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Abstract

During the COVID-19 pandemic, candidate COVID-19 vaccines were being developed for
potential use in the United States on an unprecedented, accelerated schedule. It was anticipated
that once available, under U.S. Food and Drug Administration (FDA) Emergency Use
Authorization (EUA) or FDA approval, COVID-19 vaccines would be broadly used and
potentially administered to millions of individuals in a short period of time. Intensive monitoring
in the post-EUA/licensure period would be necessary for timely detection and assessment of
potential safety concerns. To address this, the Centers for Disease Control and Prevention (CDC)
convened an Advisory Committee on Immunization Practices (ACIP) work group focused solely
on COVID-19 vaccine safety, consisting of independent vaccine safety experts and representatives
from federal agencies — the ACIP COVID-19 Vaccine Safety Technical Work Group (VaST).

This report provides an overview of the organization and activities of VaST, summarizes data
reviewed as part of the comprehensive effort to monitor vaccine safety during the COVID-19
pandemic, and highlights selected actions taken by CDC, ACIP, and FDA in response to
accumulating post-authorization safety data. VaST convened regular meetings over the course

of 29 months, from November 2020 through April 2023; through March 2023 FDA issued EUAS
for six COVID-19 vaccines from four different manufacturers and subsequently licensed two

of these COVID-19 vaccines. The independent vaccine safety experts collaborated with federal
agencies to ensure timely assessment of vaccine safety data during this time. VaST worked closely
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with the ACIP COVID-19 Vaccines Work Group; that work group used safety data and VaST’s
assessments for benefit-risk assessments and guidance for COVID-19 vaccination policy. Safety
topics reviewed by VaST included those identified in safety monitoring systems and other topics of
scientific or public interest.

VaST provided guidance to CDC’s COVID-19 vaccine safety monitoring efforts, provided a forum
for review of data from several U.S. government vaccine safety systems, and assured that a diverse
group of scientists and clinicians, external to the federal government, promptly reviewed vaccine
safety data. In the event of a future pandemic or other biological public health emergency, the
VaST model could be used to strengthen vaccine safety monitoring, enhance public confidence,
and increase transparency through incorporation of independent, non-government safety experts
into the monitoring process, and through strong collaboration among federal and other partners.

Keywords

Vaccine safety; COVID-19 vaccines; Emergency Use Authorization

Introduction

During the COVID-19 pandemic, candidate vaccines were evaluated for potential use in the
United States on an unprecedented, accelerated schedule. [1] It was anticipated that once
available, under U.S. Food and Drug Administration (FDA) Emergency Use Authorization
(EUA) or FDA approval, COVID-19 vaccines would be broadly used and potentially
administered to millions of individuals in a short period of time. Intensive monitoring after
authorization would be necessary for timely detection and assessment of potential safety
concerns. In the United States, the FDA’s Center for Biologics Evaluation and Research and
the Immunization Safety Office at the Centers for Disease Control and Prevention (CDC)
routinely monitor vaccine safety. CDC determined that an additional independent review
and evaluation process would be important to help guide the scientific direction of safety
surveillance and maintain public confidence during this national pandemic vaccination
program. Building on the previous experience from the HIN1 influenza pandemic of 2009,
[2] and the role of Advisory Committee on Immunization Practices (ACIP) work groups

in routinely reviewing vaccine safety data during vaccination policy considerations, [3,4]
CDC convened an additional ACIP work group consisting of independent vaccine safety
experts and representatives from federal agencies, focused solely on COVID-19 vaccine
safety. This report summarizes the structure, processes, and activities of that work group,
the ACIP COVID-19 Vaccine Safety Technical Work Group (VaST), and highlights some of
the actions taken by CDC, ACIP, and FDA in response to accumulating post-authorization
vaccine safety data.

2. Goals and structure

VaST was established to review, evaluate, and interpret safety data following the
implementation of a national COVID-19 vaccination program. The work group’s goals
were to advise government vaccine safety researchers on analyses, interpretation, and
data presentation; to serve as the central hub for federal agencies conducting post-EUA/
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licensure safety monitoring to share vaccine safety surveillance data; to liaise with the ACIP
COVID-19 Vaccines Work Group on safety data presentations at the ACIP meetings and
consideration of safety data in policy decisions; and to advise federal agencies on public
communication of safety information. As noted, VaST’s mandate included supporting the
ACIP COVID-19 Vaccines Work Group, which had a broader scope than VaST, including
review of available data to inform COVID-19 vaccine policy and making recommendations
for use of COVID-19 vaccines in the U.S. population. [5]

Selection criteria for VaST membership were developed to ensure a comprehensive range of
expertise. VaST was chaired by a member of the ACIP COVID-19 Vaccines Work Group;
leadership was also provided by the Chair of the National Vaccine Advisory Committee.
The workgroup was comprised of nine consultants with expertise in vaccine safety,

vaccine safety surveillance, or vaccine safety methods, and included ACIP’s consumer
representative. The work group also included ex officio and liaison members from the
National Institutes of Health (NIH), the FDA, the Centers for Medicare and Medicaid
Services (CMS), the Indian Health Service (IHS), the Office of Infectious Disease and
HIV/AIDS Policy (OIDP), the Health Resources and Services Administration (HRSA),

and federal partners from the Department of Veterans Affairs (VA) and the Department of
Defense (DoD) (Supplementary Table 1). As required for ACIP work groups, screening for
potential conflicts of interest was conducted upon establishment of VaST, and at each VaST
meeting. Annual conflict of interest statements were collected from members to ensure

that financial or other conflicts were not present and/or had not changed if previously
disclosed. Two CDC scientific public health professionals (LEM and MW) were responsible
for organizing and managing VaST as co-leads for CDC.

3. VaST processes

Planning for VaST started in June 2020. Beginning November 16, 2020, VaST held regularly
scheduled and ad hoc video conference meetings. The first meeting was to review the terms
of reference for the work group, followed by meetings to review the general structure of

the U.S. vaccine safety monitoring systems. Close coordination with CDC’s Immunization
Safety Office and FDA’s Center for Biologics Evaluation and Research, as well as other
U.S. vaccine safety monitoring systems, allowed for timely scheduling of data to be
reviewed by VaST. The first meeting to review post-authorization safety monitoring data
was December 21, 2020, approximately one week after COVID-19 vaccinations began in the
United States. [5]

Starting in February 2021, specific VaST meetings were scheduled to review safety data on
COVID-19 vaccines administered during pregnancy. Additional obstetrics and gynecology
subject matter experts were included in those meetings (Supplementary Table 1).

VaST meetings occurred weekly or every two weeks for the first 18 months, and
approximately once a month thereafter. The meetings followed ACIP work group
procedures. [3] Each VaST meeting had a 60-90 min presentation and discussion session
that included VaST independent vaccine safety consultant members, ex officio and liaison
members, federal experts, invited presenters, and subject matter experts; during this time
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the most recent post-authorization/approval safety data were presented. At the conclusion of
these sessions, there was a 30-minute assessment session attended by the independent expert
vaccine safety consultant members. During this assessment session, findings were discussed,
and suggestions made regarding further data collection, analyses, communications, or other
actions. CDC VaST co-leads were present at the assessment sessions to summarize and
record the discussion, including specific requests of VaST members. A brief report from

the assessment session was communicated to the vaccine safety monitoring systems’ subject
matter experts within a few days. These reports, along with meeting minutes, were also
made available to all VaST members, the ACIP COVID-19 Vaccines Work Group lead and
chair, and the ACIP secretariat within five days of each VaST meeting.

VaST chairs made presentations regarding VaST’s interpretation of vaccine safety data at
the frequent ACIP public meetings held during the COVID-19 pandemic. These followed

a safety data presentation from CDC’s Immunization Safety Office or other immunization
safety subject matter experts and served to inform ACIP and the public about the VaST
independent review and its assessments. [4] If VaST members thought a safety finding
required more immediate communication, the VVaST assessment was posted on the ACIP
webpage. [6] After the first year of the program, VaST assessments were often incorporated
into presentations by the ACIP COVID-19 Vaccines Work Group.

From November 2020 through April 2023, VaST held 73 meetings and presented 22
summary assessments or reports at ACIP public meetings. [4] In April 2023, after the
evaluation of post-authorization/approval safety data for over 670 million COVID-19
vaccinations nationwide, VaST’s responsibilities were transferred to the ACIP COVID-19
Vaccines Work Group, consistent with how routine vaccine safety data are reviewed by
ACIP work groups.

4. Sources of data reviewed

VaST reviewed data from the CDC’s vaccine safety monitoring systems, including the
Vaccine Adverse Event Reporting System (VAERS) (co-managed with FDA), v-safe, CDC’s
COVID-19 Vaccine Pregnancy Registry, the Vaccine Safety Datalink (VSD), from FDA’s
Centers for Medicare Services (CMS) and Biologics Effectiveness and Safety (BEST)
System, and from the IHS, VA, and DoD monitoring systems. [7,8] CDC’s Clinical
Immunization Safety Assessment (CISA) Project also provided information and technical
expertise. The vaccine safety monitoring systems are summarized by Gee et al. [8] Several
of these systems use population-based sequential testing of pre-specified outcomes to detect
risk over time as immunization increases, called rapid cycle analysis (RCA) or near real time
surveillance (NRS).

Pre-specified outcomes included in U.S. safety monitoring systems are summarized in

Table 1. Data from vaccine safety monitoring from other countries were also critical in the
early months of the program. Because Israel quickly achieved high coverage with the Pfizer-
BioNTech COVID-19 Vaccine in adults ages = 60 years, that was introduced in December
2020, [9] their initial vaccine safety assessments were presented to VaST. Later, when they
achieved high coverage in the general population, and introduced booster doses, Israel’s
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safety monitoring data were followed closely for both adults and younger age groups.
Several European countries introduced an mRNA and/or an adenovirus-vector COVID-19
vaccine at the beginning of January 2021, and their vaccine safety monitoring data were also
followed closely. [10,11] In addition, the United States and Canada shared vaccine safety
monitoring data throughout the COVID-19 vaccination program. In interpreting vaccine
safety concerns and safety findings from the different systems, VaST considered consistency
of findings, as well as the specific strengths and limitations of the monitoring systems and
methods used. [8]

5. Timeline of COVID-19 vaccine authorizations and licensures

The timeline of FDA authorizations influenced the cadence of VaST’s work (Table 2).
[12-19] Through March 2023, six COVID-19 vaccines were authorized under EUA in

the United States: Pfizer-BioNTech COVID-19 Vaccine (Original monovalent), an mRNA
vaccine; Moderna COVID-19 Vaccine (Original monovalent), an mRNA vaccine; Janssen
COVID-19 Vaccine (Original monovalent), a replication-incompetent adenoviral vector
vaccine; Novavax COVID-19 Vaccine, Adjuvanted (Original monovalent), a protein subunit
vaccine; Pfizer-BioNTech COVID-19 Vaccine, Bivalent (Original and Omicron BA.4/BA.5),
an mMRNA vaccine, hereafter referred to as Pfizer-BioNTech COVID-19 Vaccine, Bivalent;
and Moderna COVID-19 Vaccine, Bivalent (Original and Omicron BA.4/BA.5), an mRNA
vaccine, hereafter referred to as Moderna COVID-19 Vaccine, Bivalent. After the initial
authorizations, individual vaccine EUAs were amended to include additional uses (e.g.,
other age groups, use of booster doses, and additional doses for immunocompromised
persons). [5] Both the Pfizer-BioNTech and Moderna COVID-19 vaccines (Original
monovalent) were subsequently licensed for use in certain age groups. COVID-19 vaccines
designated as “Original monovalent” contain or encode the spike protein of only the Original
SARS-CoV-2 and are hereafter referred to by the names listed above.

6. Safety data from pre-authorization clinical trials

The safety of COVID-19 vaccines used in the United States was evaluated in placebo-
controlled randomized clinical trials in tens of thousands of participants in the United
States and other countries across a wide range of age groups and a diverse population. [12—
14,18-20] Data from these pre-authorization COVID-19 vaccine trials informed monitoring
and interpretation of post-authorization safety data and are summarized briefly here.

In most studies, COVID-19 vaccine recipients had higher rates of solicited local and
systemic adverse reactions than those receiving placebo. [12,13,15,16,18,19] In trials that
evaluated the original monovalent MRNA COVID-19 vaccines and Novavax COVID-19
Vaccine, Adjuvanted, solicited systemic adverse reactions were generally higher after

dose 2 than dose 1; almost all participants were SARS-CoV-2 negative at baseline.
[12,15,16,18,19,21,22] Serious adverse event rates reported in clinical trials were generally
low overall and balanced in the vaccine and placebo groups. [12,13,15,16,18,19] Adverse
event imbalances, with numerically more events in vaccine than placebo recipients, were
observed for lymphadenopathy for mMRNA COVID-19 vaccines and Novavax COVID-19
Vaccine, Adjuvanted, and hypersensitivity reactions for the four monovalent vaccines (in
at least one age group). These events were considered plausibly related to the vaccines.
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[12,13,15,16,18-21,23] A numerical imbalance was also observed for delayed injection-site
reactions following Moderna COVID-19 Vaccine, which was an event also considered
related to vaccine. [16,18] No anaphylaxis cases occurred in the immediate period following
COVID-19 vaccination in any of the trials. [12,13,15,16,18,19] A numerical imbalance

for Bell’s Palsy was also observed following mRNA COVID-19 vaccines administered

to adults. [15,16,18,19] In clinical trials of Novavax COVID-19 Vaccine, Adjuvanted, a
numerical imbalance was observed for myocarditis and/or pericarditis, with more events in
vaccine than placebo recipients. At the time of authorization, the Fact Sheet for Healthcare
Providers Administering Vaccine included a Warning conveying that the clinical trials data
provide evidence for increased risks of myocarditis and pericarditis following administration
of Novavax COVID-19 Vaccine, Adjuvanted. [12,21] One case of Guillain-Barré syndrome
(GBS) occurred following Novavax COVID-19 Vaccine, Adjuvanted and following Janssen
COVID-19 Vaccine, in separate clinical trials. [12,20] In trials of the Janssen COVID-19
Vaccine, one case of transverse sinus thrombaosis with thrombocytopenia occurred following
vaccination. [13,20] A numerical imbalance also was observed for tinnitus following Janssen
COVID-19 Vaccine. [13,20] The safety data supporting authorization of Pfizer-BioNTech
COVID-19 Vaccine, Bivalent and Moderna COVID-19 Vaccine, Bivalent included clinical
trials data on the monovalent vaccine and an investigational bivalent vaccine (Original and
Omicron BA.1) from the respective manufacturers. [15,16]

7. Safety topics reviewed by VaST

In addition to regular review of data from vaccine safety monitoring systems, VaST
considered a variety of emerging safety concerns and topics of public interest (Table 3).
The sections below provide brief summaries of these data and topics, in the order in which
they were first reviewed by VaST.

7.1. Anaphylaxis following mRNA COVID-19 vaccination

Anaphylaxis following mRNA COVID-19 vaccination was discussed as a potential concern
at a VaST meeting on December 21, 2020, one week after the start of the U.S. COVID-19
vaccination program. At that meeting, the first COVID-19 vaccine safety data from VAERS
were presented. The early VAERS data found 21 unverified cases of anaphylaxis reported
following administration of 1,893,360 first doses of Pfizer-BioNTech COVID-19 Vaccine
(11.1 cases per million vaccine doses administered). [24] While anaphylaxis can rarely
occur following vaccination, this rate appeared higher than that observed for other vaccines.
[25] Reports of anaphylaxis following vaccination were also available from the United
Kingdom, where Pfizer-BioNTech COVID-19 Vaccine had been recently introduced. [26]
In the U.S. VAERS data, most (86 %) anaphylaxis cases had symptom onset within 30
minutes of vaccination; 90 % of cases occurred in women. VaST discussed the need for
increasing awareness among providers and vaccine recipients about the clinical presentation
of anaphylaxis, guidance for monitoring for potential signs and symptoms of anaphylaxis
following COVID-19 vaccination, and the need for timely management of anaphylaxis

in diverse vaccination settings. Allergy experts from CISA contributed to development

of clinical guidance. CDC’s updated guidance was communicated through CDC’s interim
clinical guidance webpages, [27] and educational activities for health care providers and
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state and local partners. FDA revised the Warning on management of acute allergic reactions
in the Fact Sheet for Healthcare Providers Administering Vaccine for Pfizer BioNTech
COVID-19 Vaccine to include reference to CDC’s guidance. [15] VaST continued to follow
anaphylaxis reports once another mRNA vaccine, the Moderna COVID-19 Vaccine, was
authorized. [28] CDC also included clinical guidance for this vaccine and FDA included

a Warning on management of acute allergic reactions in the Fact Sheet for Healthcare
Providers Administering Vaccine. [29]

VaST later reviewed updated data from active vaccine safety surveillance systems.
Anaphylaxis cases were also identified in the VSD, VA and BEST. [30,31] In analyses
presented to ACIP at the end of August 2021, the rate of chart-validated anaphylaxis
following MRNA COVID-19 vaccination in the VSD was approximately 5 per million doses
administered. [32] Clinical guidance evolved and at the time of this report stated that a
30-minute observation period should be considered for persons with a history of certain
allergic reactions. [33] Of note, the mechanism of anaphylaxis following mRNA COVID-19
vaccination has been an area of ongoing evaluation in the scientific community. [34]

7.2. Mortality following COVID-19 vaccination

Because of media and public concerns regarding deaths following COVID-19 vaccination,
mortality data from VAERS were presented to VaST at the third meeting on January 4, 2021.
Interpretation of these data was difficult due to the passive nature of VAERS reporting,

the specific reporting requirements under the EUAs, [29] and the staged implementation

of the national COVID-19 vaccination program that prioritized people in long term care
facilities, including older individuals with a greater mortality risk. [5,35] At that time, less
than 10 % of reports included death certificates or autopsy findings because data collection
was ongoing, further limiting interpretation. The most common causes of death reported
were unknown or unclear, cardiovascular events, or COVID-19 infection. Based on available
data, no unusual patterns of death were detected that might suggest a potential safety
concern. VaST considered that data on background mortality and probability of death by
age, available from death tables, were needed to interpret existing data; VaST also requested
that additional mortality data from different vaccine safety monitoring systems be presented
at future meetings and highlighted the need for continued studies to examine mortality.

VaST subsequently reviewed updated data on deaths at five meetings through March 2021,
including a meeting focused entirely on proposed plans for evaluating deaths and data

from VAERS, VSD, VA and DoD. Some of the first data available from electronic health
records in VSD compared recipients of COVID-19 vaccination with those who had not
received a COVID-19 vaccination but who had received one or more influenza vaccinations
in 2019 through 2020. The outcome of interest was all deaths not related to COVID-19;
COVID-19 deaths were excluded because vaccination is associated with a lower risk of
death from COVID-19. Mortality rates and preliminary results based on a single VSD site
did not show any increased risk of death following dose 1 or dose 2 of a COVID-19
vaccine. An analysis from vaccine safety monitoring among residents of 147 skilled nursing
facilities assessed adverse event rates following dose 1 (n = 8,553) and dose 2 (n =

8,371) of mMRNA COVID-19 vaccines compared with rates among residents who were not
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vaccinated (n = 11,072). [36] There were 76 deaths in the vaccinated group versus 126 in

the unvaccinated group; the lower mortality rate among the vaccinated group may be due to
residual confounding. VaST also reviewed mortality data following COVID-19 vaccination
from Israel, where no safety signals were identified for all-cause mortality or sudden death.

VaST continued to review data on mortality at later meetings. In a review of VAERS

reports of death following MRNA COVID-19 vaccination during the first six months of the
U.S. vaccination program, there were no concerning patterns. [37] A more complete VSD
analysis, including approximately 11 million persons enrolled in seven VSD sites, found the
adjusted relative risk (aRR) of non-COVID-19 mortality for the Pfizer-BioNTech COVID-19
Vaccine was 0.41 (95 % CI = 0.38-0.44) following dose 1 and 0.34 (95 % CI = 0.33-0.36)
following dose 2. The corresponding aRRs of non-COVID-19 mortality for the Moderna
COVID-19 Vaccine were 0.34 (95 % CI = 0.32-0.37) following dose 1 and 0.31 (95 %

Cl =0.30-0.33) following dose 2, and following receipt of the Janssen COVID-19 Vaccine
was 0.54 (95 % CI = 0.49-0.59). [38] In a novel VA study, there was no increased risk

for mortality among COVID-19 vaccine recipients compared with unvaccinated individuals.
Day 60 mortality risk estimates showed an 11 % reduction in all-cause mortality risk, which
was driven by a reduced mortality in vaccinated persons ages 75 years and older. An updated
analysis was subsequently published. [39]

7.3. Thrombosis with thrombocytopenia syndrome following Janssen COVID-19 Vaccine

Vaccine-induced immune thrombotic thrombocytopenia (VITT) was described in March
2021 in individuals who received the AstraZeneca ChAdOx1 COVID-19 Vaccine used in
Europe. [10] On April 12, 2021, VaST first reviewed data on thrombosis following Janssen
COVID-19 Vaccine in the United States reported to VAERS. CDC termed this condition,
characterized by low platelets and venous or arterial thrombosis, more broadly as thrombosis
with thrombocytopenia syndrome (TTS), because in rare instances this syndrome may occur
without vaccine exposure. There had been six cases reported among recipients of the Janssen
COVID-19 Vaccine (after 5.9 million doses administered); all occurred in women younger
than age 50 years. Cases were clinically similar to the cases reported from Europe following
the AstraZeneca COVID-19 Vaccine. [40] VaST suggested that the medical community be
made aware of this finding. The next day, April 13, 2021, CDC issued a Health Alert
Network (HAN) alert to ensure that the healthcare provider community was aware of the
potential for this rare but serious adverse event, the appropriate management required,

and the need for risk mitigation strategies. [41] That same day, April 13, 2021, CDC

and FDA recommended a pause in the use of Janssen COVID-19 Vaccine while they

further investigated the initial reported cases. The first ACIP meeting on this topic was

held April 14, 2021. [5] After a second emergency meeting on April 23, 2021, CDC

and FDA lifted the pause. Updated ACIP recommendations included a warning regarding
rare clotting events in the presence of thrombocytopenia following vaccination, observed
primarily among women ages 18 through 49 years. [5] FDA authorized revisions to the

Fact Sheet for Healthcare Providers Administering Vaccine to include a Warning about

the risk of TTS following the Janssen COVID-19 Vaccine. [42] Through ongoing safety
surveillance, additional cases of TTS following receipt of Janssen COVID-19 Vaccine,
including deaths, were identified in VAERS. [43] Reporting rates for TTS were 3.83 per
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million doses following Janssen COVID-19 Vaccine and 0.008 per million doses following
MRNA COVID-19 vaccines. Following reviews by VaST and the ACIP COVID-19 Vaccine
Work Group, on December 16, 2021, ACIP held an emergency meeting to review updated
data on TTS and an updated benefit-risk assessment including TTS and GBS, described
further below. In January 2022, taking into consideration data on efficacy and safety, ACIP
made a preferential recommendation for use of MRNA COVID-19 vaccines over the Janssen
COVID-19 Vaccine. [44] VaST’s rapid safety assessment contributed to this policy change,
which may have prevented additional TTS cases and associated complications. On May

5, 2022, FDA limited the authorized use of the Janssen COVID-19 Vaccine to individuals
18 years of age and older for whom other authorized or approved COVID-19 vaccines
were not accessible or clinically appropriate, and to individuals 18 years of age and older
who elected to receive the Janssen COVID-19 Vaccine because they would otherwise not
receive a COVID-19 vaccine. For this action, FDA considered updated data on TTS and the
availability of alternative authorized and approved COVID-19 vaccines which had not been
shown to present a risk for TTS. [45]

7.4. COVID-19 vaccination during pregnancy and reproductive health outcomes

Pre-authorization COVID-19 vaccine clinical trials did not enroll pregnant persons;
therefore, post-authorization vaccine safety data in this group provided important
information for the vaccination program. During two years of regular meetings, VaST
reviewed data regarding the safety of COVID-19 vaccination during pregnancy and possible
associations of COVID-19 vaccination with other reproductive health outcomes (Table 4).
[46-54] At some of the first VaST meetings, v-safe data related to reactogenicity in pregnant
persons were reviewed. Soon after, CDC’s COVID-19 Vaccine Pregnancy Registry was
established in December 2020. [48] The first VaST meeting devoted entirely to vaccination
in pregnancy was on February 1, 2021, when VaST reviewed plans for monitoring maternal
immunization in various safety surveillance systems and by the manufacturers. At that

time, there were 62 reports to VAERS among pregnant people. Approximately 21,000
pregnant people were enrolled in v-safe and 550 were enrolled in CDC’s COVID-19 Vaccine
Pregnancy Registry. Later that month, VaST reviewed further data from VAERS, v-safe

and the registry. Among pregnancy-related adverse events reported to VAERS, the most
frequently reported was spontaneous abortion, but the reporting rate among vaccinated
pregnant persons was substantially lower than background rates. Data from v-safe found that
adverse health impacts and reactogenicity were similar among pregnant and non-pregnant
vaccine recipients. The CDC COVID-19 Vaccine Pregnancy Registry found that rates of
pregnancy and infant outcomes were consistent with background rates. Data on safety of
vaccination in pregnancy were included in a public ACIP presentation on March 1, 2021.
[55]

VaST reviewed data from the U.S. monitoring systems regarding COVID-19 vaccine safety
(primarily following mRNA COVID-19 vaccines) in pregnancy monthly for the next five
months and then every three to four months. In the VSD, COVID-19 vaccination in
pregnhancy was not associated with either preterm birth or small for gestational age at

birth. [49] Results consistently showed no increased risk among vaccinated compared with
unvaccinated people when stratified by mRNA COVID-19 vaccine dose, or by second or
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third trimester vaccination; however, the number of first-trimester exposures was small
and risk for first-trimester vaccination could not be calculated. In August 2022, VaST
received data updates from multiple safety systems evaluating vaccination in pregnancy,
including the CDC COVID-19 Vaccine Pregnancy Registry regarding maternal outcomes
(22,951 enrollees) and infant outcomes among live births (N = 20,764); data from VSD
on spontaneous abortion and stillbirth surveillance; data from v-safe on injection site and
systemic reactions and adverse health impacts, including following booster doses; and
VAERS. [50,51,53] VaST also reviewed information on vaginal bleeding, including post-
menopausal bleeding following COVID-19 vaccination, from VAERS and v-safe. [54] Data
from VSD showed that post-menopausal bleeding following COVID-19 vaccination was
uncommon (0.2 %).

VaST’s overall assessment was that data from both existing and newly created systems

for monitoring the safety of COVID-19 vaccination in pregnancy and reproductive health
during the pandemic were robust. Data regarding safety of COVID-19 vaccination during
pregnancy showed no safety concerns. Furthermore, there was no concerning impact of
vaccination on other aspects of reproductive health. VaST encouraged continued monitoring
of COVID-19 vaccination in pregnancy. A session on COVID-19 vaccination during
pregnancy was included at the ACIP public meeting on October 19, 2022. [56] Since VaST’s
last review of these data, additional analyses and publications have continued to show no
safety concerns with use of COVID-19 vaccines in pregnancy. [57,58]

7.5. Myocarditis and pericarditis following mRNA COVID-19 vaccination

Myocarditis and pericarditis following mMRNA COVID-19 vaccination were first discussed
by VaST in April 2021, when the work group reviewed data from the U.S. including from
DoD [59] and VAERS, [60] and from Israel’s national immunization program. [61] Cases
occurred most frequently in adolescent and young adult males within 7 days following
receipt of dose 2 of an mMRNA COVID-19 vaccine. The DoD monitoring was one of the first
systems to note that rates of myocarditis in young adult males following mRNA COVID-19
vaccination were higher than expected. On May 17, 2021, VaST reviewed updated data
from multiple U.S. vaccine safety monitoring systems including from VAERS and VSD.
Although there were no statistical signals, demographic and clinical characteristics of cases
being reported were similar across these safety systems. VaST issued a report stating

that information about this potential adverse event should be provided to clinicians to
enhance early recognition and appropriate management of myocarditis symptoms following
vaccination. [6]

VaST continued to focus on myocarditis and pericarditis following mRNA COVID-19
vaccination and reviewed the epidemiology, clinical course, and background rates of
myocarditis before the COVID-19 pandemic. Background rates of myocarditis are highest
in adolescent and young adult males, the same age group as the reported cases following
mRNA COVID-19 vaccination. [62] VVaST encouraged close monitoring and longer-term
follow-up studies to assess the clinical course of myocarditis following mMRNA COVID-19
vaccination. With more data available, VAERS analyses showed that in the 30-day window
following dose 2 of an mMRNA COVID-19 vaccination there was a higher number of

Vaccine. Author manuscript; available in PMC 2024 November 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Markowitz et al.

Page 12

observed than expected myocarditis and pericarditis cases in 16 through 24-year-old males.
Data from the VSD RCA at that time did not show that rates of myocarditis and pericarditis
in a 1-21 day risk window interval following COVID-19 vaccination differed from those

in a comparison interval, but this analysis was not stratified by age. On May 24, 2021,
VaST issued a second report on myocarditis and pericarditis, [6] and CDC updated clinical
considerations regarding myocarditis and pericarditis with input from individual CISA
cardiologist experts. [63] FDA authorized revisions to the EUA Fact Sheet for Healthcare
Providers Administering Vaccine for both the Pfizer-BioNTech and Moderna COVID-19
vaccines to include a Warning about myocarditis and pericarditis following vaccination, and
revisions to the Fact Sheets for Recipients and Caregivers to include information about risks
of myocarditis and pericarditis. Data on myocarditis and pericarditis following COVID-19
vaccination were presented to ACIP on June 23, 2021. [64,65]

Myocarditis and pericarditis, although rare, were the major adverse events of concern
following mMRNA COVID-19 vaccination; estimated rates were included in benefit-risk
assessments for mMRNA COVID-19 vaccine recommendations discussed by the ACIP in
June 2021 and at subsequent meetings. [64,66] ACIP determined that vaccination benefits
outweighed risks (expected myocarditis cases following vaccination) in all populations for
which vaccination had been recommended, including adolescent and young adult males.
[64] However, the balance of benefits and risks varied by age and sex because cases of
myocarditis were primarily identified among adolescent and young adult males, and the
risks of poor outcomes related to COVID-19 increase with age. CDC provided clinical
guidance regarding evaluation of myocarditis following mMRNA COVID-19 vaccines, as well
as considerations for administering a second dose in persons who developed myocarditis
following a first dose. [33,63,64] CDC and FDA continued to periodically update education
and communication materials about myocarditis and pericarditis following receipt of mRNA
COVID-19 vaccines. [15,16,29,33,63]

From June 2021 through March 2023, VaST continued to review data on myocarditis and
pericarditis as they became available from passive and active vaccine safety monitoring
systems, and as mMRNA COVID-19 vaccines were authorized for use in younger age groups
and for booster doses, and as approved for use as a two-dose series in certain age groups
(Table 2). These data were from the United States, [30,67-71] Israel, [72,73] and Canada.
[74] Although not statistically significant in all systems, higher risks were consistently
observed in adolescent and young adult subgroup analyses, particularly among males. Once
analyses were formally stratified by age, statistically significant signals were identified in
the RCA and NRS activities conducted by the CDC’s VSD and the FDA’s BEST. [30,68]
The incidence continued to vary markedly by age and sex, with a disproportionate number
of cases in male persons, notably among adolescents and young adults following dose 2 and
first booster doses. Available data from safety monitoring systems showed no elevated risk
for myocarditis or pericarditis in children younger than age 5 years. [69,75]

Other data on myocarditis and pericarditis reviewed by VaST included analyses from the
United States and Canada regarding possible risk differences between the two mRNA
COVID-19 vaccines. [74,76-78] In studies where direct comparisons could be made, some
data suggested that the risk of myocarditis and pericarditis might be higher following
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vaccination with Moderna COVID-19 Vaccine relative to Pfizer-BioNTech COVID-19
Vaccine; however, findings were not consistent across all U.S. monitoring systems.
Variation in methodology in these studies could have contributed to differences in findings.
Furthermore, small numbers of cases led to uncertainty in risk estimates.

To begin to assess longer-term potential effects, three-month follow-up data on myocarditis
cases from VSD were presented to VaST in August 2021. [32] In addition, data from a
follow-up study of myocarditis cases reported to VAERS, including information obtained
at least 90 days after symptom onset, were presented in November 2021. These data
supported previous observations showing that most cases had recovered symptomatically
by the time of hospital discharge or shortly thereafter. Follow-up through January 2022

for 519 eligible patients ages 12 through 29 years has been published, [79] and showed

that most (81 %) individuals in the cohort were considered recovered by their healthcare
providers, and quality of life measures were comparable to those in pre-pandemic and early
pandemic populations of a similar age. About half of patients had a symptom that could
potentially be associated with myocarditis in the two weeks prior to the survey, and nearly
half of patients with follow-up cardiac MRIs had residual late gadolinium enhancement.
The clinical importance of these MRI findings remains unclear. [80] CDC is conducting
additional follow-up of cases at least one year after myocarditis onset in patients not
considered fully recovered. Similar follow-up data were available from the DoD. VaST
encouraged further follow-up and noted that additional data will be available through studies
conducted by vaccine manufacturers (required by FDA), [81,82] and by academic centers
worldwide.

7.6. Guillain-Barré syndrome following Janssen COVID-19 Vaccine

On June 14, 2021, VaST reviewed data on GBS following Janssen COVID-19 Vaccine. In
VAERS, there were 80 reports of GBS following Janssen COVID-19 Vaccine; the reporting
rate for GBS was higher following Janssen COVID-19 Vaccine than the mRNA COVID-19
vaccines. In the VSD, chart-confirmed GBS incidence following Janssen COVID-19
Vaccine also was much higher than following mRNA COVID-19 vaccines; however, in

the overall VVSD population, there were no statistical signals for GBS in the 21 days
following Janssen COVID-19 vaccination. Following these reports, VaST determined that
more data were needed to make any conclusions. VSD obtained additional medical records
and applied the GBS Brighton Collaboration case definition. VaST continued to review
data on GBS from multiple safety monitoring systems. On June 28, 2021, VaST issued a
report about GBS, stating that the number of preliminary cases of GBS reported to VAERS
following Janssen COVID-19 Vaccine was greater than the number of expected GBS cases.
[6] Although rare, GBS emerged as a second important adverse event of concern following
Janssen COVID-19 Vaccine. On July 12, 2021, FDA authorized revisions to the EUA Fact
Sheet for Healthcare Providers Administering Vaccine to include a Warning about GBS and
to the Fact Sheet for Recipients and Caregivers to include information about GBS following
receipt of Janssen COVID-19 Vaccine. [83]

As more data accumulated in the U.S. vaccine safety monitoring systems, the VSD helped to
further define the risk of GBS. [84] There was no increased risk of GBS following mMRNA
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COVID-19 vaccination; however, the unadjusted incidence rate of GBS per 100,000 person-
years during the 1-21 days following Janssen COVID-19 Vaccine was 32.4 (95 % Cl,
14.8-61.5), significantly higher than the background rate; [85] the adjusted rate ratio (RR)
during 1-21 days versus 22-42 days was 6.0 (95 % CI, 0.8-147.8). In a direct comparison of
GBS risk among Janssen COVID-19 Vaccine versus mRNA COVID-19 vaccine recipients,
the adjusted RR was 20.6 (95 % Cl, 6.9-64.7). As noted above, in January 2022 ACIP

made a preferential recommendation for use of mMRNA COVID-19 vaccines, taking into
consideration data on efficacy and safety, including risks for TTS and GBS. [44]

7.7. Simultaneous COVID-19 vaccination with other vaccines

VaST first reviewed data on simultaneous administration of COVID-19 vaccines with other
vaccines in October 2021, and again in April and June 2022. VVSD found only small
numbers of simultaneous administration of COVID-19 vaccines with several different
routine vaccines. Data from v-safe showed that respondents who simultaneously received
influenza vaccine and booster doses of Pfizer-BioNTech or Moderna COVID-19 vaccines
were slightly more likely to report any local and systemic reactions in the week following
simultaneous vaccination than respondents who received only a booster dose of an mRNA
COVID-19 vaccine. [86] Monitoring of simultaneous COVID-19 vaccination with influenza
and other vaccines is ongoing in observational studies and in three prospective clinical
studies being conducted by CISA. [87-89]

7.8. COVID-19 vaccination in children

VaST reviewed data on vaccine safety in successively younger age groups as they became
available. FDA authorized use of Pfizer-BioNTech COVID-19 Vaccine as a primary series
(see definition of primary series in footnote of Table 2) in 5 through 11-year-olds in

October 2021 and as a primary series in 6 months through 4-year-olds in June 2022. [5]
FDA authorized use of Moderna COVID-19 Vaccine as a primary series in children and
adolescents 6 months through 17 years of age in June 2022. Pfizer-BioNTech COVID-19
Vaccine post-authorization safety data for ages 5 through 11 years were first reviewed by
VaST in November 2021, and then at multiple meetings in 2022. As of February 2022,

>16 million vaccine doses had been administered to children ages 5 through 11 years in

the United States. VAERS received 7,578 adverse event reports; 97 % were classified as
nonserious. Among the 194 serious reports, 15 myocarditis cases were verified; 8 occurred
in boys following dose 2 (reporting rate 2.2 per million doses). Among 48,795 children

ages 5 through 11 years enrolled in v-safe, most reported reactions were mild-to-moderate
in severity and were most frequently reported the day following vaccination and following
dose 2. [70] In the VSD, there was no safety signal in children for any pre-specified
surveillance outcome following administration of 726,820 doses. VaST’s conclusion was
that most reported adverse events were mild and there were no concerns raised in active
surveillance. VAERS reporting rates of myocarditis and pericarditis following COVID-19
vaccination in children ages 5 through 11 years were substantially lower than those observed
among older individuals, including adolescents ages 12 through 15 years. [70] In June and
July 2022, VaST reviewed further safety data in children, including the first data on Moderna
COVID-19 Vaccine. There were few safety data on the Moderna COVID-19 vaccine in
children ages 5 through 11 years due to limited use at that time. However, reports to VAERS
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and v-safe did not raise any new concerns; reports were consistent with data reported in
other age groups. VaST noted that no cases of myocarditis or pericarditis had been reported.

Safety data following MRNA COVID-19 vaccines among children younger than age 5 or 6
years were first reviewed by VaST in June 2022. By the end of August 2022, over 1 million
doses had been administered to children ages 6 months through 5 or 6 years and over 23,000
children in this age group were enrolled in v-safe following mRNA COVID-19 vaccination.
[69] The most frequent systemic reactions reported to v-safe among children ages 6 months
through 2 years were irritability or crying. [71] Among children ages = 3 years, injection site
pain was the most frequently reported reaction. VAERS received a total of 1,017 reports of
adverse events following vaccination among children ages 6 months through 5 years; 98 %
were classified as nonserious and there were no reports of myocarditis. [71] In VSD, through
mid-August 2022, there was no statistical signal for any pre-specified surveillance outcome
for either mMRNA COVID-19 vaccine in this age group. [69] Data through March 2023 were
published. [90]

At a July 2022 VaST meeting, as well as at previous meetings, VaST conveyed concern
about administration errors in children reported to VAERS, including errors related

to failure to add the appropriate amount of diluent for certain presentations of Pfizer-
BioNTech COVID-19 Vaccine for some age groups. [71,91] VaST members advised that the
information on administration errors be communicated to providers. Subsequently, CDC’s
clinical guidance, which already contained information on how to prevent administration
errors, was expanded. [33] CDC initiated multiple educational efforts to reduce vaccine
administration errors.

7.9. Bivalent COVID-19 vaccines

Bivalent MRNA COVID-19 vaccines were authorized by FDA on August 31, 2022, for use
as a single booster dose in certain age groups (Table 2); VaST first reviewed relevant data
from safety monitoring systems on October 24, 2022. The first VAERS and v-safe data

on booster doses of bivalent mMRNA COVID-19 vaccines were published on November 3,
2022. [92] Through October 23, 2022, nearly 14.4 million persons ages = 12 years had
received a booster dose with Pfizer-BioNTech COVID-19 Vaccine, Bivalent and 8.2 million
persons ages = 18 years had received a booster dose with Moderna COVID-19 Vaccine,
Bivalent. There were 5,542 VAERS reports among persons ages = 12 years; 96 % were
non-serious. Vaccination errors were the most common reports (35 %); most of these reports
did not include an adverse event. Among 251 VAERS reports classified as serious, five

were reports of myocarditis and four were pericarditis. In v-safe, reporting frequencies of
reactions and health impacts following bivalent vaccine booster doses were similar to those
following dose 1 or dose 2 of an mMRNA monovalent COVID-19 Vaccine. In the VSD

RCA, 461,595 persons had received a bivalent COVID-19 vaccine dose at the time of the
October 2022 VaST review; there was no statistical signal for any pre-specified surveillance
outcome. VaST later reviewed data from other vaccine safety systems. In the VA RCA,
there were no safety signals for any pre-specified outcomes following 466,369 booster doses
of Moderna COVID-19 Vaccine, Bivalent or 469,364 booster doses of Pfizer-BioNTech
COVID-19 Vaccine, Bivalent. Similarly, the FDA CMS NRS did not detect any safety signal
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in analyses of three different age groups, including more than 7 million vaccine recipients
ages = 65 years.

During the subsequent weeks, the VSD RCA detected a statistical signal for ischemic

stroke among persons ages = 65 years following a booster dose with Pfizer-BioNTech
COVID-19 Vaccine, Bivalent; VaST first reviewed the VSD data on January 9, 2023.
Ischemic stroke (which included transient ischemic attack for VVSD surveillance) was one

of the pre-specified outcomes in the VSD RCA. This analysis, as in many VSD RCA
analyses during the COVID-19 pandemic, used a concurrent comparator method: risk of
prespecified outcomes during 1-21 days (risk interval) following vaccination compared with
risk in vaccinated individuals who were 22-42 days following a dose of bivalent COVID-19
vaccine. The statistical safety signal for the Pfizer-BioNTech COVID-19 Vaccine, Bivalent
was first detected in the VSD RCA in November 2022 when the adjusted RR was 1.92.
Over time the adjusted RR attenuated, and after January 2023 only intermittently met
statistical significance. There was no statistical safety signal for ischemic stroke following

a booster dose with Moderna COVID-19 Vaccine, Bivalent. A supplemental analysis
comparing Pfizer-BioNTech COVID-19 Vaccine, Bivalent boosted to un-boosted concurrent
comparators who were eligible for a booster dose of bivalent COVID-19 vaccine found

an adjusted RR of 1.07 (95 % CI: 0.89-1.28). VSD investigators noted that many patients
with ischemic stroke had received both Pfizer-BioNTech COVID-19 Vaccine, Bivalent and
high-dose or adjuvanted influenza vaccine at the same visit. In addition, the peak uptake

of COVID-19 and influenza vaccines in this age group occurred around the same time in
VSD. Additional analysis in persons ages = 65 years evaluating simultaneous administration
of a booster dose of Pfizer-BioNTech COVID-19 Vaccine, Bivalent with high-dose or
adjuvanted influenza vaccine showed an adjusted RR of 1.65 (95 % CI 1.02-2.72) for
ischemic stroke, while a booster dose of Pfizer-BioNTech COVID-19 Vaccine, Bivalent
without concomitant influenza vaccine showed an adjusted RR of 1.19 (95 % CI 0.87-1.62).
[93] VaST’s conclusions were that possible unmeasured confounding could be contributing
to the findings, but that further investigation of the safety of concomitant administration of
the bivalent COVID-19 mRNA vaccines and high-dose or adjuvanted influenza vaccine was
needed.

VaST also considered data regarding bivalent COVID-19 vaccines from other safety
systems. A VA RCA did not find a statistical signal for ischemic stroke following a booster
dose of Pfizer-BioNTech Vaccine, Bivalent or Moderna COVID-19 Vaccine, Bivalent.
Analysis in the FDA CMS NRS found no increased risk for ischemic stroke following

a booster dose of these vaccines among persons = 65 years. However, these analyses

did not specifically evaluate simultaneous administration of a booster dose of bivalent
mMRNA COVID-19 and influenza vaccines. VaST noted that VAERS monitoring found

no evidence of a safety concern for ischemic stroke following a booster dose of either
bivalent mMRNA COVID-19 vaccine. Furthermore, no safety concerns were detected for
ischemic stroke following monovalent Pfizer-BioNTech or Moderna COVID-19 vaccines
administered as a primary series or booster dose in U.S. or in global monitoring. CDC and
FDA are conducting additional epidemiologic analyses regarding simultaneous vaccination
with bivalent mMRNA COVID-19 vaccines and influenza vaccines. [93]
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7.10. Novavax COVID-19 Vaccine, Adjuvanted

VaST reviewed data on Novavax COVID-19 Vaccine, Adjuvanted in September 2022, about
6 weeks after an EUA was issued. However, at that time, only 24,125 doses had been
administered. There were 62 reports (57 non serious) to VAERS, with no reported cases of
myocarditis, and 179 v-safe registrants. There were not enough vaccine recipients in VSD to
conduct a safety RCA. After VaST’s safety review was transferred to the ACIP COVID-19
Vaccines Work Group, further safety data on this vaccine were published. [94]

7.11. Tinnitus and hearing loss following COVID-19 vaccination

In response to public interest in tinnitus following COVID-19 vaccination and the more
frequent reports of tinnitus among vaccine recipients compared to those receiving placebo

as noted in the Janssen COVID-19 Vaccine trial, on November 14, 2022, VaST reviewed
data on tinnitus and hearing loss from VAERS and VSD. Most reports (86 %) of tinnitus in
VAERS were non-serious. For Pfizer-BioNTech COVID-19 Vaccine, there were 21.6 reports
per million doses administered and for Moderna COVID-19 Vaccine 22.7 reports per million
doses administered. For hearing loss, there were 0.6 reports per million doses of Pfizer-
BioNTech COVID-19 Vaccine and 0.5 cases per million doses of Moderna COVID-19
Vaccine administered. The analysis from VSD included tree-based data mining, temporal
scans, and incidence comparisons for tinnitus cases. [95] There were no clusters of hearing-
related outcomes for any of the tree-scan analyses. The tinnitus incidence per 10,000 person-
years, based on 140 days of follow-up, was 78 following Pfizer-BioNTech COVID-19
Vaccine, 107 following Moderna COVID-19 Vaccine and 85 following Janssen COVID-19
Vaccine. The background incidence for tinnitus is 116 per 10,000 person-years, higher than
rates reported following vaccination. [96] Further analyses are planned in VAERS, and VVSD.
VaST acknowledged the challenges of tinnitus investigation due to its high prevalence in the
population and potential for delayed presentation for care. [96]

8. Summary of sequential monitoring of pre-specified outcomes

In addition to the safety concerns and specific topics summarized above as well as

routine vaccine safety data, VaST regularly reviewed findings regarding the pre-specified
sequentially monitored outcomes in vaccine safety monitoring systems including those from
CDC’s VSD, the VA, and FDA’s CMS and BEST (Table 1). The analyses in these systems
differed in the comparison groups used and in specific analyses conducted. Most included
evaluations for individual vaccines, for mMRNA COVID-19 vaccines combined, for primary
series and booster doses, by sex, and by age group. In these systems, identified signals
require further evaluation to determine if they are real or due to confounding or other
artifacts. Among the many prespecified outcomes, the analyses identified very few statistical
signals.

In the final VSD RCAs of the primary vaccine series among persons ages = 12 years, there
were statistical signals prompting further evaluation for myocarditis and pericarditis, acute
myocardial infarction (AMI) and venous thromboembolism (VTE). [97] The myocarditis
and pericarditis signal was found in analyses of events following dose 2 of Pfizer-BioNTech
COVID-19 Vaccing, those following both doses of Pfizer-BioNTech COVID-19 Vaccine
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combined, and those following dose 1 and dose 2 of both mMRNA COVID-19 vaccines
combined. The AMI signal was following dose 2 of Pfizer-BioNTech COVID-19 Vaccine
and following dose 2 of Pfizer-BioNTech and Moderna COVID-19 vaccines combined.

The VTE signal was following dose 2 of Pfizer-BioNTech COVID-19 Vaccine, following
both dose 1 and dose 2 of Pfizer-BioNTech COVID-19 Vaccine combined, and following
both dose 1 and dose 2 of Pfizer-BioNTech and Moderna COVID-19 vaccines combined.
These signals appeared in the latter stages of the Original monovalent mMRNA COVID-19
vaccination program and were not observed following booster vaccination with the Original
monovalent mMRNA COVID-19 vaccines or following vaccination with either of the bivalent
mMRNA COVID-19 vaccines. Most of the cases for these outcomes were in older adults.
Similar findings in the FDA NRS for AMI and pulmonary embolism (PE) (a known
complication of VTE) were further assessed by FDA using self-controlled methods (see
below). In the VSD RCAs, there was also a signal for Bell’s Palsy following Janssen
COVID-19 Vaccine and booster doses of Pfizer-BioNTech COVID-19 Vaccine in persons
ages = 12 years. This signal was also evaluated by FDA (see below).

In the VA RCAs, the only statistical signal was for anaphylaxis following dose 1 of Pfizer-
BioNTech and dose 2 of Moderna COVID-19 Vaccines. There was no statistical signal in the
RCA following booster doses of the bivalent MRNA COVID-19 vaccines at the time of this
report.

In the FDA CMS NRS for primary series mRNA COVID-19 vaccination, statistical

signals were initially detected among persons ages = 65 years for PE, AMI, disseminated
intravascular coagulation (DIC) and immune thrombocytopenia (ITP). NRS detects
statistical signals but cannot be used to establish causality because of limited control of
confounding and bias. Accordingly, follow-up using more robust self-controlled methods
were used. After further evaluation, only PE still met the statistical threshold for a

signal. [98] A signal detection study of booster doses with monovalent COVID-19

vaccines among persons ages = 65 years based on the ratio of observed post-vaccination
rates compared to historical rates (expected rates) detected signals for Pfizer-BioNTech
COVID-19 Vaccine and Bell’s Palsy, as well as for Moderna COVID-19 Vaccine and
myocarditis and pericarditis. To evaluate these signals following primary series and booster
doses of monovalent COVID-19 vaccines among persons ages = 65 years, FDA conducted
self-controlled case series studies and found no consistent risk of PE. [99] Further, there was
no increased risk for AMI, ITP, DIC, Bell’s Palsy, or myocarditis and pericarditis following
monovalent mMRNA COVID-19 vaccines (primary series and booster doses). [99] In the
FDA BEST NRS among individuals ages 12 through 64 years, 15 adverse events did not
meet the threshold for a statistical signal. The only statistical signals were the previously
detected ones for myocarditis and pericarditis, and for anaphylaxis. [30] In the FDA BEST
NRS covering the period from EUA date to mid-2022 among individuals ages 5 through

17 years, only myocarditis or pericarditis met the statistical threshold for a signal following
Pfizer-BioNTech COVID-19 Vaccine primary series vaccination for ages 12 through 17
years. [100] In the NRS for bivalent mMRNA COVID-19 vaccines, no statistical signals were
detected at the time VaST reviewed data.
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9. Discussion

This report provides an overview of the organization and activities of VaST and describes
data reviewed as part of a comprehensive effort to monitor vaccine safety during the
COVID-19 pandemic. Some of the actions taken by CDC, ACIP, and FDA in response

to accumulating post-EUA/licensure vaccine safety data are also included. The independent
vaccine safety experts on VaST provided critical assessments of the vaccine safety data.
VaST worked closely with the ACIP COVID-19 Vaccines Work Group that used safety data
from safety monitoring systems and VaST’s assessments for consideration in benefit-risk
assessments and guidance for COVID-19 vaccination policy. [5]

Early in the COVID-19 vaccination program, several safety concerns emerged, which

were evaluated concurrently, including anaphylaxis, TTS, myocarditis and pericarditis,

and GBS. In addition, VaST addressed topics for which there was no evidence of safety
problems, but for which public concerns had been voiced, including mortality following
vaccination, adverse events following vaccination during pregnancy, and other reproductive
health outcomes. VaST assisted the robust efforts of the agencies and organizations
conducting safety monitoring to identify additional needed analyses, communicate efforts
and actions, and to provide a regularly scheduled process for independent review of the
large amount of data being generated. In the second year of the vaccination program

VaST continued to evaluate safety concerns and assessed safety of simultaneous vaccination
(e.g., influenza and COVID-19 vaccination), COVID-19 vaccination in children, bivalent
COVID-19 vaccines booster doses, and tinnitus. These evaluations provided guidance to
federal safety monitoring efforts, provided a forum for U.S. government vaccine safety
systems to share and compare information, and assured that a group of independent experts
was promptly and continuously reviewing vaccine safety data.

Several safety outcomes need continued monitoring. These include myocarditis and
pericarditis, particularly as more data accumulate in younger age groups and more follow-up
data become available for cases that occur following COVID-19 vaccination. Further data
on vaccination in pregnancy are expected and these should continue to be reviewed and
shared with the public and policy makers. It is important to recognize that early detection
of initial statistical signals from sequential surveillance activities, like those conducted
using RCA and NRS methods, do not themselves establish a causal association between

an outcome of interest and vaccination. These results represent preliminary findings only,
and more robust confirmatory epidemiologic analyses are needed, often including more
comprehensive assessments for confounding and possible selection bias. Such studies were
or are being conducted to further evaluate some of the initial statistical findings in the RCA
and NRS.

In April 2023, VaST transitioned review of COVID-19 vaccine safety data from ongoing
vaccine safety monitoring to the ACIP COVID-19 Vaccines Work Group. A few weeks
later, on May 11, 2023, the U.S. federal COVID-19 public health emergency declaration
ended. [101] As updated COVID-19 vaccines are authorized and recommended, there will
be ongoing review of vaccine safety. [102] In the event of a future pandemic or other
biological public health emergency, the VaST model could be used to help strengthen public
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health monitoring, confidence and transparency through incorporation of independent, non-
government vaccine safety experts into a dedicated vaccine safety monitoring process that
includes strong collaboration among federal and other partners.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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