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Abstract

Introduction Active and passive surveillance studies have found that a greater proportion of females report
adverse events (AE) following receipt of either the COVID-19 or seasonal influenza vaccine compared to males. In
a predominately young adult female population of healthcare workers, we sought to determine the intersection
of biological sex and sociocultural gender differences in prospective active reporting of vaccine outcomes, which
remains poorly characterized.

Methods This cohort study enrolled Johns Hopkins Health System healthcare workers (HCWs) who were recruited
from the mandatory annual fall 2019-2022 influenza vaccine and the fall 2022 COVID-19 bivalent vaccine campaigns.
Vaccine recipients were enrolled the day of vaccination and AE surveys were administered two days post-vaccination
for bivalent COVID-19 and influenza vaccine recipients. Data were collected regarding the presence of a series of
solicited local and systemic AEs. Open-ended answers about participants'experiences with AEs also were collected for
the COVID-19 vaccine recipients.

Results Females were more likely to report local AEs after either influenza (OR=2.28, p=0.001) or COVID-19
(OR=2.57, p=0.008) vaccination compared to males, regardless of age or race. Males and females had comparable
probabilities of reporting systemic AEs after either influenza (OR=1.18, p=0.552) or COVID-19 (OR=0.96, p=0.907)
vaccination. Hormonal birth control use did not impact the rates of reported AEs following influenza vaccination
among reproductive-aged female HCWs. Women reported more interruptions in their daily routine following COVID-
19 vaccination than men and were more likely to seek out self-treatment. More women than men scheduled their
COVID-19 vaccination before their days off in anticipation of AEs.

Conclusions Our findings highlight the need for sex- and gender-inclusive policies to inform more effective
mandatory occupational health vaccination strategies. Further research is needed to evaluate the potential disruption
of AEs on occupational responsibilities following mandated vaccination for healthcare workers, a predominately
female population, and to more fully characterize the post-vaccination behavioral differences between men and
women.
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Research that addresses both the sex and gender differences of vaccine outcomes and behaviors is lacking. In
this survey study of healthcare workers, comprised of mostly reproductive-aged females/women, we investigated
biological sex (male/female) and gender (man/woman) differences in vaccine adverse events and outcomes

following either influenza or bivalent COVID-19 vaccination.

Regardless of age or race, females were more likely to report local (at injection site), but not systemic (whole
body), adverse events than males, consistent across influenza and bivalent COVID-19 vaccine cohorts. Sex
hormones are hypothesized to play a role in the differences in immune response following vaccination between
males and females. We investigated if hormonal birth control use among females may be associated with
differences in vaccine adverse events among the influenza vaccine cohort. However, there was no difference in the
likelihood of reporting adverse events between birth control users and non-users. Based on open-ended responses
to survey questions, women were found to report more interruptions to their daily routine than men following
COVID-19 vaccination. Women were also more likely to seek out self-treatment with over-the-counter medication
and intentionally schedule their vaccination around days off in anticipation of adverse events.

With nearly 80% of healthcare jobs held by women, even higher for direct patient care positions like nursing,
females/women may be disproportionately impacted by mandated annual vaccinations. Vaccinations are necessary
for the prevention of disease transmission; however, our findings highlight a need for more equitable occupational
vaccine strategies that consider both sex and gender differences.

Highlights

« Research that addresses both the sex and gender disparities of vaccine outcomes and behaviors is lacking.
« This active reporting study implements both logistic regression and thematic analyses to examine sex and gender
differences in AEs following influenza or bivalent COVID-19 vaccination among a cohort of predominately female,

reproductive-aged healthcare workers.

« Females report more local adverse events than males following either influenza or bivalent COVID-19 vaccination,

regardless of age or race.

« Women report more disruptions to their daily routines than men. Women also are more likely to seek out self-
treatment and schedule their vaccinations around days off in anticipation of adverse events.

« Sex and gender differences in vaccine AEs and outcomes should drive the development of more equitable
vaccine strategies and policies in occupational health settings, particularly for mandated vaccinations.

Keywords Birth control, COVID-19 mRNA vaccine, Seasonal influenza vaccine, Reactogenicity, Vaccine hesitancy

Introduction

In the general population, females report more adverse
events (AEs) than males to many vaccines, including the
influenza [1-3] and COVID-19 [1-5] vaccines. These dif-
ferences have been attributed to biological differences
between males and females (e.g., sex steroid effects on
inflammatory immune responses) as well as gender dif-
ferences (e.g., the socio-cultural differences between men
and women), including gender reporting bias [2, 4-9],
with few studies considering both sex and gender facets
in the same study population [2]. AEs occur when the
body mounts an immune response to the vaccine anti-
gen, increasing secretion of inflammatory cytokines and
recruitment of immune cells to the injection site, which
can also enter the bloodstream and lead to more systemic
AEs, such as fever, malaise, and fatigue [10]. Sex steroid
hormones (e.g., estrogens, androgens, and progesterone)
and their receptors have been hypothesized as critical
regulators of immune cell responses that cause differ-
ential cytokine secretion between males and females [9,
11-13]. In response to either infection or vaccination,

females have been shown to have greater immune acti-
vation, higher production of antibodies, and increased T
cell activation, possibly making them more likely to expe-
rience AEs compared to males [5, 9, 11, 12].

Beyond the physical impacts of AEs, experiences with
AEs following vaccination can influence vaccine atti-
tudes and patterns of uptake [14, 15]. The World Health
Organization lists vaccine hesitancy as one of the top ten
threats to global health [16]. In the general population,
vaccine hesitancy related to influenza and COVID-19 is
higher among women than men, which we and others
hypothesize to be due to the increased likelihood of AEs
in females than males [17-21]. We have shown previ-
ously that men consistently have higher influenza vaccine
acceptance than women, with White men often having
less hesitancy than either Black or White women or Black
men [22-24]. Similarly, male healthcare workers (HCWs)
have also been found to have lower COVID-19 vac-
cine hesitancy with higher vaccine uptake than women
[25-28].
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Among HCWs, many employment or state laws require
receipt of annual influenza vaccination to slow disease
transmission between providers and patients [29]. Dur-
ing the COVID-19 pandemic, COVID-19 vaccination
was nationally mandated for HCWs as terms of employ-
ment [30]. Despite SARS-CoV-2 becoming endemic with
consistent spread and mutations noted [31], COVID-19
vaccination requirements were terminated for HCWs
when federal legislation lifted the public health emer-
gency in May 2023 [30]; those policy changes have and
are anticipated to significantly impact future vaccine
uptake. With the healthcare workforce predominately
comprising of women [32], these mandated vaccinations
may disproportionately impact women’s vaccine-related
behaviors and perceptions as a result of their experiences
with vaccine adverse events compared to men.

During the COVID-19 pandemic, we conducted a sur-
vey study among highly vaccinated HCWs through the
Johns Hopkins Health System to explore sex and gender
differences in active, self-reported AEs following both
seasonal quadrivalent influenza and bivalent COVID-19
vaccines. We further explored AEs by race/ethnicity and
age among the influenza and COVID-19 vaccine recipi-
ents. Gender-related responses were collected with open-
ended questions about AEs after receipt of the bivalent
COVID-19 vaccine among women and men. Our goal
was to provide a thorough assessment of sex and gender
differences in AE reporting among HCWs to improve
policies and messaging around mandatory vaccine
programs.

Methods

Study design and participants

Our study involved two separate survey-based cohorts of
human participants, which were approved by the Johns
Hopkins Institutional Review Boards (IRB00259171,
IRB00091667). Influenza vaccination has been a long-
standing requirement at Johns Hopkins for anyone
working directly with patients or in a clinical setting;
additionally, during the pandemic from 2020 to 2022, a
policy requiring the same workers to receive COVID-19
vaccination was established. Reproductive-aged adult
(18-49) HCWs of the Johns Hopkins Health System
(JHHS) receiving the inactivated quadrivalent influenza
vaccine were considered eligible. Adult (=18) HCWs
receiving the 2022 Pfizer-BioNTech ancestral/Omicron
BA.5 bivalent COVID-19 vaccine were also considered
eligible. HCWs were recruited by fliers, emails, and
announcements about the annual vaccination program
and were able to self-enroll upon receipt of the influenza
vaccine at the hospital. For the COVID-19 vaccine study,
participants were recruited using flyers distributed at the
time of vaccination at key locations around the hospital
and self-enrolled electronically via REDCap. Consent
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was obtained for all participants as part of the enrollment
process. It should be noted that the influenza vaccine AE
data was collected as part of a larger study designed to
examine immunological vaccine responses by sex with
pre-specified sample sizes (n=50/sex) of females and
males. Completion of the AE event surveys was not man-
datory for influenza vaccine participants as it was not the
primary outcome measured for the larger study.

Data collection

Annual influenza AE vaccination data were collected
from September through October of 2019-2022. Bivalent
COVID-19 vaccine AE data was collected from Septem-
ber through October 2022. Influenza vaccine AE survey
forms, provided as a hard copy at the time of consent/
enrollment, were to be completed within two days post-
vaccination by participants and returned to study coor-
dinators in-person at their next scheduled visit. Bivalent
COVID-19 vaccine AE surveys were electronically
administered and collected via REDCap at two days post-
vaccination for those who agreed to participate at the
time of vaccination. Participants’ experience of local AEs
at the site of injection (i.e., warmth, redness, swelling,
short-duration pain, long-duration pain, and itchiness),
and systemic AEs (i.e., sweating, malaise, muscle aches,
insomnia, headaches, fever, and chills) were collected
as yes/no answers and tallied by category. The level of
inconvenience was measured by multiple choice answers.
Open-ended questions were included within the bivalent
COVID-19 vaccine study to explore reasons for vaccine
uptake and responses to AEs. All survey responses and
demographics were self-reported by participants. Male
and female terminology was used to refer to biological
differences. Man and woman terminology was used to
refer to gender differences in behaviors or outcomes.

Quantitative statistical analysis

Statistical analyses were performed using Stata 17.0 and
GraphPad Prism. Any AE was defined as having at least
one local or systemic AE. Sex differences in the report-
ing of AEs were analyzed using logistic regression mod-
els. Interaction terms were also included in the model
to examine age, race/ethnicity, or hormonal birth con-
trol effects on the probabilities of AEs by sex. Probabili-
ties were plotted along with 95% confidence intervals by
sex. P-values less than 0.05 were considered statistically
significant.

Qualitative analysis of open-ended questions within
COVID-19 vaccine AE survey

Open-ended questions regarding AEs were analyzed
using thematic analysis [33]. All open-ended responses
were retrieved from REDCap and the content of
each response was coded. Identified codes included
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interference with daily routines, self-medication, indi-
vidual concerns about vaccine protection, concerns for
others, and trust/belief in effectiveness. Themes emerged
surrounding adverse reactions (e.g., severity and self-
efficacy) and vaccine perceptions (e.g., benefits and effec-
tiveness). All responses were grouped under unifying
codes. Grouped responses were stratified by sex/gender.
All processes were performed via Word and Excel and
stored on Microsoft 365. Findings which were deemed
significant in that there were clear differences between
men and women or were discussed by multiple respon-
dents were reported.

Results
Participant characteristics
A total of 300 influenza vaccines (n=50 for females
and n=>50 for males per year) were administered across
the three study years (2019-20, 2021-22, and 2022-23)
with AE data available for 265 (88%) of the participants
and missing for 35 (12%; Table 1). Of these, 50.2% were
female (#=133) and 49.8% male (n=132). The average age
across the study was 30.75 years. Participants were pre-
dominately White at 60.8% (2=160), followed by Asian at
19.4% (n=>51), with 12.9% Black (n=34). For the influenza
cohort, 13.2% (n=35) identified as Hispanic or Latino.
For the bivalent COVID-19 vaccine cohort, 212 HCWs
enrolled and received vaccination with AE survey data
missing for 16 (8%) and available for 196 (92%) of those
participants, consisting of 76.5% (n=150) females and
23.5% (n=46) males (Table 1). The average age was
38.4 years and the cohort predominately consisted of
White participants at 64.8% (n=160) followed by Asian

Table 1 Study participant demographics
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participants at 20.9% (n=41), and Black participants at
8.7% (n=17).

AEs were predominately localized and mild

Among the 265 total influenza HCW recipients across
the three years, 164 (62%) reported having at least one
AE with 57% (n=94) having only local AEs, 21% (n=35)
having only systemic AEs, and 21% (n=35) having both
local and systemic AEs. Of the 178 that responded to the
question about level of inconvenience, the majority of
recipients (n=142, 80%) did not experience any inconve-
nience when surveyed two days post-vaccination. 17% of
HCWs (n=31) reported mild inconvenience where they
were able to do 75-99% of their daily activities, 2% (n=4)
reported moderate inconvenience where they were able
to do 25-75% of their daily activities, and only 1% (n=1)
reported severe inconvenience with capacity to do 0-25%
of their daily activities.

Among the 196 bivalent COVID-19 vaccine recipi-
ents in 2022, 86% (n=169) of participants reported at
least one AE. Of those, 30% reported only local AEs, 18%
reported only systemic AEs, and 51% reported having
both local and systemic AEs. The majority (53%, n=90)
did not experience any inconvenience with their daily
activities. 23% reported mild inconvenience where they
were able to do 75-99% of their daily activities. 18% of
HCWs reported moderate inconvenience and were able
to do 25-75% of their daily activities. Only 5% reported
being severely inconvenienced with the ability to do
0-25% of their daily activities. Overall, these data suggest
that experiencing mild AEs is common following vacci-
nation with minimal impairment to daily activities.

Influenza vaccine cohort

Bivalent COVID-19 vaccine cohort

Season 2019-20 2021-22 2022-23 Total 2022-23
Sex, n (%)

Male 45 (50.6%) 40 (45.45%) 47 (53.4%) 132 (49.8%) 46 (23.5%)
Female 44 (49.4%) 48 (54.55%) 41 (46.6%) 133 (50.2%) 150 (76.5%)
Ethnicity, n (%)

Hispanic or Latino 15 (16.9%) 11(12.5%) 9 (10.2%) 35(13.2%) n/a

Race, n (%)

White 44 (50.6%) 67 (76.1%) 49 (55.7%) 160 (60.8%) 127 (64.8%)
Asian 15 (17.2%) 12 (13.6%) 24 (27.3%) 51 (19.4%) 41 (20.9%)
Black 16 (18.4%) 6 (6.8%) 12 (13.6%) 34 (12.9%) 17 (8.7%)
American Indian 2 (2.3%) 1(1.1%) 0 (0%) 3(1.1%) 0 (0%)
Native Hawaiian 0 (0%) 2 (2.3%) 0 (0%) 2 (0.8%) 0 (0%)
Other 8(9.2%) 0 (0%) 3 (3.4%) 11 (4.2%) 11 (5.6%)
Unknown 2 (2.3%) 0 (0%) 0 (0%) 2 (0.8%) 0 (0%)
Age, mean (SD) 3045 (6.9) 31.01 (6.7) 30.8(7.6) 30.75 (7.0) 384 (12.3)
Any AE, n (%) 63 (71.8%) 55 (62.5%) 46 (52.3%) 164 (61.9%) 169 (86.2%)
Any local AE, n (%) 52 (584%) 41 (46.6%) 36 (40.9%) 129 (48.7%) 138 (70.4%)
Any systemic AE, n (%) 24 (27.0%) 26 (29.6%) 20 (22.7%) 70 (26.4%) 118 (60.2%)
Total 89 (33.6%) 88 (33.2%) 88 (33.2%) 265 196
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Females are more likely to report local AEs, regardless of
age

For the influenza vaccine cohort, logistic regression
models (Fig. 1a) for probabilities of reporting any AE,
any local, or any systemic AE, adjusted for sex, demon-
strated that age was not significantly associated with AE
reporting. Inclusion of an age-by-sex interaction term
in the models (Fig. 1a) revealed that the effect of age on
the probability of reporting any AE, any local AE or any
systemic AE after influenza vaccination of HCWs did not
vary by sex. The average age of our HCW cohorts receiv-
ing the influenza vaccine (30.45 * 6.9, range: 21-49) was
relatively young and reproductive-aged (18—49).

Logistic regression models for probabilities of report-
ing any AE (at least one local or systemic AE) among
influenza vaccine recipients across all three seasons
showed that females had a significantly greater probabil-
ity of reporting AEs compared to males (OR=2.02, 95%
CI: 1.2-3.4, p=0.007; Fig. 1b). Females had a significantly
greater probability of reporting any local AE compared
to males (OR=2.28, 95% CIL: 1.4-3.7, p=0.001; Fig. 1c),
whereas the probability of reporting any systemic AE was
comparable between males and females (OR=1.18, 95%
CI: 0.68-2.0, p=0.552; Fig. 1d).
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For the bivalent COVID-19 vaccine cohort, logistic
regression models (Fig. 2a) revealed no significant asso-
ciation of age with the probabilities of reporting any AE,
any local, nor any systemic AE after adjusting for sex.
The probability of reporting any AE, any local AE, or any
systemic AE was similar across ages for both male and
female HCWs following bivalent COVID-19 vaccination
(Fig. 2a). The average age of our HCW cohort receiv-
ing the bivalent COVID-19 vaccine (38.4 % 12.3; range:
22-75) was relatively young with less than 25% of the
participants over 50 years old. Taken together, these data
suggest that age does not contribute to the probability of
reporting an AE, regardless of vaccine type.

There was no significant difference in the probability
of reporting any AE following bivalent COVID-19 vac-
cination between males and females (OR=2.14, 95% CI:
0.89-5.1, p=0.09; Fig. 2b). Female HCWs, however, had a
significantly greater probability of reporting any local AE
compared to males (OR=2.57, 95% CI: 1.3-5.2, p=0.008;
Fig. 2c). Systemic AEs were similarly reported by males
and females (OR=0.96, 95% CI: 0.49-1.9, p=0.907;
Fig. 2d).

a
Logistic Model Age p-value 95% CI QU inicaction p-value 95% ClI
coefficient coefficient
Any AE -0.01 0.64 -0.04, 0.02 0.003 0.93 -0.07, 0.08
Any local AE -0.01 0.61 -0.04, 0.03 0.02 0.64 -0.05, 0.09
Any systemic AE -0.01 0.37 -0.06, 0.02 -0.04 0.30 -0.12, 0.04
b c d
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Fig. 1 A greater proportion of female than male healthcare workers report local adverse events (AE) following annual inactivated quadrivalent influenza
vaccination, regardless of age. A total of 300 quadrivalent influenzas vaccines were administered (151 males and 149 females) to healthcare workers
(HCWs) during the 2019-2022 seasons, with AE data available for 265 of those participants (132 males and 133 females). (a) Logistic regression models for
any AE, any local (i.e, at the site of injection), and any systemic AE were used to assess the effect of continuous age, after adjusting for sex, or with an age-
sex interaction term. Coefficients and p-values are shown for the models. Neither age nor age-sex interactions were significantly associated with the prob-
ability of reporting AEs following quadrivalent influenza vaccination; therefore, we focused on the effect of sex. (b-d) We performed sex-disaggregated
analyses of local and systemic AE using logistic regression models to compare probabilities for (b) any AE, (c) any local AE, or (d) any systemic AE. Probabili-
ties of AEs along with 95% confidence intervals are shown along with p-values for sex comparisons. Asterisk (*) indicates statistical significance at p <0.05
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a
Logistic Model Age p-value 95% ClI Aggssexiimcraction p-value 95% CI
coefficient coefficient
Any AE -0.03 0.05 -0.12, 1.64 0.02 0.50 -0.4, 0.08
Any local AE -0.02 0.08 -0.05, 0.002 -0.02 0.46 -0.07, 0.03
Any systemic AE -0.01 0.60 -0.7, 0.64 0.05 0.07 -0.003, 0.10
b c d
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Fig. 2 Females, regardless of age, have a higher probability than males of reporting any local adverse event (AE) following the bivalent Omicron an-
cestral/BA.5 COVID-19 vaccination. A total of 196 HCWs (46 males and 150 females) received bivalent COVID-19 vaccines, enrolled, and completed AE
data in the 2022-23 season. (a) Logistic regression models for any AE, any local, and any systemic AE were used to assess the effect of continuous age,
after adjusting for sex, or with an age-sex interaction term. Coefficients and p-values are shown for the models. Age and age-sex interactions were not
significantly associated with the probability of reporting AEs following bivalent COVID-19 vaccination; therefore, we focused on the effect of sex. (b-d) We
performed sex-disaggregated analyses of local and systemic AE using logistic regression models to compare probabilities for (b) any AE, (c) any local AE,
or (d) any systemic AE. Probabilities of AEs along with 95% confidence intervals are shown along with p-values for sex comparisons. Asterisk (*) indicates

statistical significance at p <0.05

Sex differences of AEs are consistent across race categories
in response to the influenza vaccination

Among the influenza vaccine HCW cohort, there were
more females than males among those identifying as
White (=84, 52.5% females; n=76, 47.5% males) or
Black (n=21, 61.8% females; n=13, 38.2% males; Fig. 3a).
For those identifying as Asian (n=22, 43.1% females;
n=29, 56.9% males) or other (n=5, 27.8% females; n=13,
72.2% males), there were more males than females
(Fig. 3a). The logistic regression model for the probabil-
ity of any AE with an interaction term for race and sex,
adjusted for age, revealed that regardless of race, females
consistently had greater probabilities of reporting any AE
compared to males (Fig. 3b). The interaction model did
not show statically significant differences for reporting
of any AE between males and females across race catego-
ries except for Black respondents, likely due to smaller
sample sizes (Fig. 3a-b). The probability of reporting any
local AE consistently had a female bias with White and
Black females having significantly greater probabilities of
reporting any local AE (Fig. 3c). Systemic AEs were not
significantly different between males and females across
all race categories (Fig. 3d). Race-disaggregated analy-
ses were not performed with the COVID-19 AE dataset
due to insufficient numbers of males to compare against
females across race/ethnicity categories in the cohort.

Hormonal birth control use among females was not
associated with the probability of reporting AEs after
influenza vaccination

Birth control use (e.g., barrier method, oral contracep-
tives, IUD, etc.) data was collected at enrollment for
132 females with 55% (z=72) on birth control and 45%
(n=60) not on birth control (Fig. 4a) in the influenza
vaccine cohort only. The average ages of female birth
control users and non-users were 32.5 and 30.3 years,
respectively. Among birth control users, hormonal birth
control was the most common method with 44% (n=32)
using oral contraceptives and 36% (n=26) using IUDs.
Females who used the barrier method (n=2 of 72) were
excluded to limit the birth control users to those using
hormonal methods. Using logistic regression models, we
assessed if the probability of reporting any AE (Fig. 4b),
any local (Fig. 4c), and any systemic AE (Fig. 4d) differed
by hormonal birth control use among females. The prob-
abilities of reporting any AE (OR=1.43, 95% CI: 0.66-3.1,
p=0.36), any local (OR=0.94, 95% CI: 0.46-1.9, p=0.85),
or any systemic AE (OR=1.78, 95% CI: 0.8-3.95, p=0.16)
were similar between females using and not using birth
control. Additionally, disaggregation of data by route of
hormonal birth control administration revealed that
the probabilities of reporting any AE (Fig. 4e; OR=0.63,
p=0.42), any local AE (Fig. 4f; OR=0.86, p=0.75), and
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a
Race Category, ni (%) Male H Female Total
White 76 (47.5%) 84 (52.5%) 160 (60.4%)
Asian 29 (56.86%) 22 (43.14%) 51 (19.3%)
Black 13 (38.24%) 21 (61.76%) 34 (12.8%)
Other 13 (72.22%) 5 (27.78%) 18 (6.8%)
Missing 1 (50%) 1 (50%) 2 (0.8%)
Total 132 (49.8%) 133 (50.2%) 265 (100%)
b c d
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Fig. 3 Females have a higher probability than males of reporting local adverse events (AEs) following annual inactivated quadrivalent influenza vac-
cination, regardless of race. (a) Descriptive table showing the breakdown of race categories by biological sex across the cumulative seasonal influenza
seasons among healthcare workers. (b) Age-adjusted logistic regression model with a race-sex interaction term for any AE, (c) any local AE, or (d) any
systemic AE. Probabilities of AEs along with 95% confidence intervals are shown along with p-values for sex comparisons. Asterisk (*) indicates statistical

significance at p <0.05

any systemic AE (Fig. 4g; OR=0.66, p=0.43) were not sig-
nificantly different between systemic and local hormonal
birth control users. These data suggest that exogenous
hormones, regardless of route of administration, are no
more likely than endogenous hormones to impact experi-
encing AEs in young adults of reproductive ages.

Women are more likely to report daily life disruptions
following COVID-19 vaccination

Analyses of the open-ended survey answers completed
by n=195 bivalent COVID-19 vaccine recipients revealed
that female HCWs were more likely to report disruptions
in their daily activities than males after receipt of the
COVID-19 vaccination. 58 of 150 (38.7%) women men-
tioned experiencing sleep disruption or changes in daily
routine due to AEs following vaccination compared to
14 of 45 (31.1%) men. Women also mentioned that AEs
affected their ability to take care of their families.

[The vaccine] made me sleep for 10 h, with other
symptoms, usually sleep 7-8 h. Felt harder to do
activities of daily living and needed to lie down the
next afternoon. [White_W_4]

[1] didn’t clean up from dinner or do my usual
heavy lifting in terms of getting the kids to bed.
[White_W_31]

[I was] not able to take care of my baby.
[White_W_113]

I relate the insommnia with having chills and hot
flashes during the night, what made it difficult to fall
asleep. [White_M_27]

[1] did not go in to work next day. [White_M_154]

Women and men differed in how they responded to AEs
Women and men differed in how they responded to AEs.
36 of 150 (24.0%) women reported self-administration
of medications to mitigate symptoms of their AEs after
receiving the bivalent COVID-19 vaccine compared to
7 of 45 (15.6%) men, which is likely a reflection of more
women experiencing AEs overall. Ibuprofen, acetamino-
phen, and over-the-counter pain relief medications were
commonly used among those who did self-treat.



Yin et al. Biology of Sex Differences (2024) 15:50

Page 8 of 13

a
Birth Control Use
BC No BC
Age, mean (SD) 32.5 (8.5) 30.3 (6.9)
Type, n (%)
Non-hormonal Barrier method 2 (2.8%) -
Oral contraceptive 32 (44.4%) -
Systemic BC  Birth control shot 1(1.4%) -
Other (e.g., arm implant) 5 (6.9%) -
IUD 26 (36.1% -
Local BC . . ( o °)
Vaginal ring 6 (8.3%) -
Total 72 60
b 1] c 1 d 1
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Fig. 4 Hormonal birth control use among female healthcare workers did not impact the probability of reporting adverse events (AEs) after influenza
vaccination, regardless of route of administration. (a) Table of female healthcare workers, disaggregated by hormonal birth control (BC) use. Logistic
regression models were used to examine probabilities of local and systemic AEs following (b-g) annual influenza vaccination from 2019-2022 seasons
among female healthcare workers by BC use (b-d) or by route of hormonal BC administration (e-g). Comparisons of probabilities for (b, e) any, (c, f) any
local, or (d, g) any systemic AE following influenza vaccination are shown along with 95% confidence intervals, respectively. P<0.05 for BC differences

were considered statistically significant

I took the recommended dose (2 capsules) of Tylenol
every 6 h for 18 h starting 24 h after the vaccination.
[White_W_69]

[I took] Acetaminophen and ibuprofen as well as
increased electrolytes and hydration. [White_W_48]

I took an Advil to alleviate the headache.
[Other_M_186]

Some women expected to experience AEs and intention-
ally scheduled their COVID-19 vaccinations prior to days
off; for example, scheduling the vaccine on a Friday so
they did not have to miss work should they experience an
AE.

Just know to plan for a Friday. Glad it was the week-
end as I would have missed a day of work. I got the
shot on a Friday on purpose as I had a bad reaction
before with one of the others. [White_W _71]
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Planned the timing of the injection based on previ-
ous reactions so that I would be able to rest at home.
[White_W_57]

Discussion

We performed sex- and gender-disaggregated analyses of
AE survey data for two different mandated vaccines—the
quadrivalent influenza and bivalent COVID-19 vaccine—
to examine vaccine outcomes and vaccine-related behav-
iors among a cohort of adult HCWs, which can inform
public and occupational health vaccine strategies and
policies.

In our study population, influenza and COVID-19
vaccines do not cause serious AEs with localized, mild
AEs being the most common experience [34, 35]. The
bivalent COVID-19 vaccine recipients reported higher
rates of AEs compared to influenza vaccine recipients in
our cohorts, consistent with a retrospective analysis of
VAERS data [36]. Increased AE reporting rates among
COVID-19 vaccine recipients may be potentially con-
founded by the heightened scrutiny and vaccine hesi-
tancy against mRNA COVID-19 vaccines at the time but
is still important to note for public health and education
purposes. While the term “adverse event” may suggest
harmful or negative effects, non-serious AEs are nor-
mal and healthy manifestations of the immune system’s
response to the vaccine antigen [10]. Transparent and
consistent reporting of AEs is imperative to normalize
these vaccine-related experiences, mitigate fear and mis-
information, and encourage vaccine uptake.

Studies identifying age effects on the reporting of AEs
are most common among older aged vaccinees (i.e.,
65 years and older). Among adults 75 years and older,
females have a greater probability of reporting any AE,
either local or systemic, which significantly decreases
with increasing age for females, but not for males, after
influenza vaccination [2]. Further, the proportion of
COVID-19 vaccine AEs is greatest among younger adults
(i.e., 18—64 years of age) while the proportion of seri-
ous AEs is greatest among older adults (i.e., 65 years and
older) [37]. Our analyses did not identify a significant
age effect on the reporting of AEs following influenza or
COVID-19 bivalent vaccination, likely because the cohort
was predominately younger and reproductive-aged indi-
viduals, a population that has not been previously evalu-
ated in the context of AEs following vaccination.

Sex-disaggregated analyses reveal that female HCWs
were significantly more likely to report local AEs, but not
systemic AEs, after receipt of either the influenza vac-
cine or bivalent COVID-19 vaccine. Similarly, an active
surveillance study of predominately younger adults (i.e.,
20-49 years of age) in South Korea reported females
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having significantly more AEs, local or systemic, after
receiving the first dose of ChAdOx1 nCoV-19 (AstraZen-
eca/Oxford) vaccine as compared to males based on self-
reported survey results at 3 days post-vaccination [38].
In another highly vaccinated population of older adults
(75+), females had greater probabilities of reporting
local AEs, but not systemic AE, compared to males after
receipt of the high-dose quadrivalent influenza vaccine as
measured by AE surveys [2]. Real-world data extracted
from the Vaccine Adverse Event Reporting System
(VAERS) highlight that although more adult (i.e., 18-64
years of age) females reported AEs within one week of
COVID-19 vaccination, males have 1.5 times greater
odds of reporting serious AEs [37].

Further disaggregation by sex and self-reported race
demonstrates that females, regardless of race, consis-
tently have a higher probability of experiencing local
AEs with sex comparisons of White or Black participants
reaching statistical significance. The probability of expe-
riencing a systemic AE was comparable between sexes,
regardless of race. While we did not find differences
among racial categories, consideration for race and eth-
nicity analyses are important for vaccine studies. Race
is not a biological variable associated with AEs, but race
and ethnicity have been widely reported as important
predictors of vaccine behaviors and perceptions [1, 39—
42]. In a survey study of over 10,000 HCWs, COVID-19
vaccine hesitancy is highest among Black and Hispanic or
Latino HCWs when compared to White HCWs with con-
cerns about side effects being the most frequently cited
reason [39].

Sex differences in adverse events are not specific to
vaccines and have also been reported for other therapies,
such as cancer immunotherapies, suggesting an underly-
ing biological mechanism [43—45]. In a study of small-cell
lung cancer patients receiving chemotherapy, although a
greater proportion of females have more chemotherapy
toxicity (e.g., hematologic toxicity, stomatitis, and vomit-
ing) than males, females also have higher response rates
and longer median survival times than males [44]. A
meta-analysis of 202 clinical trials of cytotoxic therapy,
immunotherapy, and targeted therapies [38] reported
that females have significantly greater odds of severe
toxicity and a 66% increased risk of symptomatic AEs
compared to males. Unlike vaccines that are mass-pro-
duced, personalized medicine may provide new avenues
for other therapies or drugs, especially those with more
severe AEs, to address sex differences in AEs [46].

The female-bias in AEs has been documented for
COVID-19 and influenza vaccination [2, 3, 17, 47, 48],
yet the role of sex steroid hormones in the manifestation
of vaccine AEs for either males or females is not clearly
understood. Although our study was not designed to
evaluate the hormonal and immunological responses
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associated with post-vaccination AEs, we used hormonal
birth control data (e.g., contraceptive use, IUD, implant,
etc.) among females as a surrogate to assess if exogenous
hormones were associated with reporting of AEs. Our
data revealed that reporting of AEs did not differ by hor-
monal birth control use among young, reproductive-aged
female HCWs. This may be due to reproductive-aged
females already having sufficient endogenous sex steroid
hormones such that birth control (i.e., exogenous hor-
mones) did not change the experiences of vaccine AEs.
Whether exogenous hormone use among postmeno-
pausal women affects the experiences of vaccine AEs
requires consideration.

While more studies are implementing sex-disaggre-
gated analyses, gender-disaggregated analyses are sparse
in biomedical research due to the lack of an objective,
standardized methodology for measuring gender and
persistent misunderstanding of how to define gender and
sex. Examining vaccine outcomes and behaviors with
a gender lens (i.e., consideration of how social or cul-
tural norms impact behavior) can inform public health
messaging strategies and improve vaccine uptake. For
instance, studies have found women have greater influ-
enza and COVID-19 vaccine hesitancy compared to men
worldwide [22, 23, 40, 49-51]. A survey of HCWs in New
York found that men had a higher likelihood of planning
to get the COVID-19 vaccine within the next six months
than women [27]. Although pregnancy and breastfeed-
ing have been hypothesized as factors contributing to
reduced vaccine uptake among women, a previous study
found no differences in vaccination uptake between
reproductive-aged and non-reproductive-aged women
[27]. HCWs are a unique population with increased
access to accurate vaccine and medical information, yet
vaccine hesitancy, particularly due to AEs, persists even
when vaccines are mandatory because of occupational
exposure and spread [25, 26, 28].

Gender differences in vaccine behaviors pertaining to
AEs are understudied. To our knowledge, we are among
the first to integrate qualitative measures through open-
ended survey questions to provide insight and context for
differences in vaccine AE perceptions among men and
women. Our qualitative thematic analysis of open-ended
answers revealed that, by proportion, more women men-
tioned seeking out self-treatment (e.g., over-the-counter
pain medications) for their AEs and to experience dis-
ruptions in their daily routines than men after bivalent
COVID-19 vaccination. Compared to men, women men-
tioned that AEs affected their ability to take care of their
families, which is likely related to the gender norms and
roles around caregiving in the United States [52]. In the
meta-analysis [8], more women than men reported expe-
riencing moderate to severe levels of inconvenience after
influenza vaccination. In our study, experience of AEs
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from prior vaccinations motivated some women, but not
men, to schedule their COVID-19 vaccinations on a day
prior to their scheduled time off. Further interrogation of
these gender differences in vaccine AE-related behaviors
may inform vaccine campaign strategies or messaging,
particularly among working-aged populations who are
mandated to take vaccines due to occupational exposure
or spread.

According to the 2019 U.S. Census Bureau women
comprised 76% of healthcare jobs with 85% of nursing
and health aide positions held by women [32]. We found
that women HCWs were more likely to experience AEs
than men and were more likely to seek out self-treatment
and/or schedule vaccination prior to their days off from
work. In a California survey of over 2,000 HCWs study-
ing COVID-19 vaccine side effects, 28% experienced
side effects that were disruptive to work and 18% missed
work [53]. The authors also found that 6.7% of physicians
missed work as compared to 21.2% of other HCW roles.
Presenteeism, working despite feeling unwell or sick,
and absenteeism are linked to occupational expectations
and pressures that may differ across HCW roles, and can
impact the quality of patient care, occupational burn-
out, and employee morale [53]. With nearly 9 million
HCWs nationwide receiving mandated vaccinations, we
can expect that millions of workers will experience AEs
annually with potential occupational health and labor
force implications, including increased vaccine hesitancy,
missed work, and disruptions to recognized time off,
that may disproportionately affect women. Our data add
gender to the list of factors that need to be considered in
policies surrounding mandatory vaccines, including, for
example, receipt of paid medical leave.

Limitations

There are several limitations to this study. First, the
enrollment criteria (e.g., limited age range) were differ-
ent and did not allow for deeper interrogation into the
effects of longitudinal age-related differences in our two
cohorts. The sample size of males and females enrolled
were only pre-specified and balanced for the influenza
vaccine cohort (#=50 females and 50 males per season)
and not the bivalent COVID-19 vaccine cohort (z=150
females and 46 males); therefore, the COVID-19 vaccine
cohort may be more representative of the HCW demo-
graphics. Highly vaccinated HCWs are more likely to be
biased towards vaccine acceptance and the interpreta-
tions made from this unique demographic may not be
applicable to non-HCW populations. Second, the crite-
ria and definitions for local and systemic AEs used may
differ from other studies. AEs were surveyed two days
post-vaccination, so we were unable to assess AEs after
administration of the questionnaires. Third, we did not
conduct in-depth interviews nor balance sample sizes
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for the gender difference analyses. Open-ended survey
responses were used for the thematic analysis of vac-
cine-related behaviors and predominately consisted of
responses from women, due to the demographics and
study design for the COVID-19 vaccine cohort. Lastly,
biological samples were not collected from participants;
therefore, we were unable to study the immunological
mechanisms by which sex causes differences in AEs.

Conclusions

Our AE survey study of HCWs following either influenza
or bivalent COVID-19 vaccination demonstrates that
females were more likely to experience local AEs than
males. More women reported experiencing interrup-
tions in their daily routines and to self-treat AEs. Addi-
tionally, more women reported scheduling their vaccines
on a day before their scheduled time off in anticipation
of AEs. Future qualitative studies should explore these
gender differences in more detail. These data highlight
the importance of considering sex and gender in public
health and occupational health vaccine strategies and
communications, particularly when targeting the pre-
dominately female healthcare workforce. Further sex-
and gender- disaggregated research is needed to build
more equitable and effective vaccine strategies with con-
sideration for differences in AEs. Development of such
strategies is not only important for seasonal vaccination
planning, but also for planning effective vaccination cam-
paigns for HCWs during pandemics.
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