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Abstract

Background: Subdeltoid bursitis has been reported as an adverse event after intramuscular
vaccination in the deltoid muscle. Most published case reports involved influenza vaccine.

Objective: To estimate the risk for subdeltoid bursitis after influenza vaccination.
Design: Retrospective cohort study.

Setting: The Vaccine Safety Datalink, which contains health encounter data for 10.2 million
members of 7 U.S. health care organizations.

Patients: Persons who received an inactivated influenza vaccine during the 2016-2017 influenza
season.

Measurements: Potential incident cases were identified by searching administrative data for
persons with a shoulder bursitis diagnostic code within 180 days after receiving an injectable
influenza vaccine in the same arm. The date of reported bursitis symptom onset was abstracted
from the medical record. A self-controlled risk interval analysis was used to calculate the
incidence rate ratio of bursitis in a risk interval of 0 to 2 days after vaccination versus a control
interval of 30 to 60 days, which represents the background rate. The attributable risk was also
estimated.

Results: The cohort included 2 943 493 vaccinated persons. Sixteen cases of symptom onset in
the risk interval and 51 cases of symptom onset in the control interval were identified. The median
age of persons in the risk interval was 57.5 years (range, 24 to 98 years), and 69% were women.
The incidence rate ratio was 3.24 (95% Cl, 1.85 to 5.68). The attributable risk was 7.78 (Cl, 2.19
to 13.38) additional cases of bursitis per 1 million persons vaccinated.

Limitation: The results may not be generalizable to vaccinations done in other types of health
care settings.

Conclusion: Although an increased risk for bursitis after vaccination was present, the absolute
risk was small.

Primary Funding Source: Centers for Disease Control and Prevention.

Subdeltoid bursitis, characterized by pain and loss of motion in the shoulder, has been
reported as an adverse event after intramuscular vaccination in the deltoid muscle (1).
Subdeltoid or subacromial bursitis, which we will refer to as “subdeltoid bursitis” or
“bursitis,” is common, with a prevalence around 1% in the general U.S. population (2), and
often develops as a result of injury or overuse. For many patients, rest and anti-inflammatory
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medications can lead to symptom resolution within a few weeks, although physical therapy,
steroid injections, or surgery may be used in refractory cases.

In 2012, the Institute of Medicine published a report on adverse effects of vaccines.

Among other findings, the report concluded that “the evidence convincingly supports a
causal relationship between the injection of a vaccine and deltoid bursitis” (1). Although

it noted the lack of epidemiologic evidence for this relationship, it based this conclusion

on published case reports of 16 patients with bursitis after intramuscular vaccine injection
(1). The proposed mechanism by which vaccination could cause bursitis is injection of the
vaccine into the bursa, either by injecting too close to the acromion process or by injecting
through the deltoid muscle (3, 4). Since 2012, additional case reports have been published
describing the relationship between intramuscular vaccination and subdeltoid bursitis (4-7).
From 2012 to 2016, the number of claims for shoulder adverse events submitted to the
National Vaccine Injury Compensation Program increased by 20-fold (8), suggesting an
increased awareness, but population-based evidence is needed to understand how common
these adverse events are or what risk factors may be involved. Most published case reports
involved influenza vaccine (4, 5, 7-10), which is recommended each year for persons

aged 6 months or older in the United States (11), where more than 160 million doses are
distributed annually (12). Our objective was to enhance the rigor of epidemiologic evidence
by estimating the risk for subdeltoid bursitis after influenza vaccination.

Study Overview

This was a retrospective cohort study using data from the Vaccine Safety Datalink, a
collaborative project involving the Centers for Disease Control and Prevention (CDC) and
several integrated health care delivery systems (sites) (13). This study used data from 7
sites, with a combined population of approximately 10.2 million members. We studied
influenza vaccinations received from 1 September 2016 through 1 June 2017. We first used
administrative health care data to identify the study population and then did manual medical
record abstraction to collect additional information on presumptive bursitis cases. The study
was approved by institutional review boards at the CDC and each participating site.

Study Sample

Eligibility criteria included receipt of an inactivated influenza vaccine (11V) in the arm
during the 2016-2017 influenza season, age 3 years or older on the date of vaccination, and
continuous enrollment in the site’s health care organization from at least 180 days before
the 11V dose through 180 days after. For patients with multiple 11V vaccinations during the
2016-2017 influenza season, we included only the vaccination with the earliest date. We
excluded children younger than 3 years because they are typically vaccinated in the lateral
thigh (14). The enrollment requirement was to allow adequate time before the vaccination
to detect preexisting shoulder conditions and after the vaccination for presentation and

new bursitis diagnoses to be made. We excluded patients if laterality of vaccination or
bursitis diagnosis could not be determined from administrative health care data; if they had
International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM),
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diagnostic codes for bursitis or related shoulder conditions in that arm before vaccination;
or if they received any other vaccinations in the same arm in the 180 days after the 11V
vaccination. Persons who received other vaccines on the same day were not excluded.

Three ICD-10-CM diagnostic codes are used to indicate shoulder bursitis or a related
shoulder bursa diagnosis (M75.5* [bursitis of shoulder], M71.31* [other bursal cyst,
shoulder], and M71.81* [other specified bursopathies, shoulder]). These codes are side
specific, indicating to which shoulder the diagnosis applies. Patients with any of these codes
recorded during the 180 days after receipt of 11V for the arm that was vaccinated were
presumptive cases.

We manually abstracted medical records for all presumptive cases at 5 sites, which each had
fewer than 100 cases. We selected a random sample of 150 presumptive cases for medical
record abstraction at the remaining 2 sites, which had a larger number than was feasible to
review manually. We determined a priori that at least 225 charts would have to be abstracted
to detect an incidence rate ratio (IRR) of 2.0 or greater with a power of 0.8 and a of 0.05.
Our final number of charts abstracted allowed us to detect an IRR of 1.7 or greater (15,

16). We excluded presumptive cases if abstraction identified a miscode for the outcome or a
rule-out diagnosis, there was evidence of a preexisting shoulder condition before vaccination
in the medical records, or adequate medical records were not available.

On the basis of chart abstraction, we defined cases with 3 levels of diagnostic certainty:
definite (bursitis diagnosis confirmed by ultrasonography, magnetic resonance imaging, or
surgical findings, or the patient reported a positive response to a corticosteroid injection
associated with a bursitis diagnosis), probable (bursitis diagnosis made or confirmed

by a musculoskeletal specialty provider, including orthopedic surgeon, rheumatologist,
physiatrist, or physical or occupational therapy provider), or possible (bursitis diagnosis
made by any other provider).

Chart abstractors collected variables of interest not available in administrative data,
including the credentials of the vaccinator; vaccination setting; patient height and weight;
and patient statements about date of symptom onset, to what causes the patient attributed
their symptoms, and when symptoms resolved. Chart abstractors collected information
about symptom onset from up to 4 different medical encounters: the visit on the date of
vaccination, the first visit in which the patient mentioned the shoulder symptoms, the first
visit in which a bursitis diagnosis was assigned, and the first visit to a specialty provider.
We reviewed the symptom onset statements for precision and consistency among visits.
We classified symptom onset statements into 3 categories of precision: exact (a specific
day was indicated), approximate (symptom duration was stated in definite units of time
but did not specify an exact date [for example, “3 weeks”]), or vague (duration was stated
using indefinite units of time, such as “a few weeks”). For records with approximate or
vague statements, adjudicators assigned an estimated onset date by back calculating from the
medical visit date at which the statement was documented.
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Medical record abstraction data were collected and managed using REDCap electronic
data capture tools (17, 18). The abstraction form is shown in the Supplement (available at
Annals.org).

Statistical Analysis

We did a self-controlled risk interval analysis, which compared incidence of subdeltoid
bursitis with symptom onset during a postvaccination risk interval versus incidence during
a control interval (16, 19). We prespecified the risk interval as the first 3 days after 11V
vaccination (days 0 to 2, where day 0 is the day of vaccination), which we selected on the
basis of a prior case series of shoulder adverse events related to vaccine administration (8).
We defined the control interval as days 30 to 60 after vaccination, which we selected to
represent the background rate (that is, a time during which the outcome is not influenced
by vaccination). The case ascertainment period of 180 days after vaccination ensured that
persons with symptom onset during both the risk and control intervals would have adequate
time to present for care and receive a bursitis diagnosis. We calculated the IRR and the
Wald 95% CI using Poisson regression (GENMOD procedure) in SAS, version 9.4 (SAS
Institute). The model independent variable was the number of cases occurring during the
interval. The dependent variable was an indicator of risk or control interval. The offset term
was the log of the number of person-days in each interval, which accounts for different
interval lengths. Each person contributed person time to both intervals, thereby implicitly
acting as their own control, and could only be counted as a case once during the follow-up.

To estimate the attributable risk, we first calculated the incidence rate in each interval as

the number of cases divided by the number of vaccinated person-days in the interval. We
used the Byar method to calculate the Cls of the difference between risk and control interval
incidence rates and multiplied the results by the length of the risk interval. To account for
random sampling of chart reviews done at 2 sites, we adjusted the vaccinated person-days by
the chart-sampling fraction at each site.

We did sensitivity analyses to see how the strength of association would change with
changes in risk or control intervals, levels of diagnostic certainty, or precision of symptom
onset date information. We also performed an exploratory, non-self-controlled analysis of
potential risk factors for vaccine-associated bursitis by comparing characteristics of cases
with symptom onset during the risk interval with cases with symptom onset during the
control interval using the Fisher exact and Kruskal-Wallis tests.

Role of the Funding Source

This study was funded by internal funds of the CDC. The authors had complete control over
design, analysis, and the decision to submit the manuscript for publication.

Results

Cohort and Case Identification

Our cohort included 2 943 493 persons who received IV during the 2016-2017 influenza
season and met study eligibility criteria (Table 1). Among these, we identified 1098
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presumptive cases of bursitis. We used random sampling to select 526 presumptive cases for
medical record abstraction, of which 421 met the case definition for an incident diagnosis
of subdeltoid bursitis (Figure). Bursitis symptom onset began after vaccination for 257
cases: 16 (6.2%) had symptom onset in the risk interval, 51 (19.8%) had symptom onset

in the control interval, and 190 (74.0%) had symptom onset in neither prespecified interval
(Appendix Figure, available at Annals.org). The distribution of cases by study site is shown
in Table 2.

Case Description

The 421 cases of subdeltoid bursitis were classified as definite (7= 135 [32%]), probable (7
=44 [10.5%]), or possible (242 [57.5%]). All cases occurred in adults except for 6, which
occurred in adolescents aged 14 to 17 years. The median number of days between reported
symptom onset and the first medical visit for bursitis symptoms was 20 (range, 0 to 3653
days).

Characteristics of cases with symptom onset during the prespecified risk or control intervals
are shown in Table 3. The median age of patients in the risk interval was 57.5 years (range,
24 to 98 years), and 68.8% were women. We did not observe any differences between

cases in the risk interval and those in the control interval by sex, age, body mass index,
race/ethnicity, vaccination setting, or laterality of the vaccinated arm. Almost half of the
vaccinators for cases in the risk interval were medical assistants. Compared with cases in
the control interval, those in the risk interval were more likely to be vaccinated by medical
assistants than nurses (including registered nurses, licensed practical nurses, and licensed
vocational nurses) (P= 0.052).

Risk Estimation

The self-controlled risk interval analysis found an increased risk for subdeltoid bursitis

with symptom onset in the 3 days after vaccination compared with the 30 to 60 days

after vaccination (IRR, 3.24 [95% CI, 1.85 to 5.68]). This corresponds to an attributable

risk of 7.78 (Cl, 2.19 to 13.38) excess cases of subdeltoid bursitis during the 3 days after
vaccination per 1 million persons vaccinated. The association between influenza vaccination
and subdeltoid bursitis remained elevated in all sensitivity analyses (Table 4).

Clinical Course

The median follow-up after vaccination for cases was 576 days (range, 189 to 781 days).
Among definite cases in the risk interval, 4 had surgical procedures for bursitis or mentioned
bursitis on surgical reports. The intervals from vaccination to surgery were 90, 115, 210,
and 266 days. Four definite cases had findings of bursitis on magnetic resonance imaging at
11, 101, 167, and 217 days after vaccination. One definite case reported a positive effect of
a corticosteroid injection in the affected shoulder. The 1 probable case was diagnosed with
bursitis by an orthopedic surgeon. Resolution of symptoms was documented in the medical
record for 2 of the 16 (12.5%) risk interval cases (by 62 and 207 days after symptom onset).
A similar proportion of control interval cases (5 of 51 [9.8%]) had symptom resolution
documented (by days 81, 106, 136, 190, and 322 after symptom onset). The 14 risk interval
cases without documented resolution of symptoms had a median time to the last visit with
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persistent shoulder symptoms of 386 days (range, 21 to 781 days), whereas the median for
control interval cases was 95 days (range, 4 to 690 days).

Patient’s Attribution of the Cause of Bursitis Symptoms

Documentation in medical records showed that 12 case patients specifically mentioned

the influenza vaccine as being the cause of their symptoms (Appendix Table, available at
Annals.org). Nine of the 16 case patients (56%) in the risk interval attributed their injuries
to vaccination; 2 of the 9 voiced specific concerns about the technique by which the vaccine
was administered. One patient expressed that the vaccination was given too high, and the
other that it was too deep. Three case patients outside of the risk interval also attributed
their shoulder symptoms to vaccination: 2 identified their symptom onset outside of the risk
interval (at days 3 and 5), and 1 did not have specific statements about symptom onset in
the medical record. The median time from reported symptom onset to the first medical visit
among patients attributing their symptoms to vaccination was 21 days (range, 3 to 144 days),
which was similar to that for control interval cases (median, 22 days; range, 0 to 123 days)
(P=10.90).

Discussion

We are unaware of any other epidemiologic studies estimating the risk for subdeltoid bursitis
associated with 11V. Using data from the Vaccine Safety Datalink, we estimated that an
additional 7.78 cases of bursitis occurred during the 3 days after vaccination for every 1
million persons vaccinated with 11V.

Almost all cases of bursitis after vaccination in our study occurred in adults. The youngest
case patient with symptom onset during the risk interval was 24 years old. This is consistent
with previous case reports of shoulder dysfunction after vaccination (7-9). In general,

soft tissue shoulder conditions, such as bursitis, are uncommon in pediatric populations
(20). Previously proposed explanations for the lack of shoulder adverse events after
vaccination among children include less extensively developed bursae (21); differences in
vaccination technique, such as “bunching” of subcutaneous and deltoid tissue to increase
the distance between skin and subdeltoid bursa (21, 22); a lower likelihood of preexisting
asymptomatic shoulder conditions that can be aggravated by an inflammatory reaction
related to vaccination; and increased vascularity of musculoskeletal structures at younger
ages (23). Three published reviews of case reports of shoulder adverse events related to
vaccination showed a female predominance (7-9). In our study, women represented most
cases in the risk interval. We did not observe a statistically significant difference in risk for
women compared with men, but this comparison had low statistical power.

Previous case reports have frequently identified in-appropriate site of vaccine injection (that
is, too high) as a suspected cause of vaccine-related subdeltoid bursitis and other shoulder
adverse events (5, 6, 8, 10, 24, 25). Two case patients in our study reported potential errors
in proper vaccination technique. However, in our study, we could not assess vaccination
technique or the vaccinators’ prior vaccination training or experience, and we cannot
conclude from our data that improper technique was a factor in the development of bursitis.
Our finding that case patients with symptom onset during the risk interval were more likely
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to have been vaccinated by medical assistants versus registered nurses and licensed practical
or vocational nurses deserves further assessment, although this should be interpreted with
caution because of the relatively small number of cases involved in this comparison.

The Commission on Accreditation of Allied Health Education Programs, an accreditation
system for medical assistant training programs, lists selection of proper anatomical sites
and administration of parenteral medication as skills that must be demonstrated, but it does
not specify the number of hours of instruction in these skills that programs must provide
(26). State laws vary with regard to credentials and number of training hours required

for vaccinators. Regardless of their credential or state, a person administering a vaccine
should use proper technique. Education programs and trainings that focus on proper vaccine
handling and administration, such as those offered by the CDC, are available (27, 28).

The National Vaccine Injury Compensation Program added shoulder injury related to
vaccine administration to the list of compensable conditions in 2017. To be eligible for
compensation for this injury, symptoms must begin within 48 hours of vaccination (29). In
our study, 12 patients with bursitis attributed it to vaccination; 3 reported onset outside this
specified risk interval, including 2 who reported symptom onset at 3 and 5 days. Although
most shoulder vaccine adverse event cases in the literature reported symptom onset within
this 48-hour interval (4-9, 24, 29, 30), there are previous reports of events considered to be
vaccine-associated with more prolonged symptom onset intervals (7, 9, 24).

A strength of the self-controlled risk interval design is that by including only vaccinated
cases, which act as their own control, many potential sources of bias are implicitly
controlled for. However, bias could be introduced if either the patient or the provider’s
knowledge of the vaccination history led to a differential rate of bursitis diagnosis or
statement of symptom onset between risk and control intervals. We did not observe any
indications in our data that providers approached cases differently by date of reported
onset. Cases in the 2 intervals had a similar distribution of case classification levels,

which indicates similar utilization of diagnostic imaging and specialty care. We also

found no statements in medical records to indicate that any providers believed vaccination
was the cause of a patient’s bursitis. The variation in days from reported symptom

onset to presentation was also similar for cases in both intervals; however, we relied

on the patient’s self-reported date of symptom onset. The degree to which the patient’s
perception of vaccination (or another discrete event) as the cause of symptoms could lead to
misclassification of the onset date is unknown, making it a potential source of residual bias.

A negative control outcome analysis (for example, bursitis risk in the unvaccinated arm)
could have helped to detect potential residual bias, but we were unable to do this analysis
because it would have required many additional chart reviews (1398 patients had a

bursitis diagnosis code after vaccination for the unvaccinated arm compared with 1098

for the vaccinated arm). A negative control analysis requires comparability between factors
associated with the primary and control outcomes. In this study, case ascertainment factors
related to health care use or diagnosis would probably be similar for the unvaccinated arm,
but comparability is less certain for patient-related factors, such as influence of preexisting
conditions on the choice of arm in which to receive the vaccine and influence of vaccination
on patient-reported symptom onset date.
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This study has other potential limitations. Our case-finding approach used bursitis diagnostic
codes, followed by confirmation through chart review, which was aimed at high specificity
for subdeltoid bursitis but may have had low sensitivity if other patients with bursitis were
only given generic codes, such as shoulder pain. If our case-finding approach did not

detect all true bursitis cases in our study population, then the attributable risk could be
underestimated. Given that we examined bursitis only after 11V, generalizability to other
intramuscular vaccinations should be done with caution and represents a direction for future
research. We examined influenza vaccinations given within integrated health care networks;
this excluded vaccinations done in pharmacies, which previous reviews of shoulder adverse
events after vaccination identified as a frequent location of implicated vaccination (8, 31)
and it may not be possible to generalize our findings to other vaccination settings in relation
to staff training or quality control measures used. Our analysis of potential risk factors was
exploratory and limited by the relatively small number of cases, which precluded doing a
multivariate analysis; potential risk factors that have been suggested in the literature should
be examined more thoroughly in future studies.

In public health and individual patient decision making, the risks for adverse events, such
as subdeltoid bursitis, must be weighed against the benefits of vaccination to prevent
influenza infection and its complications. Influenza infection causes an estimated 9 to 45
million illnesses in the United States annually, with 12 000 to 61 000 deaths. During the
2016-2017 influenza season, the period of this study, the CDC estimated that influenza
vaccination prevented more than 5.2 million illnesses, 2.6 million medical encounters, 72
000 hospitalizations, and 5000 deaths (32).

We identified a small risk for subdeltoid bursitis with new symptom onset after injection

of an influenza vaccine. This study provides epidemiologic evidence of an association that
was previously supported by clinical evidence from case reports. Strategies to prevent this
adverse event, which may include improved education and training about proper vaccination
technique, need to be identified and implemented.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgment:

The authors thank Beth Hibbs for her insights and expertise about shoulder adverse events after vaccination and
the following persons for their contributions to data collection and medical record abstraction: Radha Bathala, Kate
Burniece, Jennifer Covey, Bernie Dizon, Joy Gel-fond, Kayla Hanson, Stacy Harsh, Linda Heeren, Claire Jang,
Sunhea Kim, Anna Lawless, Kerresa Morrissette, Denison Ryan, Karen Schenk, and Erica Scotty. The authors also
thank the following Vaccine Safety Datalink sites for participation in this study: HealthPartners, Kaiser Permanente
Colorado, Kaiser Permanente Northern California, Kaiser Permanente Northwest, Kaiser Permanente Southern
California, Kaiser Permanente Washington, and the Marshfield Clinic.

Financial Support:

By internal funds of the CDC. The Vaccine Safety Datalink sites are funded through a contract from the CDC.

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hesse et al. Page 10

Appendix
Appendix Table.

Narrative Details of Cases in Which the Patient Attributed Bursitis Symptom Onset to the
Influenza Vaccination

Case Age, Race Sex Vaccinated Location of  Vaccinator’s Onset Initial Treatments Case
Number vy Arm Vaccination  Credentials Symptoms Classificatic
Cases
with
symptom
onset
during
the risk
interval
1 24 White Male Left Physician’s ~ Medical Day 0: Pain PT, home Definite
office assistant “since flu exercises,
shot” topical
analgesics,
and steroid
injection
2 62 Unknown Female Left Flu vaccine Registered Day 0: “pain  Pain Warm/cool Definite
drive nurse started after compresses,
flu shot” steroid
injection,
PT, home
exercises,
and surgery
3 34 White Female Left Physician’s ~ Licensed Day 0: “after  Pain, Analgesics,  Possible
office practical flu shot” radiating PT, and
nurse pain, and home
reduced exercises
range of
motion
4 44 White Female Left Work Registered Day 0: Pain Narcotics, Definite
nurse “about 2 PT, and
hours after steroid
flu shot, pain injection
got
progressively
worse”
5 87 White Female Right Physician’s ~ Medical Day 0: Pain, Ice and PT Possible
office assistant “since she radiating
had a flu pain, and
shot” reduced
range of
motion
6 72 White Male Right Physician’s  Licensed Day 0: Pain and Ice, home Definite
office practical “since he got  reduced exercises,
nurse the flu shot”  range of steroid
motion injection,
and surgery
7 56 White Female Right Flu vaccine  Medical Day 1: “the Pain NSAIDs, Definite
drive assistant next day she steroid
had pain in injection,
her topical
shoulder” analgesics,
PT, and
surgery
8 48 Black Female Left Unknown Licensed Day 0: “had Pain and Home Possible
practical swelling, swelling exercises
nurse still sore”
9 70 White Female Left Flu vaccine  Medical Day 0: “it Pain Home Possible
drive assistant was very exercises

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.
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Case Age, Race Sex Vaccinated Location of  Vaccinator’s Onset Initial Treatments Case
Number vy Arm Vaccination  Credentials Symptoms Classificatio
painful that
night”
Cases
with
symptom
onset
outside
the risk
interval
10 41 White Female Left Physician’s  Licensed Unknown Pain and NSAIDs Possible
office practical reduced
nurse range of
motion
11 51 White Female Right Physician’s  Licensed Day 5 Pain, NSAIDs, Definite
office practical tingling, steroid
nurse and injection,
numbness and surgery
12 65 White Female Right Physician’s  Licensed Day 3: Pain, NSAIDs, Definite
office practical “significant radiating steroid
nurse stiffness 3 pain, injection,
days after flu  reduced and PT
vaccine” range of
motion,
numbness,
and
tingling

NSAID = nonsteroidal anti-inflammatory drug; PT = physical therapy.

As determined by the study case definition. See text for complete definition.

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.
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Bursitis Cases, n
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1

Page 12

M Risk interval
@ No interval
H Control interval

| LS8R AL

10 20 30 40 50 60 70 80 920 100 110 120 130 140 150 160 170 180
Days After Influenza Vaccination

Appendix Figure.
Day of subdeltoid bursitis symptom onset after vaccination.
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Preexisting shoulder bursitis diagnosis: 3598
Other preexisting shoulder diagnoses: 120 487
Received another injectable vaccine in same arm on
days 1 to 180 after index vaccination: 269 821
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Eligible vaccinations

Not presumptive cases (no ICD-10-CM
bursitis diagnostic code) (n =2 942 395)

Y

Presumptive cases
(n=1098)
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Y

Charts abstracted
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Symptom onset before vaccination: 85
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Figure.

Flow diagram showing cohort eligibility, case finding, and case confirmation.
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The prespecified primary analysis used a risk interval of 0 to 2 days after vaccination and a
control interval of 30 to 60 days after vaccination. ICD-10-CM = International Classification
of Diseases, 10th Revision, Clinical Modification.
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Table 1.

Characteristics of the Vaccinated Study Population (/7= 2 943 493)”

Characteristic

Value, n (%)

Vaccine Safety Datalink site
1

~N o o~ W N

Sex
Female
Male
Unknown
Age
3-8y
9-17y
18-49y
50-64 y
265y
Influenza vaccine received

SD-I1V3

1315178 (44.7)
1108 120 (37.7)
157 714 (5.4)
136 560 (4.6)
119 504 (4.1)
60 176 (2.0)

46 241 (1.6)

1 646 393 (55.9)
1297 045 (44.1)
55 (0)

192 099 (6.5)
313 798 (10.7)
882 750 (30)
696 675 (23.7)
858 171 (29.1)

1766 195 (60)

SD-11V4 724 522 (24.6)

HD-11V3 340 493 (11.6)

ccllv4 106 166 (3.6)

RIV3 508 (0)

allva 75 (0)

Not specified 5634 (0.2)
Vaccinated arm

Left 2323790 (78.9)

Right 619 703 (21.1)
Number of vaccines received in the vaccinated arm on day 0

1 (i.e., influenza vaccine only) 2802 251 (95.2)

> 141 242 (4.8)

allV3 = adjuvanted inactivated influenza vaccine trivalent; ccllV4 = cell culture-based inactivated influenza vaccine quadrivalent; HD-11V3 =
high-dose inactivated influenza vaccine trivalent; RIV3 = recombinant influenza vaccine trivalent; SD-11V3 = standard-dose inactivated influenza
vaccine trivalent; SD-11V4 = standard-dose inactivated influenza vaccine quadrivalent.

The cohort included 2 943 493 vaccinated persons.

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.



Page 17

Hesse et al.

'09 ybnoayl 0g sAep uoeuIddeAISOd SEM [eAlsluUl [013U0D BY3 pue ‘Z yBnodyy g SAep uolreu1ddeAlsod sem [easdiul ysu Arewrd pay1oadsald ay

t

'sa)Is able| g ay1 1e auop sem sased aandwinsaid jo Buljdures wopuey

i

‘W PareuIodRA U Ul SIIISING JBPINOYS 104 8POD UOITEIILIPOIA| [21UIND ‘UOISIASY QT ‘S8seasi( 0 UOITeDIHISSe|D [RUOITRUIBIU| e pey siusiied asay |
*

TS 9T Ty 9¢s 860T €67 €176 ¢ |eloL
0 0 T L L e 9y L
€ 14 12 o o 9.7 09 9
S € VA 144 124 70§ 61T S
S 0 TS ZL L 096 9€T 14
L T A LS AS] V1L LST €
JAS 14 8¢T 0ST 86¢ 0CT 80T T 4
144 14 1A 0ST IZA°] 8/TGIET T
su
‘lensaiul joapuon oy Bung  $U 'TeAsIL sy ayp Buling u ‘sasen alS Muljereq
19suO WoldWAS YA SeseD  18SUO wordwiAS YA S8seDd pawyuod-peyy  JU ‘PaldeNsqy seyD U 'sesed aAndwnsald 0400 pareurosen K1ajes aulaoen

Author Manuscript

als Apms Aqg ‘saseD palliuoD—UoNIeNsSaY ey pue sase) aAndwnsaid 1o JsquinN

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.



Page 18

(0ot — 4
(0'86) 05 (001) 91 (auOJe au192eA BZUBNJHUI “3'1) T
66°0< Ao\& u‘o >m_u Uuo wie pajeulddeA-ezusnjjul ayl ul paAladad SaulddeA Jo JsquinN
66'0< (0t — €
180 (09 ¢ — 14
G590 (0'z6) LY (001) 91 (Ajuo auragea ezusnpul “a°1) T
(9%) U ‘0 Aep U0 PaAIsdaL SaUIIBA JO JaquInN
66'0< (02t — YA
6.00 (921)6 (Lev) L YAII-as
660 (CPraky: (e18)§ EAII-aH
1500 (6'29) L2 (0g2) v eAII-as
(9%) U ‘pPanIagal aulddeA ezUaNju|
66'0< (69) € (€91 Byio
880 (989) g€ (osp et aMUM
€500 (gea)er — o1uedsiH
66'0< (0T — Japue|S| d119Bd/UelleMeH
680 (02T (€91 %oelg
870 (6€) 2 (sene uelsy

(%) U Kud1uyeeoey

Hesse et al.

€20 (r'95-¢'22) T0e (L15-0°2T) T'8C 2 W/Bx *(aburea) xapui ssew Apoq uelpai

150 (£8-T¢) 09 (86—+2) 5. £ ‘(abue.) abe ueips N
(0'18) 92 (z18) 8 aleN
(0'6v) S2 (8'89) TT a[ewa

L9T°0 (%) u ‘xS
19°0 (0'6%) Gz (z19)6 9]qIs0d
66'0< (86) G (€91 3]qeqoid
6L°0 (zt0) 12 (52€) 9 alueq

(9%) U ‘uorealyIsse|d ased

anjeAnd (TG = U) $9seD [eAdalu] [03u0D (9T = U) S8seD [eAlalu] sty ansueIeIRyD

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

S[eAJ81U| 010D pue YsiY 8yl Buring 18suQ woldwAS YuAA S8sed 10 sonstaloeiey)d

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.



Page 19

Hesse et al.

*A101UY18/30R1 T URY) 2J0W pajiodal [eAIaiul |0U0D By} Ul suosiad 931yl
*

“JuajeALIpenb aUIDOBA BZUBN|JUI PaTBAIORUI 3SOP-pIepuels = yAII-AS
‘JUB[BALI} BUIDOBA BZUBN|JUI PSIBAIIJRUI 8SOP-PJepUBIS = EAII-AS ‘IUSJBALI SUIDOBA BZUBN|JUI PaTeAldRUI 8S0P-UBIY = EAI1-AH ‘JUsjeALIpenb sulooBA BZUBN|JUI PaTRAIIJRUI PASBG—ININD |80 = $A1199

€000
8¢€'0
100°0>

050
87’0
66'0<
660
190

66'0<
66'0<
66'0<
€L0
950
¢S0°0

(19) 1€
(6€) 02
0o

(ss1) 6

(xR
(7'1e) 9T
(0'6%) G2

(r'1€) 91
(9'89) 5¢

(0t
01t
(SL2) vt
(6729) L¢
(Lg1) 8

(61) €
(S0 v
(99) 6

(€97
(€97

(zTe) S
(€'99) 6

(z18)§
(889) TT

(z81) €
(528)9
(8€v) L

pajusLWINI0P UoNNGLINE ON

UOITRUIDOBA UBYLIBLIO BUIYIBWIOS 03 pamnguny

UOIBUIDJEA 0] PaINQLINY

(9%) U ‘snIsang Jo asned INoge JUBLWSIeIS S, 1udled

umouyun
YoM
aled uabin
11000/91U1]9 BUIIIBA N|4
20140 s, uela1sAyd/orunD
(9%) U ‘Bulss uoIYeUIDIBA
whry
ua
(%) U ‘w.e pajeulddep
umouqun
Jauonnoeld asinN

asinu paJalsiBay

8SINU [BUOITBIOA PasUadI|/asInu [eooeid pasusol

JUB)SISSE [RDIPBIN

(9%) U ‘sfenuapaJd 101eUIDIBA

anfeA d (TG = u) saseD [eadaqu] [041U0D (9T = U) SaseDd [eAlalu] Msiy

ansIIsIoRIBYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2024 December 04.

in

available

Ann Intern Med. Author manuscript



Page 20

"UoIeU129eA JO Aep 8yl SI Q %m_n

‘anfen pue ‘ayewixoldde 10exa :uoIs1oaid Jo sa110Ba1ed € 03Ul PAIYISSEID dJaM PJ0JaJ [BIIPAW Ay} Ul 1asuo wordwAs Inoge mEme:m.MN

"31qissod pue ‘ajgeqoud ‘a)ulap :Aurensd onsoubeIp JO S|9A3] € 0IUI PIIJISSEID B18M SaseD)
¥

Hesse et al.

(eTyro1/€2) G288  (18'G0188T) TEE 6T'T 0 09 03 08 76'€ 9T za0 n nv
wire awes ayl ul
S8UIJJ.A 43U10 INOYIM
uaAIb auidoeA ezUBN[UI
10} sisAfeue A1IA1lISUBS
ajewixoldde
(602T0129T) 689 (009 01 08'T) 62°€ 00T 4% 09 03 08 87°€ T za0 pue 10X nv
(testT
(8LL01E70) TT'Y 01 /€7) €09 120 4 09 01 08 Y91 L zZ00 108x3 n
uolsioaad Juswialels
19SU0 WOYdWAS 10}
sasA[eue ANAIISUSS
(9890195°0-)5TE  (Tr901TZT)8LC 650 9z 09 03 08 Y91 L za0 IV @lqeqoid pue spuyeq
(2290 v90-) 6.2 (T€L016T'T)S6C 870 12 09 01 08 T 9 Z010 1\ auuyeq
Aurenssd anisoubelp Jo
S[3A3] UOITeDIHISSe| 8SeD
10} sasAeue A1IAINISUBS
(crotmsro)ere  (02°€01G5T) 072 80 18T 08T 010¢ 20T 154 L010 v n
(L09T016€€) TL'6 (65 0198'T) 26°C 80 18T 08T 01 0g Wz 12 G010 n nv
(GevToroze)ers  (2rL01192) Svv 78°0 18T 08T 0108 Gl'€ 9T Z010 1\ nv
(007T 0 9T°0-) 269 (98201 20T)SL'T 9T'T 18 09 01 08 20T 154 L010 v n
(evyro1€2T) 8L  (FVSEOIBZT)ETTC 9T'T 16 09 01 08 Wz 12 G010 n nv
syibua| [eAsalul
10} sasAeue ALAIISURS
(BeeT016T2)8LL  (89G01G8T) V'€ 9T'T 16 09 03 08 GL'€ 9T za0 n nv
sisAfeue
Arewnd payioadsald
mﬁmw_ p ‘poriad mﬁmm Hu ‘poraad %wtommumo
JoUBpIdU| U ‘sased UOI1eUIDIBAISOd ouapIdU| U ‘'sased UOoI7eUId9eAISOd uoisidaid
#10%86) (10 056) oneyy 195UQ ,SeHobere
MSIY 9|geINgqUNY a1ey 92UspIoU| |eAd81U| [042U0D [endaiu sty wordwAs UOIRILISSe|D 85D

Author Manuscript

salewW ST YsiY 91qeIngLNY Bulpuodsalio) YA sesAeuy ANIANISUSS pue Alewlld [eAlalu] Sy Pa]|01u0d-4|9S

Author Manuscript

‘v alqeL

Author Manuscript

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.



Page 21

Hesse et al.

“pareu1doeA suosiad uolj|iw T Jad [ealaiul ¥su Buipuodseiod syl Burinp sases ssaoxe J0 J8gquiInu 8y i s ajqeIngLne mﬁ\\

‘a1eJ Burjdwes 1eyo ayy Joy paisnipe ‘pareurdoen ajdoad Jo Jaquinu ayy Buisn parejnajed ‘sAep-uosiad uoljjiw T Jad SI 8}l aouaploul m;hm

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2024 December 04.



	Abstract
	Methods
	Study Overview
	Study Sample
	Outcome
	Statistical Analysis
	Role of the Funding Source

	Results
	Cohort and Case Identification
	Case Description
	Risk Estimation
	Clinical Course
	Patient’s Attribution of the Cause of Bursitis Symptoms

	Discussion
	Appendix
	Appendix Table.
	References
	Figure.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

