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Background: The U.S. Food and Drug Administration (FDA) Biologics Effectiveness and Safety (BEST)
Initiative conducts active surveillance of adverse events of special interest (AESI) after COVID-19 vacci-
nation. Historical incidence rates (IRs) of AESI are comparators to evaluate safety.
Methods: We estimated IRs of 17 AESI in six administrative claims databases from January 1, 2019, to
December 11, 2020: Medicare claims for adults � 65 years and commercial claims (Blue Health
Intelligence�, CVS Health, HealthCore Integrated Research Database, IBM� MarketScan� Commercial
Database, Optum pre-adjudicated claims) for adults < 65 years. IRs were estimated by sex, age, race/eth-
nicity (Medicare), and nursing home residency (Medicare) in 2019 and for specific periods in 2020.
Results: The study included >100 million enrollees annually. In 2019, rates of most AESI increased with
age. However, compared with commercially insured adults, Medicare enrollees had lower IRs of anaphy-
laxis (11 vs 12–19 per 100,000 person-years), appendicitis (80 vs 117–155), and narcolepsy (38 vs 41–
53). Rates were higher in males than females for most AESI across databases and varied by race/ethnicity
and nursing home status (Medicare). Acute myocardial infarction (Medicare) and anaphylaxis (all data-
bases) IRs varied by season. IRs of most AESI were lower during March–May 2020 compared with
March–May 2019 but returned to pre-pandemic levels after May 2020. However, rates of Bell’s palsy,
Guillain-Barré syndrome, narcolepsy, and hemorrhagic/non-hemorrhagic stroke remained lower in mul-
tiple databases after May 2020, whereas some AESI (e.g., disseminated intravascular coagulation)
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exhibited higher rates after May 2020 compared with 2019.
Conclusion: AESI background rates varied by database and demographics and fluctuated in March–
December 2020, but most returned to pre-pandemic levels after May 2020. It is critical to standardize
demographics and consider seasonal and other trends when comparing historical rates with post-
vaccination AESI rates in the same database to evaluate COVID-19 vaccine safety.
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coronavirus disease 2019 (COVID-19) is a contagious respira-
tory illness caused by severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2). On January 30, 2020, the World Health
Organization declared that the COVID-19 outbreak constituted a
global public health emergency [1]. As of June 2022, there have
been more than 530 million confirmed cases and more than 6 mil-
lion deaths worldwide—the largest contributor is the United States
[2]. Since December 2020, Pfizer-BioNTech, Moderna, Janssen, and
Novavax COVID-19 vaccines have been available under emergency
use authorization (EUA) or full licensure (Pfizer-BioNTech for
ages � 16 years; Moderna for ages � 18 years) by the U.S. Food
and Drug Administration (FDA). Additional COVID-19 vaccine can-
didates are under study in pre-licensure clinical trials [3].

As with all authorized or licensed medical products, clinical tri-
als evaluating COVID-19 vaccine safety have limitations. Even large
phase III trials may have limited statistical power to detect rare
adverse events [4]. Post-market surveillance of potential adverse
events of special interest (AESI) is needed to continue monitoring
the safety of authorized or approved COVID-19 vaccines. An AESI
is an untoward occurrence of medical concern that follows immu-
nization but does not necessarily have a causal relationship with
vaccination [5]. The FDA Center for Biologics Evaluation and
Research (CBER) monitors the safety of authorized or approved
COVID-19 vaccines using passive and active surveillance systems,
in collaboration with other agencies [6]. The FDA Biologics Effec-
tiveness and Safety (BEST) Initiative uses a broad network of
large-scale data sources to rapidly monitor vaccine safety where
rates of AESI in historical controls serve as comparator (expected)
rates.

The background rate is the AESI’s incidence rate (IR) estimated
from historical cohorts. Background rates of AESI are important in
vaccine safety monitoring because they may serve as one compara-
tor to contextualize the observed IRs of the same AESI following
vaccination in a similar population. In addition, stratified AESI
background IRs may provide more appropriate comparators than
overall IRs for the respective stratum of vaccinated individuals.
At the time of this study, published background rates of AESI in
the U.S. population using multiple data sources and including both
pre-COVID-19 (before 2020) and peri-COVID-19 (after March
2020) periods were limited [7]. Furthermore, the COVID-19 pan-
demic presented unprecedented challenges to the healthcare sys-
tem and may have altered patients’ care-seeking patterns and
rates of reported AESI. Studies report that healthcare service uti-
lization decreased in 2020 [8–10] but returned to near pre-
pandemic rates in late 2020 [11].

Using administrative claims data sources in the BEST Initiative,
this study estimated background rates of 17 AESI, overall and strat-
ified by population characteristics, in six data sources. We evalu-
ated monthly trends in IRs during 2019 and 2020 to better
understand how the pandemic may have affected utilization pat-
terns and AESI rates. We also estimated rates of certain negative
control events during 2019 and 2020; these are considered unre-
lated to vaccination but may reflect changes in healthcare utiliza-
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tion over time. A study report with more comprehensive results
from these analyses, along with the results of additional analyses
not included in this article, is on the BEST Initiative website [12].
The report presents results from an extended study period (2017–
2020), background rates of additional AESI and negative control
events, and rates of AESI and negative control events in other sub-
populations of interest (e.g., population with recent influenza vac-
cine). This article excludes those results due to limited space.

2. Methods

2.1. Data sources

We used six administrative claims databases from the United
States. Individuals aged � 65 years with Medicare coverage were
identified from Centers for Medicare & Medicaid Services (CMS)
Medicare fee-for-service claims for beneficiaries enrolled in Medi-
care Parts A/B. We identified data on commercially insured adults
aged < 65 years and children aged < 18 years from Blue Health
Intelligence� (BHI) commercial claims, CVS Health (Aetna) com-
mercial claims, the HealthCore Integrated Research Database�,
the IBM� MarketScan� Commercial Database, and Optum pre-
adjudicated commercial claims. BHI data were limited to claims
for enrollees who received a biologic product, were pregnant, or
were born after October 1, 2015. Appendix A includes descriptions
of the data sources.

The study involved no personally identifiable information, and
the data used in this study were deidentified and anonymized
before use. It was conducted as a public health mandate and not
as a research activity. Our study practices were performed in accor-
dance with the Declaration of Helsinki guidelines.

2.2. Study period

The study period was from January 1, 2019, through December
11, 2020, when FDA issued the first EUA for a vaccine to prevent
COVID-19. The observation period started January 1, 2018, to eval-
uate the clean period requirement (described in Section 2.4). For
analysis of the MarketScan data, the study period ended October
31, 2020, to ensure data included in the study were at least 80 %
complete.

We subset the study period to the pre-COVID-19 period (calen-
dar year 2019) and peri-COVID-19 period (March–October 2020
[MarketScan] and March–December 2020 [all other databases]).
We further classified the peri-COVID-19 period into an initial per-
iod (March–May 2020) and a later period (June–October 2020
[MarketScan] and June–December 2020 [all other databases]).
We chose these subperiods after observing that the rates of nega-
tive control events decreased during March–May 2020 but
returned to pre-pandemic levels by June 2020.

2.3. AESI and negative control events

In selecting AESI, we considered serious events that have been
studied with other vaccines, events that are suspected as possibly

http://creativecommons.org/licenses/by-nc-nd/4.0/
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related to novel vaccine platforms or adjuvants, and events related
to COVID-19 severity that may potentially relate to vaccine failure/
immunogenicity (enhanced disease). Other considerations
included recommendations from other surveillance research net-
works, such as the Brighton Collaboration [13], and events specific
to certain populations of interest, such as pregnant or immuno-
compromised individuals [4,14,15]. AESI were not selected based
on adverse events observed in pre-authorization or pre-licensure
studies of COVID-19 vaccines.

AESI were identified using International Classification of Dis-
eases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis
codes. Development of administrative claims-based AESI algo-
rithms was based on literature reviews and consultations with
clinical experts. Claims data came from inpatient facilities, emer-
gency departments, and/or other outpatient facilities and individ-
ual healthcare providers or professionals. The healthcare settings
in which AESI and negative control events were captured differed
by the event (see Supplemental Table 1). We evaluated 17 AESI
(acute myocardial infarction [AMI], anaphylaxis, appendicitis,
Bell’s palsy, deep vein thrombosis [DVT], disseminated intravascu-
lar coagulation [DIC], encephalitis/encephalomyelitis, Guillain-
Barré syndrome [GBS], hemorrhagic stroke, immune thrombocy-
topenia [ITP], myocarditis/pericarditis, narcolepsy, non-hemor-
rhagic stroke, pulmonary embolism [PE], transverse myelitis,
unusual site thrombosis with thrombocytopenia [TTS], common
site TTS) and three negative control events (colonic diverticulitis,
hypertension, well-care visits [i.e., annual preventive care]) (Sup-
plemental Table 1). The publicly posted study protocol includes
details on AESI algorithms [16]. Appendix B herein presents ICD-
10-CM diagnosis codes used to identify AESI.

2.4. Study cohort construction

Within each data source, we constructed cohorts for each AESI
and negative control event. The general study population included
any individual who was enrolled in a medical plan for at least 1 day
during the study period, met age requirements at cohort entry
(�65 years for Medicare, 18–64 years for commercially insured
adults, <18 years for commercially insured children [Supplemental
Table 1]), and met a clean period requirement before cohort entry.
The clean period requirement was defined as having continuous
enrollment for the entire pre-specified clean period and no
observed AESI or negative control events (colonic diverticulitis
and hypertension only) during the clean period. Clean periods were
specific, and some differed for each AESI and negative control
event.

2.5. Statistical analysis

Person-time at risk was calculated as the number of days
between cohort entry and the end of follow-up. Individuals in the
study population entered the cohort beginning January 1, 2019, or
the date the clean period requirement was met (specific to each
AESI or negative control event), whichever occurred later. Infants
who were born before January 1, 2019, and were continuously
enrolled from birth but had not reached the full length of the clean
period on January 1 were assigned a cohort entry date of January 1,
2019, provided no AESI occurred during the shortened clean period
before entry. For infants who were born during the study period
and started enrollment within 31 days of birth, the cohort entry
date was the date of birth. Individuals were followed until the ear-
liest date of AESI/negative control event occurrence or censoring
due to death, disenrollment, exceeding specified age range (e.g.,
AESI-specific age criteria, commercially insured population reach-
ing 65 years), or the study period’s end. After censoring, individuals
could re-enter the same or a different AESI/negative control event
335
cohort if they met another clean period requirement during the
study period. Negative control event rates were not estimated in
Optum data. Supplemental Fig. 1 illustrates the accumulation of
person-time at risk with several examples.

We calculated annual 2019, peri-COVID-19 (overall, initial, and
later periods), and monthly 2019–2020 IRs for each AESI and neg-
ative control event within each data source by dividing the count
of incident events during the time at risk in a specified period by
the total person-time at risk during the same period. For example,
we calculated the annual 2019 rate for a given AESI by dividing the
number of incident events occurring in 2019 by the total person-
time at risk in 2019 within the AESI cohort and the monthly rate
of an AESI by dividing the number of incident events occurring in
a given month by the total person-time at risk in that month. Addi-
tionally, 2019 annual IRs were stratified by age and sex (all data
sources), as well as race/ethnicity and nursing home residency sta-
tus (Medicare only). The commercial databases lacked sufficient
valid data on race/ethnicity.

IRs are presented as event counts per 100,000 person-years. In
descriptive analyses, we calculated incident rate ratios (IRRs) to
compare unadjusted IRs between subpopulation strata as well as
between 2019 and the peri-COVID-19 periods (initial and later).
Exact Poisson 95 % confidence intervals (CIs) were calculated for
each IR and IRR. Differences were considered when the 95 % CI of
the IRR did not overlap 1 or when the 95 % CIs of IRs for two pop-
ulations did not overlap. The main results focus on the Medicare
population aged � 65 years and adults aged 18–64 years. Findings
among children (0–17 years) are presented briefly in Section 3.1.4
and in the supplements.
3. Results

3.1. Incidence rates of AESI and negative control events, pre- and peri-
COVID-19 periods

The total number of eligible adults included in the 2019 analysis
from all data sources ranged from 55.5 million (for hypertension)
to 110.2 million (for anaphylaxis); for children, the number ranged
from 17.0 million (well-care visits) to 27.0 million (anaphylaxis)
(Supplemental Table 2).
3.1.1. Incidence rates of AESI, pre-COVID-19 (2019)
For adults aged � 65 years in Medicare, the top two AESI with

the highest IRs per 100,000 person-years in the pre-COVID-19 per-
iod were DVT (1,331.0; 95 % CI: 1,326.4–1,355.6) and AMI (1,297.5;
95 % CI: 1,293.0–1,302.0), followed by non-hemorrhagic stroke
(842.8; 95 % CI: 839.2–846.4), PE (755.1; 95 % CI: 751.7–758.5),
common site TTS (362.3; 95 % CI: 360.0–364.7), Bell’s palsy
(215.4; 95 % CI: 213.6–217.2), and hemorrhagic stroke (205.3;
95 % CI: 203.5–207.0) (Fig. 1, Supplemental Table 3). All other AESI
had pre-pandemic IRs under 100 per 100,000 person-years. The
rarest events were transverse myelitis (3.4 per 100,000 person-
years; 95 % CI: 3.2–3.6), GBS (4.6; 95 % CI: 4.4–4.9), and
encephalitis/encephalomyelitis (9.8; 95 % CI: 9.4–10.2).

In commercially insured adults aged 18–64 years, AMI, appen-
dicitis, Bell’s palsy, DVT, and PE had IRs of approximately 100 per
100,000 person-years or greater across data sources. IRs were high-
est for DVT (ranging from 226.5 in Optum to 285.5 in BHI). DIC,
encephalitis/encephalomyelitis, GBS, transverse myelitis, and unu-
sual site TTS had a rate below 10 per 100,000 person-years across
the commercial insurance data sources. IRs were lowest for
transverse myelitis (ranging from 1.3 in MarketScan to 2.0 in
BHI).



Fig. 1. Incidence rates of AESI and negative control events in the pre- and peri-COVID-19 periods from six data sources. Abbreviations: AESI, adverse event of special interest;
AMI, acute myocardial infarction; BHI, Blue Health Intelligence; CD, colonic diverticulitis; CI, confidence interval; DIC, disseminated intravascular coagulation; DVT, deep vein
thrombosis; ENC, encephalitis/encephalomyelitis; GBS, Guillain-Barré syndrome; HS, hemorrhagic stroke; HTN, hypertension; ITP, immune thrombocytopenia; K, thousands;
NHS, non-hemorrhagic stroke; PE, pulmonary embolism; TM, transverse myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit. a For MarketScan,
the peri-COVID-19 period includes data from March through October 2020; for all other data sources, the peri-COVID-19 period includes data through December 11, 2020.
Statistics on negative control events were not available from Optum. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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3.1.2. Heterogeneity in AESI IRs across data sources, pre-COVID-19
(2019)

In 2019, adults aged � 65 years in Medicare had lower IRs of
anaphylaxis, appendicitis, narcolepsy, and well-care visits and
higher IRs of all other AESI and negative control events compared
with commercially insured adults aged 18–64 years (Fig. 1, Supple-
mental Table 3).

There was also heterogeneity in the IRs of most AESI across the
commercial insurance data sources. All 17 AESI showed at least a
20 % difference in rates among some commercial data sources
(data not shown). Rates were higher in BHI and Optum (and CIs
did not overlap) than in the other commercial databases for 9 of
the 17 AESI: AMI, anaphylaxis, appendicitis, Bell’s palsy, ITP,
myocarditis/pericarditis, narcolepsy, non-hemorrhagic stroke, and
PE (Fig. 1, Supplemental Table 3). The rates of DVT, DIC, hemor-
rhagic stroke, and TTS (unusual and common site) were higher in
BHI than in CVS Health, HealthCore, MarketScan, and Optum. Rates
of colonic diverticulitis, hypertension, and well-care visits also
were higher in BHI than in CVS Health, HealthCore, and
MarketScan.
3.1.3. Variability of incidence rates during the pre- and peri-COVID-19
periods

Six AESI (AMI, appendicitis, Bell’s palsy, DVT, GBS, narcolepsy)
and all three negative control events had lower IRs across all data
336
sources during the peri-COVID-19 period than during 2019 (IRR < 1
and 95 % CI does not include 1) (Fig. 1, Supplemental Table 3). IRs
decreased during the peri-COVID-19 period in some data sources
for anaphylaxis (BHI, CVS Health, HealthCore, MarketScan, Optum),
hemorrhagic stroke (Medicare, MarketScan), ITP (Medicare, BHI,
CVS Health, MarketScan, Optum), myocarditis/pericarditis (Medi-
care, MarketScan), non-hemorrhagic stroke (Medicare, BHI, CVS
Health, HealthCore, MarketScan), transverse myelitis (BHI, Health-
Core), and unusual site TTS (Medicare, MarketScan). Several AESI
exhibited elevated IRs during the peri-COVID-19 period among
some data sources, including DIC (Medicare, BHI, HealthCore), PE
(BHI, CVS Health, HealthCore, Optum), and common site TTS
(HealthCore). Rates of encephalitis/encephalomyelitis were
similar in the peri-COVID-19 period and 2019 across all six data
sources.

3.1.4. Incidence rates among children during the pre- and peri-COVID-
19 periods

In 2019, most AESI among children showed low IRs at < 10 per
100,000 person-years across all commercial data sources, except
for anaphylaxis (24.5–31.3 per 100,000 person-years), appendicitis
(106.6–127.5), Bell’s palsy (21.1–24.9), and ITP (10.7–12.8) (Sup-
plemental Fig. 2 and Supplemental Table 4a). The 2019 rates for
appendicitis, Bell’s palsy, DVT, myocarditis/pericarditis, nar-
colepsy, and PE were higher among children 11 years or older com-
pared with the younger group (Supplemental Table 4b).
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3.2. Monthly incidence rates of AESI, 2019 and 2020

3.2.1. Decrease of incidence rates in 2020 and return to pre-pandemic
levels

Figs. 2–7 display monthly rates of the AESI and negative control
events. Across all data sources, monthly rates of negative control
events showed a marked reduction during the initial peri-COVID-
19 period, reaching the lowest value in April 2020. This reduction
was followed by a return to similar 2019 levels after May 2020
(Figs. 2–7). For adults aged � 65 years in Medicare (Fig. 2), IRs of
most AESI reached their lowest value in April 2020, but exceptions
included DIC, GBS, myocarditis/pericarditis, transverse myelitis,
and unusual site TTS. For commercially insured adults aged 18–
64 years (Figs. 3–7), IRs of five AESI also reached their lowest level
in April 2020 (AMI, anaphylaxis, appendicitis, DVT, ITP) consis-
tently across data sources.

Compared with 2019 annual IRs, rates during the initial peri-
COVID-19 period were lower by more than 10 % for most AESI
across all data sources (IRR ranging from 0.5 to below 0.9 and
95 % CI not including 1) (Supplemental Table 5). There were several
exceptions with a higher rate in the initial peri-COVID-19 period or
inconsistent trends across data sources. Specifically, DIC rates were
elevated during the initial peri-COVID-19 period in BHI, Health-
Core, and MarketScan. The IRs for nine AESI decreased 10 % or more
in the initial peri-COVID-19 period compared with 2019 in some
data sources: AMI (Medicare, CVS Health, BHI, MarketScan),
encephalitis/encephalomyelitis (Medicare, HealthCore, MarketS-
can), GBS (Medicare, BHI, CVS Health, MarketScan, Optum), hemor-
rhagic stroke (Medicare, MarketScan), non-hemorrhagic stroke
(Medicare, BHI, CVS Health, HealthCore, MarketScan), PE (Medi-
care, BHI, CVS Health, HealthCore, MarketScan), transverse myelitis
Fig. 2. Monthly incidence rates of AESI and negative control events, CMS Medicare benefi
interest; AMI, acute myocardial infarction; CD, colonic diverticulitis; CMS, Centers for Me
vein thrombosis; ENC, encephalitis/encephalomyelitis; GBS, Guillain-Barré syndrome; H
non-hemorrhagic stroke; PE, pulmonary embolism; TM, transverse myelitis; TTS, thro
includes data through December 11, 2020.
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(BHI), common site TTS (Medicare, Optum), and unusual site TTS
(Medicare, BHI, HealthCore, MarketScan, Optum).

During the later period of 2020 (June–October 2020 for Mar-
ketScan; June–December 2020 for all other data sources), rates of
most AESI returned to levels similar to 2019 annual rates (IRR
between 0.9 and 1.1 or the 95 % CI for IRR including 1), although
IRs of GBS were still low after May 2020 across all data sources
(IRR ranging from 0.6 to 0.8). Five AESI remained lower than 90 %
of 2019 annual rates, with an IRR < 0.9 in certain data sources:
Bell’s palsy (Medicare), narcolepsy (Medicare, CVS Health), hemor-
rhagic stroke and non-hemorrhagic stroke (MarketScan), and
transverse myelitis (BHI). Six AESI exhibited an IR more than
10 % higher than the corresponding 2019 annual rate in certain
data sources: anaphylaxis (Medicare), DIC (Medicare, HealthCore),
myocarditis/pericarditis (BHI), PE (BHI, CVS Health, HealthCore,
Optum), and common and unusual site TTS (HealthCore).

3.2.2. Seasonality
For adults aged � 65 years in 2019 Medicare data, IRs of ana-

phylaxis were lowest during the winter months (February: 6.6
per 100,000 person-years) and highest during the summer months
(July: 16.9) (Fig. 2). AMI had a peak IR of 1,408.8 per 100,000 per-
son–years in March and a minimum IR of 1,178.8 per 100,000
person-years in August (data not shown). We observed similar sea-
sonal trends in anaphylaxis in the commercial insurance data
sources (Figs. 3–7), with the lowest rates in April 2020 at 5.3–6.9
per 100,000 person-years and highest rates in August 2020 at
16.3–27.2 per 100,000 person-years. During 2017 and 2018, simi-
lar seasonal fluctuations were observed for AMI and anaphylaxis
among adults aged � 65 years in the Medicare data and for ana-
phylaxis among those aged 18–64 years across commercial data
ciaries aged � 65 years, 2019 and 2020. Abbreviations: AESI, adverse event of special
dicare & Medicaid Services; DIC, disseminated intravascular coagulation; DVT, deep
S, hemorrhagic stroke; HTN, hypertension; ITP, immune thrombocytopenia; NHS,
mbosis with thrombocytopenia syndrome; WCV, well-care visit. Note: December



Fig. 3. Monthly incidence rates of AESI and negative control events, BHI enrollees aged 18–64 years, 2019 and 2020. Abbreviations: AESI, adverse event of special interest;
AMI, acute myocardial infarction; BHI, Blue Health Intelligence; CD, colonic diverticulitis; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; ENC,
encephalitis/encephalomyelitis; GBS, Guillain-Barré syndrome; HS, hemorrhagic stroke; HTN, hypertension; ITP, immune thrombocytopenia; NHS, non-hemorrhagic stroke;
PE, pulmonary embolism; TM, transverse myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit. Note: BHI data available for this study were
limited to claims for enrollees who received a biologic product, were pregnant, or were born after October 1, 2015. December includes data through December 11, 2020. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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sources (data not shown; results presented in the BEST Initiative
study report [12]).

3.3. Incidence rates by population characteristics, 2019

3.3.1. Sex
Table 1 compares 2019 IRs of the AESI betweenmale and female

adults via IRRs. IRs of six AESI (AMI, DVT, hemorrhagic stroke,
myocarditis/pericarditis, non-hemorrhagic stroke, common site
TTS) were higher for males in all data sources, ranging from 3 %
higher risk among males compared with females for DVT
(IRR = 1.03; 95 % CI: 1.02–1.03) and non-hemorrhagic stroke
(IRR = 1.03; 95 % CI: 1.02–1.04) in Medicare to more than threefold
higher risk among males for AMI in Optum (IRR = 3.08; 95 % CI:
2.96–3.22). Additionally, six other AESI (appendicitis, DIC,
encephalitis/encephalomyelitis, GBS, PE, unusual site TTS) had
higher incidence rates for males than females across multiple data
sources. Other AESI rates were lower for males than females across
multiple data sources, including anaphylaxis (BHI, CVS Health,
HealthCore, MarketScan), Bell’s palsy (Medicare, BHI, CVS Health,
HealthCore, MarketScan), and transverse myelitis (BHI, HealthCore,
MarketScan). Rates of ITP and narcolepsy were lower in males than
females across all the commercial insurance data sources but
higher among males aged � 65 years in Medicare.

3.3.2. Age group
Among commercially insured adults aged < 65 years, 12 of the

AESI had higher IRs in older age groups than among individuals
aged 18–25 years (reference group) across all five data sources in
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2019 (Table 2). Rates of transverse myelitis were higher in some
older age groups than in the reference group in all data sources
except Optum. Rates of anaphylaxis, appendicitis, and narcolepsy
in older age groups were lower than or similar to the correspond-
ing rates in those aged 18–25 years. Compared with individuals
aged 18–25 years, rates of encephalitis/encephalomyelitis were
generally similar or lower for those aged 26–55 years but higher
for those aged 56–64 years.

Among Medicare beneficiaries aged � 65 years, rates of AESI
also varied by age (Supplemental Table 6). Compared with individ-
uals aged 65–74 years, 10 AESI (AMI, Bell’s palsy, DVT, DIC, hemor-
rhagic and non-hemorrhagic stroke, ITP, myocarditis/pericarditis,
PE, common site TTS) had higher rates among those aged � 75 -
years, while rates of anaphylaxis, appendicitis, and unusual site
TTS were lower among individuals aged � 75 years.
3.3.3. Nursing home residency status (Medicare only)
Among adults aged � 65 years in Medicare in 2019, nursing

home residents had higher rates for 13 AESI, ranging from 35 %
higher than rates among non-nursing home residents for Bell’s
palsy (IRR = 1.35; 95 % CI: 1.29–1.42) to almost threefold higher
for DIC (IRR = 2.93; 95 % CI: 2.69–3.18) (Table 3). Additional AESI
with higher rates among nursing home residents included AMI,
DVT, encephalitis/encephalomyelitis, hemorrhagic stroke, ITP,
myopericarditis/pericarditis, narcolepsy, non-hemorrhagic stroke,
PE, transverse myelitis, and common site TTS. Rates of anaphylaxis,
appendicitis, and GBS were lower for Medicare nursing home res-
idents than non-residents; rates of unusual site TTS did not differ
by nursing home residency status.



Fig. 4. Monthly incidence rates of AESI and negative control events, CVS Health enrollees aged 18–64 years, 2019 and 2020. Abbreviations: AESI, adverse event of special interest;
AMI, acute myocardial infarction; CD, colonic diverticulitis; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; ENC, encephalitis/encephalomyelitis; GBS,
Guillain-Barré syndrome; HS, hemorrhagic stroke; HTN, hypertension; ITP, immune thrombocytopenia; NHS, non-hemorrhagic stroke; PE, pulmonary embolism; TM, transverse
myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit. Note: December includes data through December 11, 2020.

Fig. 5. Monthly incidence rates of AESI and negative control events, HealthCore enrollees aged 18–64 years, 2019 and 2020. Abbreviations: AESI, adverse event of special interest;
AMI, acute myocardial infarction; CD, colonic diverticulitis; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; ENC, encephalitis/encephalomyelitis; GBS,
Guillain-Barré syndrome; HS, hemorrhagic stroke; HTN, hypertension; ITP, immune thrombocytopenia; NHS, non-hemorrhagic stroke; PE, pulmonary embolism; TM, transverse
myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit. Note: December includes data through December 11, 2020.
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Fig. 6. Monthly incidence rates of AESI and negative control events, MarketScan enrollees aged 18–64 years, 2019 and 2020. Abbreviations: AESI, adverse event of special
interest; AMI, acute myocardial infarction; CD, colonic diverticulitis; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; ENC, encephalitis/
encephalomyelitis; GBS, Guillain-Barré syndrome; HS, hemorrhagic stroke; HTN, hypertension; ITP, immune thrombocytopenia; NHS, non-hemorrhagic stroke; PE,
pulmonary embolism; TM, transverse myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit. Note: Data go through October 31, 2020.
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3.3.4. Race/ethnicity (Medicare only)
For adults aged � 65 years in Medicare, two AESI had higher IRs

among people of color than their White counterparts (Supplemen-
tal Table 7). Compared with rates for White beneficiaries, rates of
DIC were 92 % higher for Asian (IRR = 1.92; 95 % CI: 1.71–2.15),
more than twofold higher for Black (IRR = 2.34; 95 % CI: 2.21–
2.48), 61 % higher for Hispanic (IRR = 1.61; 95 % CI: 1.39–1.85),
and 69 % higher for North American Native (IRR = 1.69; 95 % CI:
1.31–2.15) beneficiaries. Rates of hemorrhagic stroke were 48 %
higher for Asian (IRR = 1.48; 95 % CI: 1.41–1.56), 56 % higher for
Black (IRR = 1.56; 95 % CI: 1.51–1.60), 25 % higher for Hispanic
(IRR = 1.25; 95 % CI: 1.17–1.33), and 26 % higher for North Ameri-
can Native (IRR = 1.26; 95 % CI: 1.12–1.42) beneficiaries. Rates of
other AESI also displayed disparities that vary by race/ethnicity.
4. Discussion

The FDA BEST Initiative comprises large administrative claims
data, electronic health records (EHRs), and linked claims-EHR data-
bases. This study used six administrative claims databases in the
BEST Initiative and included tens of millions of individuals to con-
duct one of the first large-scale assessments of AESI background
rates in the United States using a common protocol, definitions,
and analyses across databases. We report the background IRs of
17 AESI and three negative control events. The background rates
are used to produce expected rates of AESI for comparison to the
observed rates in populations post-COVID-19 vaccination in active
surveillance studies to identify increased risks or safety concerns.
Considerations in active surveillance monitoring include con-
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founding, generalizability, and the COVID-19 pandemic’s effect
on AESI incidence, which this study may inform.

We found heterogeneity in the IRs of AESI among different data
sources. For commercially insured adults younger than 65 years,
we observed variability in AESI rates across the five commercial
insurance data sources. Insurance companies have similar func-
tions and serve the same sector of the U.S. population (employees
and their families insured through employers) but may cover dif-
ferent geographic locations. For most AESI examined, IRs tended
to be higher in BHI and Optum than in CVS Health, HealthCore,
and MarketScan. The population represented in BHI may differ
from other commercially insured populations in this study in that
the BHI data were limited to individuals who received a biologic
product, were pregnant, or were born after October 1, 2015; the
other commercially insured populations included all enrollees.
For instance, individuals represented in BHI may be more likely
to seek care, resulting in higher IRs. Other factors contributing to
the heterogeneity across commercial insurance data may be differ-
ences in the populations that insurers serve, formulary and care
management rules, and data processing systems. This highlights
the need for cross-data source active surveillance to account for
the differences in background rates observed among the data
sources.

Within each data source evaluated, IRs varied by age group and
sex and, among the Medicare population, by nursing home resi-
dency status and race/ethnicity. Background rates by population
characteristics may inform the selection of appropriate compara-
tors in active safety surveillance. Most AESI had higher rates for
males than females, increased with age, were higher among Medi-
care beneficiaries residing in nursing homes, and displayed racial/



Fig. 7. Monthly rates of AESI, Optum enrollees aged 18–64 years, 2019 and 2020. Abbreviations: AESI, adverse event of special interest; AMI, acute myocardial infarction; DIC,
disseminated intravascular coagulation; DVT, deep vein thrombosis; ENC, encephalitis/encephalomyelitis; GBS, Guillain-Barré syndrome; HS, hemorrhagic stroke; ITP,
immune thrombocytopenia; NHS, non-hemorrhagic stroke; PE, pulmonary embolism; TM, transverse myelitis; TTS, thrombosis with thrombocytopenia syndrome. Note:
Analyses and results for negative control events are not available for Optum.
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ethnic differences, with the highest IRs generally among Black ben-
eficiaries (Medicare); however, there were some exceptions to
these general observations. Many patterns we observed are gener-
ally consistent with recent research conducted in the United States
[7,17] and other countries [7,18–21], with the exception of nar-
colepsy and transverse myelitis, for which much lower rates were
observed in non-U.S. EHR and claims data [7,18].

Visual inspection of monthly rates demonstrated seasonality
patterns for anaphylaxis and AMI. In both Medicare and the com-
mercial insurance data sources, rates of anaphylaxis were highest
during the summer and lowest during winter. Additionally, in
Medicare, rates of AMI were highest in March and lowest in
August. For these AESI, active surveillance may need to account
for seasonality when comparing observed rates with expected
rates or use different approaches (e.g., concurrent comparator)
for appropriate comparisons.

COVID-19 affected healthcare utilization in 2020. This finding is
consistent with existing reports [18,22] and is evidenced by lower
rates in 2020 for the negative control events that are acute (colonic
diverticulitis) and chronic (hypertension), as well as for the indica-
tor of time-insensitive preventive care (well-care visits) included
in this study. Although many AESI rates returned to pre-COVID-
19 levels by the end of 2020, some remained low during the
peri-COVID-19 period compared with their 2019 annual rates.
The patterns may inform the choice of the appropriate comparator
background rates, which may vary by AESI and data source. For
instance, using 2019 annual rates as the background rates for AESI
that decreased in the peri-COVID-19 period may lead to overesti-
mated expected rates and bias toward the null and may miss a
potential safety signal.
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We also observed elevated rates of some AESI during the peri-
COVID-19 period that may be associated with COVID-19 disease
(e.g., DIC in Medicare and HealthCore) [23]. Previous research has
shown that coagulopathy is common in severe COVID-19 cases
[23–31] and that the risk of myocarditis is elevated among patients
with COVID-19 [32]. Related to coagulopathy and myocarditis, we
measured the IRs of DIC, DVT, ITP, myocarditis/pericarditis, PE,
stroke, and common and unusual site TTS. During June 2020–
December 2020, rates of DIC, myocarditis/pericarditis, PE, and
common and unusual site TTS were elevated by more than 10 %
compared with their pre-pandemic rates in at least one data
source, while rates of DVT and ITP also showed an increase to a les-
ser extent (2–7 %) in at least two data sources. Information on the
decrease and elevation of rates during the pandemic period is
important when conducting active surveillance.

This study has several strengths. It is a large population-based
study consisting of more than 100 million individuals across six
administrative claims data sources. The large cohort enables the
robust estimation of IRs, particularly for rare AESI. Additionally,
the use of pre-adjudicated claims, where available, enabled accu-
mulation of more current data with less delay and allowed for cal-
culation of IR estimates through December 11, 2020, for a broad
range of AESI and negative control events. To our knowledge, there
has not yet been any prior large-scale study comparing pre- and
peri-COVID-19 IRs of AESI, including pandemic-related fluctua-
tions, in the United States. One European study, the vACCine
COVID-19 monitoring readinESS (ACCESS) project, funded by the
European Medicines Agency, evaluated potential impacts of the
pandemic on AESI background rates [18]. Most prior studies on
AESI background rates stratified the rates by demographic charac-



Table 1
Incidence rates for each AESI and negative control eventa by sex and data source in 2019.

AESI or negative control and
sex

Medicare, 65+ years BHI, 18–64 years CVS Health,
18–64 years

HealthCore,
18–64 years

MarketScan,
18–64 years

Optum,a 18–64 years

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

AMI 1297.48
(1293.01–1301.97)

149.45
(147.45–
151.47)

110.48
(108.31–
112.69)

122.85
(120.81–
124.92)

110.28
(108.44–
112.15)

134.14
(131.63–
136.68)

Female 1105.96
(1100.45–1111.49)

[ref] 83.97
(81.97–86.01)

[ref] 67.17
(64.83–69.57)

[ref] 71.68
(69.49–73.92)

[ref] 62.64
(60.72–64.60)

[ref] 68.67
(66.24–71.16)

[ref]

Male 1543.22
(1535.85–1550.61)

1.40
(1.39–
1.41)

232.04
(228.30–
235.84)

2.76
(2.68–
2.85)

158.24
(154.47–
162.09)

2.36
(2.26–
2.46)

174.61
(171.17–
178.11)

2.44
(2.35–
2.53)

161.97
(158.75–
165.24)

2.59
(2.49–
2.68)

211.67
(207.02–
216.40)

3.08
(2.96–
3.22)

Anaphylaxis 10.57
(10.18–10.96)

18.67
(18.02–19.33)

12.46
(11.86–13.09)

14.81
(14.19–15.45)

13.90
(13.32–14.49)

16.66
(15.88–17.47)

Female 10.37
(9.86–10.90)

[ref] 20.54
(19.64–21.48)

[ref] 14.69
(13.78–15.65)

[ref] 17.01
(16.06–17.99)

[ref] 16.09
(15.23–16.98)

[ref] 16.94
(15.88–18.06)

[ref]

Male 10.81
(10.23–11.42)

1.04
(0.97–
1.12)

16.25
(15.34–17.20)

0.79
(0.74–
0.85)

9.91
(9.13–10.73)

0.67
(0.61–
0.75)

12.61
(11.80–13.46)

0.74
(0.68–
0.81)

11.52
(10.77–12.31)

0.72
(0.66–
0.78)

16.32
(15.19–17.52)

0.96
(0.87–
1.06)

Appendicitis 80.05
(78.95–81.16)

152.71
(150.69–
154.75)

117.15
(114.91–
119.43)

128.22
(126.13–
130.33)

118.73
(116.81–
120.66)

155.05
(152.35–
157.78)

Female 76.55
(75.11–78.01)

[ref] 148.12
(145.45–
150.82)

[ref] 113.00
(109.95–
116.10)

[ref] 126.90
(123.98–
129.87)

[ref] 117.47
(114.83–
120.14)

[ref] 141.61
(138.12–
145.18)

[ref]

Male 84.51
(82.81–86.25)

1.10
(1.07–
1.14)

158.50
(155.40–
161.64)

1.07
(1.04–
1.10)

121.67
(118.36–
125.05)

1.08
(1.04–
1.12)

129.55
(126.58–
132.57)

1.02
(0.99–
1.05)

120.09
(117.32–
122.91)

1.02
(0.99–
1.06)

170.95
(166.77–
175.20)

1.21
(1.17–
1.25)

Bell’s palsy 215.42
(213.64–217.21)

118.58
(116.88–
120.31)

97.84
(95.98–99.72)

106.89
(105.11–
108.70)

105.47
(103.78–
107.19)

123.67
(121.42–
125.96)

Female 220.31
(217.91–222.73)

[ref] 122.39
(120.08–
124.74)

[ref] 104.49
(101.83–
107.19)

[ref] 115.21
(112.60–
117.87)

[ref] 110.71
(108.31–
113.15)

[ref] 121.38
(118.35–
124.46)

[ref]

Male 209.21
(206.58–211.87)

0.95
(0.93–
0.97)

113.73
(111.21–
116.28)

0.93
(0.90–
0.96)

90.46
(87.88–93.10)

0.87
(0.83–
0.90)

98.52
(96.10–100.99)

0.86
(0.83–
0.88)

99.80
(97.44–102.22)

0.90
(0.87–
0.93)

126.40
(123.03–
129.84)

1.04
(1.00–
1.08)

DVT 1330.99
(1326.43–1335.55)

285.50
(282.73–
288.30)

232.20
(229.03–
235.39)

238.51
(235.67–
241.39)

242.62
(239.89–
245.39)

226.52
(223.25–
229.82)

Female 1315.90
(1309.86–1321.97)

[ref] 253.97
(250.48–
257.51)

[ref] 222.19
(217.91–
226.53)

[ref] 225.89
(221.98–
229.84)

[ref] 229.66
(225.97–
233.39)

[ref] 202.59
(198.40–
206.84)

[ref]

Male 1350.26
(1343.35–1357.21)

1.03
(1.02–
1.03)

325.26
(320.82–
329.75)

1.28
(1.26–
1.31)

242.97
(238.27–
247.72)

1.09
(1.06–
1.12)

251.28
(247.14–
255.47)

1.11
(1.09–
1.14)

256.69
(252.62–
260.80)

1.12
(1.09–
1.14)

254.85
(249.74–
260.05)

1.26
(1.22–
1.30)

DIC 36.91
(36.17–37.67)

8.96
(8.48–9.47)

5.75
(5.26–6.27)

4.72
(4.33–5.14)

4.84
(4.46–5.25)

5.47
(4.97–6.00)

Female 32.80
(31.86–33.76)

[ref] 7.91
(7.31–8.56)

[ref] 6.27
(5.57–7.03)

[ref] 5.21
(4.63–5.84)

[ref] 5.31
(4.76–5.90)

[ref] 5.23
(4.57–5.95)

[ref]

Male 42.16
(40.96–43.39)

1.29
(1.23–
1.34)

10.29
(9.51–11.11)

1.30
(1.16–
1.45)

5.24
(4.57–5.98)

0.84
(0.70–
1.00)

4.23
(3.71–4.8)

0.81
(0.68–
0.97)

4.34
(3.83–4.90)

0.82
(0.69–
0.96)

5.75
(5.01–6.58)

1.10
(0.91–
1.33)

ENC 9.82
(9.44–10.21)

3.34
(3.06–3.64)

2.11
(1.84–2.40)

2.42
(2.15–2.70)

2.08
(1.85–2.33)

2.98
(2.64–3.36)
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Table 1 (continued)

AESI or negative control and
sex

Medicare, 65+ years BHI, 18–64 years CVS Health,
18–64 years

HealthCore,
18–64 years

MarketScan,
18–64 years

Optum,a 18–64 years

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

Female 8.63
(8.16–9.12)

[ref] 2.94
(2.59–3.33)

[ref] 2.06
(1.71–2.48)

[ref] 2.17
(1.82–2.56)

[ref] 1.95
(1.65–2.3)

[ref] 2.77
(2.33–3.27)

[ref]

Male 11.33
(10.73–11.96)

1.31
(1.21–
1.42)

3.84
(3.39–4.33)

1.30
(1.09–
1.56)

2.14
(1.76–2.58)

1.04
(0.79–
1.36)

2.67
(2.28–3.10)

1.23
(0.98–
1.55)

2.22
(1.88–2.61)

1.14
(0.90–
1.44)

3.24
(2.72–3.83)

1.17
(0.92–
1.49)

GBS 4.63
(4.36–4.90)

3.11
(2.83–3.42)

2.23
(1.93–2.56)

2.33
(2.05–2.62)

2.24
(1.99–2.52)

2.97
(2.61–3.37)

Female 3.56
(3.25–3.88)

[ref] 2.53
(2.19–2.90)

[ref] 1.95
(1.56–2.39)

[ref] 2.01
(1.66–2.42)

[ref] 1.71
(1.40–2.06)

[ref] 2.34
(1.91–2.84)

[ref]

Male 5.99
(5.54–6.46)

1.68
(1.50–
1.90)

3.85
(3.38–4.37)

1.52
(1.26–
1.85)

2.51
(2.06–3.04)

1.29
(0.97–
1.73)

2.64
(2.23–3.10)

1.31
(1.02–
1.69)

2.83
(2.41–3.29)

1.66
(1.29–
2.13)

3.71
(3.12–4.38)

1.58
(1.22–
2.07)

HS 205.26
(203.49–207.04)

22.98
(22.20–23.78)

18.49
(17.60–19.40)

16.77
(16.02–17.54)

15.88
(15.18–16.59)

19.64
(18.69–20.63)

Female 186.20
(183.95–188.47)

[ref] 18.89
(17.94–19.87)

[ref] 15.91
(14.78–17.11)

[ref] 13.9
(12.95–14.91)

[ref] 13.22
(12.35–14.14)

[ref] 14.98
(13.86–16.17)

[ref]

Male 229.61
(226.79–232.45)

1.23
(1.21–
1.25)

28.14
(26.84–29.48)

1.49
(1.39–
1.60)

21.40
(20.03–22.84)

1.34
(1.22–
1.48)

19.67
(18.52–20.86)

1.41
(1.29–
1.55)

18.75
(17.67–19.89)

1.42
(1.30–
1.55)

25.14
(23.56–26.81)

1.68
(1.52–
1.86)

ITP 90.21
(89.03–91.39)

39.09
(38.07–40.13)

27.40
(26.32–28.51)

28.67
(27.69–29.68)

29.20
(28.25–30.16)

34.70
(33.43–36.00)

Female 78.17
(76.72–79.65)

[ref] 44.39
(42.93–45.88)

[ref] 32.84
(31.21–34.53)

[ref] 34.46
(32.95–36.02)

[ref] 34.98
(33.55–36.45)

[ref] 39.88
(38.03–41.79)

[ref]

Male 105.58
(103.67–107.51)

1.35
(1.32–
1.39)

32.41
(31.02–33.85)

0.73
(0.69–
0.77)

21.48
(20.10–22.92)

0.65
(0.60–
0.71)

22.83
(21.6–24.12)

0.66
(0.62–
0.71)

22.93
(21.73–24.18)

0.66
(0.61–
0.70)

28.57
(26.88–30.34)

0.72
(0.66–
0.77)

Myocarditis/pericarditis 88.09
(86.94–89.26)

40.11
(39.08–41.16)

33.75
(32.55–34.98)

34.79
(33.71–35.90)

34.58
(33.55–35.63)

41.36
(39.97–42.78)

Female 80.60
(79.12–82.09)

[ref] 30.22
(29.02–31.45)

[ref] 26.73
(25.26–28.26)

[ref] 26.87
(25.54–28.25)

[ref] 27.22
(25.96–28.53)

[ref] 29.86
(28.26–31.52)

[ref]

Male 97.67
(95.84–99.53)

1.21
(1.18–
1.24)

52.57
(50.79–54.39)

1.74
(1.65–
1.83)

41.44
(39.52–43.43)

1.55
(1.44–
1.67)

42.79
(41.10–44.54)

1.59
(1.49–
1.70)

42.55
(40.91–44.24)

1.56
(1.47–
1.66)

54.96
(52.61–57.40)

1.84
(1.72–
1.97)

Narcolepsy 37.71
(36.96–38.48)

52.89
(51.70–54.09)

41.17
(39.85–42.53)

44.32
(43.10–45.57)

45.53
(44.35–46.74)

49.23
(47.72–50.78)

Female 36.05
(35.06–37.05)

[ref] 61.77
(60.06–63.53)

[ref] 48.24
(46.25–50.28)

[ref] 56.15
(54.21–58.14)

[ref] 54.75
(52.96–56.59)

[ref] 54.96
(52.79–57.19)

[ref]

Male 39.84
(38.67–41.04)

1.11
(1.06–
1.15)

41.70
(40.12–43.32)

0.67
(0.64–
0.71)

33.49
(31.77–35.29)

0.69
(0.65–
0.74)

32.37
(30.90–33.90)

0.58
(0.54–
0.61)

35.54
(34.04–37.09)

0.65
(0.61–
0.69)

42.46
(40.39–44.61)

0.77
(0.72–
0.82)

NHS 842.83
(839.23–846.44)

73.75
(72.34–75.17)

59.93
(58.33–61.56)

62.74
(61.29–64.22)

57.15
(55.82–58.49)

67.65
(65.87–69.46)

Female 830.52
(825.75–835.30)

[ref] 55.12
(53.50–56.78)

[ref] 50.29
(48.26–52.37)

[ref] 49.77
(47.95–51.64)

[ref] 46.92
(45.26–48.62)

[ref] 51.74
(49.63–53.91)

[ref]

Male 858.57
(853.09–864.07)

1.03
(1.02–
1.04)

97.21
(94.80–99.68)

1.76
(1.70–
1.83)

70.50
(67.99–73.08)

1.40
(1.33–
1.48)

75.85
(73.59–78.17)

1.52
(1.45–
1.60)

68.23
(66.15–70.37)

1.45
(1.39–
1.52)

86.48
(83.51–89.52)

1.67
(1.58–
1.76)

PE 755.10
(751.69–758.53)

179.46
(177.26–
181.67)

139.95
(137.50–
142.44)

139.64
(137.46–
141.84)

148.04
(145.90–
150.20)

169.82
(166.99–
172.68)

Female 742.23 [ref] 169.35 [ref] 142.45 [ref] 138.56 [ref] 149.60 [ref] 159.80 [ref]

(continued on next page)
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Table 1 (continued)

AESI or negative control and
sex

Medicare, 65+ years BHI, 18–64 years CVS Health,
18–64 years

HealthCore,
18–64 years

MarketScan,
18–64 years

Optum,a 18–64 years

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

IR per 100,000
PY
(95 % CI)

IRR
(95 % CI)

(737.71–746.77) (166.50–
172.24)

(139.03–
145.94)

(135.51–
141.66)

(146.62–
152.62)

(156.08–
163.58)

Male 771.54
(766.34–776.77)

1.04
(1.03–
1.05)

192.19
(188.78–
195.65)

1.13
(1.11–
1.16)

137.06
(133.54–
140.64)

0.96
(0.93–
1.00)

140.72
(137.63–
143.87)

1.02
(0.98–
1.05)

146.35
(143.29–
149.46)

0.98
(0.95–
1.01)

181.68
(177.36–
186.07)

1.14
(1.10–
1.18)

TM 3.38
(3.15–3.61)

1.96
(1.74–2.21)

1.41
(1.17–1.68)

1.57
(1.35–1.82)

1.28
(1.08–1.49)

1.61
(1.35–1.91)

Female 3.18
(2.89–3.49)

[ref] 2.29
(1.97–2.65)

[ref] 1.62
(1.28–2.03)

[ref] 1.82
(1.48–2.21)

[ref] 1.49
(1.21–1.82)

[ref] 1.57
(1.22–1.99)

[ref]

Male 3.63
(3.28–4.00)

1.14
(0.99–
1.31)

1.55
(1.26–1.89)

0.68
(0.53–
0.87)

1.19
(0.88–1.56)

0.73
(0.50–
1.06)

1.32
(1.04–1.66)

0.73
(0.53–
0.99)

1.04
(0.8–1.34)

0.70
(0.50–
0.97)

1.67
(1.28–2.14)

1.06
(0.74–
1.52)

Unusual site TTS 12.49
(12.06–12.93)

3.80
(3.49–4.14)

3.04
(2.69–3.42)

2.17
(1.91–2.46)

2.02
(1.78–2.28)

2.92
(2.56–3.32)

Female 10.01
(9.49–10.54)

[ref] 2.81
(2.45–3.20)

[ref] 2.46
(2.03–2.96)

[ref] 1.94
(1.60–2.34)

[ref] 1.86
(1.54–2.23)

[ref] 2.16
(1.75–2.64)

[ref]

Male 15.66
(14.93–16.42)

1.57
(1.46–
1.68)

5.06
(4.52–5.64)

1.80
(1.51–
2.15)

3.68
(3.12–4.30)

1.49
(1.16–
1.92)

2.41
(2.02–2.85)

1.24
(0.96–
1.61)

2.19
(1.83–2.60)

1.17
(0.91–
1.52)

3.82
(3.22–4.50)

1.77
(1.35–
2.32)

Common site TTS 362.30
(359.95–364.67)

35.22
(34.25–36.21)

28.25
(27.15–29.38)

22.89
(22.01–23.79)

22.74
(21.91–23.59)

30.47
(29.28–31.69)

Female 275.60
(272.86–278.35)

[ref] 26.79
(25.67–27.96)

[ref] 24.09
(22.69–25.55)

[ref] 18.4
(17.3–19.56)

[ref] 18.39
(17.36–19.47)

[ref] 24.33
(22.89–25.83)

[ref]

Male 473.24
(469.19–477.33)

1.72
(1.69–
1.74)

45.83
(44.18–47.54)

1.71
(1.62–
1.81)

32.91
(31.20–34.69)

1.37
(1.26–
1.48)

27.42
(26.06–28.82)

1.49
(1.38–
1.61)

27.45
(26.14–28.82)

1.49
(1.38–
1.61)

37.73
(35.79–39.76)

1.55
(1.43–
1.68)

CD, in thousandsb 8.91
(8.89–8.92)

2.82
(2.81–2.83)

2.08
(2.07–2.09)

2.34
(2.34–2.35)

2.34
(2.33–2.35)

N/A

Female 8.76
(8.74–8.78)

[ref] 2.50
(2.49–2.51)

[ref] 2.00
(1.99–2.01)

[ref] 2.26
(2.25–2.27)

[ref] 2.26
(2.24–2.27)

[ref] N/A N/A

Male 9.10
(9.08–9.11)

1.04
(1.04–
1.04)

3.23
(3.22–3.24)

1.29
(1.28–
1.30)

2.16
(2.15–2.17)

1.08
(1.07–
1.09)

2.43
(2.42–2.44)

1.07
(1.07–
1.08)

2.44
(2.43–2.45)

1.08
(1.07–
1.09)

N/A N/A

HTN, in thousandsb 26.55
(26.52–26.59)

10.37
(10.35–10.39)

7.80
(7.78–7.82)

8.99
(8.97–9.01)

9.44
(9.42–9.46)

N/A

Female 25.62
(25.57–25.67)

[ref] 8.63
(8.61–8.65)

[ref] 7.06
(7.04–7.09)

[ref] 8.00
(7.98–8.03)

[ref] 8.46
(8.43–8.48)

[ref] N/A N/A

Male 27.71
(27.65–27.77)

1.08
(1.08–
1.08)

12.79
(12.76–12.82)

1.48
(1.48–
1.49)

8.63
(8.60–8.66)

1.22
(1.22–
1.23)

10.03
(10–10.06)

1.25
(1.25–
1.26)

10.56
(10.53–10.58)

1.25
(1.24–
1.25)

N/A N/A

WCV, in thousandsb 47.88
(47.85–47.91)

69.73
(69.69–69.77)

50.23
(50.19–50.28)

53.47
(53.43–53.51)

60.41
(60.37–60.45)

N/A

Female 50.51
(50.47–50.56)

[ref] 83.36
(83.29–83.42)

[ref] 66.43
(66.36–66.51)

[ref] 71.37
(71.3–71.44)

[ref] 78.76
(78.69–78.83)

[ref] N/A N/A

Male 44.59
(44.55–44.64)

0.88
(0.88–
0.88)

52.56
(52.51–52.62)

0.63
(0.63–
0.63)

32.36
(32.31–32.42)

0.49
(0.49–
0.49)

35.37
(35.32–35.42)

0.50
(0.49–
0.50)

40.51
(40.46–40.57)

0.51
(0.51–
0.52)

N/A N/A

Abbreviations: AESI, adverse event of special interest; AMI, acute myocardial infarction; BHI, Blue Health Intelligence; CD, colonic diverticulitis; CI, confidence interval; DIC, disseminated intravascular coagulation; DVT, deep vein
thrombosis; ENC, encephalitis/encephalomyelitis; GBS, Guillain-Barré syndrome; HS, hemorrhagic stroke; HTN, hypertension; IR, incidence rate; IRR, incidence rate ratio; ITP, immune thrombocytopenia; N/A, not available; NHS,
non-hemorrhagic stroke; PE, pulmonary embolism; PY, person-years; ref, reference; TM, transverse myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit.

a Analyses and results for negative control events are not available for Optum.
b Incidence rates of negative control events are reported in thousands (e.g., a value of 1 corresponds to a rate of 1,000 per 100,000 person-years).
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Table 2
Incidence rates for each AESI and negative control eventa by age group (18–64 years) and data source in 2019.

AESI or negative
control and
age, years

BHI CVS Health HealthCore MarketScan Optuma

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

AMI 149.45
(147.45–151.47)

110.48
(108.31–112.69)

122.85
(120.81–124.92)

110.28
(108.44–112.15)

134.14
(131.63–136.68)

18–25 5.26
(4.39–6.26)

[ref] 3.88
(2.95–5.01)

[ref] 4.17
(3.31–5.18)

[ref] 4.14
(3.32–5.10)

[ref] 6.91
(5.47–8.61)

[ref]

26–35 15.70
(14.13–17.39)

2.98
(2.43–3.68)

10.99
(9.44–12.71)

2.83
(2.10–3.87)

13.62
(12.03–15.37)

3.27
(2.54–4.25)

11.90
(10.45–13.50)

2.88
(2.25–3.71)

16.11
(14.18–18.23)

2.33
(1.80–3.04)

36–45 65.13
(62.12–68.25)

12.37
(10.34–14.92)

52.05
(48.81–55.44)

13.41
(10.31–17.76)

60.35
(57.24–63.58)

14.48
(11.57–18.34)

55.58
(52.73–58.54)

13.44
(10.83–16.86)

74.06
(70.15–78.14)

10.72
(8.54–13.63)

46–55 195.08
(190.29–199.96)

37.06
(31.11–44.5)

152.85
(147.49–158.36)

39.39
(30.45–51.87)

171.28
(166.34–176.34)

41.09
(32.99–51.84)

148.52
(144.15–152.98)

35.90
(29.07–44.86)

192.14
(186.06–198.37)

27.82
(22.26–35.22)

56–64 358.23
(352.04–364.51)

68.05
(57.18–81.64)

298.14
(290.33–306.10)

76.83
(59.47–101.06)

315.91
(308.81–323.12)

75.78
(60.89–95.53)

278.20
(271.94–284.56)

67.25
(54.51–83.96)

331.99
(323.23–340.94)

48.06
(38.50–60.81)

Anaphylaxis 18.67
(18.02–19.33)

12.46
(11.86–13.09)

14.81
(14.19–15.45)

13.90
(13.32–14.49)

16.66
(15.88–17.47)

18–25 25.96
(24.12–27.90)

[ref] 16.07
(14.48–17.79)

[ref] 18.33
(16.7–20.07)

[ref] 17.72
(16.19–19.37)

[ref] 24.11
(21.68–26.73)

[ref]

26–35 18.37
(16.87–19.96)

0.71
(0.63–0.79)

11.31
(10.05–12.68)

0.70
(0.60–0.82)

12.77
(11.48–14.17)

0.70
(0.61–0.80)

13.09
(11.82–14.45)

0.74
(0.64–0.85)

15.99
(14.35–17.77)

0.66
(0.57–0.77)

36–45 18.59
(17.12–20.15)

0.72
(0.64–0.80)

12.56
(11.23–14.00)

0.78
(0.67–0.91)

14.50
(13.16–15.94)

0.79
(0.69–0.90)

14.69
(13.40–16.06)

0.83
(0.73–0.94)

17.06
(15.40–18.84)

0.71
(0.61–0.82)

46–55 18.11
(16.76–19.53)

0.70
(0.63–0.78)

12.87
(11.55–14.28)

0.80
(0.69–0.93)

14.81
(13.51–16.21)

0.81
(0.71–0.92)

13.42
(12.25–14.68)

0.76
(0.67–0.86)

14.88
(13.38–16.51)

0.62
(0.53–0.72)

56–64 14.36
(13.21–15.57)

0.55
(0.50–0.62)

9.76
(8.58–11.07)

0.61
(0.51–0.72)

13.96
(12.61–15.42)

0.76
(0.66–0.87)

11.04
(9.92–12.26)

0.62
(0.54–0.72)

13.38
(11.80–15.11)

0.55
(0.47–0.65)

Appendicitis 152.71
(150.69–154.75)

117.15
(114.91–119.43)

128.22
(126.13–130.33)

118.73
(116.81–120.66)

155.05
(152.35–157.78)

18–25 201.61
(196.00–207.34)

[ref] 148.26
(142.20–154.51)

[ref] 167.17
(161.47–173.03)

[ref] 154.16
(148.92–159.53)

[ref] 223.45
(214.86–232.29)

[ref]

26–35 179.06
(173.67–184.59)

0.89
(0.85–0.93)

128.19
(122.77–133.80)

0.86
(0.81–0.92)

146.07
(140.73–151.56)

0.87
(0.83–0.92)

142.30
(137.17–147.58)

0.92
(0.88–0.97)

188.13
(181.37–195.07)

0.84
(0.80–0.89)

36–45 158.59
(153.87–163.42)

0.79
(0.75–0.82)

118.75
(113.84–123.82)

0.80
(0.75–0.85)

130.01
(125.43–134.71)

0.78
(0.74–0.82)

117.36
(113.2–121.64)

0.76
(0.72–0.80)

155.10
(149.41–160.96)

0.69
(0.66–0.73)

46–55 136.85
(132.85–140.95)

0.68
(0.65–0.71)

108.13
(103.63–112.78)

0.73
(0.69–0.77)

110.48
(106.51–114.55)

0.66
(0.63–0.69)

104.88
(101.21–108.64)

0.68
(0.65–0.71)

129.56
(124.58–134.69)

0.58
(0.55–0.61)

56–64 112.12
(108.67–115.65)

0.56
(0.53–0.58)

90.19
(85.93–94.62)

0.61
(0.57–0.65)

100.05
(96.08–104.14)

0.60
(0.57–0.63)

89.54
(86.02–93.18)

0.58
(0.55–0.61)

106.56
(101.62–111.67)

0.48
(0.45–0.51)

Bell’s palsy 118.58
(116.88–120.31)

97.84
(95.98–99.72)

106.89
(105.11–108.7)

105.47
(103.78–107.19)

123.67
(121.42–125.96)

18–25 50.21
(47.54–52.98)

[ref] 36.65
(33.99–39.47)

[ref] 43.52
(40.83–46.35)

[ref] 44.29
(41.68–47.01)

[ref] 59.49
(55.41–63.79)

[ref]

26–35 88.25
(84.74–91.88)

1.76
(1.64–1.88)

68.77
(65.27–72.40)

1.88
(1.71–2.06)

78.43
(74.9–82.09)

1.80
(1.67–1.95)

79.87
(76.41–83.45)

1.80
(1.67–1.94)

97.73
(93.31–102.31)

1.64
(1.51–1.79)

36–45 117.33
(113.45–121.31)

2.34
(2.19–2.49)

97.86
(93.79–102.06)

2.67
(2.45–2.91)

105.98
(102.10–109.97)

2.43
(2.26–2.62)

103.41
(99.75–107.17)

2.34
(2.18–2.51)

125.38
(120.58–130.32)

2.11
(1.95–2.29)

46–55 152.05
(147.98–156.21)

3.03
(2.85–3.22)

129.76
(125.21–134.42)

3.54
(3.26–3.85)

137.83
(133.61–142.14)

3.17
(2.95–3.40)

132.42
(128.50–136.42)

2.99
(2.8–3.20)

148.96
(143.90–154.16)

2.5
(2.32–2.71)

56–64 157.75
(153.79–161.79)

3.14
(2.96–3.34)

144.45
(139.46–149.57)

3.94
(3.63–4.28)

153.30
(148.57–158.13)

3.52
(3.28–3.78)

149.98
(145.58–154.47)

3.39
(3.17–3.62)

165.31
(159.41–171.36)

2.78
(2.57–3.01)

DVT 285.50
(282.73–288.30)

232.20
(229.03–235.39)

238.51
(235.67–241.39)

242.62
(239.89–245.39)

226.52
(223.25–229.82)

18–25 57.95 [ref] 39.74 [ref] 44.59 [ref] 46.70 [ref] 54.08 [ref]
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Table 2 (continued)

AESI or negative
control and
age, years

BHI CVS Health HealthCore MarketScan Optuma

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

(54.96–61.05) (36.64–43.04) (41.67–47.66) (43.84–49.70) (49.90–58.51)
26–35 126.53

(122–131.18)
2.18
(2.05–2.33)

89.57
(85.04–94.27)

2.25
(2.05–2.48)

97.69
(93.34–102.19)

2.19
(2.02–2.38)

103.80
(99.43–108.32)

2.22
(2.06–2.40)

105.09
(100.06–110.31)

1.94
(1.77–2.14)

36–45 219.60
(214.04–225.28)

3.79
(3.58–4.02)

176.55
(170.54–182.71)

4.44
(4.07–4.85)

180.95
(175.53–186.49)

4.06
(3.77–4.37)

188.79
(183.50–194.19)

4.04
(3.77–4.33)

187.73
(181.45–194.17)

3.47
(3.19–3.79)

46–55 368.41
(361.81–375.11)

6.36
(6.02–6.72)

317.13
(309.37–325.02)

7.98
(7.34–8.69)

309.04
(302.37–315.82)

6.93
(6.46–7.44)

312.43
(306.07–318.88)

6.69
(6.27–7.15)

293.96
(286.42–301.66)

5.44
(5.00–5.92)

56–64 520.75
(513.27–528.32)

8.99
(8.51–9.49)

480.29
(470.35–490.38)

12.08
(11.13–13.14)

489.95
(481.09–498.93)

10.99
(10.25–11.79)

477.26
(469.05–485.59)

10.22
(9.58–10.91)

425.15
(415.20–435.28)

7.86
(7.24–8.55)

DIC 8.96
(8.48–9.47)

5.75
(5.26–6.27)

4.72
(4.33–5.14)

4.84
(4.46–5.25)

5.47
(4.97–6.00)

18–25 3.78
(3.05–4.64)

[ref] 1.97
(1.33–2.82)

[ref] 2.01
(1.43–2.74)

[ref] 1.83
(1.30–2.51)

[ref] 3.15
(2.20–4.36)

[ref]

26–35 5.96
(5.01–7.04)

1.58
(1.20–2.07)

3.05
(2.26–4.02)

1.55
(0.96–2.52)

3.04
(2.32–3.93)

1.52
(1.00–2.33)

3.13
(2.41–4.00)

1.71
(1.13–2.62)

3.66
(2.77–4.74)

1.16
(0.75–1.82)

36–45 5.93
(5.05–6.93)

1.57
(1.21–2.05)

4.86
(3.91–5.97)

2.46
(1.61–3.86)

3.20
(2.52–4.02)

1.60
(1.07–2.41)

3.36
(2.69–4.15)

1.83
(1.24–2.75)

4.15
(3.27–5.20)

1.32
(0.88–2.02)

46–55 10.24
(9.17–11.41)

2.71
(2.14–3.45)

6.66
(5.58–7.89)

3.38
(2.26–5.20)

5.13
(4.30–6.06)

2.55
(1.78–3.75)

4.84
(4.08–5.71)

2.64
(1.84–3.87)

6.25
(5.19–7.46)

1.99
(1.36–2.96)

56–64 15.59
(14.32–16.94)

4.12
(3.30–5.19)

11.12
(9.66–12.75)

5.64
(3.83–8.57)

9.33
(8.14–10.63)

4.65
(3.30–6.71)

9.89
(8.74–11.15)

5.39
(3.84–7.76)

9.32
(7.90–10.92)

2.96
(2.05–4.38)

ENC 3.34
(3.06–3.64)

2.11
(1.84–2.40)

2.42
(2.15–2.70)

2.08
(1.85–2.33)

2.98
(2.64–3.36)

18–25 2.88
(2.27–3.60)

[ref] 1.21
(0.76–1.81)

[ref] 1.92
(1.39–2.59)

[ref] 1.85
(1.35–2.48)

[ref] 3.40
(2.48–4.54)

[ref]

26–35 2.71
(2.13–3.41)

0.94
(0.67–1.32)

1.90
(1.36–2.58)

1.57
(0.92–2.75)

1.82
(1.32–2.45)

0.95
(0.61–1.48)

1.32
(0.91–1.85)

0.71
(0.44–1.14)

1.81
(1.25–2.53)

0.53
(0.33–0.85)

36–45 2.78
(2.21–3.45)

0.97
(0.70–1.34)

1.71
(1.21–2.35)

1.42
(0.82–2.49)

1.77
(1.30–2.35)

0.92
(0.60–1.43)

1.71
(1.27–2.26)

0.93
(0.61–1.42)

2.04
(1.47–2.76)

0.60
(0.39–0.94)

46–55 3.16
(2.60–3.81)

1.10
(0.81–1.49)

2.19
(1.63–2.87)

1.81 (1.09–3.11) 2.49
(1.95–3.13)

1.29
(0.88–1.93)

1.90
(1.45–2.43)

1.02
(0.69–1.54)

3.23
(2.52–4.08)

0.95
(0.65–1.41)

56–64 4.69
(4.03–5.43)

1.63
(1.24–2.16)

3.42
(2.69–4.29)

2.84
(1.76–4.74)

3.96
(3.23–4.80)

2.06
(1.43–3.01)

3.50
(2.85–4.24)

1.89
(1.32–2.75)

4.67
(3.73–5.79)

1.38
(0.95–2.02)

GBS 3.11
(2.83–3.42)

2.23
(1.93–2.56)

2.33
(2.05–2.62)

2.24
(1.99–2.52)

2.97
(2.61–3.37)

18–25 1.56
(1.11–2.15)

[ref] 1.25
(0.75–1.95)

[ref] 1.65
(1.13–2.32)

[ref] 1.13
(0.72–1.68)

[ref] 2.01
(1.27–3.02)

[ref]

26–35 2.66
(2.04–3.41)

1.70
(1.12–2.62)

1.46
(0.94–2.18)

1.17
(0.62–2.26)

2.06
(1.47–2.81)

1.25
(0.77–2.06)

1.81
(1.28–2.50)

1.61
(0.94–2.81)

2.7
(1.94–3.64)

1.34
(0.79–2.33)

36–45 2.86
(2.25–3.57)

1.83
(1.22–2.77)

2.10
(1.50–2.88)

1.68
(0.95–3.09)

2.01
(1.48–2.67)

1.22
(0.76–1.97)

2.34
(1.79–3.02)

2.08
(1.27–3.49)

3.21
(2.44–4.15)

1.60
(0.97–2.71)

46–55 3.16
(2.57–3.83)

2.02
(1.38–3.01)

2.98
(2.28–3.84)

2.39
(1.41–4.24)

2.86
(2.26–3.59)

1.74
(1.14–2.72)

2.57
(2.03–3.22)

2.28
(1.43–3.78)

2.85
(2.15–3.70)

1.42
(0.86–2.41)

56–64 4.63
(3.95–5.39)

2.96
(2.07–4.33)

3.01
(2.27–3.91)

2.41
(1.41–4.29)

2.80
(2.17–3.56)

1.70
(1.10–2.68)

2.99
(2.37–3.71)

2.65
(1.66–4.37)

3.78
(2.90–4.84)

1.88
(1.15–3.18)

HS 22.98
(22.2–23.78)

18.49
(17.60–19.40)

16.77
(16.02–17.54)

15.88
(15.18–16.59)

19.64
(18.69–20.63)

18–25 3.91
(3.16–4.78)

[ref] 2.83
(2.05–3.81)

[ref] 3.04
(2.31–3.92)

[ref] 3.15
(2.44–4.00)

[ref] 3.85
(2.80–5.16)

[ref]

26–35 6.95
(5.92–8.11)

1.78
(1.37–2.32)

5.25
(4.20–6.48)

1.86
(1.27–2.74)

4.64
(3.73–5.71)

1.53
(1.09–2.16)

4.80
(3.90–5.85)

1.52
(1.11–2.11)

7.12
(5.86–8.58)

1.85
(1.29–2.69)

36–45 14.54 3.72 10.58 3.74 8.76 2.88 9.49 3.01 12.73 3.31

K
.M

oll,B.Lufkin,K
.R
.Fingar

et
al.

V
accine

41
(2023)

333–
353

346



Table 2 (continued)

AESI or negative
control and
age, years

BHI CVS Health HealthCore MarketScan Optuma

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

(13.14–16.05) (2.97–4.71) (9.15–12.17) (2.68–5.33) (7.6–10.04) (2.15–3.92) (8.34–10.77) (2.29–4.01) (11.14–14.49) (2.39–4.68)
46–55 29.1

(27.27–31.02)
7.45
(6.03–9.30)

23.48
(21.41–25.70)

8.30
(6.07–11.63)

21.56
(19.83–23.40)

7.10
(5.43–9.45)

20.26
(18.67–21.95)

6.43
(4.99–8.41)

25.87
(23.67–28.22)

6.72
(4.94–9.37)

56–64 47.3
(45.07–49.62)

12.11
(9.84–15.05)

45.42
(42.41–48.59)

16.06
(11.82–22.36)

40.29
(37.78–42.91)

13.27
(10.20–17.56)

35.47
(33.26–37.78)

11.26
(8.79–14.65)

42.65
(39.55–45.93)

11.09
(8.17–15.4)

ITP 39.09
(38.07–40.13)

27.40
(26.32–28.51)

28.67
(27.69–29.68)

29.2
(28.25–30.16)

34.70
(33.43–36.00)

18–25 20.37
(18.61–22.24)

[ref] 13.03
(11.27–14.97)

[ref] 17.71
(15.89–19.68)

[ref] 14.48
(12.91–16.19)

[ref] 22.13
(19.48–25.03)

[ref]

26–35 38.24
(35.77–40.84)

1.88
(1.68–2.10)

24.42
(22.09–26.94)

1.87
(1.58–2.23)

24.21
(22.07–26.5)

1.37
(1.19–1.58)

26.65
(24.46–28.99)

1.84
(1.60–2.12)

30.43
(27.75–33.30)

1.38
(1.18–1.61)

36–45 37.45
(35.17–39.83)

1.84
(1.65–2.05)

26.02
(23.75–28.45)

2.00
(1.69–2.37)

24.79
(22.81–26.89)

1.40
(1.22–1.60)

27.63
(25.63–29.75)

1.91
(1.67–2.19)

33.29
(30.68–36.06)

1.50
(1.30–1.75)

46–55 42.74
(40.52–45.06)

2.10
(1.89–2.33)

29.06
(26.75–31.51)

2.23
(1.90–2.63)

31.00
(28.92–33.19)

1.75
(1.54–1.99)

32.44
(30.42–34.56)

2.24
(1.97–2.56)

36.05
(33.44–38.80)

1.63
(1.41–1.89)

56–64 50.33
(48.03–52.72)

2.47
(2.24–2.74)

41.36
(38.49–44.39)

3.18
(2.71–3.73)

42.44
(39.87–45.14)

2.40
(2.12–2.72)

40.62
(38.25–43.09)

2.80
(2.47–3.19)

47.43
(44.15–50.88)

2.14
(1.86–2.48)

Myocarditis/pericarditis 40.11
(39.08–41.16)

33.75
(32.55–34.98)

34.79
(33.71–35.90)

34.58
(33.55–35.63)

41.36
(39.97–42.78)

18–25 29.87
(27.73–32.12)

[ref] 25.85
(23.36–28.54)

[ref] 28.26
(25.95–30.73)

[ref] 28.63
(26.41–31.00)

[ref] 36.21
(32.81–39.87)

[ref]

26–35 29.65
(27.48–31.94)

0.99
(0.89–1.10)

23.93
(21.62–26.42)

0.93
(0.80–1.07)

27.10
(24.83–29.52)

0.96
(0.85–1.08)

27.04
(24.83–29.39)

0.94
(0.84–1.06)

35.12
(32.23–38.19)

0.97
(0.85–1.10)

36–45 35.4
(33.19–37.72)

1.19
(1.07–1.31)

30.83
(28.35–33.46)

1.19
(1.05–1.36)

30.51
(28.31–32.83)

1.08
(0.96–1.21)

31.65
(29.51–33.91)

1.11
(0.99–1.23)

39.10
(36.27–42.09)

1.08
(0.96–1.22)

46–55 45.24
(42.95–47.62)

1.51
(1.38–1.66)

38.71
(36.04–41.53)

1.50
(1.32–1.69)

37.22
(34.93–39.61)

1.32
(1.19–1.46)

36.77
(34.62–39.03)

1.28
(1.16–1.42)

41.99
(39.18–44.96)

1.16
(1.03–1.31)

56–64 52.84
(50.48–55.28)

1.77
(1.62–1.93)

46.40
(43.36–49.60)

1.79
(1.59–2.03)

47.83
(45.10–50.69)

1.69
(1.53–1.88)

45.30
(42.80–47.90)

1.58
(1.43–1.75)

52.59
(49.14–56.22)

1.45
(1.29–1.64)

Narcolepsy 52.89
(51.70–54.09)

41.17
(39.85–42.53)

44.32
(43.10–45.57)

45.53
(44.35–46.74)

49.23
(47.72–50.78)

18–25 60.02
(56.98–63.18)

[ref] 41.46
(38.29–44.83)

[ref] 46.25
(43.27–49.38)

[ref] 48.92
(46.00–51.99)

[ref] 66.43
(61.78–71.32)

[ref]

26–35 64.55
(61.33–67.90)

1.08
(1.00–1.16)

42.14
(39.06–45.41)

1.02
(0.91–1.13)

49.37
(46.29–52.61)

1.07
(0.97–1.17)

52.50
(49.4–55.74)

1.07
(0.98–1.17)

52.81
(49.26–56.54)

0.79
(0.72–0.88)

36–45 62.05
(59.11–65.10)

1.03
(0.96–1.11)

43.86
(40.89–46.98)

1.06
(0.95–1.18)

49.98
(47.16–52.93)

1.08
(0.99–1.18)

51.74
(48.99–54.60)

1.06
(0.97–1.15)

52.98
(49.68–56.45)

0.80
(0.72–0.88)

46–55 49.01
(46.62–51.48)

0.82
(0.76–0.88)

41.36
(38.60–44.27)

1.00
(0.90–1.11)

43.04
(40.58–45.62)

0.93
(0.85–1.02)

43.47
(41.12–45.91)

0.89
(0.82–0.97)

44.45
(41.55–47.50)

0.67
(0.61–0.74)

56–64 37.00
(35.03–39.05)

0.62
(0.57–0.66)

37.21
(34.49–40.09)

0.90
(0.80–1.00)

34.53
(32.21–36.97)

0.75
(0.68–0.82)

34.01
(31.84–36.27)

0.70
(0.64–0.76)

35.47
(32.65–38.47)

0.53
(0.48–0.60)

NHS 73.75
(72.34–75.17)

59.93
(58.33–61.56)

62.74
(61.29–64.22)

57.15
(55.82–58.49)

67.65
(65.87–69.46)

18–25 5.39
(4.50–6.39)

[ref] 3.42
(2.55–4.49)

[ref] 4.48
(3.59–5.52)

[ref] 3.85
(3.07–4.78)

[ref] 7.26
(5.78–9.00)

[ref]

26–35 14.54
(13.04–16.18)

2.70
(2.2–3.33)

11.17
(9.61–12.91)

3.27
(2.39–4.53)

9.60
(8.27–11.08)

2.14
(1.65–2.80)

10.63
(9.26–12.14)

2.76
(2.13–3.60)

15.15
(13.28–17.21)

2.09
(1.62–2.71)

36–45 36.43
(34.19–38.79)

6.76
(5.63–8.18)

32.01
(29.49–34.69)

9.36
(7.04–12.68)

30.04
(27.86–32.34)

6.71
(5.36–8.48)

30.79
(28.68–33.02)

7.99
(6.36–10.16)

37.77
(34.99–40.71)

5.20
(4.14–6.62)

46–55 92.67
(89.38–96.05)

17.20
(14.44–20.65)

73.45
(69.75–77.30)

21.48
(16.29–28.89)

79.77
(76.41–83.25)

17.82
(14.37–22.34)

70.54
(67.54–73.64)

18.30
(14.67–23.11)

87.26
(83.18–91.49)

12.02
(9.64–15.17)

56–64 170.22 31.59 162.35 47.47 166.44 37.17 144.44 37.47 169.07 23.3

(continued on next page)
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Table 2 (continued)

AESI or negative
control and
age, years

BHI CVS Health HealthCore MarketScan Optuma

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

(165.96–174.56) (26.57–37.86) (156.60–168.24) (36.1–63.71) (161.3–171.69) (30.06–46.51) (139.95–149.04) (30.11–47.22) (162.83–175.48) (18.73–29.34)
PE 179.46

(177.26–181.67)
139.95
(137.50–142.44)

139.64
(137.46–141.84)

148.04
(145.90–150.20)

169.82
(166.99–172.68)

18–25 43.62
(41.03–46.32)

[ref] 29.41
(26.75–32.27)

[ref] 31.51
(29.06–34.11)

[ref] 35.17
(32.7–37.79)

[ref] 47.68
(43.76–51.85)

[ref]

26–35 88.50
(84.72–92.41)

2.03
(1.88–2.19)

58.20
(54.57–62.02)

1.98
(1.77–2.22)

61.35
(57.91–64.94)

1.95
(1.76–2.15)

69.36
(65.79–73.07)

1.97
(1.80–2.16)

85.9
(81.35–90.63)

1.8
(1.63–1.99)

36–45 141.96
(137.5–146.54)

3.25
(3.04–3.49)

111.83
(107.06–116.75)

3.8
(3.43–4.22)

110.07
(105.86–114.41)

3.49
(3.20–3.82)

117.66
(113.49–121.94)

3.35
(3.09–3.63)

137.11
(131.76–142.62)

2.88
(2.62–3.16)

46–55 229.26
(224.06–234.55)

5.26
(4.93–5.61)

186.41
(180.48–192.48)

6.34
(5.74–7.01)

178.87
(173.81–184.04)

5.68
(5.22–6.19)

189.69
(184.75–194.73)

5.39
(5–5.83)

215.54
(209.09–222.14)

4.52
(4.13–4.95)

56–64 315.28
(309.47–321.17)

7.23
(6.79–7.71)

280.65
(273.08–288.38)

9.54
(8.66–10.53)

276.91
(270.27–283.68)

8.79
(8.09–9.56)

279.75
(273.48–286.13)

7.95
(7.38–8.59)

316.35
(307.78–325.09)

6.64
(6.07–7.26)

TM 1.96
(1.74–2.21)

1.41
(1.17–1.68)

1.57
(1.35–1.82)

1.28
(1.08–1.49)

1.61
(1.35–1.91)

18–25 1.15
(0.77–1.66)

[ref] 0.59
(0.27–1.12)

[ref] 0.98
(0.59–1.53)

[ref] 0.80
(0.47–1.28)

[ref] 1.49
(0.87–2.38)

[ref]

26–35 1.59
(1.12–2.19)

1.38
(0.82–2.34)

1.46
(0.94–2.18)

2.47
(1.11–6.05)

1.39
(0.92–2.03)

1.42
(0.76–2.71)

1.13
(0.71–1.69)

1.41
(0.72–2.81)

1.09
(0.64–1.75)

0.73
(0.35–1.53)

36–45 2.26
(1.73–2.91)

1.96
(1.24–3.19)

1.13
(0.70–1.73)

1.91
(0.84–4.75)

1.45
(1.01–2.03)

1.49
(0.82–2.76)

1.21
(0.82–1.72)

1.52
(0.81–2.92)

1.77
(1.21–2.50)

1.19
(0.64–2.29)

46–55 2.23
(1.74–2.81)

1.94
(1.23–3.11)

1.94
(1.38–2.65)

3.28
(1.56–7.69)

1.85
(1.37–2.44)

1.89
(1.09–3.4)

1.56
(1.14–2.08)

1.95
(1.10–3.63)

1.78
(1.24–2.47)

1.2
(0.65–2.28)

56–64 2.30
(1.83–2.85)

2.00
(1.29–3.18)

1.72
(1.18–2.43)

2.91
(1.36–6.92)

2.01
(1.48–2.66)

2.05
(1.18–3.7)

1.51
(1.09–2.05)

1.89
(1.05–3.55)

1.83
(1.23–2.61)

1.23
(0.66–2.38)

Unusual site TTS 3.80
(3.49–4.14)

3.04
(2.69–3.42)

2.17
(1.91–2.46)

2.02
(1.78–2.28)

2.92
(2.56–3.32)

18–25 0.90
(0.57–1.37)

[ref] 0.79
(0.41–1.38)

[ref] 0.21
(0.06–0.53)

[ref] 0.33
(0.13–0.68)

[ref] 0.79
(0.36–1.49)

[ref]

26–35 1.80
(1.30–2.44)

1.99
(1.16–3.50)

0.43
(0.17–0.88)

0.54
(0.18–1.49)

0.93
(0.55–1.47)

4.51
(1.49–18.33)

0.54
(0.27–0.96)

1.64
(0.58–4.98)

0.77
(0.40–1.35)

0.98
(0.38–2.63)

36–45 2.45
(1.89–3.11)

2.71
(1.65–4.60)

1.35
(0.87–1.99)

1.71
(0.83–3.73)

1.58
(1.11–2.18)

7.68
(2.76–29.65)

1.52
(1.08–2.08)

4.63
(2.05–12.27)

2.49
(1.82–3.33)

3.17
(1.53–7.37)

46–55 4.55
(3.84–5.35)

5.03
(3.20–8.27)

3.98
(3.15–4.95)

5.04
(2.73–10.16)

2.71
(2.12–3.42)

13.18
(4.93–49.69)

2.30
(1.79–2.92)

7.00
(3.22–18.07)

3.46
(2.68–4.38)

4.39
(2.18–10.01)

56–64 7.43
(6.56–8.38)

8.21
(5.31–13.33)

7.85
(6.63–9.23)

9.94
(5.52–19.68)

4.77
(3.93–5.73)

23.16
(8.80–86.46)

4.61
(3.84–5.5)

14.02
(6.61–35.58)

6.27
(5.12–7.61)

7.97
(4.04–17.93)

Common site TTS 35.22
(34.25–36.21)

28.25
(27.15–29.38)

22.89
(22.01–23.79)

22.74
(21.91–23.59)

30.47
(29.28–31.69)

18–25 6.17
(5.22–7.24)

[ref] 3.95
(3.01–5.08)

[ref] 4.63
(3.72–5.69)

[ref] 4.42
(3.57–5.41)

[ref] 8.13
(6.56–9.96)

[ref]

26–35 10.42
(9.15–11.82)

1.69
(1.37–2.09)

7.75
(6.46–9.22)

1.96
(1.43–2.72)

6.66
(5.56–7.91)

1.44
(1.09–1.90)

7.88
(6.71–9.20)

1.78
(1.38–2.33)

8.28
(6.91–9.84)

1.02
(0.77–1.34)

36–45 18.88
(17.28–20.60)

3.06
(2.55–3.70)

14.14
(12.48–15.96)

3.58
(2.70–4.83)

12.39
(11.00–13.90)

2.67
(2.10–3.43)

12.31
(10.98–13.74)

2.79
(2.21–3.55)

17.94
(16.04–20.00)

2.21
(1.75–2.81)

46–55 43.13
(40.89–45.45)

6.99
(5.90–8.33)

34.62
(32.10–37.30)

8.77
(6.73–11.62)

26.88
(24.94–28.93)

5.80
(4.66–7.31)

26.63
(24.8–28.56)

6.03
(4.86–7.55)

36.49 (33.87–39.26) 4.49
(3.61–5.63)

56–64 76.43
(73.59–79.36)

12.39
(10.51–14.70)

73.34
(69.50–77.34)

18.58
(14.35–24.49)

56.74
(53.76–59.84)

12.25
(9.89–15.34)

53.93
(51.2–56.77)

12.21
(9.90–15.20)

73.68
(69.58–77.95)

9.06
(7.33–11.31)

CD, in thousandsb 2.82
(2.81–2.83)

2.08
(2.07–2.09)

2.34
(2.34–2.35)

2.34
(2.33–2.35)

N/A

18–25 0.07 [ref] 0.06 [ref] 0.07 [ref] 0.07 [ref] N/A N/A
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Table 2 (continued)

AESI or negative
control and
age, years

BHI CVS Health HealthCore MarketScan Optuma

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

IR per
100,000 PY
(95 % CI)

IRR
(95 % CI)

(0.06–0.07) (0.05–0.06) (0.07–0.07) (0.06–0.07)
26–35 0.28

(0.28–0.29)
4.23
(4.00–4.46)

0.22
(0.21–0.23)

3.77
(3.50–4.06)

0.26
(0.25–0.26)

3.73
(3.51–3.97)

0.26
(0.25–0.26)

3.90
(3.68–4.14)

N/A N/A

36–45 0.95
(0.94–0.96)

14.13
(13.44–14.86)

0.74
(0.72–0.75)

12.65
(11.81–13.55)

0.86
(0.84–0.87)

12.46
(11.79–13.18)

0.83
(0.82–0.84)

12.56
(11.90–13.26)

N/A N/A

46–55 4.13
(4.11–4.15)

61.48
(58.55–64.60)

3.26
(3.24–3.29)

56.05
(52.45–59.96)

3.61
(3.59–3.63)

52.53
(49.77–55.49)

3.54
(3.52–3.56)

53.62
(50.86–56.56)

N/A N/A

56–64 6.90
(6.87–6.92)

102.62
(97.76–107.78)

5.65
(5.61–5.68)

97.11
(90.89–103.88)

6.22
(6.18–6.25)

90.49
(85.74–95.58)

6.09
(6.06–6.12)

92.16
(87.44–97.20)

N/A N/A

HTN, in thousandsb 10.37
(10.35–10.39)

7.80
(7.78–7.82)

8.99
(8.97–9.01)

9.44
(9.42–9.46)

N/A

18–25 1.22
(1.21–1.24)

[ref] 0.94
(0.92–0.96)

[ref] 1.11
(1.10–1.13)

[ref] 1.12
(1.11–1.14)

[ref] N/A N/A

26–35 3.93
(3.90–3.96)

3.21
(3.17–3.25)

2.77
(2.74–2.79)

2.94
(2.89–3.00)

3.39
(3.37–3.42)

3.05
(3.00–3.1)

3.57
(3.54–3.60)

3.18
(3.13–3.23)

N/A N/A

36–45 8.06
(8.02–8.1)

6.58
(6.50–6.66)

6.33
(6.29–6.37)

6.73
(6.62–6.85)

7.33
(7.30–7.37)

6.59
(6.5–6.69)

7.51
(7.48–7.55)

6.69
(6.60–6.79)

N/A N/A

46–55 16.15
(16.09–16.2)

13.19
(13.04–13.34)

12.57
(12.51–12.62)

13.37
(13.14–13.60)

14.23
(14.18–14.28)

12.79
(12.62–12.96)

14.74
(14.69–14.79)

13.13
(12.96–13.3)

N/A N/A

56–64 24.54
(24.47–24.61)

20.04
(19.82–20.27)

19.25
(19.17–19.33)

20.47
(20.14–20.82)

22.15
(22.08–22.23)

19.91
(19.65–20.18)

23.03
(22.96–23.11)

20.52
(20.26–20.78)

N/A N/A

WCV, in thousandsb 69.73
(69.69–69.77)

50.23
(50.19–50.28)

53.47
(53.43–53.51)

60.41
(60.37–60.45)

N/A

18–25 51.23
(51.14–51.32)

[ref] 35.26
(35.16–35.35)

[ref] 35.56
(35.48–35.65)

[ref] 41.76
(41.67–41.84)

[ref] N/A N/A

26–35 60.91
(60.81–61.01)

1.19
(1.19–1.19)

44.00
(43.90–44.10)

1.25
(1.24–1.25)

45.07
(44.97–45.16)

1.27
(1.26–1.27)

52.11
(52.01–52.2)

1.25
(1.25–1.25)

N/A N/A

36–45 69.56
(69.46–69.66)

1.36
(1.36–1.36)

51.93
(51.83–52.04)

1.47
(1.47–1.48)

53.77
(53.68–53.87)

1.51
(1.51–1.52)

61.06
(60.97–61.16)

1.46
(1.46–1.47)

N/A N/A

46–55 77.44
(77.34–77.54)

1.51
(1.51–1.51)

57.33
(57.22–57.43)

1.63
(1.62–1.63)

61.17
(61.08–61.27)

1.72
(1.72–1.72)

68.74
(68.65–68.83)

1.65
(1.64–1.65)

N/A N/A

56–64 81.25
(81.16–81.34)

1.59
(1.58–1.59)

58.59
(58.48–58.70)

1.66
(1.66–1.67)

65.97
(65.87–66.07)

1.85
(1.85–1.86)

71.62
(71.52–71.72)

1.72
(1.71–1.72)

N/A N/A

Abbreviations: AESI, adverse event of special interest; AMI, acute myocardial infarction; BHI, Blue Health Intelligence; CD, colonic diverticulitis; CI, confidence interval; DIC, disseminated intravascular coagulation; DVT, deep vein
thrombosis; ENC, encephalitis/encephalomyelitis; GBS, Guillain-Barré syndrome; HS, hemorrhagic stroke; HTN, hypertension; IR, incidence rate; IRR, incidence rate ratio; ITP, immune thrombocytopenia; N/A, not available; NHS,
non-hemorrhagic stroke; PE, pulmonary embolism; PY, person-years; ref, reference; TM, transverse myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit.

a Analyses and results for negative control events are not available for Optum.
b Incidence rates of negative control events are reported in thousands (e.g., a value of 1 corresponds to a rate of 1,000 per 100,000 person-years).
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Table 3
Incidence rates for each AESI and negative control event by nursing home residence status among CMS Medicare beneficiaries aged 65+ years in 2019.

AESI or negative control All Medicare beneficiaries
IR per 100,000 PY
(95 % CI)

Nursing home
IR per 100,000 PY
(95 % CI)

Non-nursing home
IR per 100,000 PY
(95 % CI)

IRR comparing nursing
home vs non-nursing home
(95 % CI)

AMI 1,297.48
(1,293.01–1,301.97)

3,037.00
(2,991.55–3,082.96)

1,257.34
(1,252.88–1,261.80)

2.42
(2.38–2.45)

Anaphylaxis 10.57
(10.18–10.96)

7.09
(5.15–9.52)

10.65
(10.26–11.05)

0.67
(0.48–0.90)

Appendicitis 80.05
(78.95–81.16)

50.74
(45.09–56.89)

80.74
(79.62–81.87)

0.63
(0.56–0.71)

Bell’s palsy 215.42
(213.64–217.21)

288.54
(275.06–302.50)

213.71
(211.92–215.51)

1.35
(1.29–1.42)

DVT 1,330.99
(1,326.43–1,335.55)

3,732.56
(3,681.22–3,784.43)

1,277.11
(1,272.6–1,281.63)

2.92
(2.88–2.96)

DIC 36.91
(36.17–37.67)

103.54
(95.41–112.18)

35.35
(34.61–36.10)

2.93
(2.69–3.18)

ENC 9.82
(9.44–10.21)

18.55
(15.26–22.34)

9.62
(9.24–10.00)

1.93
(1.58–2.33)

GBS 4.63
(4.36–4.90)

2.77
(1.58–4.50)

4.67
(4.40–4.95)

0.59
(0.34–0.97)

HS 205.26
(203.49–207.04)

416.60
(400.07–433.63)

200.32
(198.55–202.09)

2.08
(2.00–2.17)

ITP 90.21
89.03–91.39)

122.14
(113.28–131.50)

89.45
(88.28–90.65)

1.37
(1.26–1.47)

Myocarditis/pericarditis 88.09
(86.94–89.26)

155.04
(145.05–165.55)

86.52
(85.36–87.69)

1.79
(1.67–1.92)

Narcolepsy 37.71
(36.96–38.48)

73.33
(66.51–80.66)

36.88
(36.12–37.65)

1.99
(1.80–2.19)

NHS 842.83
(839.23–846.44)

1,757.09
(1,722.59–1,792.11)

821.80
(818.2–825.40)

2.14
(2.10–2.18)

PE 755.10
(751.69–758.53)

1,447.10
(1,415.82–1,478.88)

739.06
(735.65–742.49)

1.96
(1.91–2.00)

TM 3.38
(3.15–3.61)

7.62
(5.53–10.22)

3.28
(3.06–3.51)

2.32
(1.67–3.15)

Unusual site TTS 12.49
(12.06–12.93)

13.54
(10.53–17.13)

12.47
(12.03–12.92)

1.09
(0.84–1.38)

Common site TTS 362.30
(359.95–364.67)

760.53
(736.67–784.96)

354.12
(351.77–356.48)

2.15
(2.08–2.22)

CD, in thousandsa 8.91
(8.89–8.92)

5.65
(5.58–5.71)

8.99
(8.97–9.00)

2.32
(1.67–3.15)

HTN, in thousandsa 26.55
(26.52–26.59)

59.02
(58.42–59.63)

26.28
(26.24–26.31)

1.09
(0.84–1.38)

WCV, in thousandsa 47.88
(47.85–47.91)

16.79
(16.68–16.90)

48.74
(48.71–48.77)

0.34
(0.34–0.35)

Abbreviations: AESI, adverse event of special interest; AMI, acute myocardial infarction; CD, colonic diverticulitis; CI, confidence interval; CMS, Centers for Medicare &
Medicaid Services; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; ENC, encephalitis/encephalomyelitis; GBS, Guillain-Barré syndrome; HS,
hemorrhagic stroke; HTN, hypertension; IR, incidence rate; IRR, incidence rate ratio; ITP, immune thrombocytopenia; NHS, non-hemorrhagic stroke; PE, pulmonary
embolism; PY, person-years; TM, transverse myelitis; TTS, thrombosis with thrombocytopenia syndrome; WCV, well-care visit.

a Incidence rates of negative control events are reported in thousands (e.g., a value of 1 corresponds to a rate of 1,000 per 100,000 person-years).
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teristics such as age and sex only [7,18–21]. In addition to age and
sex, our study stratified the rates by race/ethnicity and nursing
home residence status, where available, and revealed additional
heterogeneity in rates by these population characteristics.

Our study also has several limitations. The data reflect only
Medicare fee-for-service and certain commercially insured popula-
tions. Given the observed variability in rates across data sources,
our findings may not be generalizable to uninsured or other pub-
licly insured (i.e., Medicaid, Medicare Advantage) populations.
Although claims data are valuable for efficiently examining health
events, all claims databases have certain inherent limitations
because claims are collected for payment, not clinical management
or research purposes. To provide a timely pandemic response, we
generated the AESI claims-based algorithms and risk and clean
periods used in this study by reviewing published literature with
prioritization of validation studies, communicating with other
agencies, and consulting clinical subject matter experts. However,
not all AESI definitions had been validated, nor was literature avail-
able to determine the clean period for all AESI. The presence of a
diagnosis code on a medical claimmay represent a rule-out or mis-
coding; therefore, it may not necessarily reflect the presence of a
disease. Although unlikely, potential selection of mis-specified
350
clean periods may have led to the capture of a combination of
prevalent and incident events. Finally, the presented comparisons
were unadjusted for other variables, and we did not account for
multiple comparisons.

5. Conclusion

This study presents IRs of 17 AESI using a large U.S. population.
The estimated rates can serve as historical control rates in any
observational study evaluating the safety of medical products
when it is not feasible to use concurrent comparator groups. Given
that AESI background rates varied by database and demographics,
and some fluctuated during the calendar year, it is critical when
evaluating COVID-19 vaccine safety to compare post-vaccination
AESI rates with the background rates originating from the same
database, standardize demographics, and account for seasonal
trends.

A current example of a study in which concurrent comparators
may not be feasible is initial safety surveillance of COVID-19 vac-
cines. The authors have used these rates as historical control rates
to evaluate the safety of COVID-19 vaccines, applying rapid-cycle
analysis soon after each COVID-19 vaccine received EUA from
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FDA. Although AESI rates varied across data sources and demo-
graphic strata in different study periods, the rates were generated
in large populations, and the variation likely reflects heterogeneity
in the populations and some of the unexpected events the popula-
tion and the healthcare system were experiencing during the study
period. Because the AESI rates cover all age groups in the U.S. pop-
ulation and are stratified by certain demographics, they provide
more granular comparator estimates and can be used in more
diverse studies.

Large population-based data, like the BEST Initiative, may be
useful in generating historical comparators used to identify poten-
tial increases in observed rates of AESI that may represent a safety
concern requiring further evaluation and mitigation.
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