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Importance: Most healthcare institutions require employees to be vaccinated
against SARS-CoV-2 and many also require at least one booster.

Objective: We determine the impact of vaccine type, demographics,
and health conditions on COVID-19 vaccine side effects in
healthcare professionals.

Design: A COVID-19 immunity study was performed at the 2021 American
Association for Clinical Chemistry Annual Scientific meeting. As part of
this study, a REDCap survey with cascading questions was administered
from September 9, 2021 to October 20, 2021. General questions included
participant demographics, past and present health conditions, smoking,
exercise, and medications. COVID-19 specific questions asked about SARS-
CoV-2 vaccine status and type, vaccine-associated side effects after each dose
including any boosters, previous infection with COVID-19, diagnostic testing
performed, and type and severity symptoms of COVID-19.

Results: There were 975 participants (47.1% male, median age of 50 years)
who completed the survey. Pfizer was the most commonly administered
vaccine (56.4%) followed by Moderna (32.0%) and Johnson & Johnson (7.1%).
There were no significant differences in vaccine type received by age, health
conditions, smoking, exercise, or type or number of prescription medications.
Side effects were reported more frequently after second dose (e.g., Moderna or
Pfizer) (54.1%) or single/only dose of Johnson & Johnson (47.8%). Males were
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significantly more likely to report no side effects (p < 0.001), while females were
significantly more likely to report injection site reactions (p < 0.001), fatigue
(p < 0.001), headache (p < 0.001), muscle pain (p < 0.001), chills (p = 0.001),
fever (p = 0.007), and nausea (p < 0.001). There was a significant upward trend
in participants reporting no side effects with increasing age (p < 0.001). There
were no significant trends in side effects among different races, ethnicities,
health conditions, medications, smoking status or exercise. In multivariate
logistic regressions analyses, the second dose of Moderna was associated with
a significantly higher risk of side effects than both the second dose of Pfizer and
the single dose of Johnson & Johnson.

Conclusions and relevance: Younger people, females, and those receiving the
second dose of Moderna had more COVID-19 vaccine side effects that per
self-report led to moderate to severe limitations. As reported in other studies,
the increase in side effects from Moderna may be explained by higher viral
MRNA concentrations but be associated with additional protective immunity.

COVID-19, SARS-CoV-2, vaccine, Moderna, Pfizer, Johnson and Johnson, side effects

Introduction

The availability of vaccines against COVID-19 has changed
the course of the pandemic and reduced disease severity (1,
2). In late 2020, several vaccines against the spike protein
of SARS-CoV-2 were granted Emergency Use Authorization
by the FDA. Both Pfizer (BNT162b2) and Moderna (mRNA-
1273), mRNA vaccines, and Johnson & Johnson (J&J), an
adenovector, were commonly administered in the United States.
Healthcare professionals (HCP) were one of the first populations
to be vaccinated leading to many fully vaccinated (e.g., two
doses of Moderna or Pfizer or one dose of J&J) HCP
by the spring of 2021. Vaccine boosters were available to
certain high-risk populations in the summer of 2021 and
routinely recommended for adults in the fall of 2021. Following
the Centers for Medicare and Medicaid Services mandates,
healthcare institutions require employees to be vaccinated
against SARS-CoV-2 (3).

Most surveys in the literature assess the attitudes of HCP
toward COVID-19 vaccination (4-10). In France and Belgium
~30% of HCP were reluctant to receive vaccinations, primarily
because of safety concerns (4). Alley et al. (5) reported that
in Australia, women and those without a bachelor’s degree
were less willing to get vaccinated. In Great Britain, non-white,
younger adults with lower education and/or unconfirmed past
infection were less likely to get vaccinated (7). Many HCP
were concerned about vaccine efficacy, safety, side effects, and
speed of vaccine development. Results of these surveys have
been utilized to develop targeted education on the benefits
of vaccination. Despite targeted education, misinformation
remains one common cause of continued vaccine hesitancy (11).
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Surveys on vaccine side effects have also been published
(12-18). Common side effects to the Pfizer vaccine included
soreness, fatigue, myalgia, headache, chills, fever, joint pain,
nausea, muscle spasm, sweating, and dizziness (12). Ahsan et al.
(13) reported that female HCP and those with known allergies
were more likely to report side effects. A study performed in
Poland demonstrated a higher rate of side effects with the first
dose of AstraZeneca when compared to either dose of Pfizer
(18). However, to our knowledge, a survey comparing the side
effects of the three most common vaccines administered in the
U.S. (Pfizer, Moderna, J&J), and the impact of demographics
and health conditions on the risk of side effects, has not been
performed. Further, our participants represented a healthy, fully
vaccinated, middle-aged, and geographically diverse population.
We, therefore, conducted this survey and present our findings in
this paper.

Materials and methods

Study design and participants

A COVID-19 immunity study (CIS) sponsored by the
American Association for Clinical Chemistry (AACC) occurred
between September 9, 2021 and October 20, 2021. AACC
is a global organization with more than 8,000 members
from 105 countries including over 5,000 members from the
United States. AACC members were informed via email, social
media [including Twitter, Facebook, and the Artery—an AACC
online discussion platform with 11,000 active participants (8,000
members and 3,000 non-members able to access only the
COVID forum)], or both about enrolling in the study which
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included a health questionnaire survey and blood draw. The
survey portion was designed to gather information from HCP
about COVID-19 vaccination and its side effects. The study was
approved by the University of Maryland Institutional Review
Board. Participants <18 years old and pregnant women were
excluded from study participation. The blood draw portion
of the study was performed independently of the survey, had
different objectives and will be reported in a separate study.

CIS survey

The survey was administered through REDCap and
contained questions about participant demographics, general
health, medications, history of COVID-19, and COVID-19
vaccination status (Supplementary Table 1). The participant’s
medications were categorized according to the FDA guidelines
(Supplementary Table 2) (19).

Statistical analysis

The survey data was retrieved from the REDCap at the
end of the survey period. Basic demographic information
and COVID-19 specific questions were analyzed. Of those
vaccinated, comparisons were made between participants who
received Pfizer, Moderna, and J&J vaccines using Kruskal-
Wallis rank sum tests (for continuous data) or chi-squared
tests (for categorical data). Due to the heterogeneity and
relatively small sample size, participants who received other or
unknown vaccine types were not included in the analysis. We
focused on typical side effects as described in the CDC and
FDA guidelines (20, 21). Health conditions were recorded by
detailed disease types; however, they were analyzed at the higher
disease category level (e.g., neurological disease) to provide
adequate statistical power in each group. Analysis of medication
categories was performed if 20 or more participants reported
taking a medication in that category.

Logistic regression models were fit to predict the presence
of individual side effects after the single dose of J&J and the
second dose of Pfizer and Moderna; those doses were completed
vaccinations and associated with the highest rate of side effects
(referred to as the second/single dose in results). The sensitivity
model was adjusted for age, sex, race, ethnicity, self-reporting
of overweight, cancer, autoimmune, lung, or other disease, self-
reported antidepressant, respiratory tract agent or sex hormone
medications, or over-the-counter agents, and previous positive
COVID-19 RT-PCR or rapid antigen test. Adjustments for the
other health conditions and medication categories, and self-
reported healthy, exercise status, and smoking history were
considered, but not included in the multivariate model because
they were not significant univariate predictors of any side effects.
A tertiary model included interactions between vaccine type and
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both sex and age (in three categories). Odds ratios (OR) for
having each side effect were calculated for all comparisons (i.e.,
Moderna vs. Pfizer, Moderna vs. J&J and Pfizer vs. J&J).

In the logistic regression models, we compared the 932
subjects vaccinated with Pfizer, Moderna, or J&J. For Pfizer
and J&]J, the risk of any side effects was approximately 50%.
Therefore, with at least 80% power, we were able to discover
increases in the likelihood of side effects with OR > 1.195 (or
decreases < 0.836).

Results

Participant demographics, health
conditions, and COVID-19 specifics

Of the 1,012 participants who completed the informed
the
975 completed the survey. Table |

consent to answer health questionnaire survey,
displays participant
demographics, general health, and COVID-19 questions.
47.1% of the participants were male. The median age of the
participants was 50 [interquartile range (IQR) 40-59] [male
median age 51 (IQR 40-60), female median age 49 (IQR
39-58)]. Most participants were living in the United States
(87.4%), Caucasian (77.4%) and non-Hispanic/non-Latino
(83.1%). The most common health condition was obesity
(17.7%). Nearly all participants (99.1%) responded “yes”
when asked if they considered themselves generally healthy
(question 19 in Supplementary Table 1). Most had no smoking
history (85.9%) and exercised regularly (72.0%). Many
participants were taking prescription medications (17.0%),
OTC medications/vitamins (19.5%), or both (36.3%) with
cardiovascular agents (25.5%) and antidepressants (11.1%)
being the most common prescription medications.

Per self-report, 16.1% of participants had previously
suspected or known COVID-19 (48% of those had positive
RT-PCR or antigen test). Of the 157 participants reporting
previous COVID-19, 121 (77.1%) reported symptoms from the
infection, 56 (46.3%) of which led to mild-moderate limitation
of activities and 34 (28.1%) of which led to severe limitation
of activities including three hospitalizations; one requiring non-
invasive ventilation.

The majority of participants (89.3%) were tested for
SARS-CoV-2 at some point with a median of one test
(IQR = 1-2) and a positivity rate of 11.2% (Table 1). Of all
the SARS-CoV-2 testing performed 62.8% was RT-PCR and
30.2% was a rapid antigen test. However, the positive tests
were RT-PCR (49.5%), rapid antigen (18.0%), and antibody
(30.6%). Of the nine participants who reported multiple
positive results, four had a positive PCR result followed by
multiple positive serology results, four had positive serology
result(s) followed by a positive PCR result, and one had
two positive PCR results 13 days apart. Participants reported
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TABLE 1 Survey participant demographics, general health conditions,
and COVID-19 questions.

10.3389/fpubh.2022.975781

TABLE 1 (Continued)

Category* Demographic and general Participants Category* Demographic and general Participants
health condition (n=975) health condition (n=975)
Sex Male, No. (%) 459 (47.1) Prescriptions only, No. (%) 166 (17.0)
Age Median (IQR) 50 (40-59) OTC/Vitamins only, No. (%) 190 (19.5)
0y
Country United States, No. (%) 852 (87.4) Both, No. (%) 354 (36.3)
t
Canada, No. (%) 21(2.2) Category”
. Number of Median (IQR) 1(0-2)
Colombia, No. (%) 16 (1.6)
prescriptions
Mexico, No. (%) 13 (1.3)
Number of Median (IQR) 1(0-2)
Germany, No. (%) 11 (1.1)
OTC/Vitamins
Other, No. (%) 62 (6.4)
Types of Cardiovascular agents, No. (%) 249 (25.5)
Race Caucasian, No. (%) 755 (77.4) prescription
African American/Black, No. (%) 54 (5.5) medications
Asian, No. (%) 89 (9.1) Antidepressants, No. (%) 108 (11.1)
Native Hawaiian/Pacific Islander, No. (%) 6 (0.6) Hormonal agents (thyroid), No. (%) 83 (8.5)
Unknown/Other/Prefer not 71(7.3) Respiratory tract agents, No. (%) 66 (6.8)
to say, No. (%) Blood glucose regulators, No. (%) 63 (6.3)
Ethnicity Hispanic and/or Latino, No. (%) 116 (11.9) Hormonal agents (sex 62 (6.4)
Non-Hispanic/Non-Latino, No. (%) 810 (83.1) hormones/modifiers), No. (%)
Prefer not to reply, No. (%) 49 (5.0) Gastrointestinal agents, No. (%) 50 (5.1)
Health conditions ~ Overweight or Obesity, No. (%) 173 (17.7) Genitourinary agents, No. (%) 23(24)
Diabetes, No. (%) 58 (5.9) Previous COVID Yes (confirmed or suspected), No. (%) 157 (16.1)
Autoimmune disorder, No. (%) 52(5.3) infection
1, [V
Cancer, No. (%) 50 (5.1) Symptomatic, No. (%) 121 (77.1)
S limitati d/or h italization, 34 (28.1
Cardiovascular disease, No. (%) 49 (5.0) evere limitations and/or hospitalization (28.1)
No. (%)
Lung disease, No. (%) 28(2.9)
Previous COVID Yes, No. (%) 871 (89.3)
Neurological conditions, No. (%) 11 (1.1)
testing (per
Cerebrovascular disease or Stroke, No. (%) 9(0.9) o
participant)
Immunodeficiency, No. (% 8(0.8
" 24 %) 08) Number, median (IQR) 1(1,2)
1 0
Thalassemia, No. (%) 6(06) Any positive (per participant), No. (%) 98 (11.2)
. . o
Liver disease, No. (%) 505 Multiple positives, No. (%) 9(9.1)
Solid organ or Blood stem cell transplant, 4(0.4) Total tests (per test) Al types reported 1,642
No. (%) . .
Rapid Antigen Test, No. (%) 496 (30.2)
1 0
Substance use disorder, No. (%) 4(0.4) RT-PCR, No. (%) 1,032 (62.8)
Chronic kidney disease, No. (%) 1(0.1) Antibody, No. (%) 81 (4.9)
Other, No. (%) 92 (9.4) Unknown, No. (%) 33 (2.0)
No past or present health 573 (58.8) Positive test reported, No. (%) 111 (6.7)
conditions, No. (%) Rapid Antigen Test, No. (%) 20 (18.0)
Healthy (Per Yes, No. (%) 966 (99.1) RT-PCR, No. (%) 55 (49.5)
report) Antibody, No. (%) 34 (30.6)
Smoking Past, No. (%) 121 (12.4) Unknown, No. (%) 2(1.8)
Current, No. (%) 16 (1.6) COVID vaccination None, No. (%) 9(0.9)
No, No. (%) 838 (85.9) Pfizer X2, No. (%) 545 (56.4)
Exercise Yes, No. (%) 702 (72.0) Moderna X2, No. (%) 309 (32.0)
Hours/Week median (IQR) 5(3-7) J&J X1, No. (%) 69 (7.1)
Medications None, No. (%) 265 (27.2) AstraZeneca X2, No. (%) 20(2.1)
(Continued) (Continued)
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TABLE 1 (Continued)

Category* Demographic and general Participants
health condition (n=975)
Other, No. (%) 23(2.4)
COVID booster Any booster, No. (%) 70 (7.2)
Pfizer, No. (%) 57 (81.4)
Moderna, No. (%) 11 (15.7)
J&J, No. (%) 2(2.9)
COVID vaccination Yes (after first dose/single dose), No. (%) 355 (36.7)
side effects
Yes (after second dose), No. (%) 483 (54.1)
Yes (after booster), No. (%) 36 (51.4)

Post vaccination Exposure, No. (%) 147/966 (15.2)

Tested Positive, No. (%) 31/966 (3.2)

Rapid Antigen Test, No. (%) 5(16.1)
RT-PCR, No. (%) 11 (35.5)
Antibody, No. (%) 2(6.5)

Not reported, No. (%) 13 (41.9)

J&]J, Johnson & Johnson; OTC, over the counter.
*Refer to Supplementary Table 1 for specific questions asked in each category.

low rates of post-vaccination exposure (15.2%) with 3.2%
testing positive.

Participant demographics and health
conditions by vaccine type

The majority of participants received two doses of the Pfizer
vaccine (56.4%), while 32.0% received two doses of Moderna
and 7.1% received one dose of J&J (Table 1). The remaining
4.5% received a different vaccine or combination of vaccines,
were not fully vaccinated (e.g., only one dose of Moderna) or
did not know which vaccine(s) they received (Table 1). At the
time of the survey, only 70 (7.2%) participants had received
a booster.

Compared to both Pfizer and J&J, Moderna was more

frequently administered to males (53.0%; p = 0.04) and
participants in the United States (94.4%; p = 0.007)
(Table 2). Participants from Colombia more frequently
received Pfizer than Moderna or J&J (p = 0.007).

Compared to Pfizer or Moderna, J&] was administered to
a higher percentage of participants in Mexico (p = 0.02).
Participants who received J&J were less likely to report
that they were healthy (97.7%) as compared to Pfizer
(99.1%) and Moderna (100%) (p =
significant differences in vaccine type received by age,

0.03). There were no

health conditions, smoking, exercise, or type or number of
prescription medications.
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SARS-CoV-2 vaccine side effects by
vaccine type

Participants who received J&] were more likely to have
previously had COVID-19 (p = 0.006) and experienced a higher
likelihood of side effects after the single dose (p = 0.003),
particularly fatigue (p < 0.001), muscle pain (p < 0.001), chills
(p = 0.003), and fever (p = 0.006). These side effects led to
mild-moderate (p < 0.001) or severe (p < 0.001) limitation of
activities (Table 3). Whereas, Moderna had the highest rate of
injection site reactions after the first dose (p = 0.001). When
compared to the second dose of Pfizer, the second dose of
Moderna had a higher rate of side effects (p < 0.001) which
included injection site reactions (p = 0.04), chills (p < 0.001),
fever (p < 0.001), and nausea (p = 0.04) which led to mild-
moderate limitation of activities (p < 0.001). More participants
received the Pfizer booster (p = 0.004). Although the incidence
of most side effects was higher after the Moderna booster
than Pfizer, the differences were not significant. There were no
significant differences in post-vaccination exposure among the
three vaccine types.

SARS-CoV-2 vaccine side effects by
demographics and health conditions

Side effects were reported more frequently after second dose
(e.g., Moderna or Pfizer) (54.1%) (Table 1) or single dose of J&]J
(47.8%) (Table 3), therefore in this section we report participant
side effects in all participants receiving the second/single dose as
a group as well as the side effects per vaccine type. Males were
significantly more likely to report no side effects (p < 0.001),
while females were significantly more likely to report injection
site reactions (p < 0.001), fatigue (p < 0.001), headache
(p < 0.001), muscle pain (p < 0.001), chills (p = 0.001), fever
(p = 0.007), and nausea (p < 0.001) (Figure 1A). There were
no significant differences in moderate or severe limitations
between males and females. Results were similar when Pfizer and
Moderna were analyzed separately (Supplementary Figure 1).
However, there was no longer a significant difference between
males and females for no side effects, muscle pain, or fever
for participants who received Moderna. Females who received
Pfizer were more likely to report severe limitations (p = 0.02).

There was a significant upward trend in participants
reporting no side effects with increasing age (p < 0.001)
(Figure 1B). Conversely, there was a significant downward trend
in side effects with increasing age for fatigue (p < 0.001),
headache (p < 0.001), muscle pain (p < 0.001), chills (p < 0.001),
fever (p < 0.001), nausea (p = 0.03), and severe limitations
(p = 0.008). There was no significant trend in injection site
reactions or moderate limitations among the age groups. Results
were similar when Pfizer and Moderna were analyzed separately
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TABLE 2 Participant demographics and health conditions by vaccine type.

Category* Demographic Pfizer Moderna J&J x? statistic' (df) P-valuel
(n=545) (n=309) (n=69)

Age Median (IQR) 50 (41-59) 50 (40-60) 49 (38-57) 1.92 (2) 0.38
Sex Male, No. (%) 240 (44.0) 164 (53.0) 33 (47.8) 6.46 (2) 0.04
Country United States (including Puerto Rico), No. (%) 483 (88.6) 293 (94.8) 60 (87.0) 10.01 (2) 0.007
Canada, No. (%) 11 (2.0) 6(1.9) 0(0.0) 1.40 (2) 0.49
Colombia, No. (%) 14 (2.6) 0(0.0) 0(0.0) 9.85 (2) 0.007
Mexico, No. (%) 7(1.3) 1(0.3) 3(4.3) 7.85 (2) 0.02
Germany, No. (%) 8(1.5) 1(0.3) 0(0.0) 3.40 (2) 0.18
Other, No. (%) 22 (4.0) 8(2.6) 6(8.7) 5.67 (2) 0.06
Race Caucasian, No. (%) 431 (79.0) 244 (78.9) 53(76.8) 8.47 (10) 0.58
African American/Black, No. (%) 31(5.6) 17 (5.5) 3(4.3)
Asian, No. (%) 49 (8.9) 30 (9.7) 6(8.6)
Native Hawaiian/Pacific Islander, No. (%) 3(0.5) 3(0.9) 0(0.0)
Unknown/Other/Prefer not to say, No. (%) 31 (5.6) 15 (4.8) 7 (10.1)
Ethnicity Hispanic and/or Latino, No. (%) 56 (10.3) 31 (10.0) 12 (17.4) 4.60 (4) 0.33
Non-Hispanic/Non-Latino, No. (%) 469 (86.1) 262 (84.8) 54 (78.3)
Prefer not to reply, No. (%) 20(3.7) 16 (5.2) 3(4.3)
Health Conditions Overweight or Obesity, No. (%) 102 (18.7) 53(17.1) 11 (15.9) 0.53 (2) 0.76
Diabetes, No. (%) 37 (6.7) 15 (4.8) 3(4.3) 1.66 (2) 0.44
Autoimmune disorder, No. (%) 31(5.6) 17 (5.5) 4(5.7) 0.01 (2) >0.99
Cancer, No. (%) 28 (5.1) 17 (5.5) 3(4.3) 0.16 (2) 0.92
Cardiovascular disease, No. (%) 31(5.6) 11 (3.5) 2(2.8) 2.54 (2) 0.28
Lung disease, No. (%) 16 (2.9) 10 (3.2) 2(2.8) 0.06 (2) 0.97
Neurological conditions, No. (%) 5(0.9) 3(0.9) 2(2.8) 229 (2) 0.32
None, No. (%) 312 (57.2) 177 (57.2) 47 (68.1) 3.09 (2) 0.21
Healthy (Per report) Yes, No. (%) 540 (99.1) 309 (100) 67 (97.1) 6.74 (2) 0.03
Smoking Past, No. (%) 72 (13.2) 39 (12.6) 4(5.8) 3.26 (4) 0.52
Current, No. (%) 9(1.7) 6(1.9) 1(1.4)
No, No. (%) 464 (85.1) 264 (85.4) 64 (92.8)
Exercise Yes, No. (%) 394 (72.2) 229 (74.1) 53(76.8) 0.81(2) 0.66
Hours/Week median (IQR) 5(3-7) 5(3-7) 5(4-6) 0.61 (2) 0.74
Medications None, No. (%) 145 (26.6) 81(26.2) 17 (24.6) 4.92 (6) 0.55
Prescriptions only, No. (%) 96 (17.6) 53(17.2) 8(11.6)
OTC/Vitamins only, No. (%) 103 (18.8) 56 (18.1) 20 (28.9)
Both, No. (%) 201 (36.9) 119 (38.5) 24 (34.8)
Number of prescriptions Median (IQR) 1(0-2) 1(0-2) 0(0-2) 0.77 (2) 0.68
Number of OTC/Vitamins Median (IQR) 1(0-2) 1(0-2) 1(0-2) 1.04 (2) 0.59
Types of prescription medications ~Cardiovascular agents, No. (%) 150 (27.5) 80 (25.8) 13 (18.8) 242 (2) 0.30
Antidepressant, No. (%) 62 (11.3) 31 (10.0) 10 (14.4) 1.19 (2) 0.55
Hormonal agents (thyroid), No. (%) 48 (8.8) 30 (9.7) 3(4.3) 2.02(2) 0.36
Respiratory tract agents, No. (%) 37 (6.7) 24 (7.7) 4(5.7) 0.46 (2) 0.79
Blood glucose regulators, No. (%) 40 (7.3) 17 (5.5) 3(4.3) 1.66 (2) 0.44
Hormonal agents (sex hormones/modifiers), No. (%) 35 (6.4) 23 (7.4) 4(5.7) 0.42 (2) 0.81
Gastrointestinal agents, No. (%) 32 (5.8) 12 (3.8) 4(5.7) 1.63 (2) 0.44
Genitourinary agents, No. (%) 9(1.6) 10 (3.2) 2(2.8) 2.35(2) 0.31

J&J, Johnson & Johnson; OTC, over the counter.
*Refer Supplementary Table 1 for definitions for categories. T The x? statistic, df, and p-values refer to a Kruskal-Wallis rank sum test for continuous variables and a chi-square test for
categorical variables comparing the three vaccine types. The bold values indicate the statistically significant p-values.
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TABLE 3 COVID-19 and side effects by vaccine type.

Category* Demographic Pfizer = Moderna J&J x? statistic’ (df) P-valuet
(n=545) (n=309) (n=69)

Previous COVID infection Yes, No. (%) 79 (14.4) 45 (14.5) 20 (28.9) 10.14 (2) 0.006
Symptomatic, No. (%) 58 (73.4) 40 (88.8) 15 (75.0) 4.22 (2) 0.12
Severe limitations and/or hospitalization, No. (%) 19 (32.7) 12 (30.0) 3(20.0) 0.92 (2) 0.63
COVID vaccination side effects, Yes, No. (%) 174 (31.9) 128 (41.4) 33 (47.8) 11.98 (2) 0.003

first dose/single dose

Pain/redness/swelling at injection site, No. (%) 111 (20.3) 95 (30.7) 12 (17.3) 13.37(2) 0.001
Fatigue, No. (%) 82 (15.0) 73 (23.6) 23(33.3) 18.77 (2) <0.001
Headache, No. (%) 52(9.5) 36 (11.6) 13 (18.8) 5.67 (2) 0.06
Muscle pain, No. (%) 43 (7.8) 43 (13.9) 17 (24.6) 20.88 (2) <0.001
Chills, No. (%) 27 (4.9) 29 (9.3) 10 (14.4) 11.88 (2) 0.003
Fever, No. (%) 19 (3.4) 20 (6.4) 8(11.5) 10.16 (2) 0.006
Nausea, No. (%) 8(1.4) 3(0.9) 3(4.3) 4.32(2) 0.11
Mild-moderate limitation of activities, No. (%) 14 (2.5) 25(8.0) 10 (14.4) 24.47 (2) <0.001
Severe limitation of activities, No. (%) 2(0.3) 1(0.3) 3(4.3) 15.79 (2) <0.001
Other, No. (%) 11 (2.0) 5(1.6) 1(1.4) 0.23(2) 0.89
COVID vaccination side effects, Yes, No. (%) 257 (47.1) 216 (69.9) NA 40.37 (1) <0.001
second dose
Pain/redness/swelling at injection site, No. (%) 126 (23.1) 127 (41.1) NA 4.11 (1) 0.04
Fatigue, No. (%) 183 (33.5) 166 (53.7) NA 1.65 (1) 0.20
Headache, No. (%) 106 (19.4) 90 (29.1) NA 0.00 (1) >.99
Muscle pain, No. (%) 101 (18.5) 104 (33.6) NA 3.39(1) 0.07
Chills, No. (%) 75 (13.7) 108 (34.9) NA 20.57 (1) <0.001
Fever, No. (%) 57 (10.4) 82 (26.5) NA 13.34 (1) <0.001
Nausea, No. (%) 14 (2.5) 24 (7.7) NA 4.35(1) 0.04
Mild-moderate limitation of activities, No. (%) 46 (8.4) 69 (22.3) NA 11.83 (1) <0.001
Severe limitation of activities, No. (%) 12 (2.2) 18 (5.8) NA 2.07 (1) 0.15
Other, No. (%) 16 (2.9) 9(2.9) NA 0.62 (1) 0.43
COVID booster Yes, No. (%) 50 (9.1) 13 (4.2) 1(1.4) 11.01 (2) 0.004
COVID vaccination side effects, Yes, No. (%) 26 (52.0) 9 (69.2) 0(0.0) 2.46 (2) 0.29
booster!
Pain/redness/swelling at injection site, No. (%) 17 (65.3) 8 (88.8) NA 0.84 (1) 0.36
Fatigue, No. (%) 13 (50.0) 5(55.5) NA 0.00 (1) >.99
Headache, No. (%) 9 (34.6) 4 (44.4) NA 0.01 (1) 0.90
Muscle pain, No. (%) 8(30.7) 3(33.3) NA 0.00 (1) >.99
Chills, No. (%) 4(15.3) 4 (44.4) NA 1.76 (1) 0.18
Fever, No. (%) 6(23.0) 2(22.2) NA 0.00 (1) >.99
Nausea, No. (%) 2(7.6) 2(22.2) NA 0.32(1) 0.57
Mild-moderate limitation of activities, No. (%) 6(23.0) 3(33.3) NA 0.02 (1) 0.87
Severe limitation of activities, No. (%) 0(0.0) 2(22.2) NA 2.69 (1) 0.10
Other, No. (%) 3(11.5) 0(0.0) NA 0.14 (1) 0.71
Post vaccination exposurel Yes, No. (%) 87 (15.9) 44 (14.2) 7 (10.1) 1.81(2) 0.40
Tested Positive, No. (%) 18 (20.6) 9 (20.4) 1(14.2) 0.16 (2) 0.92
Rapid test (Antigen), No. (%) 2(11.1) 2(22.2) 1 (100) 5.75 (6) 0.45
RT-PCR, No. (%) 7 (38.9) 3(33.3) 0 (0.0)
Antibody, No. (%) 1(5.6) 0(0.0) 0 (0.0)
Not reported, No. (%) 8(44.4) 4(44.4) 0(0.0)

J&]J, Johnson & Johnson.
*Refer Supplementary Table 1 for definitions for categories. T The x? statistic, df, and p-values refer to chi-square tests for each categorical variable comparing the three vaccine types. The
bold values indicate the statistically significant p-values.
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(Supplementary Figure 2). However, there was no longer a
significant trend among the age groups for nausea with either
Pfizer or Moderna or for severe limitations for Pfizer. There
was a significant downward trend in moderate limitations
with increasing age for participants who received Moderna (p
= 0.009).

African-American/Black participants were less likely to
report muscle pain compared to Caucasians and Asians
(p = 0.04) (Supplementary Figure 3a). There were no other
significant differences among the different races. Results were
similar when Pfizer and Moderna were analyzed separately
(data not shown). However, there was no longer a significant
difference between races for muscle pain for participants
who received either Moderna or Pfizer. Further, African-
American/Black participants who received Pfizer were more
likely to report severe limitations (p = 0.008).

Non-Hispanic/Non-Latino participants were significantly
more likely to report fatigue (p = 0.001) and chills (p = 0.03)
(Supplementary Figure 3b). There were no other significant
differences among the different ethnicities. Results were similar
when Pfizer and Moderna were analyzed separately (data not
shown). However, only fatigue in participants that received
Pfizer remained significant (p = 0.02).

Participants who reported having diabetes, cancer, and/or
cardiovascular disease or no reported health conditions were
more likely to have no side effects (p = 0.01) (Figure 1C).
Participants who reportedly had obesity, autoimmune disease,
and cancer and/or lung disease were more likely to report
an injection site reaction (p < 0.001), while participants who
had obesity, autoimmune disease, and/or lung disease or no
health conditions were more likely to report fatigue (p = 0.003).
There were no significant differences in other side effects in
participants with the most common health conditions. When
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Moderna and Pfizer were analyzed separately none of the
differences remained significant (Supplementary Figure 4).
Participants taking cardiovascular agents or no medications
were significantly less likely to report an injection site
reaction (p < 0.001), whereas those taking antidepressants, sex
hormones/modifiers, and/or respiratory tract agents were more
likely to report nausea (p < 0.001) (Supplementary Figure 3c).
These differences were no longer significant when Pfizer
and Moderna were analyzed separately; except for nausea
which remained significant for patients taking the medications
above who received Moderna (p < 0.001) (data not shown).
Further, results were similar when participants taking statins
were analyzed separately from those taking any cardiovascular
agent. There were no significant differences in side effects by
smoking status, exercise, exercise duration, and healthy per
report (Supplementary Figures 3d-g). Results were similar when
Pfizer and Moderna were analyzed separately (data not shown).
However, current smokers who received Pfizer were more likely
to report chills (p < 0.001) and severe limitations (p < 0.001).

Regression models to predict COVID-19
side effects

In a multivariate logistic regression analysis, participants
receiving the second dose of Moderna had a significantly higher
odds ratio of injection site reactions (OR = 1.22), fatigue
(OR = 1.24), headache (OR = 1.13), muscle pain (OR = 1.18),
chills (OR = 1.25), fever (OR = 1.19), nausea (OR = 1.06),
moderate limitations (OR = 1.15), and severe limitations
(OR = 1.03), and lower risk of no side effects (OR = 0.33)
when compared to the second dose of Pfizer (Table 4). Similarly,
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TABLE 4 Multivariate logistic regression models to predict side effects.

10.3389/fpubh.2022.975781

Side effects Moderna vs. J&J vs. Pfizer Moderna vs. Significant covariates
Pfizer J&J
None 0.33 (0.24, 0.45) 0.97 (0.59, 1.69) 0.33 (0.19, 0.58) Age, sex, vitamins/OTC

p < 0.001

Injection site 1.22(1.15, 1.30) 0.95 (0.85, 1.06)

p < 0.001

Fatigue 1.24 (1.16,1.32) 1.00 (0.88, 1.12)
p < 0.001

Headache 1.13 (1.07, 1.20) 0.99 (0.89, 1.09)
p < 0.001

Muscle pain 1.18 (1.11, 1.26) 1.07 (0.96, 1.19)
p < 0.001

Chills 1.25(1.18, 1.32) 1.01 (0.91, 1.11)
p <0.001

Fever 1.19 (1.13, 1.25) 1.01 (0.92, 1.11)
p < 0.001

Nausea 1.06 (1.03, 1.09) 1.02 (0.97, 1.07)

p <0.001
1.15 (1.10., 1.21)
p <0.001
1.03 (1.00, 1.06)
=002

Moderate limitation of activities 1.05(0.97, 1.15)

Severe limitation of activities 1.02 (0.97, 1.06)

p < 0.001
1.28 (1.15, 1.44)
p < 0.001

Sex, vitamins/OTC, previous positive COVID-19

1.24 (1.09, 1.41) Age, sex, ethnicity

p < 0.001
1.15(1.03, 1.28) Age, sex, lung disease, previous positive COVID-19
p=001
1.11 (0.99, 1.24) Age, sex
1.24 (1.12,1.38) Age, sex
p < 0.001
1.17 (1.06, 1.29) Age, sex

p=0.001
1.04 (0.98, 1.10) Sex, lung disease, antidepressants, sex hormones
1.10 (1.00, 1.20)
p=0.04
1.02 (0.97, 1.07)

Age, previous positive COVID-19

Age, antidepressants

OTC, over the counter; J&]J, Johnson & Johnson.

Multivariate model adjusts for age, sex, race, ethnicity, health conditions, medications and previous positive COVID-19 testing. Significant p-values are shown. Values are adjusted odds

ratios with 95% confidence intervals and p-values are for the respective odds ratio.

the risk of injection site reactions (OR = 1.28), fatigue
(OR = 1.24), headache (OR = 1.15), chills (OR = 1.24), fever
(OR = 1.17), and moderate limitations (OR = 1.1) was higher
with Moderna than J&J, while the risk of no side effects was
lower (OR = 0.33). There were no significant differences in
side effects between Pfizer and J&J. Interaction models showed
similar findings (Supplementary Tables 3, 4). However, males
were more likely to have severe limitations with Moderna as
compared to Pfizer.

Discussion

Our survey participants were primarily healthy, middle-
aged, non-Hispanic/non-Latino Caucasians from the
United States. According to the 2020 census, the United States
12.4% Black, 6% Asian, and 18.7%
Hispanic, notably different than our survey participants

is 57.8% Caucasian,

(22). Approximately 40% of participants reported a health
condition, most commonly obesity. Cardiovascular and
antidepressant medications represented the majority of
prescription medications. However, the health conditions
and prescription medications taken by our participants

were comparable to the United States population (23).
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The high rate of antidepressant prescriptions may be
explained by the increase in depression, anxiety, and
in HCP during the pandemic (24-28), though
no pre-pandemic data is available for comparison in this

stress

particular population.

There was a relatively low number of suspected or confirmed
cases of COVID-19 in our participants. However, almost
90% had at least one SARS-CoV-2 test performed. Less than
10% of participants reported multiple positive SARS-CoV-2
results. However, the positive results were either within a short
time window or inclusive of a positive PCR test followed by
positive antibody results. This suggests the participants were
not infected more than once with a different SARS-CoV-
2 variant.

A majority (56%) of survey participants received the Pfizer
vaccine. This is similar to that seen in the United States (29).
Most participants had not received a booster at the time of
completing the survey, likely because the booster had not been
recommended for healthy adults. Those that received a booster
most commonly received Pfizer. Those that received a Moderna
booster had higher rates of side effects but the differences
were not significant due to the low numbers. Reports from
additional participants may provide insights on the impact of
COVID-19 boosters and risk of side effects. Post-vaccination
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exposure was relatively low (15%) suggesting participants may
have responded yes only if they met CDC criteria for a close
contact (30).

Similar to CDC reports (31-33), injection site reactions,
fatigue, headache, and muscle pain were the most common side
effects. When comparing the incidence of side effects in the
first/single dose group, J&J had a higher rate than Moderna
and Pfizer for most side effects including mild to moderate
and severe limitations. However, Moderna had a higher rate of
injection site reactions after the first dose. The higher incidence
of side effects with J&J may be because it is a viral vector, J&J
recipients were significantly less healthy per report, and/or J&]J
recipients had significantly higher rates of previous COVID-
19.

Given that the highest rates of side effects were seen after
the second/single dose, which is consistent with reports from
the CDC and other studies (31-34), we analyzed side effects by
demographics and health conditions by grouping second/single
dose responses together. Younger and female survey participants
had the highest incidence of most side effects regardless of the
vaccine administered. Similarly, the CDC (31-33) and Camacho
et al. (34) demonstrated higher rates of side effects in younger
adults (defined as 18-55 years by CDC and <50 years by
Camacho) and both Ahsan et al. (13) and Camacho et al. (34)
reported that females had more side effects. In addition to sex
and age, we did not find any other demographics and/or health
conditions that had a significant impact on side effects.

In multivariate analysis, the risk of side effects was
significantly higher after the second dose of Moderna than
after the second dose of Pfizer or a single dose of J&J. These
findings were similar to a study by Camacho et al. (34). Although
Moderna led to more side effects, Moderna contains a higher
concentration of mRNA compared to Pfizer (35) and previous
studies suggest that Moderna confers additional protective
immunity and leads to fewer breakthrough infections (36-39).

Our study had several limitations. First, our participant
population is not representative of the U.S. population,
particularly in terms of race, ethnicity, vaccination rates, and
co-morbidities. Only 30 states were represented. Second, AACC
required vaccination and proof of negative SARS-CoV-2 testing
(PCR or antigen) prior to attending the meeting. Therefore,
most participants were fully vaccinated. Third, our findings are
based on self-reported historical data and are subject to response
bias or misinterpretation of questions. Fourth, we were unable to
determine, due to the design of the survey, whether patients were
positive for SARS-CoV-2 before or after vaccination.

Younger people, females, and those receiving the second
dose of Moderna had more COVID-19 vaccine side effects
that may have led to moderate to severe limitations. This
observation may be explained by higher mRNA concentrations
(35). However, as shown in other studies, the increase in side
effects may be associated with additional protective immunity
and fewer breakthrough infections (36-39).
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