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Despite demonstrated efficacy of vaccines against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2), the causative agent of coronavirus disease-2019 (COVID-19), widespread hesitancy to vaccination persists.
Improved knowledge regarding frequency, severity, and duration of vaccine-associated symptoms may help
reduce hesitancy. In this prospective observational study, we studied 1032 healthcare workers who received both
doses of the Pfizer-BioNTech SARS-CoV-2 mRNA vaccine and completed post-vaccine symptom surveys both
after dose 1 and after dose 2. We defined appreciable post-vaccine symptoms as those of at least moderate
severity and lasting at least 2 days. We found that symptoms were more frequent following the second vaccine
dose than the first (74% vs. 60%, P < 0.001), with >80% of all symptoms resolving within 2 days. The most
common symptom was injection site pain, followed by fatigue and malaise. Overall, 20% of participants expe-
rienced appreciable symptoms after dose 1 and 30% after dose 2. In multivariable analyses, female sex was
associated with greater odds of appreciable symptoms after both dose 1 (OR, 95% CI 1.73, 1.19-2.51) and dose 2
(1.76, 1.28-2.42). Prior COVID-19 was also associated with appreciable symptoms following dose 1, while
younger age and history of hypertension were associated with appreciable symptoms after dose 2. We conclude
that most post-vaccine symptoms are reportedly mild and last <2 days. Appreciable post-vaccine symptoms are
associated with female sex, prior COVID-19, younger age, and hypertension. This information can aid clinicians

in advising patients on the safety and expected symptomatology associated with vaccination.

1. Introduction

Coronavirus disease 2019 (COVID-19) has affected over 100 million
individuals worldwide and led to more than 3 million deaths across 223
countries, as of April 2021 (Rothwell et al., 2010; Zhu et al., 2020). In
attempts to curb the global effects of the pandemic, appreciable re-
sources are being invested to rapidly deploy vaccinations against the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Notwithstanding these intense efforts, vaccine hesitancy persists and
may stand as a key barrier to timely vaccination across multiple regions
and subpopulations (Lin et al., 2020; Sherman et al., 2021; Schwarzinger
et al., 2021; Dror et al., 2020). Despite strong endorsements by national
and international health agencies for SARS-CoV-2 vaccines (Oliver et al.,
2020; Dooling et al., 2020; Oliver et al., 2021), a not insignificant
portion of the population continues to defer or completely decline
vaccination (Schwarzinger et al., 2021; Fisher et al., 2020). Hesitant
individuals have cited concerns regarding safety, side effects, and the
perception that vaccination may cause symptomatic illness or even
acute viral infection (Lin et al., 2020; Sherman et al., 2021; Sallam,
2021; Lennon et al., 2021).

Given the rapid development of SARS-CoV-2 vaccinations and the
known immunogenicity underlying their mechanisms of action, a widely
expressed need exists — even among willing vaccine recipients — for more
information regarding the expected symptoms and side effect profiles
(Dror et al., 2020; Thaker, 2021). Although clinical trials and surveil-
lance studies have provided general data regarding potential vaccine
side effects, limited information is currently available on the timing,
duration, and severity for different symptom types, and the extent to
which certain side effect profiles are more or less common for important
at-risk subgroups (Polack et al., 2020; Baden et al., 2021; Folegatti et al.,
2020). To this end, we conducted a prospective study to directly address
existing information gaps regarding local and systemic symptoms
experienced by a large cohort of recipients of a currently available and
widely used SARS-CoV-2 messenger ribonucleic acid (mRNA) vaccine.

2. Methods
2.1. Participant recruitment

We conducted a comprehensive survey of symptoms in healthcare
workers who received their first and second doses of the Pfizer-
BioNTech vaccine between December 17, 2020 and February 10, 2021
at a large academic medical institution. Participation was voluntary and
all self-reported symptoms data were collected using a survey instru-
ment administered via Research Electronic Data Capture (REDCap)
(Harris et al., 2019). Open study enrollment was made available through
newsletters, flyers, and study staff present at institutional vaccination
sites. Recruitment began prior to vaccination, and participants for the

current analysis were enrolled up through day 8 following the first dose
of vaccination in order to minimize potential time-dependent recall bias
in assessments of post-vaccination symptoms. Each study participant
completed a baseline survey including standardized questions on de-
mographic, exposure, and medical history. Participants also completed a
standardized survey of post-vaccination symptoms between 8 and 21
days after each of the two vaccine doses received (21 days apart)
(Supplemental Fig. 1). Participants enrolled in vaccine clinical trials
were excluded. Of the 1632 participants enrolled with baseline survey
data collected, a total of 1032 participants completed post-vaccine
symptom surveys both after dose 1 and then again after dose 2 of
vaccination. All study participants provided written informed consent,
and all study protocols were approved by the Cedars-Sinai Medical
Center institutional review board (CORALE Study00000621).

2.2. Data collection

The survey was designed to assess demographic and clinical infor-
mation in addition to self-reported post-vaccination symptoms pertain-
ing to not only symptom type but also timing (i.e. onset in relation to
administration of the vaccine dose), severity (mild, moderate, or se-
vere), and duration (i.e. days since administration of the vaccine dose).
For symptom type, the survey assessed injection site-related symptoms
distinctly from systemic symptoms as in the original SARS-CoV-2 vac-
cine clinical trials (Polack et al., 2020; Baden et al., 2021; Folegatti et al.,
2020). For potentially localizing symptoms, the survey instrument also
queried location (e.g. if swelling was reported, the instrument queried if
localized or widespread relative to injection site). The following local-
izing symptom variables were obtained: pain at injection site, redness at
injection site, and swelling at injection site. Additionally, the following
systemic symptom variables were recorded: fever (mild 99 °F, moderate
100-101 °F, or severe >102 °F), chills, fatigue or malaise, headache,
dizziness, or lightheadedness, eye, ear, mouth, or throat changes,
swollen lymph nodes, skin/nail or facial changes, cough, chest, or
breathing symptoms, nausea, vomiting, diarrhea, or other digestive
symptoms, urinary or genital symptoms, muscle, bone, joint, or nerve
symptoms, memory or mood changes, sleep changes, and reports of all
other symptoms. Open access to the full survey instrument is available
at: corale-study.org/postvaxsxsurvey.

2.3. Statistical analyses

In bivariate analyses, we examined the frequencies and duration of
post-vaccine symptoms after the first and second dose of administered
vaccine using Chi-square. In sensitivity analyses, we conducted the same
analyses with groups stratified by age (<50 versus >50 years), sex, race
and ethnicity, and history of prior COVID-19 diagnosis (infection naive
versus confirmed prior infection). We subsequently conducted
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multivariable-adjusted logistic regression analyses to examine associa-
tions of demographic (age, sex, race/ethnicity) and clinical character-
istics with the outcomes of ‘appreciable symptomatology’ after each
vaccine dose, with appreciable symptoms defined as any self-reported
symptom experienced with at least moderate severity and lasting >2
days (i.e. at least 48 h). Initial models were deliberately sparse, adjusting
for a limited number of key covariates (age and sex). Final models
adjusted for those variables with associations meeting a significance
threshold of P < 0.10 in the sparse regressions. Age was transformed to
assess for associations with each additional decade of life. We performed
all statistical analyses using R v3.5.1 and considered differences to be
statistically significant at a threshold of P < 0.05.

2.4. Patient and public involvement

Patients and the public were not involved in the development of this
study.

3. Results
3.1. Post-vaccine symptom characteristics and duration

A total of 1632 participants enrolled, of whom 1195 completed a
symptoms survey after dose 1 and 1130 after dose 2. Four participants

Table 1

Baseline characteristics and self-reported appreciable symptoms of participants who completed symptom surveys following each dose of the Pfizer-BioNTech SARS-

CoV-2 mRNA vaccine.
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were part of vaccine trials and were excluded. A total of 1032 partici-
pants completed both surveys and were included in the analysis. The
average age of the cohort was 43.3 + 12.6 years, 691 (67.4%) were
female, and 83 (8.0%) were previously diagnosed with COVID-19
(Table 1). Overall, 48.1% of the cohort identified as Non-Hispanic
White, 27.3% as Asian, 12.3% as Hispanic/Latinx, and 3.2% as Non-
Hispanic Black. Appreciable symptoms (symptoms of at least moderate
severity lasting >2 days) were experienced by 207 (20.1%) participants
after dose 1 and 311 (30.1%) after dose 2. Overall, only 20 (1.9%)
participants reported symptoms lasting >7 days after dose 1, with 44
(4.3%) reporting symptoms lasting >7 days after their second dose. The
most frequently reported appreciable symptoms were injection site
symptoms (30.3%), followed by reports of fatigue or malaise (11.2%).
There were no reports of acute bleeding, thrombotic events or severe
allergic and/or anaphylactic reactions during or after vaccine
administration.

The most frequently reported symptom of any severity following
each dose was injection site pain (Fig. 1), which was more frequently
reported after the second vaccine dose (59.1% vs 71.2%, P < 0.001).
Following dose 1, approximately half of participants who experienced
injection site pain reported the pain lasting less than a day, with only 4
individuals (0.4%) reporting pain lasting longer than a week. Pain lasted
longer following dose 2, with 368 (35.7%) reporting pain lasting up to a
week (P < 0.001 for overall comparison between dose 1 and dose 2

Characteristics Total sample ~ Appreciable symptoms® after dose 1 Appreciable symptoms” after dose 2
None Lasting 2-7 Lasting > 7 None Lasting 2-7 Lasting > 7
days days days days
N 1032 825 187 20 721 267 44
Age years, mean (SD) 43.30 43.48 41.92 (11.25) 48.93 (12.31) 43.91 41.68 (10.98) 43.21 (9.54)
(12.61) (12.87) (13.28)
Female sex 691 (67.4) 536 (65.4) 139 (75.1) 16 (80.0) 460 (64.0) 193 (73.7) 38 (86.4)
Race/Ethnicity
Non-Hispanic Asian 280 (27.1) 218 (26.4) 57 (30.5) 5 (25.0) 206 (28.6) 68 (25.5) 6 (13.6)
Non-Hispanic Black 33 (3.2) 29 (3.5) 3(1.6) 1 (5.0) 23 (3.2) 7 (2.6) 3(6.8)
Non-Hispanic White 493 (47.8) 400 (48.5) 88 (47.1) 5(25.0) 344 (47.7) 131 (49.1) 18 (40.9)
Hispanic/Latinx 126 (12.2) 97 (11.8) 24 (12.8) 5 (25.0) 89 (12.3) 23 (8.6) 14 (31.8)
Other 100 (9.7) 81 (9.8) 15 (8.0) 4 (20.0) 59 (8.2) 38 (14.2) 3(6.8)
Medical conditions
Asthma 163 (16.9) 122 (15.8) 35 (20.2) 6 (33.3) 106 (15.7) 48 (19.2) 9(23.7)
Immune disorder” 74 (7.2) 53 (6.4) 16 (8.6) 5 (25.0) 44 (6.1) 21 (7.9) 9 (20.5)
Cancer® 35(3.4) 29 (3.5) 6(3.2) 0 (0.0) 26 (3.6) 7 (2.6) 2(4.5)
Cardiovascular’ 86 (8.3) 70 (8.5) 15 (8.0) 1(5.0) 65 (9.0) 17 (6.4) 4(9.1)
Chronic obstructive pulmonary disease 6 (0.6) 5(0.7) 1 (0.6) 0 (0.0) 3(0.4) 3(1.2) 0 (0.0)
Diabetes mellitus 55 (5.7) 45 (5.8) 8 (4.7) 2(13.3) 37 (5.5) 14 (5.7) 4(11.8)
Hypertension 162 (16.7) 132 (16.9) 24 (14.0) 6(35.3) 106 (15.6) 49 (19.7) 7 (18.4)
Prior diagnosis of COVID-19 83 (8.0) 56 (6.8) 26 (13.9) 1 (5.0) 56 (7.8) 25 (9.4) 2(4.5)
Appreciable symptoms” 407 (39.4) - 187 (100.0) 20 (100.0) - 267 (100.0) 44 (100.0)
Appreciable non-injection site symptoms” 188 (18.2) 44 (23.5) 19 (95.0) 109 (40.8) 42 (95.5)
Appreciable symptom type”
Injection site 313 (30.3) 165 (88.2) 11 (55.0) 202 (75.7) 19 (43.2)
Fever or chills 19 (1.8) 5(2.7) 0 (0.0) 11 (4.1) 4(9.1)
Fatigue or malaise 116 (11.2) 24 (12.8) 10 (50.0) 67 (25.1) 27 (61.4)
Headache, dizziness or lightheadedness 70 (6.8) 19 (10.2) 9 (45.0) 29 (10.9) 20 (45.5)
Eye, ear, mouth, or throat changes 7 (0.7) 1(0.5) 1(5.0) 3(1.1) 2 (4.5)
Swollen lymph node, skin/nail, or face changes 22 (2.1) 1(0.5) 2 (10.0) 11 (4.1) 8 (18.2)
Cough, chest, or breathing symptoms 11(1.1) 2(1.1) 3(15.0) 3(1.1) 4(9.1)
Nausea, vomiting, diarrhea, or other digestive 19 (1.8) 3(1.6) 2 (10.0) 12 (4.5) 5(11.4)
symptoms
Urinary or genital symptoms 1(0.1) 0(0.0) 0 (0.0) 1(0.4) 0 (0.0)
Muscle, bone, joint, or nerve symptoms 62 (6.0) 9 (4.8) 8 (40.0) 36 (13.5) 17 (38.6)
Memory or mood change 14 (1.4) 2(1.1) 2(10.0) 8 (3.0) 4(9.1)
Sleep changes 21 (2.0) 1(0.5) 1(5.0) 11 (4.1) 10 (22.7)

n (%); SD (standard deviation).

@ Appreciable symptoms are defined as any self-reported symptom of at least moderate severity and lasting at least 2 days.
b Immune disorders include systemic lupus erythematosus, rheumatoid arthritis, inflammatory bowel disease and HIV.

¢ Cancer includes malignancy of any type/stage, with survey questions specifically asking about colon, lung, liver, prostate and ‘other.’

4 Cardiovascular conditions include coronary artery disease, heart failure, atrial fibrillation or flutter, as well as a survey response ‘other.’
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Fig. 1. Post-vaccine symptoms frequency, type, severity, and duration by age, sex and prior COVID-19 infection status.

symptoms). Reports of injection site redness and swelling were less
common, but were still more frequently reported and lasted longer after
the second dose compared to the first (Table 2).

The majority of participants reported at least one non-injection site
symptom following both doses of vaccine, with symptoms less common
following the first dose than the second (60.0% vs 73.6%, P < 0.001)
(Table 3). The most common non-injection site symptom following both
doses was fatigue and malaise, again occurring more frequently after
dose 2 than dose 1 (28.8% vs 60.8%, P < 0.001). Headache (21.6% vs
43.9%, P < 0.001) and fever or chills (10.5% vs 39.8%, P < 0.001) were
the next most frequently reported symptoms, again reported more often

Table 2
Injection site symptom frequency and duration following first and second doses
of the Pfizer-BioNTech SARS-CoV-2 mRNA vaccine.

Post-dose 1 (n = Post-dose 2 (n = P-
1032) 1032) value®

Any injection site 610 (59.1) 735 (71.2) <0.001
symptom

Pain 604 (58.5) 727 (70.4) <0.001
<1lh 5(0.8) 7 (0.9) <0.001
<1 day 309 (51.2) 348 (47.9)
<1 week 286 (47.3) 368 (50.6)
>1 week 4(0.7) 4 (0.6)

Redness 52 (5.0) 94 (9.1) <0.001
<1lh 1(1.9 2(2.1) 0.005
<1 day 27 (51.9) 40 (42.6)
<1 week 24 (46.1) 50 (53.2)
>1 week 0(0.0) 2(2.1)

Swelling 84 (8.1) 132 (12.8) <0.001
<1lh 3(3.6) 4 (3.0) 0.027
<1 day 35 (41.6) 57 (43.2)
<1 week 46 (54.8) 70 (53.0)
>1 week 0 (0.0) 1(0.8)

n (%).

Listed percentages for each symptom represent percent of entire respective
subpopulation. Percentages for duration represent percent of symptomatic
subpopulation in each timeframe.

# Chi-Square or ANOVA for comparison of any presence of each symptom and
duration of symptoms, respectively.

after the second dose than the first. The vast majority non-injection site
symptoms resolved in <2 days (84.0% after dose 1 and 83.4% after dose
2).

3.2. Post-vaccine symptoms by age, sex, and race/ethnicity

In pre-specified stratified analyses, vaccine recipients age < 50 years
were more likely than those over the age of 50 to report any symptoms
after receiving both the first (62.8% vs. 52.0%, P = 0.002) and second
dose (77.1% vs. 64.0%, P < 0.001) (Supplemental Table 1). Younger
individuals specifically reported injection site pain and fatigue or mal-
aise more frequently after both doses, and additionally more frequently
reported fever or chills, headaches, and muscle aches after dose 2. Fe-
male participants reported the presence of any symptom more
frequently than men after both doses (Dose 1 62.7% vs 53.8%, P = 0.008
and Dose 2 77.2% vs 66.3%, P < 0.001), though only reported non-
injection site symptoms more frequently following dose 2 (Dose 1
43.4% vs 37.8%, P = 0.10 and Dose 2 74.5% vs 63.3%, P < 0.001)
(Supplemental Table 2). Sex differences in specific reported symptoms
were most appreciable after the second dose, with women more
frequently reporting fevers or chills, fatigue or malaise, headache,
swollen lymph nodes, breathing issues, gastrointestinal symptoms, and
muscle aches. When stratified by prior COVID-19 diagnosis, there was
no statistically significant difference in overall reported symptoms be-
tween those with and without prior COVID-19 infection after either dose
(Dose 1 68.7% vs 59.2%, P = 0.12 and Dose 2 74.7% vs 73.5%, P = 0.91)
(Supplemental Table 3). Of individual symptoms, fevers or chills were
more frequently reported after dose 1 among those with prior COVID-19
infection than infection naive individuals (26.5% vs 9.1%, P < 0.001),
though this was not appreciated after dose 2. The overall frequency of
injection site and non-injection site symptoms did not vary by race or
ethnicity, though small differences were appreciated among specific
symptoms; racial/ethnic minority participants reported fatigue and
malaise more frequently after the first dose of vaccine, while non-
Hispanic White participants reported slightly higher rates of fever and
chills after their second dose (Supplemental Table 4).
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Table 3
Symptom frequency and duration following first and second doses of the Pfizer-
BioNTech SARS-CoV-2 mRNA vaccine.

Post-dose 1 (n Post-dose 2 (n p-

=1032) =1032) value®

Any symptom 614 (60.0) 752 (73.6) <0.001

Any non-injection site symptom 428 (41.8) 724 (70.8) <0.001

Fever or chills 108 (10.5) 410 (39.8) <0.001
<2 days 103 (95.4) 394 (96.1) <0.001
2-7 days 5(4.6) 15(3.7)
>7 days 0(0.0) 1(0.2)

Fatigue or malaise 297 (28.8) 626 (60.8) <0.001
<2 days 255 (85.9) 516 (82.4) <0.001
2-7 days 36 (12.1) 94 (15.0)
>7 days 6 (2.0) 16 (2.6)

Headache, dizziness or 222 (21.6) 451 (43.9) <0.001
lightheadedness
<2 days 185 (83.3) 391 (86.7) <0.001
2-7 days 31 (14.0) 46 (10.2)
>7 days 6 (2.7) 14 3.1)

Eye, ear, mouth, or throat changes 23 (2.2) 34 (3.3) 0.18
<2 days 17 (73.9) 25 (73.5) 0.50
2-7 days 5(21.7) 6 (17.6)
>7 days 1(4.3) 3(8.8)

Swollen lymph node, skin/nail, or 10 (1.0) 57 (5.5) <0.001
face changes
<2 days 3(30.0) 22 (38.6) <0.001
2-7 days 3(30.0) 26 (45.6)
>7 days 4 (40.0) 9 (15.8)

Cough, chest, or breathing 20 (1.9) 32 (3.1) 0.122
symptoms
<2 days 13 (65.0) 20 (62.5) 0.41
2-7 days 5 (25.0) 9(28.1)
>7 days 2 (10.0) 3(9.9)

Nausea, vomiting, diarrhea, or 32(3.1) 139 (13.5) <0.001
other digestive symptoms
<2 days 26 (81.3) 118 (84.9) <0.001
2-7 days 4 (12.5) 18 (12.9)
>7 days 2(6.3) 3(2.2)

Urinary or genital symptoms 0(0.0) 3(0.3) -
<2 days 0 (0.0) 2 (66.7) -

2-7 days 0 (0.0) 1(33.3)
>7 days 0(0.0) 0(0.0)

Muscle, bone, joint, or nerve 120 (11.6) 330 (32.0) <0.001
symptoms
<2 days 98 (81.7) 271 (82.1) <0.001
2-7 days 14 (11.7) 45 (13.6)
>7 days 8 (6.7) 14 (4.2)

Memory or mood change 12 (1.2) 26 (2.5) 0.033
<2 days 8 (66.7) 12 (46.2) 0.08
2-7 days 2 (16.7) 10 (38.5)
>7 days 2 (16.7) 4 (15.4)

Sleep changes 33(3.2) 101 (9.8) <0.001
<2 days 29 (87.9) 74 (73.3) <0.001
2-7 days 3.1 18 (17.8)
>7 days 1 (3.0) 9(8.9)

n (%).

Listed percentages for each symptom represent percent of entire respective
subpopulation. Percentages for duration represent percent of symptomatic
subpopulation in each timeframe.

# Chi-Square or ANOVA for comparison of any presence of each symptom and
duration of symptoms, respectively.

3.3. Predictors of post-vaccine symptoms

In age- and sex-adjusted analysis of predictors of appreciable
symptoms following dose 1, female sex, history of asthma or an immune
disorder and prior COVID-19 infection met the threshold for inclusion in
the multivariable model. Following multivariable adjustment, only fe-
male sex (OR, 95% CI 1.73, 1.19-2.51) and prior COVID-19 diagnosis
(2.12, 1.30-3.47) were statistically associated with appreciable symp-
toms following dose 1 (Fig. 2A). In age- and sex-adjusted analysis for
predictors of appreciable symptoms following dose 2, additional decade
of age, female sex and history of immune disorder and hypertension met
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criteria for inclusion in the multivariable model. Following multivari-
able adjustment, additional decade of age (0.98, 0.97-0.99), female sex
(1.76, 1.28-2.42) and hypertension (1.74, 1.17-2.59) remained signif-
icantly associated with appreciable symptoms following a second vac-
cine dose (Fig. 2B).

4. Discussion

In this prospective study of over 1000 participants receiving both
doses of a mRNA SARS-CoV-2 vaccine, the vast majority of post-vaccine
symptoms were mild and short lasting, with temporary discomfort at the
injection site being most common. Appreciable symptoms, those of at
least moderate severity and lasting >2 days, occurred in less than a third
of patients following either vaccine dose, with nearly all such symptoms
resolving in less than 7 days, with no severe adverse events.

4.1. Post-vaccine symptoms and vaccine hesitancy

The development, testing and emergency authorization of mRNA
vaccines against SARS-CoV-2 has dramatically shifted the fight against
the ongoing pandemic. As mass distribution and administration efforts
continue around the globe, an accurate understanding of potential post-
vaccine symptoms is vital to allow individuals to make informed per-
sonal decisions around vaccination. Multiple analyses have identified
vaccine hesitancy as a major hurdle, with approximately 40% of US
adults expressing either hesitancy or non-intent to receive SARS-CoV-2
vaccination (Fisher et al., 2020; Nguyen et al., 2021). Concerns
around safety, efficacy and adverse events were consistent themes raised
by participants. Importantly, a study of nearly 2000 US adults found that
reductions in reported major adverse vaccine side effects were associ-
ated with increased willingness to receive vaccination (Fisher et al.,
2020; Kreps et al., 2020). While the United States has made incredible
early strides in vaccination, with over 200 million vaccine doses
administered by the end of April 2021, rate of vaccination has already
begun to decline, with thousands of vaccination appointments remain-
ing unfilled every day (Center for Disease Control and Prevention COVID
Data Tracker, 2021; Taylor and Coleman, 2021; Kluck, 2021; Lin-Fisher
and Mills, 2021). As such, addressing patients' concerns around identi-
fied issues such as post-vaccine symptoms is vital in order to obtain
sufficient vaccine uptake to curb the pandemic.

4.2. Prior studies of post-vaccine symptoms

Early studies reported similar frequencies of post-vaccine symptoms,
though lacked granularity regarding symptom severity and duration,
and failed to adjust for important patient-level characteristics. As in our
analysis, pain at the injection site has been the most frequently reported
symptom across studies, with fatigue being the most frequently reported
systemic symptom (Sallam, 2021; Baden et al., 2021). The Center for
Disease Control and Prevention's V-Safe Program has monitored for
signals of adverse events following mRNA SARS-CoV-2 vaccination and
found increased reactogenicity following the second dose of vaccine,
similar to our findings (Chapin-Bardales et al., 2021). Our data also
supports early work demonstrating that women, younger individuals
and those with prior COVID-19 infection tend to report symptoms more
frequently following vaccination (Chapin-Bardales et al., 2021; Ebinger
et al., 2021; Mathioudakis et al., 2021; Ou et al., 2021). Importantly,
these prior analyses are limited by their lack of detailed information on
symptom severity, duration and detailed associations with patient-
specific characteristics.

Our analysis focuses on appreciable symptoms, those of at least
moderate severity, lasting 2 or more days. This differentiation between
appreciable and mild symptoms helps patients and clinicians understand
the clinical and functional implications of post-vaccine reactogenicity.
To this end, appreciable non-injection site symptoms were low, occur-
ring in only 18% of participants. The overall frequency of appreciable
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Age

OR (95% CI) P

A Age and Sex Adjusted Model Multivariable Model
OR(95%Cl) P OR(95%Cl) P
Age ° 1.00 (0.98,1.01) 061 :
Female —o— 1.62 (1.14,2.31) 0.007 —— 1.73 (1.19,2.51) 0.004
Hispanic —— 122(0.77,191) 040 :
Non-white Race —0— 1.20 (0.88,1.64) 0.24
Asthma te— 142 (0.95,2.11) 0.09 o— 1.36 (0.91,2.03) 0.14
Immune Disorder’ —o— 1,66 (0.97,2.84) 0.06 —o— 1.55(0.89,2.70) 0.12
Cancer! —e—— 0.91(0.36,228) 083 :
Cardiovascular* ~ —e— 0.96(0.53,1.72) 0.88
COPD —e———>102(0.12,901) 098
Diabetes Mellitus —&—— 0.98 (0.48,2.01) 0.96
Hypertension _._ 1.05(0.66,1.68) 0.83 ‘
Prior COVID-19 i —e——— 2.12(1.29,3.46) 0.003 i —e——— 2.12(1.30,3.47) 0.003
o 1 2 3 o 1 2 3
Odds Ratio Odds Ratio
B Age and Sex Adjusted Model Multivariable Model

OR (95% CI) P

° 0.99 (0.98,1.00) 0.07 0 0.98 (0.97,0.99) 0.006
Female —— 1.67 (1.23,2.27) 0.001 P —— 1.76 (1.28,2.42) 0.001
Hispanic -e— 093 (0.61,1.41) 0.73
Non-white Race - 1.03(0.79,1.36) 0.81 :
Asthma  +o— 1.30(0.90, 1.86) 0.16
Immune Disorder’ —— 1.71(1.05,2.80) 0.03 —— 1.52(0.92,2.52) 0.10
Cancer! —e—— 1.01(0.45,2.24) 0.99 :
Cardiovascular* —e— 0.84 (0.49,1.43) 053
COPD —09 3.41(0.66, 17.66) 0.14
Diabetes Mellitus —e—— 1.37 (0.75,2.48) 0.30 :
Hypertension —— 1.80 (1.21,2.67) 0.004 —0— 1.74 (1.17,2.59) 0.006
Prior COVID-19 —e— 1.01(0.67,1.80) 0.70 :
1 2 3 4 1 2 3 4
Odds Ratio Odds Ratio

fImmune disorders include systemic lupus erythematosus, rheumatoid arthritis, inflammatory bowel disease and HIV.
ICancer includes malignancy of any type/stage, with survey questions specifically asking about colon, lung, liver,

prostate and ‘other.’
*Cardiovascular conditions include: coronary artery disease,
survey response ‘other.’

heart failure, atrial fibrillation or flutter, as well as a

Fig. 2. Multivariable-adjusted correlates of appreciable post-vaccine symptoms following dose 1 (Panel A) and dose 2 (Panel B) of an mRNA SARS-CoV-2 vaccine.
Appreciable symptoms are defined as any self-reported symptoms of at least moderate severity and lasting at least 2 days in duration. Multivariable-adjusted models

included all covariates with P < 0.10 in the age- and sex-adjusted models.

symptoms did not differ by race or ethnicity. Further, when appreciable
symptoms did occur, they tended to resolve between 2 and 7 days after
vaccination. When duration of symptoms, regardless of severity, were
examined, a vast majority resolved in less than 2 days.

To provide more individualized information to patients and clini-
cians, we assessed the association of multiple demographic and clinical
characteristics with the development of appreciable symptoms. Female
sex was associated with an increased odds of reporting one or more
appreciable symptoms following both doses of mRNA vaccine. This
finding is supported by other analyses and importantly, this association
persists even with multivariable adjustment for baseline medical

conditions and when limited to appreciable symptoms that are more
likely to impact a patient's decision to receive vaccination.

As in other analyses, prior COVID-19 diagnosis was associated with
increased odds of appreciable symptoms, but only after the first dose of
vaccine (Tré-Hardy et al., 2021). Specifically in female patients, our
analysis helps previously infected patients better understand the po-
tential expected severity and duration of symptoms. Additionally, this
analysis provides reassurance that these symptoms are not more likely to
occur after a second dose and are unrelated to prior infection status.
Multiple potential mechanisms have been postulated to drive this
finding. Our team has previously reported on higher anti-Spike protein
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IgG levels following single-dose vaccination for those with a history of
COVID-19 compared with COVID-19 naive vaccine recipients (Ebinger
et al., 2021). This robust immunologic response following single vacci-
nation in those with prior COVID-19 infection may contribute to their
increased reactogenicity, with ‘normalization’ of their reactogenicity
following second dose when the COVID-19 naive recipients immuno-
logic response approximates that of those with prior infection (Lennon
etal., 2021; Baden et al., 2021; Kluck, 2021; Lin-Fisher and Mills, 2021).

Interestingly, compared with prior studies, older age was associated
with only slightly lower odds of vaccine reactogenicity and only after the
second dose (Chapin-Bardales et al., 2021; Ou et al., 2021). In unad-
justed analyses, 13% more participants under age 50 years compared to
older participants experienced post-vaccine symptoms. In multivariable-
adjusted analyses the age association was modest and significant only
after dose 2, suggesting that factors other than chronologic age are more
important for determining degree of reactogenicity to vaccine.

The finding of hypertension as a marker of increased odds of
appreciable vaccine reactogenicity after dose 2 of vaccine is a novel
finding, raising questions of pathophysiologic effects from both natural-
and vaccine-mediated immune responses to SARS-CoV-2. Multiple
studies have found associations between hypertension and more severe
COVID-19, though the degree to which hypertension may contribute to
worse outcomes or simply reflect limited physiologic reserve due to
underlying chronic disease and end organ dysfunction remains unknown
(Wu et al., 2020; Cummings et al., 2020; Guan et al., 2020; Tadic et al.,
2020; Drager et al., 2020). Initial hypotheses on how hypertension may
affect COVID-19 severity focused on the role of ACE2 receptor expres-
sion; given its role in cellular entry, however, this has not proven to be a
major factor in disease severity (Liu et al., 2020). Further, how hyper-
tension may contribute to increased reactogenicity to a vaccine that
produced SARS-CoV-2 spike protein remains unclear. While experi-
mental data have suggested an elevated propensity for pro-
inflammatory cytokine production in the setting of hypertension and
COVID-19 infection (Trump et al., 2021; Watanabe et al., 2021), there
are no prior clinical data relating hypertension with reactogenicity to
vaccines for COVID-19 or other infectious agents.

Several limitations to this study merit consideration. First, our cohort
consists of healthcare workers from a single center who volunteered and
responded to sequential surveys about post-vaccine symptoms, poten-
tially limiting generalizability. Fortunately, study subjects were rela-
tively diverse and reported post-vaccine symptoms consistent with
univariate and bivariate analyses from prior studies. Second, all par-
ticipants in this study received the Pfizer-BioNTech mRNA SARS-CoV-2
vaccine; thus, additional studies are needed to determine the extent to
which any of our findings are generalizable to other vaccine manufac-
turers and platforms. Third, although we collected self-reported infor-
mation on prior COVID-19 infections, we were unable to verify the
timing of or circumstances associated with prior infection given these
details were not consistently available; thus, we considered prior
COVID-19 infection as a binary variable and further studies are needed
to examine whether post-vaccine symptomatology varies based on the
timing or severity of prior COVID-19 infection. Finally, while this was a
prospective study, the surveys required participants to report symptoms
up to 3 weeks after vaccination, contributing to potential recall bias.
Further, self-reports of symptoms and, to a lesser extent, of comorbid-
ities are inherently subjective; nonetheless, this approach can provide a
granular assessment of symptom experience that may be applicable to
future vaccine recipients.

In summary, this study found that mild, time-limited, symptoms are
common after mRNA SARS-CoV-2 vaccination; more appreciable
symptoms of at least moderate severity (including fatigue, headache, or
fever) are less frequent and tend to resolve in less than a week. Female
sex increases the odds of appreciable reactogenicity after both doses of
vaccine, while prior COVID-19 infection increases these odds after only
the first dose; odds of appreciable reactogenicity are also greater among
hypertensives and younger individuals following the second dose. This
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information may be used to help clinicians and the public make
informed decisions around vaccination against SARS-CoV-2, by specif-
ically addressing concerns surrounding the type and timing of vaccine
side effects — which are generally mild or self-limited.
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