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Background. There is limited information on the functional consequences of coronavirus disease 2019 (COVID-19) vaccine
side effects. To support patient counseling and public health messaging, we describe the risk and correlates of COVID-19
vaccine side effects sufficient to prevent work or usual activities and/or lead to medical care (“severe” side effects).

Methods. The EPICC study is a longitudinal cohort study of Military Healthcare System beneficiaries including active duty service
members, dependents, and retirees. We studied 2789 adults who were vaccinated between December 2020 and December 2021.

Results.  Severe side effects were most common with the Ad26.COV2.S (Janssen/Johnson and Johnson) vaccine, followed by
mRNA-1273 (Moderna) then BNT162b2 (Pfizer/BioNTech). Severe side effects were more common after the second than first
dose (11% vs 4%; P <.001). First (but not second) dose side effects were more common in those with vs without prior severe
acute respiratory syndrome coronavirus 2 infection (9% vs 2%; adjusted odds ratio [aOR], 5.84; 95% CI, 3.8-9.1), particularly if
the prior illness was severe or critical (13% vs 2%; aOR, 10.57; 95% CI, 5.5-20.1) or resulted in inpatient care (17% vs 2%; aOR,
19.3; 95% CI, 5.1-72.5). Side effects were more common in women than men but not otherwise related to demographic factors.

Conclusions. Vaccine side effects sufficient to prevent usual activities were more common after the second than first dose and
varied by vaccine type. First dose side effects were more likely in those with a history of COVID-19—particularly if that prior
illness was severe or associated with inpatient care. These findings may assist clinicians and patients by providing a real-world
evaluation of the likelihood of experiencing impactful postvaccine symptoms.
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Effective severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) vaccines reduce the likelihood of severe outcomes
associated with coronavirus disease 2019 (COVID-19) including
death, hospitalization, and persistent sequelae [1]. Nonetheless,
SARS-CoV-2 vaccines cause systemic side effects in many indi-
viduals, the most common of which are headache, fatigue, fever,
and joint pain, among others [2, 3]. Vaccine reactogenicity has
been defined by Herve et al. [4] as “a subset of reactions that occur
soon after vaccination, and are a physical manifestation of the
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inflammatory response to vaccination.” While side effects due
to vaccine reactogenicity are typically mild, in some cases they
are sufficiently bothersome to interfere with or prevent work or
usual activities. The US Centers for Disease Control and
Prevention has emphasized that understanding the risk and risk
factors for vaccine reactogenicity is important, as “setting expec-
tations with patients may alleviate some of the potential anxiety
elicited by postvaccination reactogenicity” [3].

In the present study, we report on vaccine reactogenicity in
a cohort of United States Military Health System (MHS) ben-
eficiaries. We evaluated the prevalence and predictors of side
effects including relationships with demographic factors, pri-
or SARS-CoV-2 infection history, dose number, and vaccine
type. Our focus on prior SARS-CoV-2 infection extends prior
studies by using a null (SARS-CoV-2-negative) comparison
group as well as examining how the severity and recency of prior
COVID-19 illness correlate with the risk of postvaccine reactoge-
nicity. These findings may assist individuals and clinicians by
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providing a real-world evaluation of the likelihood of experienc-
ing patient-perceived severe postvaccine symptoms.

METHODS

Study Population, Recruitment, and Consent

The Epidemiology, Immunology and Clinical Characteristics of
Emerging Infectious Diseases with Pandemic Potential (EPICC)
study is a longitudinal cohort study of MHS beneficiaries includ-
ing active duty service members, dependents, and retirees [5].
EPICC began enrollment by recruiting and interviewing partic-
ipants at 10 military treatment facilities (MTFs) in March 2020 to
study the epidemiology, risk factors, and outcomes of
SARS-CoV-2 infection in patients seeking care or getting tested.
In September 2020, EPICC was expanded to include a broader
range of MHS beneficiaries in whom all study assessments
were completed remotely via a secure online portal. This latter
cohort, comprising the study population for the present analysis,
were invited in one of three ways: via email or text invitation be-
cause they had a record of being tested, at the time of vaccination,
or because they saw a flyer posted at one of the participating
study sites.

Eligibility criteria for the present analysis required being age
18 or older, receiving at least 1 dose of a vaccine approved by
the Food and Drug Administration (FDA) or under
Emergency Use Authorization including BNT162b2 (Pfizer/
BioNTech), mRNA-1273 (Moderna), and Ad26.COV2.S
(Janssen/Johnson and Johnson), completing questions about
vaccine side effects as described below, and being tested for
SARS-CoV-2 at least once before vaccination. We excluded
participants who reported that they had received a vaccine as
part of a clinical trial due to uncertainty about whether they
had received a vaccine or placebo.

Subject Consent

Participants provided informed consent when they were enrolled
into EPICC including permission to access their electronic health
records. The study was implemented according to the Declaration
of Helsinki and Good Clinical Practice guidelines. The Uniformed
Services University Institutional Review Board (IDCRP-085) and
participating MTFs approved this study.

Data Collection

Data for the present analysis were collected online using
REDCap at study enrollment, at 1-, 3-, 6-, 9-, and 12-month
follow-up, and via electronic health records. Data relevant to
the present analysis include demographic information,
SARS-CoV-2 vaccination history, self-reported side effects
from vaccination (first dose and second dose if applicable),
SARS-CoV-2 testing history, and patient-reported history
and severity of COVID symptoms.

Measuring Vaccine Receipt and Vaccine Reactogenicity

SARS-CoV-2 test history and vaccination history were ascer-
tained via self-report in the enrollment and follow-up question-
naires and through electronic health records, with the
electronic medical encounter data taking precedence. This
analysis does not include side effects from third or booster dos-
es due to small numbers at the time of analysis (January 2022).
Vaccine reactogenicity was assessed using the question “Did
you have any side effects after receiving your first dose?” and
defined based on the patient-perceived impact on functional
status: no symptoms, mild (“minor symptoms that did not af-
fect my ability to do my usual activities or my job”), moderate
(“affected my ability to do my usual activities or my job”), and
severe (“prevented me from doing my usual activities, caused
me to miss work, and/or caused me to seek medical care”)
[6]. An identical question was asked for the second dose
when applicable.

Ascertaining Prior SARS-COV-2 Infection and Measuring the Severity of
Prior COVID-19 lliness

Prevaccination SARS-CoV-2 infection was defined as having
a positive SARS-CoV-2 test on the same day or before the
date of the first vaccine dose. Participants were also asked
about the date of onset and perceived severity of COVID-19
symptoms/illness “at their worst,” categorized as follows:
never had symptoms, mild (“noticeable but not impairing”),
moderate (“impairing but not disabling; interferes with du-
ties”), severe (“disabling; cannot perform duties”), and critical
(“life-threatening”). Self-reported medical care for COVID-19
illness was categorized as none (includes those with no symp-
toms, who self-treated, or who did not seek care), outpatient
evaluation (includes emergency department care that did not
result in admission), and inpatient admission.

Analysis Methods
The primary aim was to characterize vaccine reactogenicity as a
function of prevaccination SARS-CoV-2 infection (including
recency and severity of COVID-19 symptoms/illness), vaccine
type and dose, and demographic factors. Subjects with only
negative test(s) before the date of the first vaccination dose
comprised the comparison group. We excluded 10 individuals
whose first positive test occurred within 2 weeks following the
first vaccination dose due to the uncertainty of their infection
status at the time of vaccination. We also excluded 7 subjects
from the second dose analysis because they had their first pos-
itive test between vaccine doses. We only used side effect data if
it had been collected at least 1 day after vaccination, which
meant that for subjects who completed their baseline question-
naire on the day of vaccination we used the side effect report
from a subsequent interview.

To look at recency and severity of COVID-19 symptoms, the
positive group was subdivided by recency of first positive test
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(within 89 days, or >89 days before vaccination) and severity of
COVID-19 symptoms/illness and medical care as defined
above. The cut-point of 89 days was the median time interval
between the first positive test and vaccination.

All analyses were performed using Stata, version 17
(StataCorp, College Station, TX, USA). Summary statistics of
study participants by prevaccination SARS-CoV-2 history are
presented as means and proportions and compared using
analysis of variance and chi-square tests as appropriate.
Multinomial logistic regression was used to calculate adjusted
odds ratios (aORs) and 95% confidence intervals. The
dependent/outcome variable was vaccine side effects (none,
mild, moderate = affected work or usual activities, severe = pre-
vented work or usual activities), with “none” as the reference
category. We adjusted a priori for age (years), race (White,
Black, Asian, other/unknown/prefer not to answer), ethnicity
(Hispanic ethnicity, not Hispanic ethnicity, unknown/prefer
not to answer), sex (male, female, missing), active duty status
(yes, no), and first dose type. The predictor variable for the
main model was SARS-CoV-2 test history (negative, positive).
Three additional models stratified the positive group by recen-
cy of infection, COVID-19 severity, and COVID-19 medical
care as defined above. Separate models were fit for the first
dose side effects and the second dose side effects.

RESULTS

The study population consists of 2789 adult vaccinated MHS
beneficiaries (Table 1) who met all eligibility criteria as de-
scribed above. Participants received their first vaccine dose be-
tween December 14, 2020, and November 22, 2021, and 2574
participants received a second dose between January 3, 2021,
and December 13, 2021. The mean age of the participants
(range) was 35 (18-79) years, with the majority being active
duty (88%), male (62%), and White (70%). Most participants
(n=2221, 79%) were negative for SARS-CoV-2 on all prevac-
cination tests.

Table 2 (crude) and Table 3 (adjusted) show the crude prev-
alence and adjusted odds of self-reported side effects associated
with the first dose (left side) and second dose (right side) by
prevaccination SARS-CoV-2 history. Notably, 4% of the study
population (2% of those who tested negative and 9% of those
who tested positive) reported first dose side effects sufficient
to prevent work or usual activities. For the second dose, 11%
reported these side effects overall, a rate that was similar for
those who tested negative (11%) and those who tested positive
(10%) before vaccination. The adjusted odds ratios of mild,
moderate, or severe vaccine side effects, relative to no side ef-
fects, in those with a prevaccination history of SARS-CoV-2 in-
fection vs those without were aOR ;4 = 1.25 (95% CI, 1.0-1.6),
aOR poderate = 3.00 (95% CI, 2.2-4.0), and aORgeyere = 5.84 (95%
CI, 3.8-9.1) (Table 3). When stratified by recency of infection

Table 1. Description of Study Population (n =2789)
Prevaccination SARS-CoV-2
Test Status®
Total
(n= Negative Positive
2761), (n= (n= P
No. % 2287), % 593), % Value®
Age Mean (SD), y 2789 35(10) 35(10) 36(10) .32
Race White 1965 70 71 67 .01
Black 286 10 10 12
Asian 191 7 7 5
Unknown® 347 12 12 15
100 100 100
Hispanic/ No 1942 70 70 67 21
Latino
Yes 421 15 15 17
Unknown* 426 15 15 15
100 100 100
Sex Male 1719 62 62 58 18
Female 887 32 31 35
Missing 183 7 6 7
% active 2456 88 90 81 <.001
duty
Vaccine  mRNA-1273/ 919 33 36 23 <.001
Moderna
(1st BNT162b2/ 1650 59 57 68
dose) Pfizer/
BioNTech
Ad26.COV2.S/ 202 7 7 9
Janssen/
Johnson and
Johnson
Missing 18 <1 <1 <1
100 100 100

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

@Prevaccination SARS-CoV-2 test status defined as follows: negative: all tests up to the
same day as the first dose are negative; positive: 1 or more positive tests up to the same
day as the first dose.

T test (age), chi-square test (proportions).
°Other, unknown, prefer not to answer.

dUnknown, prefer not to answer.

(<88 vs >88 days prior), the odds ratios were numerically high-
er in those with more recent infection, although the test for in-
teraction was only significant for the moderate category
(Table 3, left). Self-reported severity of prior COVID-19 as
measured by symptom severity and by inpatient medical care
was generally associated with more severe vaccine side effects
(Table 3, left). Side effects for the second vaccine dose generally
did not differ between those with and without prior infection,
although there was an association between self-reported se-
verity of prior SARS-CoV-2 symptoms and severe vaccine
side effects (Table 3, right).

Supplementary Table 1 shows the crude prevalence of first
dose side effects by demographic factors and vaccine type
without consideration of SARS-CoV-2 infection history. Of
the factors considered, women reported more severe side ef-
fects than men (P <.002), and side effects were least frequent
in those receiving BNT162b2 (Pfizer/BioNTech), followed by
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Table 2. Vaccine Reactogenicity by COVID-19 History, Recency, and Severity

Vaccine Side Effects (First Dose)

Vaccine Side Effects (Second Dose)

No. None, % Mild, % Moderate, % Severe, % No. None, % Mild, % Moderate, % Severe, %

COVID-19 history

Negative 2221 46 41 10 2 2056 31 32 26 11

Positive 568 34 37 20 9 501 35 34 22 10
COVID-19 recency

Negative 2221 46 41 10 2 2056 31 32 26 11

Positive >88 d 283 39 35 17 9 241 37 33 21 9

Positive <88 d 285 29 38 24 8 260 32 34 23 10
COVID-19 severity

Negative 2221 46 41 10 2 2056 31 32 26 11

Positive no COVID-19 Sx 58 50 26 14 10 47 45 30 13 13

Positive mild/moderate COVID-19 Sx 295 37 42 15 6 263 34 40 20 6

Positive severe/critical COVID-19 Sx 144 29 28 30 13 130 26 27 31 16

Positive unknown COVID-19 Sx 71 23 39 30 8 61 46 25 20 10
COVID-19 medical care

Negative 2221 46 41 10 2 2056 31 32 26 11

Positive no COVID-19 medical care 257 37 37 20 5 230 29 40 23 9

Positive outpatient COVID-19 care 153 30 41 18 11 139 38 30 23 €

Positive inpatient COVID-19 care 23 30 17 35 17 22 23 27 36 14

Positive unknown COVID-19 care 135 35 33 21 10 110 45 27 17 11

Total 2789 44 40 12 4 2557 32 32 25 11

Abbreviation: COVID-19, coronavirus disease 2019.
Moderate vaccine side effects: affected work or usual activities; severe vaccine side effects: prevented work or usual activities or sought medical care.

Table 3. Adjusted Vaccine Reactogenicity by COVID-19 History, Recency, and Severity

Vaccine Symptoms (First Dose)

Vaccine Symptoms (Second Dose)

Mild vs None Moderate vs None Severe vs None Mild vs None Moderate vs None Severe vs None
(aOR) (aOR) (aOR) (aOR) (aOR) (aOR)
Prevaccination SARS-CoV-2 test history
Negative (reference) Ref Ref Ref Ref Ref Ref
Positive 1.25 [1.0-1.6] 3.00 [2.2-4.0] 5.84 [3.8-9.1] 1.02 [0.8-1.3] 0.92[0.7-1.2] 1.04[0.7-1.5]
COVID-19 recency
Negative (reference) Ref Ref Ref Ref Ref Ref
Positive before vaccine (>88 d) 1.05[0.8-1.4] 2.02 [1.4-3.0] 5.00 [2.9-8.6] 0.93[0.7-1.3] 0.8110.6-1.2] 0.90 [0.5-1.5]
Positive before vaccine (<88 d) 1.51[1.1-2.0] 4.30 [3.0-6.2]* 6.89 [4.0-11.9] 1.12[0.8-1.6] 1.03 [0.7-1.5] 1.19[0.7-1.9]
COVID-19 severity
Negative (reference) Ref Ref Ref Ref Ref Ref
Positive no symptoms 0.568[0.3-1.1] 1.12[0.56-2.6] 3.58[1.3-9.5] 0.78 [0.4-1.6] 0.4410.2-1.2] 1.08[0.4-2.9]
Positive mild/moderate symptoms ~ 1.35 [1.0-1.8]* 2.11[1.4-3.1] 4.16 [2.3-7.5] 1.18[0.9-1.6] 0.84[0.6-1.2] 0.66 [0.4-1.2]
Positive severe/critical symptoms 1.13[0.7-1.8] 5.53 [3.5-8.8]° 10.57 [5.5-20.1] 1.16 [0.7-1.9] 1.79 [1.1-3.0]° 2.58[1.4-4.7]
COVID-19 medical care
Negative (reference) Ref Ref Ref Ref Ref Ref
Positive no treatment 1.20[0.9-1.6] 2.88[2.0-4.2] 3.46 [1.8-6.6] 1.50 [1.1-2.1] 1.43[0.8-2.5] 1.50 [0.9-2.6]
Positive outpatient 1.54 [1.0-2.3] 3.03[1.8-5.1] 8.81[4.6-16.8]° 0.74 10.5-1.11° 0.7310.4-1.4] 0.74 [0.4-1.4]
Positive inpatient 0.67 [0.2-2.3] 7.09 [2.4-20.7] 19.3 [5.1-72.5]° 1.49 [0.4-5.3] 3.33[0.7-16.0] 3.35[0.7-16.1]

Abbreviations: aOR, adjusted odds ratio; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Adjusted odds ratios and 95% Cls were calculated using multinomial logistic regression, adjusting for ethnicity, race, age, active duty status, vaccine type, and sex. Unknown severity/

treatment groups not presented. The dependent variable is vaccine side effects, with “none” being the reference category; bolded ORs indicate statistical significance.
Statistical difference between the aOR for <88 days and <88 days.

PStatistical difference between the aOR for severe/critical symptoms and no symptoms.

“Statistical difference between the aOR for outpatient/inpatient treatment and for no treatment;

moderate vaccine side effects: affected work or usual activities; severe vaccine side effects: prevented work or usual activities or sought medical care.
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Figure 1. Self-reported vaccine side effects by type and dose.
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mRNA-1273 (Moderna) and Ad26.COV2.S (Janssen/Johnson
and Johnson; P <.001) ( Figure 1). In a model adjusting for de-
mographic factors and vaccine type without SARS-CoV-2 in-
fection history (data not shown), predictors of increased first
dose vaccine side effects included female sex (aORs ranging
from 1.6 to 1.9 for levels of side effects compared with male
sex; all P<.01), mRNA-1273 (Moderna) vaccine (aORs rang-
ing from 1.4 to 2.0 compared with BNT162b2 [Pfizer/
BioNTech]; all P<.01), and Ad26.COV2.S (Janssen/Johnson
and Johnson; aORs ranging from 2.2 to 15.0; all P <.01; com-
pared with BNT162b2 [Pfizer/BioNTech]). There were no oth-
er consistent differences in first dose vaccine side effects for the
other demographic factors considered (age, race, ethnicity, and
active duty status).

DISCUSSION

We characterized self-reported side effects associated with
SARS-CoV-2 vaccination in a large MHS cohort consisting
mostly of active duty service members but also including adult
dependents and retirees. We noted that vaccine reactogenicity
sufficient to preclude work or usual activities was reported by
4% of vaccinees (first dose) and 11% of vaccinees (second
dose). These aggregate reactogenicity estimates are roughly
similar to the frequency of the Grade III and Grade IV event
frequencies reported in phase III clinical trials and some obser-
vational studies—though they were not defined exactly the
same way across such studies [7-10]. Our finding that side ef-

fects were stronger for the second vs first dose is consistent with
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findings from postlicensure surveillance systems like V-SAFE
and OpenSAFELY [2, 3, 11].

Our analysis identified several additional factors associated
with reactogenicity. Functionally significant side effects were
more pronounced for the mRNA-1273 (Moderna) and
Ad26.COV2.S (Janssen/Johnson and Johnson) vaccine prod-
ucts compared with the BNT162b2 (Pfizer/BioNTech) vaccine.
This relatively increased reactogenicity with the mRNA-1273
vaccine postauthorization has been noted in other observation-
al studies [3, 12]. In contrast to what was reported in the phase 3
clinical trial [13] and in 1 prior observational study [9], we
found a much higher likelihood of side effects for the
Ad26.COV2.S (Janssen/Johnson and Johnson) vaccine com-
pared with the other vaccine products. While statistically sig-
nificant, this finding needs to be interpreted with caution
given the small size of the subgroup that was administered
this vaccine as well as the hypothetical possibility that there
are unmeasured systematic differences between participants
choosing this product over 1 of the mRNA products. Side ef-
fects were more frequent in women than men but did not differ
by any of the other demographic factors considered in the ad-
justed models. This association with female sex and COVID-19
vaccine reactogenicity has been noted in other COVID-19
studies [2] and has been described in other infectious disease
vaccines (eg, influenza) in which there is a known correlation
between female sex, vaccine reactions, immunity, and clinical
protection [14].

Those with a history of prior SARS-CoV-2 infection had
stronger reactogenicity to the first dose (but not second) com-
pared with those without prior infection. These data also sug-
gest that the severity of prior infection (measured by
patient-perceived severity and inpatient care) was associated
with higher reactogenicity to the first vaccine dose and less con-
sistently with the second dose. This association (between prior
COVID-19 and vaccine side effects) has been noted in several
other observational studies, including those that studied the
Pfizer/BioNTech-BNT162b2 vaccine product [2]. Our findings
confirm this association, and we extend prior studies with use
of an important SARS-CoV-2-negative population null model,
showing a “dose-response” association (with the severity of pri-
or COVID-19 illness associated with an increased risk of first
dose vaccine reactogenicity) and a finding of patient-reported
infection severity predicting postvaccine reactogenicity.

Those with more recent SARS-CoV-2 infection (eg, within
89 days) had numerically higher but not statistically significant
vaccine reactogenicity in most instances. This cut-point was
chosen as it was the median time between illness and vaccina-
tion. It is possible that a larger study may have been able to elu-
cidate this time effect with more granularity.

The possible biological reasons for the association of prior
SARS-CoV-2 infection and greater vaccine reactogenicity are
speculative. Examining the reverse sequence from what was

observed here (eg, that prior SARS-CoV2 infection predicts
vaccine reactogenicity), vaccine-induced inflammation before
infection may be relevant. Antibody-dependent enhancement
has not been shown to occur in those vaccinated and then ex-
posed to SARS-CoV-2 in preclinical models or in clinical trials,
so this is unlikely to be a mechanism [15]. Indeed, those who
are vaccinated for SARS-CoV-2 and experience breakthrough
infections report fewer SARS-CoV-2 symptoms compared
with those who are unvaccinated [16]. Moreover, vaccine reac-
togenicity is thought to be predominantly driven by innate im-
mune responses rather than adaptive immunity [4].
Interestingly, prior studies of influenza vaccines have noted
that prevaccine subject B-cell profiles may predict short-term
cytokine responses after vaccination [4]. We note that some
[12, 17] but not all [18, 19] studies have noted that vaccine
side effects correlate with measured vaccine immunogenicity.
Mechanistic studies to further elucidate how inflammatory re-
sponses differ in those with and without significant COVID-19
vaccine reactogenicity and prior COVID-19 illness would be
valuable.

The strengths of the study include the large sample size and
our SARS-CoV-2-negative comparison group. Data were col-
lected via self-report and electronic health records related to
SARS-CoV-2 vaccination and testing. Another strength of the
study is the use of patient-reported outcomes (such as patient-
perceived vaccine or COVID-19 severity), which are difficult to
ascertain though medical documentation. Our analysis is fo-
cused on functional consequences of vaccine side effects in
the aggregate (eg, inability to work or perform usual activities)
rather than a specific side effect.

There were several weaknesses to this study. Our study pop-
ulation was majority active duty service members, and there-
fore predominantly young men, which may limit the
generalizability of these results. Selection bias may have oc-
curred if those who enrolled were more likely to have or report
vaccine side effects than those who did not enroll, although this
presumably would not differ by prior history of COVID-19,
and the criteria for enrollment were not specifically focused
on vaccines. Our study population consisted of military health
care beneficiaries and differed in some ways from the broader
military community, and we therefore adjusted for demo-
graphic factors.

One additional limitation of this and similar studies is that
prevaccination infections were unrecognized if they were sub-
clinical, did not lead to testing, or resulted in a false-negative
test. Further, it is possible that some subjects had false-positive
tests or reported their test history incorrectly. These types of er-
rors, if present to a large degree, would most likely attenuate
our results. Unlike clinical trials, there was no medical adjudi-
cation or placebo to ascertain whether such events were directly
related to the vaccine. Unfortunately, potential attribution of
postvaccine symptoms and their severity to the vaccine itself
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is a well-known limitation in the vaccine reactogenicity litera-
ture, which is difficult to mitigate [4]. Finally, while self-
reported patient outcomes are a strength of this study, there
is the possibility of recall bias in the recollection of
COVID-19 severity and vaccine side effects.

In summary, we note that sex, vaccine product, and prior
COVID-19 infection severity all predict the degree of first
dose side effects sufficient to preclude work or usual activities.
These findings are important for transparent patient counsel-
ing and may contribute to evidence-based discussions of opti-
mal timing of vaccination. Future studies will be important to
examine how reactogenicity of the primary dose series predicts
third and later boosting dose symptoms in those with and with-
out a history of COVID-19.

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 corre-
sponding author.

Acknowledgments

The authors wish to also acknowledge all who have contributed to the
EPICC (IDCRP-1. 085) COVID-19 study: Brooke Army Medical Center,
Fort Sam Houston, TX: COL ]. Cowden, LTC M. Darling, 1. S. DeLeon,
MA]J D. Lindholm, LTC A. Markelz, K. Mende, S. Merritt, T. Merritt,
LTC N. Turner, CPT T. Wellington; Carl R. Darnall Army Medical
Center, Fort Hood, TX: LTC S. Bazan, P.K. Love; Fort Belvoir
Community Hospital, Fort Belvoir, VA: N. Dimascio-Johnson, MAJ
E. Ewers, LCDR K. Gallagher, U. Jarral, LCDR D. Larson, A. Rutt,
A. Silva; Henry M. Jackson Foundation, Inc., Bethesda, MD: P. Blair,
J. Chenoweth, D. Clark; Madigan Army Medical Center, Joint Base Lewis
McChord, WA: S. Chambers, LTC C. Colombo, R. Colombo, CPT
C. Conlon, CPT K. Everson, COL P. Faestel, COL T. Ferguson, MAJ
L. Gordon, LTC S. Grogan, CPT S. Lis, COL C. Mount, LTC
D. Musfeldt, CPT D. Odineal, LTC M. Perreault, W. Robb-McGrath,
MAJ R. Sainato, C. Schofield, COL C. Skinner, M. Stein, MAJ
M. Switzer, MA] M. Timlin, MAJ S. Wood; Naval Medical Center
Portsmouth, Portsmouth, VA: S. Banks, R. Carpenter, L. Kim, CAPT
K. Kronmann, T. Lalani, LCDR T. Lee, LCDR A. Smith, R. Smith,
R. Tant, CDR T. Warkentien; Naval Medical Center San Diego, San
Diego, CA: CDR C. Berjohn, S. Cammarata, N. Kirkland, D. Libraty,
CAPT (Ret.) R. Maves, CAPT (Ret.) G. Utz; Tripler Army Medical
Center, Honolulu, HI: S. Chi, LTC R. Flanagan, MAJ M. Jones, C. Lucas,
C. Madar, K. Miyasato, C. Uyehara; Uniformed Services University of
the Health Sciences, Bethesda, MD: B. Agan, L. Andronescu, A. Austin,
C. Broder, CAPT T. Burgess, C. Byrne, COL (Ret.) K. Chung, J. Davies,
C. English, N. Epsi, C. Fox, M. Fritschlanski, A. Hadley, COL P. Hickey,
E. Laing, LTC C. Lanteri, LTC J. Livezey, A. Malloy, R. Mohammed,
C. Morales, P. Nwachukwu, C. Olsen, E. Parmelee, S. Pollett, S. Richard,
J. Rozman, J. Rusiecki, E. Samuels, M. Sanchez, A. I. Scher, CDR
M. Simons, A. Snow, K. Telu, D. Tribble, M. Tso, L. Ulomi, M. Wayman;
United States Air Force School of Medicine, Dayton, OH: TSgt T. Chao,
R. Chapleau, M. Christian, A. Fries, C. Harrington, V. Hogan,
S. Huntsberger, K. Lanter, E. Macias, ]J. Meyer, S. Purves, K. Reynolds,
J. Rodriguez, C. Starr; United States Coast Guard, Washington, DC:
CAPT J. Iskander, CDR I. Kamara; Womack Army Medical Center, Fort
Bragg, NC: B. Barton, LTC D. Hostler, LTC J. Hostler, MAJ K. Lago,
C. Maldonado, J. Mehrer; William Beaumont Army Medical Center, El
Paso, TX: MAJ T. Hunter, J. Mejia, R. Mody, J. Montes, R. Resendez,
P. Sandoval; Walter Reed National Military Medical Center, Bethesda,

MD: I. Barahona, A. Baya, A. Ganesan, MA] N. Huprikar, B. Johnson;
Walter Reed Army Institute of Research, Silver Spring, MD: S. Peel.

Financial support. This work (IDCRP-085) was supported by awards
from the Defense Health Program (HU00012020067) and the National
Institute of Allergy and Infectious Disease (HU00011920111). The protocol
was executed by the Infectious Disease Clinical Research Program
(IDCRP), a Department of Defense (DoD) program executed by the
Uniformed Services University of the Health Sciences (USUHS) through
a cooperative agreement with the Henry M. Jackson Foundation for the
Advancement of Military Medicine, Inc. (HJF). This project has been fund-
ed in part by the National Institute of Allergy and Infectious Diseases at the
National Institutes of Health under an interagency agreement
(Y1-AI-5072).

Potential conflicts of interest. S.D.P., T.H.B,, ].S.R., and M.P.S. report
that the Uniformed Services University (USU) Infectious Disease Clinical
Research Program (IDCRP), a US Department of Defense institution,
and the Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc. (HJF) were funded under a Cooperative Research and
Development Agreement to conduct an unrelated phase III COVID-19
monoclonal antibody immunoprophylaxis trial sponsored by
AstraZeneca. The HJF, in support of the USU IDCRP, was funded by the
Department of Defense Joint Program Executive Office for Chemical,
Biological, Radiological, and Nuclear Defense to augment the conduct of
an unrelated phase III vaccine trial sponsored by AstraZeneca. Both of
these trials were part of the US Government COVID-19 response.
Neither is related to the work presented here. All authors have submitted
the ICMJE Form for Disclosure of Potential Conflicts of Interest.
Conflicts that the editors consider relevant to the content of the manuscript
have been disclosed.

Group authors. We thank the members of the EPICC COVID-19
Cohort Study Group for their many contributions in conducting the study
and ensuring effective protocol operations. The following members were all
closely involved with the design, implementation, and/or oversight of the
study and have met group authorship criteria for this manuscript:
Brooke Army Medical Center, Fort Sam Houston, TX: S. Merritt,
T. Merritt; Madigan Army Medical Center, Joint Base Lewis McChord,
WA: S. Chambers, COL P. Faestel, COL C. Mount, M. Stein; Tripler
Army Medical Center, Honolulu, HI: C. Uyehara; Uniformed Services
University of the Health Sciences, Bethesda, MD: C. Broder, COL (Ret.)
K. Chung, N. Epsi, COL P. Hickey, LTC J. Livezey, E. Parmelee,
E. Samuels, M. Wayman; United States Air Force School of Aerospace
Medicine, Dayton, OH: TSgt T. Chao, K. Lanter, ]J. Meyer, K. Reynolds,
C. Starr; United States Coast Guard, Washington, DC: CAPT J. Iskander,
CDR I. Kamara; Womack Army Medical Center, Fort Bragg, NC: LTC
D. Hostler; Walter Reed National Military Medical Center, Bethesda,
MD: MAJ N. Huprikar.

Reference

1. UKHSA. The Effectiveness of Vaccination Against Long COVID: A Rapid Evidence
Briefing. UK Health Security Agency COVID-19 Evidence Team; 2022.

2. Menni C, Klaser K, May A, et al. Vaccine side-effects and SARS-CoV-2 infection
after vaccination in users of the COVID Symptom Study app in the UK: a pro-
spective observational study. Lancet Infect Dis 2021; 21:939-49. doi:10.1016/
$1473-3099(21)00224-3

3. Chapin-Bardales ], Gee J, Myers T. Reactogenicity following receipt of
mRNA-based COVID-19 vaccines. JAMA 2021; 325:2201-02. doi:10.1001/
jama.2021.5374

4. Herve C, Laupeze B, Del Giudice G, Didierlaurent AM, Tavares Da Silva F. The
how’s and what’s of vaccine reactogenicity. NPJ Vaccines 2019; 4:39. doi:10.
1038/s41541-019-0132-6

5. Richard SA, Pollett SD, Lanteri CA, et al. COVID-19 Outcomes among US mil-
itary health system beneficiaries include complications across multiple organ sys-
tems and substantial functional impairment. Open Forum Infect Dis 2021; 8:
XXX-XX. doi:10.1093/0fid/ofab556

6. Food and Drug Adminstration, Center for Biologics Evaluation and Research.
Toxicity Grading Scale for Healthy Adult and Adolescent Volunteers Enrolled
in Preventive Vaccine Clinical Trials. Food and Drug Administration; 2007.

COVID-19 Vaccine Side Effect Predictors « OFID « 7


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac314#supplementary-data
https://doi.org/10.1016/S1473-3099(21)00224-3
https://doi.org/10.1016/S1473-3099(21)00224-3
https://doi.org/10.1001/jama.2021.5374
https://doi.org/10.1001/jama.2021.5374
https://doi.org/10.1038/s41541-019-0132-6
https://doi.org/10.1038/s41541-019-0132-6
https://doi.org/10.1093/ofid/ofab556

. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the BNT162b2

mRNA Covid-19 vaccine. N Engl ] Med 2020; 383:2603-15. doi:10.1056/
NEJMoa2034577

. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA-1273

SARS-CoV-2 vaccine. N Engl ] Med 2021; 384:403-16. doi:10.1056/
NEJMo0a2035389

. Beatty AL, Peyser ND, Butcher XE, et al. Analysis of COVID-19 vaccine type and

adverse effects following vaccination. JAMA Netw Open 2021; 4:¢2140364. doi:
10.1001/jamanetworkopen.2021.40364

. Saita M, Yan Y, Ito K, Sasano H, Seyama K, Naito T. Reactogenicity following two

doses of the BNT162b2 mRNA COVID-19 vaccine: real-world evidence from
healthcare workers in Japan. J Infect Chemother 2022; 28:116-9. doi:10.1016/j.
jiac.2021.09.009

. Rosenblum HG, Gee J, Liu R, et al. Safety of mRNA vaccines administered during

the initial 6 months of the US COVID-19 vaccination programme: an observa-
tional study of reports to the vaccine adverse event reporting system and v-safe.
Lancet Infect Dis 2022; 22:802-12.

. Debes AK, Xiao S, Colantuoni E, et al. Association of vaccine type and prior

SARS-CoV-2 infection with symptoms and antibody measurements following
vaccination among health care workers. JAMA Intern Med 2021; 181:1660-2.
doi:10.1001/jamainternmed.2021.4580

. Janssen Biotech Inc. FDA briefing document; Janssen Ad26.COV2.S vaccine for

the prevention of COVID-19. February 26, 2021. Available at: https://www.fda.
gov/media/146217/download. Accessed 12 July 2022.

. Fischinger S, Boudreau CM, Butler AL, Streeck H, Alter G. Sex differences in

vaccine-induced humoral immunity. Semin Immunopathol 2019; 41:239-49.
doi:10.1007/s00281-018-0726-5

. Lowe D. Antibody-dependent enhancement and the coronavirus vaccines. 2021.

Available at: https://www.science.org/content/blog-post/antibody-dependent-
enhancement-and-coronavirus-vaccines. Accessed 12 July 2022.

. National Center for Immunization and Respiratory Diseases (NCIRD). Science

brief: SARS-CoV-2 infection-induced and vaccine-induced immunity. 2019.
Available  at:  https://www.cdc.gov/coronavirus/2019-ncov/science/science-
briefs/vaccine-induced-immunity.html. Accessed 12 July 2022.

. Oyebanji OA, Wilson B, Keresztesy D, et al. Does a lack of vaccine side effects cor-

relate with reduced BNT162b2 mRNA vaccine response among healthcare work-
ers and nursing home residents? Aging Clin Exp Res 2021; 33:3151-60. doi:10.
1007/s40520-021-01987-9

. Takeuchi M, Higa Y, Esaki A, Nabeshima Y, Nakazono A. Does reactogenicity af-

ter a second injection of the BNT162b2 vaccine predict spike IgG antibody levels
in healthy Japanese subjects? PloS one 2021; 16:e0257668.

. Muller L, Andree M, Moskorz W, et al. Age—dependent immune response to the

Biontech/Pfizer BNT162b2 coronavirus disease 2019 vaccination. Clin Infect Dis
2021; 73:2065-72. doi:10.1093/cid/ciab381

8 o« OFID e« Scher et al


https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2035389
https://doi.org/10.1056/NEJMoa2035389
https://doi.org/10.1001/jamanetworkopen.2021.40364
https://doi.org/10.1001/jamanetworkopen.2021.40364
https://doi.org/10.1016/j.jiac.2021.09.009
https://doi.org/10.1016/j.jiac.2021.09.009
https://doi.org/10.1001/jamainternmed.2021.4580
https://www.fda.gov/media/146217/download
https://www.fda.gov/media/146217/download
https://doi.org/10.1007/s00281-018-0726-5
https://www.science.org/content/blog-post/antibody-dependent-enhancement-and-coronavirus-vaccines
https://www.science.org/content/blog-post/antibody-dependent-enhancement-and-coronavirus-vaccines
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/vaccine-induced-immunity.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/vaccine-induced-immunity.html
https://doi.org/10.1007/s40520-021-01987-9
https://doi.org/10.1007/s40520-021-01987-9
https://doi.org/10.1093/cid/ciab381

	An Analysis of SARS-CoV-2 Vaccine Reactogenicity: Variation by Type, Dose, and History, Severity, and Recency of Prior SARS-CoV-2 Infection
	METHODS
	Study Population, Recruitment, and Consent
	Subject Consent
	Data Collection
	Measuring Vaccine Receipt and Vaccine Reactogenicity
	Ascertaining Prior SARS-COV-2 Infection and Measuring the Severity of Prior COVID-19 Illness
	Analysis Methods

	RESULTS
	DISCUSSION
	Supplementary Data
	Acknowledgments
	Reference


