level, median (IQR), BAU/mL … 0.7 (0.4–1.6) 276.5 (86.4–819.4) 795.9 (307.4–1802.0)

Abbreviations: CCI, Charlson Comorbidity Index; ELISA, enzyme-linked immunosorbent assay; IgG, immunoglobulin G; IQR, interquartile range; PCR, polymerase chain reaction; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2.  
aParticipants were included if they had assessments available from at least 1 vaccination, that is, included in at least 1 of the totals for first, second, or third vaccination.  
bCharlson Comorbidity Index score is based on comorbidities in the 5 years before enrollment.  
cInfection before first vaccination was defined by positive antibody result from ELISA (Wantai) testing or a positive PCR test; infection before second and third vaccinations included any 
infection before first vaccination, in addition to any subsequent positive PCR tests.
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vaccine type at each dose (5321/5623 [94.6%] with first and sec
ond vaccination data available and 3848/3851 [99.9%] with sec
ond and third vaccination data available). The median (IQR) 
spike IgG levels before the first, second, and third vaccinations 
were 0.7 (0.4–1.6) BAU/mL, 276.5 (86.4–819.4) BAU/mL, and 
796 (307.4–1802.0) BAU/mL, respectively. In 309 participants 
with prior SARS-CoV-2 infection at enrollment, the median 
(IQR) pre–vaccine dose level was 166 (55–413) BAU/mL. 
Median (IQR) times to post–vaccine dose assessment of spike 
IgG were 4 weeks (3–5), 9 weeks (8–10), and 4 weeks (4–5), re
spectively. For comparison, the 390 participants excluded from 
the analysis were slightly younger than those included (median 
[IQR] age, 59 [44–71] years), and a higher percentage received 
the ChAdOx1 vaccine (20.0% vs 6.1%). However, they had a sim
ilar distribution of males/females, CCI scores, and prior 
SARS-CoV-2 infections.

Self-reported Adverse Reactions

At least 1 systemic reaction was reported by 3569 (57.7%), 4048 
(68.2%), and 2179 (53.8%) participants with assessments after 
the first, second, and third vaccinations, respectively. Mild sys
temic reactions were reported by 3010 (48.7%), 3418 (57.6%), 
and 1839 (45.4%) participants; moderate reactions were report
ed by 1434 (23.2%), 2110 (35.6%), and 960 (23.7%); severe re
actions were reported by 509 (8.2%), 894 (15.1%), and 327 
(8.1%), after the first, second, and third vaccinations, 
respectively.

The most commonly reported were fatigue, muscle pain, and 
headache, occurring more frequently and with greater severity 
after second vaccination (56.7%, 38.8%, and 39.2%, respective
ly) compared with after first (40.9%, 28.8%, and 27.1%) or third 
vaccination (40.4%, 26.5%, and 28.2%) (Figure 1). Of the local 
reactions, ∼75% reported tenderness at the injection site, and 
<25% reported redness or swelling.

In 5623 participants with assessments available after both the 
first and second vaccinations, those who reported a moderate/ 
severe systemic reaction after the first were significantly more 
likely to also report a moderate/severe systemic reaction after 
the second than those with no reactions or only mild reactions 
after the first (952/1451 [65.6%] vs 1310/4172 [31.4%]; 
P < .001). This was also true for second and third vaccinations 
(686/1530 [44.8%] vs 313/2320 [13.5%]; P < .001). Changes in 
severity of systemic adverse reactions between vaccinations 
are illustrated in Supplementary Figure 2, a Sankey bar chart, 
including 3719 participants with assessments available after 
all 3 vaccinations.

Association Between Severity of Systemic Reactions and Post–Vaccine 
Dose SARS-CoV-2 Spike IgG

Post–vaccine dose SARS-CoV-2 spike IgG levels, before the 
next vaccination, are displayed in Figure 2 according to symp
tom score. These were assessed within a detectable assay range 
and after the booster dose; most participants reached beyond 
the highest detectable limit, resulting in skewed data with 

Figure 1. Severity of self-reported systemic and local reactions following vaccination. Systemic reactions were chills, fatigue, fever, headache, joint pain, muscle pain, and 
nausea. Local reactions at the injection site were redness, swelling, and tenderness. Percentages are out of total participants who completed a questionnaire to assess 
adverse reactions within 1 week following each vaccination.
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decreased sensitivity for our analysis. For this reason, we pre
sent data following the first and second vaccinations here. 
Data for the booster vaccination are presented in a 
Supplementary Appendix (Supplementary Figure 4), recogniz
ing this limitation.

The median spike IgG levels after the first vaccination varied 
between approximately 250 and 450 BAU/mL across partici
pants with different symptom scores. After the second vaccina
tion, most participants had a high antibody response, and there 
was a steady increase in the median (IQR) level according to 
higher symptom scores from 1686 (728–3679) BAU/mL to 
3952 (2315–4396) BAU/mL for scores of 0 compared with ≥5.

For the primary adjusted linear regression analysis, estimates 
of geometric mean post–vaccine dose spike IgG levels were 
compared between participants with different symptom se
verity scores with the reference group with a score of 0 
(Figure 3). After the first vaccination, we found no significant 
association between symptom score and spike IgG level (global 
P = .575). However, following the second vaccination, the asso
ciation in the primary analysis was highly significant (global 
P < .001), with participants who scored 2 or more (at least 
2 moderate or 1 severe reaction) having significantly higher 
post–vaccination spike IgG levels than those who had a 
score of 0; adjusted geometric mean ratios were 1.16 
(95% CI, 1.04–1.30), 1.24 (95% CI, 1.09–1.41), 1.25 (95% CI, 

1.06–1.46), and 1.21 (95% CI, 1.08–1.35), for scores of 2, 3, 4, 
and ≥5, respectively.

To test the effect of preexisting immunity, we adjusted for 
pre–vaccine dose spike IgG. Estimated geometric mean ratios 
remained similar for the first vaccination (P = .741), but for 
the second vaccination, the significant association with post
vaccine spike IgG disappeared, and all geometric mean ratios 
were between 0.93 and 1.02 (P = .537).

Different methods of scoring severity of adverse reactions 
were explored in sensitivity analyses, and results were broadly 
consistent, presented in Supplementary Figure 3. Results were 
also consistent when we excluded participants with known pri
or SARS-CoV-2 infection and when outliers (values outside of 
mean ± 2 SDs) were removed.

We tested interactions between symptom score and sex, 
age, baseline CCI, vaccine type, prior SARS-CoV-2 infection, 
and time from vaccination to spike IgG assessment and iden
tified a significant interaction with baseline CCI after the sec
ond vaccination. Therefore, we stratified the analysis and 
found that in 184 participants with a CCI score of >2, there 
was no association between severity of reactions and 
post–vaccine dose spike IgG level (P = .906). Although the 
interaction between symptom score and vaccine type was 
not significant, there were slightly higher post–vaccine 
dose spike IgG levels for higher symptom scores in those 
who received the mRNA-1273 vaccine compared with the 
main analysis, with estimated spike IgG up to 29% higher 
for symptom scores ≥1 vs 0 after the second vaccination 
(P < .001). For BTN162b2, although the highest scores of 
4 or ≥5 had higher post–vaccine dose spike IgG levels, the 
association was not significant (P = .118).

Association Between Pre–Vaccine Dose SARS-CoV-2 Spike IgG and 
Systemic Reactions

Logistic regression models adjusted for age group, sex, CCI, 
and vaccine type identified a significant association between 
pre–vaccine dose spike IgG level and odds of reporting a mod
erate/severe systemic reaction after both the first and second 
vaccinations (global P < .001). Participants who had pre–vac
cine dose spike IgG levels of ≥4 log10 AU/mL (=90.1 BAU/ 
mL) were more likely to subsequently report ≥1 moderate/se
vere symptom (Table 2). Data for the booster vaccination are 
presented in the Supplementary Appendix (Supplementary 
Table 1).

Analyses were then stratified by vaccine type due to signifi
cant interactions with prior spike IgG levels (P = .069 and 
P = .089 at first and second vaccinations, respectively). The as
sociation between pre–vaccine dose spike IgG and likelihood of 
moderate/severe symptoms was present after the BTN162b2 
and mRNA-1237 vaccines, but slightly stronger for 
mRNA-1237. In 341 participants who received ChAdOx1 as 
their first vaccine, there was no evidence of an association.

Figure 2. Post–vaccine dose SARS-CoV-2 spike IgG levels according to symptom 
severity scores. Symptom severity scores are based on self-reported systemic reac
tions within 1 week after vaccination, counting +1 for each moderate and +2 for 
each severe reaction. Abbreviations: IgG, immunoglobulin G; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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DISCUSSION

In the present study including >6500 adult participants who re
ceived ≥1 SARS-CoV-2 vaccination in Denmark, we investigat
ed the relationship between adverse reactions and immune 
response. More adverse reactions were observed after the sec
ond vaccination than after the first, consistent with previous re
search [7, 9, 23], whereas a lower rate was observed after the 
third vaccination compared with the second. Other studies 
have also reported similar results [24, 25]; however, there is var
iation between vaccine types and whether the same vaccine type 
was received at both doses [26]. Almost all participants (99.9%) 
in our analysis received a homologous booster schedule (58.4% 
BTN162b2% and 41.6% mRNA-1237).

Furthermore, those who reported moderate/severe reactions 
after the first vaccination were significantly more likely to re
port them after the second, likewise for the second and third 

vaccinations. This could reflect characteristics of individuals ei
ther based on different pain and discomfort sensations or who 
have different tendencies to report symptoms. For example, 
older participants >65 years have been found to report fewer 
symptoms [23]. It could also indicate higher preexisting immu
nity and ensuing exacerbated immune response. Our findings 
that higher pre–vaccine dose antibody levels both from prior 
SARS-CoV-2 infection and from vaccines were associated 
with moderate/severe symptoms after the first 2 vaccine doses 
support this as a potential explanation. However, the associa
tion between pre–vaccine dose antibody levels and symptoms 
after the third vaccination was less clear, with only the highest 
antibody level category (>901 BAU/mL) showing a significant 
association. This difference may be related to the longer time 
interval between the primary vaccination series and the boos
ter, with less immune activation before the booster.

Figure 3. Comparison of post–vaccine dose SARS-CoV-2 spike IgG levels according to symptom severity score of self-reported systemic reactions following first vacci
nation (A) and second vaccination (B). [1] Primary: geometric mean ratios, 95% CIs, and P values are calculated from multivariable linear regression analysis adjusted for time 
from vaccination to spike IgG assessment, age, sex, CCI, vaccine type, and evidence of prior SARS-CoV-2 infection. [2] As per primary analysis but with additional adjustment 
for pre–vaccine dose SARS-CoV-2 spike IgG level. Abbreviations: CCI, Charlson Comorbidity Index; IgG, immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2.
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While there are clear data showing that the vaccines are effective 
in generating a strong immune response against the SARS-CoV-2 
virus regardless of occurrence of side effects, we found a significant 
association between severity of systemic reactions and magnitude 
of antibody response after the second vaccination. Most of our 
participants experienced a high antibody response by this time, 
but those with at least 2 moderate reactions or 1 severe adverse re
action had higher antibody levels than those with no systemic re
actions or only mild reactions. We also found that adjusting for 
prevaccination antibody levels attenuated the association, suggest
ing that symptoms could be an indicator for an already reactive 
immune response that continues to improve following the second 
vaccination. This mechanism was also proposed by Uwamino 
et al., who reported similar findings [17].

Currently, there is limited research in this area. We identified 
a small number of studies that found some association between 
self-reported side effects and immune response to the 
SARS-CoV-2 vaccines [12, 14, 15, 17]. One of the larger studies 
(n = 954; Debes et al.) performed an adjusted analysis similar to 
our analysis and had comparable results, with significantly 
higher spike IgG levels after the second vaccination for those 
who had clinically significant symptoms (fatigue, fever, chills) 
[12]. Bauernfeind et al. found a relationship between adverse 
reactions and RBD-specific IgG and neutralizing antibodies af
ter the second vaccination in men but not women, from an 
analysis of vaccinees who experienced the most severe reactions 
compared with sex- and age-matched controls with no/minor 
reactions [10]. Sex is known to affect immune response due 
to differences in genetic and hormonal factors as well as differ
ences in environmental exposures that influence the micro
biome [27]; however, in the present analysis, we did not find 
a significant interaction between sex and symptom score on 
spike IgG response. The contrast in results may be explained 
by the different measures of adverse reactions, with our scale 
representing the number of moderate as well as severe symp
toms. In addition, our study population was older (median, 

64 years compared with 43 years), and there was a longer me
dian time between vaccine and antibody assessment.

While some studies did not find an association between side 
effects and immune response, the sample sizes were much 
smaller than in our analysis, so these studies may have had lim
ited power to detect a difference [11, 13, 18–20]. Some noted a 
weak or nonsignificant trend after the second dose in those re
porting reactions [13, 19]. Differences in study design may have 
contributed to alternative conclusions, such as study popula
tions, definition of symptom severity (or reactions vs no reac
tions), vaccine types included, and factors adjusted for in the 
analysis. For example, although we adjusted for age group, 
nearly half of our study population was age >65 years, which 
was substantially older than some studies [11, 18, 19].

A significant interaction between severity of symptoms and 
comorbidities measured by CCI score was noted, and we did 
not find a consistent association between spike IgG and adverse 
reactions in those with a CCI score of ≥2. We considered that 
the effect may have been diluted by those with multiple comor
bidities having a higher tolerability of symptoms, with these in
dividuals being less likely to rate moderate or severe symptoms. 
The relatively small sample size in this subgroup may also have 
been a factor. In addition, there was a significant interaction 
observed for reporting a moderate/severe symptom between 
pre–vaccine dose spike IgG level and vaccine type, with no as
sociation found after the ChAdOx1 vaccine. Relatively few re
ceived the ChAdOx1 vaccine, thus reducing the power of this 
analysis. Also, the demographics within the vaccine groups var
ied greatly due to availability and prioritization of specific vac
cines to risk groups during the rollout of the vaccination 
program, and although the analysis was adjusted for age, sex, 
and CCI, there is potential for unmeasured confounding.

The present study had some limitations. First, adverse reac
tions were self-reported, so we cannot assume consistency in 
perspective of severity. However, these data provide a patient- 
centered view of feelings about symptoms, which could 

Table 2. Association Between Pre–Vaccine Dose SARS-CoV-2 Spike IgG Levels and Reporting at Least 1 Moderate or Severe Systemic Reaction 
Following Vaccination

First Vaccination Second Vaccination

No.
% With 
Reaction

Multivariable Odds Ratio 
(95% CI) P Value No.

% With 
Reaction

Multivariable Odds Ratio 
(95% CI) P Value

Pre–vaccine dose SARS-CoV-2 spike 
IgG levels, BAU/mL

≤0.901 3683 24.7 0.84 (0.60–1.17) .2964 196 26.0 0.87 (0.60–1.25) .4408

0.901–9.01 2069 25.7 0.82 (0.59–1.15) .2544 279 22.6 0.78 (0.56–1.08) .1403

9.01–90.1 218 28.9 1.00 … 1047 24.5 1.00 …

90.1–901 170 52.4 2.22 (1.41–3.50) .0006 3027 38.5 1.33 (1.12–1.58) .0010

>901 41 63.4 5.58 (2.66–11.72) <.0001 1383 60.6 2.08 (1.70–2.55) <.0001

Odds ratios, 95% CIs, and P values are calculated from multivariable logistic regression analysis adjusted for age, sex, CCI, and vaccine type. Categories defined according to log10-transformed 
increases in SARS-CoV-2 spike IgG levels (AU/mL), that is, ≤2, 2–3, 3–4, 4–5, and >5.  

Abbreviations: CCI, Charlson Comorbidity Index; IgG, immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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influence attitude toward vaccines. Moreover, at the time of re
porting adverse reactions, the results of serum spike IgG were 
unknown and thus did not influence the grading of symptoms. 
For our primary analysis, we excluded mild symptoms that 
could be more subjective, focusing only on moderate or severe 
symptoms. We also performed sensitivity analyses applying dif
ferent ways of scoring symptoms, with broadly consistent find
ings. Second, we assessed immune response using SARS-CoV-2 
spike IgG level and therefore cannot draw a conclusion regard
ing T-cell responses. We also recognize that antibody levels were 
assessed within a detectable range, so we investigated the effect 
of removing outliers, with consistent findings. After the booster 
dose, the data were skewed, with most participants having sim
ilar values at the top end of the assay range. This is likely due to 
reaching the maximum detectable limit, where participants had 
higher antibody levels than those detected. For this reason, the 
results are presented in a Supplementary Appendix, and we do 
not consider it possible to draw conclusions from this third vac
cination analysis. Finally, although the statistical models were 
adjusted for known, measured potential confounders, residual 
confounding cannot be ruled out.

In conclusion, our data showed that systemic reactions following 
SARS-CoV-2 vaccination were more often reported as moderate or 
severe after the second vaccination than after the first or third (boos
ter). Furthermore, there appears to be an association after the sec
ond vaccination between more severe reactions and immune 
response, as assessed by higher levels of antibodies to the 
SARS-CoV-2 spike protein. This may be attributed to higher levels 
of preexisting immunity, in most cases gained from response to the 
first vaccination. We did not find evidence of an association be
tween severity of reactions and immune response after the first vac
cination, although level of immunity before the vaccination was 
associated with reporting symptoms. Regardless of side effects, 
the vaccines generate an effective immune response in most people.

Our findings could help to encourage those who are vaccine- 
hesitant due to concerns about side effects by sending a positive 
message that more severe reactions could be a sign of preexist
ing immunity, likely acquired from the first immunization, and 
will associate with a stronger immune response.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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