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Summary!

The Centers for Disease Control and Prevention’s (CDC's) Immuni-
zation Safety Office (ISO) is responsible for studying vaccine risks once
vaccines are administered to the public. ISO was already a federal focal
point for vaccine risk evaluation when the COVID pandemic emerged and
the Secretary of Health and Human Services (HHS) declared a nation-
wide public health emergency (PHE). By the end of 2020, vaccines were
available to the general public due to Operation Warp Speed and a Food
and Drug Administration (FDA) regulatory pathway called Emergency Use
Authorization.

ISO is within the Division of Healthcare Quality Promotion of the
National Center for Emerging and Zoonotic Infectious Diseases and admin-
istratively and organizationally separate from offices in the National Center
for Immunization and Respiratory Diseases that support vaccine use. Dur-
ing the PHE, ISO underwent temporary restructuring as part of CDC’s com-
prehensive response. Its vaccine specialists were integrated into the broader
COVID-19 Vaccine Task Force, enabling rapid scale-up of monitoring and
evaluation capabilities by leveraging both established systems and novel
platforms for timely assessments of vaccine risks.

Vaccines have long been essential in public health, recognized as one
of the most significant achievements of the 20th century. Unlike treatments
to manage infectious diseases, vaccines prepare the immune system to pre-
vent or mitigate infections and are often administered well before potential
disease exposure. Given their preventive nature, their importance is often

I References are not included in this summary; citations are in the report chapters.

1
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2 VACCINE RISK MONITORING AND EVALUATION

overlooked and may create unique ethical considerations, especially since
vaccination decisions are sometimes mandated in certain settings, such as
schools or health facilities. Despite rigorous scientific scrutiny through clini-
cal trials and ongoing postmarket safety monitoring, the COVID vaccine
became suspect to some because of public confusion, concern, and mistrust
about recommended public health measures employed during the PHE,
including vaccines.

STATEMENT OF TASK

CDC commissioned the National Academies of Sciences, Engineer-
ing, and Medicine to undertake a comprehensive evaluation of ISO. An
ad hoc committee was tasked with conducting a thorough assessment of
ISO’s statistical and epidemiological methods in vaccine risk monitoring
and evaluation, including detailed scrutiny of processes designed to detect,
evaluate, and report potential problems associated with COVID vaccines,
which encompassed systems like the Vaccine Adverse Event Reporting Sys-
tem (VAERS) and Vaccine Safety Datalink (VSD).

Critically, the committee was also charged with evaluating CDC’s exter-
nal communication strategies targeted toward diverse audiences, includ-
ing health professionals, public health authorities, and the general public.
The evaluation involved reviewing communication practices and analyzing
content.

Additionally, the committee’s mandate included providing actionable
recommendations designed to sustain and enhance ISO’s vaccine risk moni-
toring and communication systems. These recommendations aim to ensure
the robustness, scientific rigor, transparency, and responsiveness of ISO’s
activities, positioning it to more effectively manage future vaccine risk?
monitoring and public communication during ongoing and emergent public
health initiatives.

COMMITTEE APPROACH

The committee conducted its review of ISO’s vaccine risk monitoring,
evaluation, and communication practices using diverse and complementary
approaches. This included a detailed analysis of ISO’s systems and publica-
tions for effectiveness in identifying, assessing, and communicating about
vaccine risks.

The committee held multiple public meetings to gather information from
ISO, health professionals, and researchers that explored ISO functioning

2The committee uses the word “risk” to indicate serious, untoward health consequences and
avoids the word “safety” because many infer from it a complete lack of risks or a balance of
risks and benefits.
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SUMMARY 3

and strategies to study and communicate with historically marginalized
populations that might be skeptical of vaccination. A targeted public com-
ment sessions addressed criteria for studies of vaccine risks, strategies
for improving research, communication practices, and methods to bolster
public confidence.

The committee also commissioned confidential key informant inter-
views with experts in vaccine safety, epidemiology, public health com-
munication, and policy. These yielded qualitative insights and actionable
recommendations. In addition, the committee developed case studies ana-
lyzing ISO’s handling of specific vaccine risk issues, which informed its
final recommendations by illustrating both strengths and gaps in current
practices.

Building on this extensive methodological review, public engagement,
expert consultation, and case analysis, the committee turned its focus to
evaluating the specific systems and practices ISO employed during the
COVID pandemic. It did so by examining ISO public scientific reporting,
such as presentations at federal advisory committee meetings and scientific
publications, and CDC webpages. The following findings highlight how
ISO’s key monitoring and evaluation platforms functioned in practice, the
strengths and limitations of its risk assessments, and the communication
challenges that emerged in a rapidly evolving public health landscape. Fig-
ure S-1 shows the committee’s understanding of ISO’s workflow.

Monitoring and Evaluation Systems

ISO leveraged a suite of systems to monitor vaccine risks, including
VAERS, VSD, Clinical Immunization Safety Assessment network (CISA),
V-safe, and the COVID-19 Vaccine Pregnancy Registry. These platforms
formed a deliberately overlapping architecture—early signal detection,
rapid active analysis, clinical assessments, near-real-time self-reporting, and
longitudinal follow-up for sensitive populations—so that no single evidence
stream bore the entire burden of risk assessment and layered and compre-
hensive monitoring was possible. Table S-1 presents a quick snapshot of the
five CDC-affiliated systems that formed the backbone of COVID vaccine
safety monitoring.

VAERS, a joint CDC-FDA passive reporting system, provided early
signals, though it was limited by underreporting and lack of control groups.
For example, it produced the first U.S. alerts of myocarditis after mRNA
vaccination in May 2021, prompting deeper analysis in VSD.

VSD offered rapid assessments and in-depth targeted analysis using
electronic health records. Weekly rapid-cycle analyses (RCAs) across
roughly 12 million patients quantified the myocarditis incidence at about
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TABLE S-1 ISO-Affiliated COVID Vaccine Risk Monitoring Systems

System Managed by Description and Data Source

VAERS ISO & FDA (joint) Passive, nationwide early-warning signal
detection through clinician, patient, and
manufacturer reports

VSD ISO + 13 integrated health Active surveillance using electronic health
care organizations record data for RCAs and multisite cohort
studies
V-safe 1SO Smartphone-based, voluntary

postvaccination check-ins providing near-
real-time reactogenicity trends

COVID-19 Vaccine ISO Subregistry of pregnant V-safe participants
Pregnancy Registry with medical-record follow-up to track
maternal and infant outcomes
CISA ISO-coordinated network Expert clinical consultation and
of seven academic medical mechanistic research on rare or complex
centers adverse events

NOTE: CISA = Clinical Immunization Safety Assessment; FDA = Food and Drug Administra-
tion; ISO = Immunization Safety Office; RSA = rapid-cycle analysis; VAERS = Vaccine Adverse
Event Reporting System; VSD = Vaccine Safety Datalink.

6.5 cases per million second doses among 12-39-year-olds within 6 weeks
of the initial VAERS signal.

CISA contributed expert consultations and in-depth evaluations of
individual reporting serious and unusual reactions, though its case-specific
approach limits generalizability. Expanded virtual case conferences in 2021
helped elucidate the pathophysiology of thrombosis with thrombocytope-
nia syndrome (TTS) linked to the Janssen vaccine, informing the Advisory
Committee on Immunization Practices (ACIP) decision to recommend the
April 2021 temporary pause in use of that vaccine.

The newly launched V-safe system captured real-time self-reported data
on postvaccination effects, identifying trends like menstrual irregularities.
With 9.3 million enrollees, it flagged those menstrual cycle changes in late
2021 and triggered a dedicated cohort study in VSD, but its self-reported
nature and lack of clinical validation remain limitations.

The COVID-19 Vaccine Pregnancy Registry addressed a critical data
gap. An interim analysis published in April 2021 showed a 12 percent
spontaneous-abortion rate—comparable to background—shaping obstetric
recommendations and easing early concerns.

In addition to CDC’s systems, a network of external vaccine safety sur-
veillance platforms operated by agencies like FDA, the Centers for Medicare
& Medicaid Services (CMS), the Department of Veterans Affairs, the Indian
Health Service, and vaccine manufacturers contributed complementary
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datasets, methods, and populations to COVID vaccine safety monitoring.
These systems helped triangulate evidence, extended surveillance beyond
CDC-covered populations, and enabled early signal identification across
diverse geographies and contexts.

Timeliness and completeness of signal evaluation were further strength-
ened by the Vaccine Safety Technical (VaST) Work Group, which met weekly
during the first 18 months of the vaccine rollout and monthly thereafter. Its
rapid review—often within days of the first doses administered—enabled
ACIP and CDC to issue interim clinical guidance on anaphylaxis, myocar-
ditis, TTS, pregnancy safety, and other adverse events of special interest.
This prespecified outcome list gave the program an analytically focused
backbone, but it remained flexible: unexpected conditions, such as men-
strual changes or tinnitus, were added as public concern arose. Where data
were sparse, VaST and ISO triaged resources—a quick descriptive VAERS
analysis for early context while labor-intensive VSD chart reviews ran in
parallel. These efforts were facilitated by temporary data-use agreements
that expanded access to vaccination data and enabled timely linkage to
health outcomes. However, without a permanent national reporting infra-
structure, fragmentation across state systems and inconsistent standards
continued to hinder comprehensive, long-term surveillance.

Timeliness brings unavoidable opportunity costs. Every new investiga-
tion diverted epidemiologists, statisticians, and clinician reviewers from
other monitoring tasks, yet the criteria for elevating, deferring, or ceasing
work on a specific signal were not fully explained publicly. Greater trans-
parency around those prioritization decisions and the resource implication
across safety systems would bolster confidence in ISO’s capacity to target
effort where it yields greater public health return.

Despite the robustness and thoroughness of ISO’s activities, challenges
remained, particularly regarding clear communication of findings to health
professionals and the public. Translating RCA statistical output into plain
language and actionable guidance proved difficult: weekly myocarditis risk
estimates, for example, were posted in ACIP slide decks long before they
appeared in peer-reviewed journals, leaving frontline clinicians to interpret
evolving numbers without clear context or caveats. Communication issues
occasionally undermined the extensive scientific efforts undertaken to assess
vaccine risks comprehensively. Additionally, ISO’s scientific publications
and communications from CDC consistently included strong messages
about vaccine benefits, fueling perceptions of bias.

The COVID pandemic underscored ISO’s critical role in vaccine risk
monitoring and evaluation, demonstrating the importance of integrating
multiple complementary monitoring systems to rapidly and accurately
assess vaccine risks. This integrated approach not only facilitated immedi-
ate public health responses but also established a strong foundation for
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future vaccine risk monitoring. Sustaining this level of performance will
require durable governance structures and improved coordination across
federal agencies. While ISO partnered effectively with organizations like the
National Institutes of Health, CMS, and FDA, the lack of centralized coor-
dination with other state and local agencies limited alignment of analytic
priorities and data integration. Enhancing transparency, clearly distinguish-
ing ISO’s role from efforts to encourage vaccination, and continuously refin-
ing methodologies will be essential to maintain public trust and effectively
address emerging vaccine risk challenges.

Communication Challenges and Public Trust

CDC has been a pivotal institution in addressing public health crises,
with vaccine effectiveness and risk communication becoming particularly
crucial during the unprecedented PHE; it developed and implemented com-
prehensive strategies to communicate clearly and effectively about the ben-
efits and risks associated with the vaccines. However, the complexity and
evolving nature of the pandemic introduced significant challenges, affecting
how health professionals, policy makers, and the general public received
and acted upon information.

At the onset of the pandemic, CDC recognized the necessity for trans-
parent and timely communication. Despite extensive communication efforts,
vaccine hesitancy persisted due to concerns about the novelty of the mRNA
technology, FDA’s regulatory approach, uncertainties about potential side
effects, trust in authorities, and skepticism about effectiveness.

CDC’s communication strategies were multifaceted, designed to meet
the distinct informational needs of various stakeholders, such as health
professionals, policy makers, public health officials, and the broader com-
munity. CDC employed a variety of tools, including ACIP meetings, Clini-
cian Outreach and Communication Activity calls, Morbidity and Mortality
Weekly Reports (MMWRs), and extensive online content. These platforms
provided continuous updates and detailed discussions of vaccine risk data,
monitoring results, and emerging scientific findings. For instance, ACIP
meetings, usually three times a year, increased dramatically to 27 public
sessions during the PHE, underscoring the urgency and importance of the
vaccine risk discourse.

Despite these robust mechanisms, areas of communication fell short
of fully engaging and adequately informing all intended audiences. One
primary concern was the overly technical language in many CDC com-
munications. The agency often presumed a baseline understanding of
scientific terminology and vaccine risk principles. This posed challenges
for not only the general public but also many health professionals, who,
despite their backgrounds, may not have specialized expertise in vaccine
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risk communication. It limited the accessibility and effectiveness of some of
CDCs critical risk messages. State and local health departments were often
better positioned than federal agencies to engage trusted community mes-
sengers and respond in real time. Strengthening the complementary roles
of CDC and these local entities—and tailoring communications to local
needs—can enhance message effectiveness and credibility.

Another significant issue was the inconsistent use of and lack of clear
definitions for important terms, like “risk,” “adverse events,” “adverse
events of special interest,” “side effects,” and “safety signals.” Without clear,
uniform definitions, these terms became sources of potential misunderstand-
ing and confusion, particularly when comparing different vaccine risks.
For example, risk estimates were sometimes presented in vague terms, like
“higher” or “most frequently,” without precise quantification or context,
which could lead to misinterpreting actual risks.

The communications occasionally included broad, generalized state-
ments, such as references to “the most intense safety monitoring in U.S.
history,” without adequate supporting details about what precisely made it
more rigorous. Such broad statements, without substantive backing, risked
undermining public trust by appearing overly promotional rather than
factual. Further complicating the situation, structural issues with CDC’s
web presence impacted how easily individuals could locate relevant infor-
mation. The content often lacked clear organization, making it challenging
to discern whether it was intended for health professionals, public health
officials, or the general public. This structural confusion was compounded
by multiple pages with overlapping or redundant content, hindering effec-
tive navigation and engagement.

In addressing these shortcomings, CDC could significantly enhance
its communications by adopting clearer, more accessible language and
structured, consistent terminology. This approach would not oversimplify
the information but instead ensure that scientific findings were effectively
translated into actionable and understandable messages for all audiences.
Detailed explanations of the methods and rationale behind risk monitoring
efforts would reinforce credibility and facilitate greater public trust.

Further challenges to effective communication arose from procedural
and structural constraints. During the pandemic, the federal clearance
process—designed to ensure message consistency—sometimes delayed or
constrained the dissemination of risk findings, particularly when research
involved external collaborators. These delays, combined with the predomi-
nantly unidirectional nature of vaccine safety communications, limited
opportunities for timely public engagement and contributed to percep-
tions of opacity. Integrating more accessible formats—such as interactive
explainers, visual dashboards, and moderated forums—alongside tradi-
tional outlets, like the MMWR, would improve transparency and support
bidirectional communication with both professional and public audiences.
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CONCLUSIONS AND RECOMMENDATIONS

During the PHE, ISO staff demonstrated commendable agility by
quickly adapting existing systems and developing new tools, such as V-safe.
The rapid deployment and management of risk monitoring systems facili-
tated an unprecedented volume of high-quality, timely data on vaccine risks.
The meticulous and transparent presentation of these findings, including
at open federal advisory committee meetings, was instrumental in guiding
immediate public health responses. However, ISO’s ability to respond was
also constrained by structural limitations in the U.S. surveillance ecosystem,
many of which fell outside its direct purview. Fragmented data systems, lack
of real-time data exchange, and inconsistent technical standards impeded
comprehensive analysis. Additionally, the absence of transparent criteria
for prioritizing safety signals meant that emerging public concerns—such
as menstrual changes—often outpaced analytic response. Addressing these
gaps will require a clear framework for signal prioritization and investment
in interoperable infrastructure that can support timely, cross-system risk

detection.

However, despite ISO’s robust scientific processes, the office faces ongo-
ing challenges, particularly concerning public trust and understanding.
These challenges often arise from the perceived overlap between vaccine
risk monitoring activities and broader vaccination efforts at CDC, which
some critics argue undermines ISO’s perceived impartiality. This perception
can lead to skepticism among segments of the public, complicating efforts
to communicate scientifically grounded vaccine risk assessments effectively.

Conclusions

Based on its comprehensive evaluation—including analysis of moni-
toring and evaluation systems, stakeholder input, expert interviews, and
communication products and practices—the committee concluded that ISO
carried out scientifically robust, timely, and effective vaccine risk moni-
toring throughout the COVID pandemic. Its proactive identification and
response to emerging vaccine risk concerns informed critical public health

decisions. The following conclusions summarize key strengths.

Conclusion 4-1: 1SO bhas played an important role performing and
communicating about rigorous vaccine risk monitoring and evaluation.

Conclusion 4-2: In response to the COVID public health emergency
declaration, 1SO staff and systems produced and communicated an
impressive quantity of timely, important, and high-quality monitoring,
evaluation, and communication about COVID vaccine risks.
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Despite these accomplishments, the committee identified ongoing chal-
lenges related to public trust, transparency, and the perception of ISO’
independence. The perceived overlap between ISO’s risk monitoring activi-
ties and CDC’s broader efforts to encourage vaccine use continues to raise
concerns about the impartiality and objectivity of risk assessments, nega-
tively affecting public confidence in and use of vaccines.

Conclusion 4-3: Trust in ISO as a credible source of vaccine risk infor-
mation is affected by the intersection and interaction with CDC and
other governmental efforts to foster vaccination. ISO currently lacks
the organizational independence and resources to directly disseminate
its information to health professionals, policy makers, and the public.

Recommendations

The committee does not want its focus on the risks of COVID vaccines
to detract from the overwhelming evidence of their benefits. One way to
increase use of vaccines, and therefore the benefits, is to increase under-
standing of and confidence in federal studies of vaccine risks. Recognizing
the significance of ISO’s role, the committee proposed critical recommenda-
tions aimed at enhancing its capabilities and supporting its capacity.> These
focus on five core principles crucial for a robust vaccine risk monitoring
system that merits the nation’s trust: relevance, credibility, data stewardship,
continuous improvement, and independence.

Relevance: Vaccine risk monitoring, evaluation, and communications
activities meaningfully address the needs of health professionals, policy
makers, and the public.

Recommendation 1: A robust vaccine risk monitoring and evaluation
office should develop and make public a strategic plan that encom-
passes input from health professionals, policy makers, and the public to
ensure that the plan is scientifically sound, meets the needs and expecta-
tions of those who use the information, and articulates the office’s role
in monitoring, evaluating, and communicating vaccine risks.

3 During the committee’s deliberations, major changes were announced in the structure of
CDC and its parent Department of Health and Human Services. To avoid possible confusion,
the committee refers to ISO when describing the activities undertaken by that office before
these reorganizations but to a federal vaccine risk monitoring and evaluation office for time
periods after the start of those reorganizations.
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Implementation steps:

1. Include a clear mission statement.

2. Establish a board of scientific counselors.

3. Develop a scientific agenda.

4. Develop mechanisms for bidirectional communication with
health professionals and the public.

5. Outline action steps that will be taken in case of a public health
emergency.

Relevance of vaccine risk monitoring and evaluation is dependent on
a comprehensive strategic plan and clearly articulated mission. This plan
ought to include clearly defined objectives and action steps, be publicly
accessible, and incorporate meaningful input from diverse stakeholders—
including health professionals, policy makers, and the public. Establishing
a board of scientific counselors with deep scientific and communications
expertise would enhance accountability, guide the strategic planning pro-
cess, provide research advice, help ensure the independence of the vaccine
risk monitoring and evaluation office, and support ongoing public engage-
ment. Transparent communication of the scientific agenda and regular
progress updates will help ensure that vaccine risk monitoring and evalu-
ation activities remain aligned with public health priorities and needs and
expectations of health professionals and the public.

Credibility: Health professionals, policy makers, and the public can rely
on scientifically sound information and data analysis about vaccine risks.

Recommendation 2: A robust vaccine risk monitoring and evaluation
office should be transparent and comprehensive in conducting and
communicating its work in ways that are useful to health professionals,
policy makers, and the public.

Implementation steps:

1. Focus on vaccine risk monitoring and evaluation, avoiding vac-
cine policymaking and promotion.

2. Develop a portfolio of publicly available information to explain
systems and methodologic approaches, including data sources
and system strengths and limitations, and priorities.

3. Ensure public availability of monitoring and evaluation pro-
tocols, including changes made during the data collection and
analysis process and a justification for those changes.

4. Develop, disseminate, and evaluate accessible and easily under-
stood plain language summaries of vaccine risk results.
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5. Standardize risk reporting across communications and by risk
groups, where available.

Credibility hinges on communicating vaccine risk information clearly,
transparently, and comprehensively. This includes maintaining a clear dis-
tinction between vaccine risk evaluation and activities designed to increase
use of vaccines to avoid perceived biases and conflicts of interest. To rein-
force public trust, the office ought to regularly publish detailed explanations
of its monitoring and evaluation systems, research methodologies, strengths,
limitations, and key findings. Making these materials—including research
protocols—publicly available, along with accessible, plain-language sum-
maries and standardized risk reporting tailored for nonexpert audiences,
will enhance transparency and significantly improve public understanding.
The risk monitoring and evaluation experts ought to be consulted for tech-
nical accuracy, but other offices in CDC or HHS can use the risk informa-
tion in policy determinations and communications.

Data Stewardship: Vaccine risk monitoring, evaluation, and communi-
cation activities are conducted with respect for the individuals whose data
are used by protecting their privacy, using their data properly to address
important questions about risks, and sharing the results.

Recommendation 3: A robust vaccine risk monitoring and evaluation
office should be a good steward in the monitoring and evaluation
processes by protecting the privacy of individuals and honoring their
participation.

Implementation steps:

1. Protect personally identifiable information using appropriate
standards.

2. Solicit input from researchers and the public about key ele-
ments of the research agenda.

3. Explore ways to make the data used in vaccine risk monitor-
ing and evaluation more transparent, and where feasible and
appropriate, available to external researchers.

Strong data stewardship is essential, requiring the ethical and secure
handling of individual data. Rigorous data protection practices are neces-
sary to safeguard participant privacy and ensure data confidentiality. Equally
important is transparent communication about how data are collected and
used and why. To promote scientific integrity and public trust, the office can
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work with its board of scientific counselors to explore secure, innovative
methods for enabling controlled access to datasets by external researchers.
This would support broader validation of findings, enhance transparency,
and foster greater public confidence in vaccine risk monitoring.

Continuous Improvement and Innovation: Regular evaluation of vac-
cine risk monitoring, evaluation, and communication practices leads to
adopting new methodologies and technologies with the capacity to address
emerging questions about vaccine risks.

Recommendation 4: A robust vaccine risk monitoring and evaluation
office should integrate continuous quality improvements into their stra-
tegic plan to strengthen their activities.

Implementation steps:

1. Develop metrics for evaluation in conjunction with strategic
plan and advisors.

2. Maintain current data monitoring and evaluation systems and
activities while incorporating advances in informatics, vaccinol-
ogy, and epidemiological and statistical methods.

3. Use communication research, including in risk communication,
to inform and assess their communications.

Continuous improvement and innovation are integral to the office’s
operational and strategic planning. This includes setting clear, measurable
metrics for regular evaluation and systematically adopting advancements in
vaccinology, epidemiology, statistical analysis, informatics, and communica-
tion practices. Regularly updating monitoring and evaluation systems and
incorporating new technologies will help ensure that vaccine risk monitor-
ing and evaluation remain responsive to evolving public health challenges.
Additionally, investing in communication research will enhance the clar-
ity, effectiveness, and impact of public messaging, strengthening audience
engagement and understanding.

Independence: Vaccine risk monitoring, evaluation, and communication
are free from undue internal or external influence.

Recommendation 5: The Centers for Disease Control and Prevention
(CDC) should protect the scientific independence of its vaccine risk
monitoring office and provide the administrative support and financial
resources to conduct these activities.
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Implementation steps:

1. Keep the vaccine risk monitoring and evaluation office orga-
nizationally and administratively separated from units in CDC
that carry out administrative or policymaking activities, such
as promoting vaccination.

2. Increase awareness of the vaccine risk monitoring and evalua-
tion work by clearly distinguishing risk information from vac-
cine policy content and that intended to increase immunization
use.

3. Permit and encourage prompt publication of risk data.

Scientific independence is vital to the perceived impartiality, credibil-
ity, and effectiveness of vaccine risk data evaluation, communication, and
contributions to practice. To protect its scientific integrity, the vaccine risk
monitoring and evaluation office ought to remain organizationally and
administratively separated from CDC units involved in vaccine promotion
or policymaking. A distinct and clearly identifiable web presence for vaccine
risk monitoring and evaluation and timely and unhindered publication of
research findings—free from administrative interference—are essential for
transparent, unbiased communication, and the delivery of scientifically rig-
orous information to the public. Scientific independence does not preclude
consultation and collaboration with other CDC and government experts,
but final decision making about monitoring and evaluation of vaccine risk
information and the scientific content of risk communications needs to
remain with this office.

Final Thoughts

Implementing these five recommendations would enhance the delivery
of timely, trustworthy, and scientifically robust vaccine risk information
and will require resources and the commitment of the CDC director. This,
in turn, supports increased public confidence in vaccination programs, ulti-
mately contributing to stronger public health outcomes and preparedness
for future public health emergencies.
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On March 13, 2020, the Secretary of Health and Human Services
(HHS) declared a nationwide public health emergency (PHE) due to the
unfolding COVID pandemic (CDC, n.d.; NASEM, 2024). A key component
of the response was the rapid development and deployment of new vac-
cines. While many organizations of the government were required to meet
the challenges posed by the pandemic and the development of COVID vac-
cines, safety issues that might arise from their deployment fell in part to the
Immunization Safety Office (ISO) in the Centers for Disease Control and
Prevention (CDC). ISO plays a key role in monitoring and evaluating the
risks of all vaccines, including COVID vaccines, once a decision has been
reached that they can be administered to the public. ISO also oversees a
set of complementary data collection and analysis systems, described later,
crucial for updating vaccine recommendations.

The ISO requested that the National Academies of Sciences, Engineer-
ing, and Medicine convene an ad hoc committee of experts to evaluate its
work on the safety of the COVID vaccines and recommend ways to improve
all that it does. The task can be found in Box 1-1.

This chapter continues with a brief description of the history, structure,
and function of vaccine safety assessment by ISO and others in the federal
government, including during the COVID PHE. The chapter concludes with
a set of guiding principles the committee used in framing its recommenda-
tions, followed by a brief description of the report structure and important
terminology.

15
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BOX 1-1
Statement of Task

An ad hoc committee of the National Academies of Sciences, Engi-
neering, and Medicine will evaluate the Centers for Disease Control and
Prevention (CDC) Immunization Safety Office (ISO) systems, methods,
and processes for monitoring COVID-19 vaccine safety during the U.S.
COVID-19 vaccination program and provide recommendations for sus-
taining, maintaining, and strengthening CDC ISO current monitoring
systems moving forward.

Specifically, the committee will assess the statistical and epidemiolog-
ical methods and processes employed to detect and evaluate potential
safety problems with the U.S. COVID-19 vaccines; catalog the findings
from safety monitoring including pertinent positive and negative findings;
and evaluate CDC external communications about its safety monitoring
systems, the findings of COVID-19 vaccine safety monitoring, and vac-
cination and clinical guidance recommendations to healthcare profes-
sionals, public health officials, and the public.2

2Because ISO is not responsible for clinical guidance responsibilities, the committee evalu-
ated the information ISO presented to those who do develop vaccine use recommendations.
The committee did not evaluate the content of the clinical use guidelines.

VACCINE SAFETY ASSESSMENT

Vaccines have been an important public health tool for decades and
were declared one of the 10 great public health achievements of the 20th
century (CDC, 1999). They provide benefit to the vaccinated person and
others. They prevent infections, protect against the most severe forms of
disease, and prevent spread of infectious disease. The type and amount of
protection depends on the target infection, specific vaccine, and recipient
person or population.

Vaccines differ from pharmaceuticals in several important ways. While
vaccines play a critical role in responding to immediate health threats, their
greatest impact lies in the long-term prevention of infectious diseases across
populations. Many vaccines are given to infants and children, so the deci-
sion to vaccinate is not theirs but that of their parent or guardian. Some
vaccines are required or mandated for public school attendance, and some
occupations can be subject to vaccine mandates as well.

Over the 20th century, vaccines became widely used and drove down
the incidence of many once-common—and often deadly—infectious dis-
eases in children. In recognition of their lifesaving impact, all 50 states
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adopted laws requiring one or more immunizations for school entry. As the
appropriate use of vaccines was widely adopted, many communicable dis-
eases were eliminated—such as smallpox—or dramatically reduced, includ-
ing measles, mumps, whooping cough, and influenza. The threat of these
serious and frequently life-threatening diseases faded (or appeared to fade)
in the public’s perception. Without an imminent threat of disease, fear of
injury possibly related to vaccines led to a vaccine-related litigation environ-
ment (Blake, 2012; Grey, 2011).

Fearing that this increased liability would drive vaccine manufacturers
out of the market, imperiling public health, Congress intervened in 1986
with the National Childhood Vaccine Injury Act (NCVIA) (Blake, 2012).!
Recognizing that even the safest vaccine may produce some degree of harm
in some individuals yet still serve the broader public, NCVIA limits liability
for manufacturers (thus encouraging them to remain in the vaccine-making
market) and ensures that injured persons have a mechanism for receiving
compensation through the Vaccine Injury Compensation Program (Blake,
2012). The act also led to creating other important programs, such as the
National Vaccine Program Office, Vaccine Adverse Event Reporting System
(VAERS), and Vaccine Information Statements.

Questions about the safety of the COVID vaccines specifically arose
for several reasons. Operation Warp Speed, a presidential initiative, led to
the very rapid development and use of vaccines, two of which involved a
novel technology, the mRNA platform. The vaccines were made available
to the public initially through a legal provision known as “Emergency Use
Authorization” (EUA) (see Box 1-2). Confusion about the EUA process
made some hesitant to get vaccinated, due to the public misperception that
the vaccines hadn’t been rigorously assessed for risks. The safety profile of
all COVID vaccines, including the mRNA vaccines, were studied in clini-
cal trials as required by Food and Drug Administration (FDA), and risk
monitoring and evaluation was launched by ISO staff as soon as vaccines
were given to the public. However, public mistrust of government pandemic
restrictions and policies began to spread, and trust in safety of the vaccines
faltered (Funk et al., 2023).

CDC ISO

As described in Chapter 2, ISO’s vaccine risk monitoring and evalu-
ation involves staff and researchers, mostly from universities and health
plans, who work under various contracts in support of various systems.
These systems include the VSD, Clinical Immunization Safety Assessments,

I'The National Childhood Vaccine Injury Act of 1986, Public Law 660, 99th Cong., October
14, 1986.
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2 Public Health Service Act, Public Law 262, 42nd U.S. Congress, June 15, 2025.

BOX 1-2
Emergency Use Authorization (EUA)

The EUA mechanism is a legal provision allowing the Food and Drug
Administration (FDA) to authorize not yet licensed medical products or
unapproved uses of approved products during a public health emer-
gency (PHE), as declared under Section 564 of the Federal Food, Drug,
and Cosmetic Act (21 U.S.C. § 360bbb-3).

EUAs can be granted when

+ A PHE is declared by the HHS Secretary,

+ FDA concludes that the product may be effective in diagnosing,
treating, or preventing a serious or life-threatening disease,

+ The known and potential benefits outweigh known and potential
risks, and

+ No adequate, approved, and available alternatives exist.

Key Differences from Standard Approval (BLA):

« Evidence Threshold: An EUA requires evidence from at least one
well-conducted Phase 3 trial demonstrating that the product may
be effective in preventing, diagnosing, or treating a serious or
life-threatening disease and that the known and potential benefits
outweigh the known and potential risks. For COVID vaccines,
FDA required a median of at least 2 months of safety follow-up
after completion of the primary series.

By contrast, a Biologics License Application (BLA) under Sec-
tion 351 of the Public Health Service Act (42 U.S.C. § 262)? re-
quires substantial evidence of effectiveness from adequate and
well-controlled Phase 3 trials, longer-term safety data (typically
6 months or more of follow-up), and comprehensive submis-
sions demonstrating manufacturing consistency, stability, phar-
macovigilance planning, and compliance with labeling and facility
standards.

+ Duration: EUAs are temporary and valid only during the declared
emergency or until revoked. BLAs grant permanent licensure.

« Postmarket Surveillance: EUA products are subject to thorough
surveillance, such as through the Vaccine Adverse Event Re-
porting System (VAERS) and Vaccine Safety Datalink (VSD).
Full licensure involves long-term postmarketing monitoring and
periodic FDA inspections.

SOURCE: FDA, 2017.
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VAERS (comanaged with FDA), V-safe, and a pregnancy registry. ISO data
are an integral part of the deliberations of the Advisory Committee on
Immunization Practices (ACIP), which makes vaccine recommendations,
and FDA review of safety data related to postmarketing safety evaluations.
See Figure 1-1 for the committee’s understanding of how ISO’s vaccine risk
monitoring and evaluation moves from data collection to public communi-
cations, which will be described in more detail in Chapters 2 and 3.

For many years, vaccine risk monitoring and evaluation at CDC was
the responsibility of the National Immunization Program (NIP). ISO was
moved out of NIP in 2005 in response to concerns that the work of evalu-
ating the risks from vaccines could not be done objectively if the staff were
co-housed with the offices that promoted the use of vaccines (CDC, 2006).
Between 2005 and 2010, ISO was in the CDC Office of the Chief Scientist,
Office of the Director. In 2010, ISO was relocated to the CDC Division
of Healthcare Quality Promotion (DHQP), National Center for Emerging
Zoonotic Infectious Diseases (NCEZID), where it remains. NCEZID is
organizationally distinct from the National Center for Immunization and
Respiratory Diseases, with each reporting to the CDC director.

During the COVID PHE, monitoring and evaluating COVID vaccine
risks postauthorization were conducted by ISO, contract staff, and other
CDC staff on temporary detail, but due to temporary restructuring in
response to the emergency declaration and creation of a government-wide
response, these were carried out by the Vaccine Task Force (Gee, 2024). It
was established at CDC; its incident manager reported to the CDC COVID
agency response incident manager, who reported to the CDC director. ISO
staff not deployed elsewhere performed data monitoring and evaluation
work not as the “Immunization Safety Office” but within that task force
(Su, 2024). Communications were coordinated through the Office of the
Director, Department of Health and Human Services (HHS) Secretary,
and White House (Jernigan, 2025). Chapter 2 discusses the data systems
deployed to study the COVID vaccines, and Chapter 3 describes the com-
munication processes.

See Box 1-3 for a list of ISO’s official functions, as described in the
Federal Register, which is consistent with the discussions the committee
had with CDC in public sessions (Gee, 2024; Jernigan, 2025; Su, 2024).
ISO does not have a dedicated website describing its structure, mission, and
functions, although, as described in Chapter 3, voluminous CDC webpages
address vaccine safety. For fiscal year (FY) 2020, before the public health
declaration, the ISO budget was $22.5 million; staffing comprised 30 full-
time employees (FTE) and eight contract staff. During the PHE (part of
FY2020-part of FY2024), the range of annual funding, including supple-
mental funding, was $42-$114 million, and staffing levels were 37-47 FTE,
with 122 contract staff. In FY2025, ISO annual funding is $51.5 million
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with staff of 43 FTE and 21 contract staff.? The funding derived from the
NCEZID emerging infections program; NCIRD pandemic influenza pro-
gram and Vaccines for Children Program; and targeted COVID funding.

Other Vaccine Safety Work in the Federal Government

Immunization work at CDC is but one piece of the larger federal gov-
ernment response to vaccine-preventable diseases generally and vaccine
safety specifically (Gee et al., 2024) (see Table 1-1). Regulatory responsibil-
ity sits in FDA, which approves or authorizes vaccines and can require post-
market surveillance of manufacturers. ISO and FDA scientists collaborate
and communicate frequently (Gee, 2024), and VAERS, described in detail
in Chapter 2, is the shared responsibility of FDA and CDC. Researchers
at the Veterans Health Administration, Centers for Medicare & Medicaid
Services, Indian Health Service, and Department of Defense conduct vaccine
safety studies of importance to their mission; the populations of interest to
them (e.g., veterans of all ages; elderly people and those with disabilities;
and active duty military and some beneficiaries) are complementary to those
studied in ISO’s systems, as described in Chapter 2. Many other countries
also have robust vaccine safety or pharmacovigilance units and publish
data from those monitoring and evaluation systems, which complement or
supplement the information generated in the United States.

COMMITTEE APPROACH TO THE STATEMENT OF TASK

The committee comprises expertise in administration of government
public health, research and regulatory administration; pharmacoepidemiol-
ogy; biostatistics; health literacy; health communication; clinical medicine
and pharmacy; public health law; and public health practice (see Appendix
A). It met numerous times in full and in small groups beginning in May
2024 and held five sessions open to the public. During three of these ses-
sions, CDC presented information on the charge, the systems it uses to
monitor and assess vaccine safety, and its communication process regarding
vaccine safety. In addition, the committee held a public comment session at
which 13 persons made 3-minute public comments in response to questions
posed by the committee in advance:

®  What criteria should CDC use when deciding how vaccine safety
and potential harms from vaccines should be studied?

e  How can CDC’s research on vaccine safety and potential harms
from vaccines be improved?

2 Personal Communication, J. Gee, Centers for Disease Control and Prevention, August 5,
202S.
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1.

BOX 1-3

Key Functions of the Immunization Safety Office (ISO)

The ISO “assesses the safety of new and currently available vac-
cines received by children, adolescents and adults using a variety of
strategies:

conducts ongoing surveillance for the timely detection of possible
adverse events following immunization (AEFI) in collaboration
with the Food and Drug Administration, through implementation
and management of the Vaccine Adverse Event Reporting Sys-
tem, the national reporting system that acts as an early-warning
system to detect health conditions that might be associated with
an immunization;

coordinates, further develops, maintains and directs activities
of the Vaccine Safety Datalink (VSD), a collaborative effort with
integrated healthcare organizations able to perform rapid epide-
miologic research on potential causality for AEFI using the VSD
and other data sources, provide national estimates of incidence
of AEFI, and determine background rates of health conditions;
leads the nation in developing biostatistical methods for research
of AEFI using large linked databases and other data sources, and
shares methods for use by other agencies and public and private
entities;

conducts clinical research to identify causes of adverse events
after immunization, specific populations susceptible to specific
adverse events, and prevention strategies through the DHQP
supported Clinical Immunization Safety Assessment network, a
national network of medical research centers, and through other
research efforts;

applies findings from epidemiologic and clinical studies to develop
strategies for prevention of AEFI;

provides global consultation and leadership for the development,
use, and interpretation of vaccine safety surveillance systems,
and for the development of shared definitions of specific health
outcomes through participation in the Brighton Collaboration and
other international organizations

provides data for action to HHS, the Federal Advisory Committee
on Immunization Practices (ACIP), the FDA’'s Vaccine and Re-
lated Biological Products Advisory Committee, Health Resources
and Services Administration’s Advisory Commission on Child-
hood Vaccines, and international collaborators including the WHO
Global Advisory Committee on Vaccine Safety; and

provides timely, accurate communication and education to part-
ners and the public on vaccine safety issues.”

SOURCE: CDC, 2023.
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TABLE 1-1 Vaccine Offices in the Department of Health and Human

Services
Relevant
Agency/ Advisory
Department Office Function Committee
CDC/HHS ISO Studies risks from vaccines ~ None
CDC/HHS Immunization Services  Supports vaccine ACIP
Division benefit assessment,
promotion programs,
and the coordination of
national vaccine policy
recommendations
CBER/FDA/HHS OVRR/OBP; Office Approves or authorizes Vaccines and
of Biostatistics and vaccines for use; can mandate Related Biologic
Pharmacoepidemiology — postmarketing studies by Products
manufacturers; has joint Advisory
responsibility for VAERS Committee
OASH/HHS National Vaccine Coordinates vaccine-related ~ National
Program, Office of work across HHS (and the ~ Vaccine
Infectious Disease and ~ federal government) Advisory
HIV/AIDS Policy Committee
HRSA Division of Injury Along with Department of ~ Advisory
Compensation Programs Justice, administers VICP and Committee
CICP on Childhood
Vaccines

NOTES: Due to pending reorganization of HHS, this is accurate as of April 2025. ACIP =
Advisory Committee on Immunization Practices; CBER = Center for Biologics Evaluation
and Research; CDC = Centers for Disease Control and Prevention; CICP = countermeasure
injury compensation program; FDA = Food and Drug Administration; HHS = Department
of Health and Human Services; HRSA = Health Resources and Services Administration; ISO
= Immunization Safety Office; OASH = Office of the Assistant Secretary for Health; OBP =
Office of Biotechnology Products; OVRR = Overview of the Office of Vaccines Research and
Review; VAERS = Vaccine Adverse Event Reporting System; VICP = Vaccine Injury Compen-
sation Program.

®  When should new findings or safety signals be shared with research-
ers, health professionals, and the public?

e How should CDC communicate new findings about vaccine safety
or harms to the public?

e How can CDC improve Americans’ confidence in the safety of vac-
cines though research and messaging?

See Box 1-4 for a summary of salient points.®> Additionally, the commit-
tee held an open, public session with invited experts to discuss the challenges

3 Appearance in this list does not mean the committee endorses the points made.
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BOX 1-4
Salient Points from Public Comment

Monitoring and Evaluation

CDC should improve vaccine safety research by adhering to its own
protocols (such as proper proportional reporting ratio calculations) and
funding further studies. Safety signals should be shared promptly, with
full transparency. To rebuild public trust, CDC should support its claims
with data and continue data collection even when findings challenge
prior assumptions.

Independent monitoring is crucial. Vaccine side effect reports should
be collected and reviewed by a body separate from agencies respon-
sible for promoting vaccination to ensure objectivity and public trust.
The Vaccine Safety Datalink lacks public access, and public and inde-
pendent researchers cannot easily access the data. Making it publicly
available would enhance transparency and scientific scrutiny.

CDC'’s ISO team should be commended for their efforts during the
pandemic, but there is a clear need for a faster, more robust, and
independent system to evaluate vaccine safety. This includes better
funding, coordination, and a separation between risk assessment
and risk management. Historically, a lack of conclusive science on
vaccine reactions highlights the need for more research, including
understanding biological mechanisms. While public health authorities
and providers are generally well served, public needs remain unmet,
contributing to distrust and polarization.

Continued use of both active and passive surveillance systems (like
Vaccine Adverse Event Reporting System, Vaccine Safety Data-
link, and V-safe) is essential for capturing a wide range of vaccine
safety data, aided by standardized definitions (e.g., from the Brighton
Collaboration).
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Communications

+ While simple guidance may work for some, more detailed and nu-
anced recommendations are necessary for those seeking deeper
understanding.

+  Communication must be swift, comprehensive, and proactive, guid-
ing health care providers in recognizing and responding to potential
harms.

+  While VAERS is a commonly cited, passive reporting system often
criticized for its limitations, the United States also operates more ro-
bust vaccine safety tools that are far less known to the public.

+ The United States has some of the most advanced systems in the
world for monitoring vaccine safety, including tools that analyze elec-
tronic health records and provide expert clinical guidance. CDC also
works with global collaborators to investigate potential risks such as
myocarditis. Despite these efforts, public awareness remains low.

+ CDC should do more to communicate the existence and value of its
surveillance systems to build trust, promote transparency, and counter
misinformation.

+ When safety signals emerge, CDC must communicate rapidly and
transparently, clarifying the distinction between evolving scientific data
and policy decisions. This open, value-aware approach—tailored to
different communities and partnered with trusted local leaders—can
build trust, address ethical concerns, and respect varying perspectives
on autonomy and public health.

+ CDC should be clearer about both what it knows and what it doesn’t
know regarding vaccines to avoid misinformation and confusion. In
addition, adverse events need more precise and transparent report-
ing; terms like “mild” or “moderate” can be misleading without concrete
definitions. Acknowledging data gaps—rather than simply offering re-
assurances—can help maintain trust in CDC.

+ Expressing benefits while downplaying risks of medical products
erodes public trust. When official messaging contradicts personal
experiences, it damages CDC'’s credibility.

SOURCE: Public Comment, October 11, 2024.
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of studying and communicating vaccine risks with specific populations. See
Appendix B for agendas of those meetings. Videos of all presentations are avail-
able on the project website (https://www.nationalacademies.org/our-work/
review-of-cdc-covid-19-vaccine-safety-research-and-communications).

The committee commissioned a series of confidential key informant
interviews (see Appendix C). It further oversaw the creation of case stud-
ies of COVID vaccine risks to illustrate the timeline of COVID vaccine
risk information generation and communication (see Appendix D). It used
the information from public meetings, key informant interviews, and case
studies, in addition to CDC’s website and published research, to inform its
targeted analyses of ISO COVID vaccine risk monitoring and evaluation
and communication.

The committee encountered challenges in information-gathering. As
part of Project Clean Slate (CDC, 2024), CDC reorganized its website,
making it difficult to identify webpages that were active during the PHE,
the period of most of the committee’s analysis. This was particularly impor-
tant for assessing ISO’s communications. Other information, such as the
presentation on communications and information on ISO budgets, was
provided much later than requested. The HHS pause in communications in
early 2025 (Fink, 2025) resulted in no participation by ISO staff in the key
informant interviews.

The committee considered several important issues about vaccine risk
monitoring and evaluation out of scope for its task. Postmarketing safety
requirements of vaccine manufacturers are the purview of FDA, and rec-
ommendations for vaccine use are the purview of the ACIP and the CDC
director. While the committee discusses the implication of the administrative
placement of ISO, conclusions and recommendations on that topic were
not part of the statement of task. Finally, the committee was not asked to
recommend a funding level for the office, although such an important office
needs full financial support. Many of these issues are discussed as context
for the committee’s conclusions and recommendations. It reiterates that
matters of vaccine use and clinical guidance recommendations are out of
scope for ISO and therefore for this report.

The Committee’s Guiding Principles

Reliable and impartial vaccine risk monitoring and evaluation are
essential to health professionals, policy makers, and the public for informed
decision making. ISO is a source of much of that information. Since all of
ISO’s products and communications are based on data collection and statis-
tical analysis, the committee carefully studied the latest edition of Principles
and Practices for a Federal Statistical Agency (NASEM, 2025) and adapted
that for its recommendations. That report states that federal statistical
agencies, which includes CDC’ National Center for Health Statistics, and
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other designated offices “...provide objective and impartial information
that informs policy makers and the public, they should not advocate poli-
cies or take partisan positions that would undercut public trust and cred-
ibility of the statistics they produce.” The committee is not recommending
that ISO be designated a Federal Statistical Agency, because that would
exceed its remit and is not necessary to achieve the goals it has for vaccine
risk monitoring and evaluation, which is that this office continues to merit
the nation’s trust. However, adherence to the principles that these agencies
follow (see Chapter 4) provides a firm foundation for increased effective-
ness and trust that are required for such an important mission:

Relevance to Policy Issues and Society,

Credibility Among Data Users and Stakeholders,

Trust Among the Public and Data Subjects,

Independence from Political and Other Undue External Influence,
and

e Continuous Improvement and Innovation.

REPORT STRUCTURE AND TERMINOLOGY

Beginning in early 2025, HHS announced plans for a major reorganiza-
tion. As best as possible, the committee uses the name of an office, agency,
or department as it was during the period of review, that is, before the
reorganization. Should an office change names or organizational placement,
the committee intends that its statements, including conclusions and recom-
mendations, still apply to the relevant office.

In this report, the committee chooses to use “vaccine risk” to describe
serious, untoward effects of vaccines. This would not include more minor,
common, and predictable side effects, such as time-limited fever, malaise,
arthralgia, and myalgia, although ISO systems such as VAERS capture these.
Additionally, although the committee recognizes that some of ISO’s work is
hypothesis-driven research, ISO also performs routine monitoring. Despite
ISO’s name, the committee uses “vaccine risk monitoring and evaluation”
to describe ISO’s work instead of “immunization safety.” To some, “safety”
reflects a balance of risks and benefits, and to others, it implies 100 percent
safe or risk free. Furthermore, safety concerns include things like manufac-
turing errors or contaminations, which are FDA regulatory concerns.

The report contains a summary, appendixes, and four chapters: this
introductory Chapter 1, Chapter 2 on ISO’s data monitoring and evaluation
programs, Chapter 3 on ISO communications, and Chapter 4, which offers
three conclusions and five recommendations. Three appendixes include
substantive information that the committee used as part of its analysis: the
independently authored report from confidential key informant interviews
(Appendix C), the committee-directed case studies (Appendix D), and a
catalog of ISO COVID vaccine publications (Appendix E).
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Data Monitoring and Evaluation

During the COVID public health emergency (PHE), the Centers for
Disease Control and Prevention (CDC) Immunization Safety Office (ISO)
played a critical role in monitoring and evaluating the safety of vaccines
administered under unprecedented conditions. Leveraging existing surveil-
lance systems and rapidly scaling new monitoring platforms, ISO imple-
mented a comprehensive monitoring and evaluation framework (Klein et
al., 2021; Shimabukuro et al., 2021a). This chapter outlines ISO’s data-
driven efforts to detect, assess, and respond to potential safety concerns
in real time, highlighting the integration of information from traditional
systems, like the Vaccine Adverse Event Reporting System (VAERS) and
Vaccine Safety Datalink (VSD), with enhanced tools, such as V-safe and the
Clinical Immunization Safety Assessment (CISA) Project.

The safety monitoring infrastructure described in this report informed
public health policy makers throughout the COVID vaccination campaign.
Early identification of signals of potential adverse events (AEs), such as
thrombosis with thrombocytopenia syndrome (TTS), myocarditis, and Guil-
lain-Barré syndrome (GBS), allowed for timely clinical guidance, reduced
preventable morbidity, and informed risk—benefit assessments for distinct
populations (Greinacher et al., 2021; Montgomery et al., 2021; See et al.,
2021). Using a range of methods—from passive surveillance in VAERS
to active, population-based analyses of VSD—policy makers and scien-
tists were able to triangulate signals, confirm or refute potential associa-
tions, and refine vaccination recommendations in real time (McNeil et al.,
2014). While comprehensive and effective monitoring efforts were evident,
the complex nature of the data from the evaluation programs sometimes

29
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challenged the ability to clearly and succinctly communicate findings to the
public and health care providers (HCPs), limiting the potential to do even
greater good for the public’s health (Salmon et al., 2021).

Vaccine safety research spans a spectrum of study designs that vary in
their ability to detect different categories of AEs. Randomized controlled
trials and early-phase studies are optimized to reveal common, often immu-
nologically mediated reactogenic events that occur within hours to days
(Baden et al., 2021; Polack et al., 2020); however, their modest sample sizes
(typically <50,000) lack the statistical power to uncover events with inci-
dence below ~1 per 10,000 doses (Black et al., 2009). Large postauthoriza-
tion observational designs—self-controlled case series, cohort analyses, and
population-level data linkage studies—are therefore essential for estimating
the incidence of less-common outcomes (1 per 10,000-100,000), such as
myocarditis or anaphylaxis (Klein et al., 2021; Petersen et al., 2016). VSD
was designed to perform these large postauthorization studies; however,
extremely rare events (<1 per 100,000), like TTS or GBS, require even
broader, often multinational data pools, case-control networks, and rapid
cycle analyses (RCAs) of health care databases that aggregate tens of mil-
lions of vaccinated person-years to achieve adequate signal-to-noise ratios
(Faksova et al., 2024). Finally, mechanistic bench-to-bedside investigations,
although infrequently funded, are critical to elucidate causal pathways once
epidemiologic associations are flagged (Das, 2023; Moro et al., 2019).
Mechanistic investigations are rare, so the biology underlying most serious,
vaccine-associated AEs remains unknown.

An essential component of these vaccine safety evaluations was the
ongoing review and oversight provided by the Advisory Committee on
Immunization Practices (ACIP) and its COVID-19 Vaccines Safety Technical
(VaST) Work Group. Building on foundational vaccine safety studies rang-
ing from preclinical trials to Phase 4 postauthorization evaluations, ACIP
and VaST functioned as critical technical groups tasked with independently
reviewing data generated by ISO’s postauthorization surveillance systems.
VaST regularly assessed emerging safety signals, interpreted complex data
from diverse surveillance mechanisms, and communicated these findings
during ACIP meetings (Markowitz et al., 2024). The goal of these delibera-
tions was to inform timely updates to vaccine recommendations to provide
alignment with the latest safety data and public health needs.

Beyond the immediate pandemic context, the integrated approach to
vaccine safety monitoring exemplified by ISO, ACIP, and VaST underscores
the importance of a multilayered surveillance program with coordinated
and complementary strategies for detecting and addressing both common
and extremely rare AEs. The continuous feedback loop—emerging signals
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prompting further epidemiologic studies and expert clinical consultation—
ensures that vaccine policy decisions remain evidence based and responsive
to evolving real-world conditions. Ultimately, the goal of this adaptive,
science-driven safety network is to provide a foundation for sustained
improvements in vaccine safety oversight and rapid global health responses
moving forward.

ISO MONITORING AND EVALUATION/ASSESSMENT SYSTEMS

To monitor the safety of COVID vaccines during the PHE, CDC lever-
aged a coordinated network of complementary surveillance systems. Each
system played a distinct role within the broader safety infrastructure—
ranging from early signal detection to in-depth clinical evaluation. In this
report, we use “signal detection” to refer to identifying a potential vaccine
safety concern based on early surveillance data—typically in passive or
high-throughput systems, such as RCAs done by VSD. “Signal evalua-
tion” encompasses the follow-up activities used to further characterize the
strength, direction, and potential causal nature of an observed association,
including what VSD reports traditionally describe as signal refinement
and evaluation. While we recognize that these phases can be conceptually
distinct, they often occur along a continuum and are treated as part of an
integrated process for assessing vaccine safety. VAERS served as the pri-
mary tool for signal detection, flagging potential AEs through standardized
analyses of spontaneous reports from throughout the United States. VSD
was used for signal detection through standardized RCAs and data-mining
approaches, like TreeScan, but also the primary tool for population-based
signal evaluation using electronic health records from a set of 11 large,
integrated health care systems.! In addition to consultative activities, the
CISA Project provided technical expertise and clinical guidance to evaluate
rare or complex cases that required specialized review. CDC also launched
V-safe, a new smartphone-based, active-surveillance platform designed to
rapidly collect self-reported, postvaccination health experiences, particu-
larly common local and systemic reactions, supporting a registry of vac-
cinated individuals. To monitor outcomes among pregnant individuals,
the V-safe COVID-19 Vaccine Pregnancy Registry was established as a
targeted follow-up system to track maternal and infant outcomes over
time. Together, these systems formed a multilayered approach to identify-
ing, assessing, and responding to vaccine safety concerns in near real time.

1VSD has 13 participating sites; 11 provide data, and the remaining two offer subject-matter
expertise.
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VAERS

VAERS is a national passive surveillance program comanaged by CDC
and the Food and Drug Administration (FDA). Established in 1990, VAERS
aims to detect early signals of possible vaccine-related AEs (CDC, 2024a).
HCPs and vaccine manufacturers are legally mandated to report specific
postvaccination events, and patients or caregivers may also submit reports.
Although these data are crucial for generating hypotheses on vaccine safety
concerns, they are usually insufficient to determine causality (Gee et al.,
2024). VAERS may provide reasonable certainty for events such as ana-
phylaxis within minutes of administration (Shimabukuro et al., 2021a) or
previously unrecognized diseases (such as TTS) shortly after vaccination
(Shay et al., 2021). However, the determination of rates of AEs attribut-
able to vaccines needs to be performed in data systems that do not rely on
selective passive reporting. In addition, for most other events, data collected
through active-surveillance systems and controlled epidemiological designs
are required to help establish a causal relationship between a vaccine and
an AE.

During the PHE, VAERS played a particularly prominent role in safety
monitoring. VAERS data were reviewed in near real time. The heightened
public interest in COVID vaccine safety led to increased transparency
around VAERS data, with CDC and FDA issuing frequent public communi-
cations, updating online dashboards, and providing summaries of key find-
ings. When signals like myocarditis and TTS were identified, more detailed
investigations were done using both VAERS and VSD and sometimes led
to revised vaccination guidance (Gargano et al., 2021; Shay et al., 2021).

VAERS collects and codes all spontaneously reported AEs among the
vaccinated. Prespecified AEs of special interest (AESI) were selected for
enhanced safety monitoring based on biological plausibility, previous vac-
cine safety experience, and theoretical concerns related to COVID vaccines.
By protocol, medical records and autopsies were requested for AESIs and
all serious events (e.g., death) for further clinical investigation. In addition
to the prespecified AEs, symptoms identified during this enhanced surveil-
lance were added to VAERS as AESIs only for COVID vaccines (Oliver et
al., 2020).

VAERS, as a passive surveillance system, is inherently limited by under-
reporting, variability in data completeness, and differential reporting across
time and populations (Shimabukuro et al., 2015; Varricchio et al., 2004).
While some reports may be incomplete or lack medical confirmation, out-
right fabrication is believed to be rare (CDC, 2024a; HHS, 2024). A more
common limitation is preferential or stimulated reporting—where known
or suspected AEs are more likely to be reported in the context of a new
vaccine rollout, media attention, or scientific publications. In addition, it
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lacks control groups of nonvaccinated persons, making it difficult to assess
whether an AE is simply consistent with background rates (Varricchio et
al., 2004). However, within the broader vaccine safety ecosystem, VAERS
serves a vital function in the earliest stages of monitoring by highlighting
patterns that warrant deeper study (Shimabukuro et al., 2015).

The VAERS experience during the COVID pandemic underscores its
adaptability and value. The required reporting of vaccine denominator
information (doses administered), expanded reporting mandates, and real-
time analytical methods all contributed to more robust safety surveillance
(Zou et al., 2022). While VAERS alone cannot establish causation, its abil-
ity to detect safety signals—especially when integrated with other active-
surveillance platforms that can further evaluate them—proved critical for
rapidly identifying potential concerns informing further investigation and
evidence-based policy (Gargano et al., 2021).

VAERS summary-level data are publicly downloadable through CDC
WONDER, but case-level narratives, medical records, and personally identi-
fiable information are protected.” Aggregate surveillance tables and weekly
data-mining outputs are posted on the CDC VAERS website and updated
dashboards.

Analysis of VAERS data requires methodology that accounts for spon-
taneous reporting. For example, VAERS investigators have used an estimate
called the “proportional reporting ratio” (PRR) to detect AEs that occur
more frequently than expected after a vaccine. For COVID vaccines, this
involves comparing the proportion of a specific AE among all reported AEs
to the proportion of that same AE among AEs reported for other vaccines.
If the AE occurs more often with the COVID vaccine, it may signal a safety
concern. The PRR can be further analyzed by factors like age group, AE
severity, and vaccine type. A potential safety signal is typically defined as
a PRR of 2 or higher, a chi-squared value of at least 4 (indicating that it is
unlikely to be due to chance), and at least three reports of the AE for that
vaccine (Shimabukuro et al., 2015). FDA uses a related method—Empirical
Bayesian data mining—to identify signals when the lower bound of the 95
percent confidence interval of the empirical Bayes geometric mean exceeds
a predefined threshold. However, both CDC and FDA interpreted these
methods with caution during the COVID response. The utility of PRR was
limited because of enhanced and widespread reporting for COVID vac-
cines, which made historical comparisons less meaningful. As a result, most
safety assessments relied on reported rates of specific AEs—calculated as the
number of reports per doses administered—rather than PRR (Sakaeda et al.,
2013). This approach was newly possible due to valuable national tracking
of administration. Before the pandemic, crude rates of AEs could be only

2This sentence was changed after release of the report to clarify that data are publicly avail-
able through CDC WONDER.
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approximated based on estimated doses of vaccines administered. However,
the federal government instituted additional reporting requirements for
COVID vaccines (CDC, 2023; Gee et al., 2021). Tracking for each dose
administered included information on recipient age and sex, manufacturer,
and dose number (CDC, 2024b; Klein et al., 2021). This enabled precise
denominators and allowed for calculating reported rates of AESIs—that is,
the number of reported events per number of vaccine doses administered
over a specified risk window (e.g., 1 or 21 days) (Shimabukuro et al.,
2021a). These reported rates could be stratified by specific vaccine, age, and
sex and compared to expectations based on published background rates.
Since reporting to VAERS is not complete, reported rates would usually
be expected to be less than background rates. Nevertheless, if a statistical
signal emerged—via PRR, empirical Bayesian data mining, or observed
rates approaching or exceeding background—a clinical review would be
triggered that considered seriousness, biological plausibility, and consis-
tency with a known clinical syndrome (Shimabukuro et al., 2015). Review
of serious events and AESIs occurred daily at ISO (Gee et al., 2024).3 The
VAERs team met weekly to review tables and clinical reports and discuss
signals. Cumulative tabulations, including frequency of AEs and relative
proportions by seriousness, sex, and age, were publicly available weekly (to
CDC WONDER,* HHS, and Epi-X®). In parallel, ISO and FDA staff held
weekly or ad hoc coordination meetings to review new VAERS data and
emerging safety concerns (Anderson, 2020).

VSD

VSD is a collaborative project between CDC and 13 large, integrated
U.S. health care organizations. It is the ISO’s flagship active-surveillance
platform, absorbing the majority of ISO’ analytic resources (McNeil et
al., 2014). Established in 1990, VSD uses electronic health records (EHRs)
and health care use administrative data (claims) from millions of indi-
viduals receiving routine health care within participating systems and has
grown from about 6 million covered members at launch to more than 12
million (CDC, 2024c; Chen et al., 1997; Wallace et al., 2022). Of the 13
sites, 11 provide EHR data. This design allows for more robust analyses

3 This sentence was changed after release of the report to correct what activities occurred
daily at ISO.

4 Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic
Research (CDC WONDER) is an online system that provides access to a broad array of public
health information and datasets.

3 Epidemic Information Exchange (EPI-X) is CDC’s secure, web-based communication sys-
tem for sharing preliminary health surveillance and outbreak information with public health
officials.
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than passive reporting systems because it includes well-defined population
denominators, unvaccinated control populations, longitudinal patient data,
and the capacity to perform population-based comparative studies (McNeil
et al., 2014; Wallace et al., 2022). VSD’s common data model substantially
overlaps with that used by the FDA-funded Sentinel Initiative, and several
partner sites contribute data to both programs, facilitating shared analytic
code and cross-network validation (FDA, 2017). VSD researchers com-
monly use epidemiological approaches, including RCA and self-controlled
risk interval designs, to detect and evaluate potential vaccine-related safety
signals in near real time. Specifically, RCA involves weekly sequential
hypothesis testing—often employing maximized sequential probability
ratio tests—to compare observed AE counts against expected baselines,
enabling VSD to flag potential safety signals within weeks of vaccine
administration (Davis, 2013).

During the PHE, VSD expanded its analytical frequency and leveraged
its comprehensive electronic data to provide timely assessments of COVID
vaccines (CDC, 2024c; Klein, 2021). This included near-real-time monitor-
ing of AESIs—such as myocarditis, TTS, and other events flagged by pas-
sive systems—to characterize incidence rates, identify potential risk factors
(e.g., age, sex, comorbidities), and compare rates with background rates
in unvaccinated or prepandemic populations (Klein, 2021). The close inte-
gration of EHR and administrative claims data enabled rapid turnaround
for signal detection and evaluation, contributing to prompt public health
guidance (CDC, 2024c¢). While VSD’s focused, population-based approach
offers advantages in assessing causality and absolute risks, it is concen-
trated within certain health care systems, does not capture all geographic
or demographic groups (McNeil et al., 2014). Nevertheless, its ability to
provide active surveillance at scale and rigorous, real-time data analyses has
been particularly valuable during the heightened vaccine safety monitoring
requirements of the pandemic (CDC, 2024c).

Because VSD relies on protected EHR and insurance-claims data from
participating health systems, individual-level datasets remain behind secure
firewalls at each site. External researchers may collaborate through vetted
protocol proposals reviewed by the VSD Research Committee; approved
projects operate under data-sharing agreements, HIPAA waivers, and
IRB approvals, with analyses executed on site and only aggregate results
released. Public-facing safety updates and peer-reviewed manuscripts are
posted on the CDC VSD webpage.

CISA

CISA is a national network of vaccine safety experts coordinated by
CDC and funded through collaborative agreements with academic medical
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centers. Established in 2001, CISA was designed to provide specialized clini-
cal consultation on complex or severe AEs following immunization (CDC,
2024d). By drawing on multidisciplinary expertise—infectious disease spe-
cialists, immunologists, allergists, and epidemiologists—CISA enhances
CDC’s capacity to investigate rare, high-impact vaccine safety signals that
may not be fully understood through passive or broad-based active surveil-
lance alone (e.g., VAERS or VSD) (Williams et al., 2011).

Throughout its history, CISA has fulfilled two core functions. First, it
provides individualized clinical consultations, offering expert, case-by-case
evaluations for HCPs managing unusual or severe postvaccination events
(Williams et al., 2011). These consultations often involve comprehensive
medical-record reviews, direct communication with treating clinicians, and,
when necessary, advanced diagnostic testing. Second, CISA conducts mecha-
nistic and observational research, including small cohort studies, case-
control analyses, and mechanistic investigations, to explore the biological
pathways that may underlie rare AEs following immunization (Williams
et al., 2011). During the COVID PHE, these functions were adapted and
intensified to support rapid, evidence-based responses to emerging vaccine
safety concerns (CDC, 2024d).

During the PHE, CISA rapidly pivoted to address emerging signals tied
to novel COVID vaccines. For example, it engaged in detailed case series
study of TTS and cerebral venous sinus thrombosis (MacNeil et al., 2021).
This single mechanistic study found no evidence that polyethylene glycol
(a vaccine component) was responsible for anaphylaxis observed with sev-
eral COVID vaccines (Zhou et al., 2023). Data collection and dissemina-
tion accelerated in response to real-time clinical demands: CISA expanded
its consultation footprint, offered expedited reviews, and collaborated
more intensively with other CDC surveillance systems (such as V-safe and
VAERS) to synthesize findings (CDC, 2024d). These adaptations ensured
that frontline clinicians and policy makers received timely, evidence-based
guidance on preventing, identifying, and managing severe postvaccination
events in an evolving pandemic landscape.

CISA consultation records and mechanistic-study data contain identifi-
able clinical details and therefore are not publicly released. Qualified inves-
tigators can access deidentified analytic files or collaborate on joint analyses
after submitting a proposal to the CISA executive committee and obtaining
IRB clearance and a CDC DUA. Summaries of consultation trends and key
study findings are published in CDC reports, ACIP slide decks, and peer-
reviewed journals.

V-safe

V-safe was developed and funded by Oracle Health Services and CDC
to monitor vaccine safety in near real time (CDC, 2024e; Myers et al.,
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2023). Launched in December 2020 specifically to track AEs following
COVID vaccination, V-safe was designed to complement existing passive
(e.g., VAERS) and active (e.g., VSD) surveillance systems by capturing self-
reported health information directly from vaccine recipients. The system
leverages text messaging and secure Web-based surveys to collect data on
prespecified common postvaccination symptoms (e.g., fever, injection-site
reactions) and more serious events that warrant medical attention (Gee et
al., 2021; Myers et al., 2023).

In addition to prespecified items, an open-ended prompt collects free-
text comments. Natural language inference models can be used to iden-
tify patterns (e.g., identifying “missed period” and “PMS” as menstrual
irregularities) not solicited as prespecified symptoms. Upon enrollment,
vaccinated individuals receive regular check-ins—initially daily, then tran-
sitioning to weekly—to document any new or ongoing symptoms (Hause
et al., 2022a). This approach generates a robust stream of data that can be
analyzed rapidly for emerging safety signals. Proportions of participants
reporting local and systemic reactions and health impacts are tabulated by
age, sex and severity. Through unique user links, V-safe also tailors remind-
ers about subsequent vaccine doses, thus maintaining participant engage-
ment throughout a multidose regimen. While originally introduced to serve
as a rapid-response tool during the height of the PHE, V-safe underwent
incremental refinements to accommodate booster doses, track pediatric
vaccination, and expand the types of outcomes assessed. In particular, the
COVID-19 Vaccine Pregnancy Registry is an expansion of V-safe (CDC,
2024f). These enhancements also included more targeted symptom queries
(e.g., specific rare AEs) and refined protocols for transferring serious or
urgent reports into more intensive follow-up systems, like the VAERS or
the CISA project. As a result of these iterative improvements, V-safe evolved
into one of CDC’s largest and most frequently used active-surveillance plat-
forms (CDC, 2024e; Gee, 2024; Gee et al., 2021).

While V-safe played a crucial role in capturing high-volume, near-
real-time data on expected, nonserious postvaccination symptoms (e.g.,
fatigue, injection-site pain), it was less effective for serious AEs. Its
structure—requiring smartphone access and voluntary, ongoing survey
participation—limits detection of severe AEs, especially those that are
incapacitating (Gee et al., 2021, 2024). Available publications suggest
V-safe contributed primarily reactogenicity data rather than AE signals,
and few known AESIs appear to have originated from V-safe and triggered
follow-up in other systems (Gee et al., 2024; Hause et al., 2022a).

Designed, built, and supported under a donation agreement with Oracle
Health Services and the Department of Health and Human Services, V-safe’s
public—private partnership raises important sustainability considerations:
once emergency-phase federal funding ends, continued functionality will
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depend on long-term governance, dedicated appropriations, and ongo-
ing collaboration with private-sector technology partners (Shimabukuro,
2023Db).

Raw V-safe responses include contact information and protected health
data and are stored on secure CDC servers.® High-level statistics on local/
systemic reactions, health-impact measures, and participation metrics are
released periodically via the CDC website and in MMWR safety summaries.

COVID-19 Vaccine Pregnancy Registry

CDC established the COVID-19 Vaccine Pregnancy Registry in Decem-
ber 2020, coinciding with the initial rollout of COVID vaccines under
Emergency Use Authorization (EUA). Recognizing the exclusion of preg-
nant individuals from early-phase clinical trials, the registry was developed
as a targeted postauthorization surveillance mechanism to actively collect
safety data in this high-priority population. It was one of several initiatives
supported under the authorities of the Public Readiness and Emergency Pre-
paredness (PREP) Act and COVID vaccine EUA framework, which enabled
expedited deployment of safety monitoring infrastructure during the PHE
(CDC, 2024f; Gee et al., 2024; Moro et al., 2021).

The registry leveraged V-safe as a primary mechanism for enrollment.
Individuals who received a COVID vaccine and reported their pregnancy
status through V-safe were contacted and invited to participate. Approxi-
mately 23,000 people who reported receiving a COVID vaccine during
pregnancy—or within 30 days before conception—were enrolled between
December 2020 and June 2021, and about 85 percent consented to medical-
record review, yielding a large, well-documented cohort for analyses of
maternal and infant outcomes (Madni et al., 2024). This registry functioned
as a critical component of the broader postauthorization safety surveil-
lance system coordinated by CDC and FDA to ensure continuous monitor-
ing under EUA. Upon consent, participants were followed prospectively
through pregnancy and postpartum. Data collection included self-reported
health information, pregnancy outcomes (e.g., spontaneous abortion, still-
birth, gestational age at delivery), and infant outcomes through the first few
months. When feasible, registry participation also involved medical-record
abstraction to validate outcomes.

During the PHE, the registry protocol was updated to reflect changes
in vaccine availability (such as bivalent booster rollout), evolving clinical
guidance (timing of vaccination during pregnancy), and emerging questions
about maternal-fetal antibody transfer and neonatal protection. These

¢ This sentence was changed after release of the report to clarify that data are publicly avail-
able through CDC WONDER.
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updates were supported by the CARES Act, which enabled rapid scaling
of data-collection infrastructure and digital tools through enhanced federal
investment. The PREP Act also authorized emergency measures, including
liability protections for vaccine administrators and manufacturers, facilitat-
ing operational flexibility for surveillance activities (Shimabukuro et al.,
2021b).

Primary data sources for the registry included V-safe reports, structured
participant surveys, and medical-record reviews. In select cases, linkage to
other CDC-managed surveillance systems, such as the National Vital Statis-
tics System, was conducted to enhance outcome verification (CDC, 2024f;
Myers et al., 2023).

Due to the identifiable health information and sensitive nature of preg-
nancy-related data, access to individual-level registry data is restricted.
Researchers and public health partners may request deidentified datasets
or analytic summaries through formal CDC DUAs and IRB approvals.
Public-facing summaries, including key outcome statistics and updated
methodological details, are made available via the CDC COVID-19 Vaccine
Pregnancy Registry webpage.

MAJOR METHODOLOGIC STRENGTHS/
LIMITATIONS OF FINDINGS/SAFETY ASSESSMENTS
FROM EACH OF THE MAJOR SYSTEMS

The strengths and limitations of each vaccine safety surveillance sys-
tem reflect their underlying design and intended role within the broader
monitoring framework. Passive systems are best suited for early signal
detection and hypothesis generation, offering national reach and transpar-
ency but limited by selection, underreporting, and reporting biases. Active-
surveillance systems enable more robust, population-based analyses using
EHRSs with prospectively recorded information but operate within a defined
health care network and require longer timelines for complex evaluations.
CISA offered expert case reviews and mechanistic insights, particularly for
complex or rare events. V-safe provided rapid, participant-reported data
on reactogenicity and short-term outcomes but lacked medical validation.
Its pregnancy registry allowed longitudinal tracking of vaccine safety dur-
ing pregnancy. Like VAERS, V-safe does not include unvaccinated persons
that can be used for comparisons. Together, these systems formed a com-
plementary network—each with unique contributions but also important
constraints that shaped how and when safety questions could be answered.
Table 2-1 presents a comparative snapshot of each platform’s principal
advantages and constraints1.

In parallel, a range of other vaccine safety systems—operated by
FDA, the Department of Veterans Affairs, the Indian Health Service, CMS,
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TABLE 2-2 Description of Non-CDC COVID Vaccine Safety Data
Sources Relevant to ISO

System/Data Source

Description and Relevance to ISO and COVID

FDA BEST

FDA-Mandated
Manufacturer Studies

VA

International
Surveillance (e.g., UK
MHRA, Israel MOH,
EMA)

IHS

CMS

NIA/Brown EHR
and CMS Data
Collaborative

A surveillance system operated by FDA CBER that uses large-scale
claims and EHR data. While not led by CDC ISO, BEST conducted
parallel analyses of AESIs (e.g., myocarditis, stroke) during the
COVID vaccine rollout. ISO and FDA communicated regularly to
align on findings and coordinate regulatory communication.

Postauthorization safety studies required by FDA under EUA
or licensure agreements. These included prospective studies

on pregnancy, myocarditis, and other AESIs. While conducted
independently by manufacturers, results were often shared with
CDC ISO and informed ACIP safety deliberations.

VA conducted independent observational studies using its
comprehensive EHR system. CDC ISO considered VA findings,
including mortality and AESI studies, as complementary evidence in
evaluating vaccine safety signals. VA data were also discussed during
interagency safety coordination meetings.

International regulators provided some of the earliest safety signal

data for events such as myocarditis (Israel) and TTS (EU). CDC ISO
used these findings to contextualize U.S. data, prioritize surveillance
efforts, and prepare clinical guidance and communication materials.

IHS collaborated with CDC and FDA to monitor American Indian
and Alaska Native populations. While this was not an ISO-led
platform, THS data were used to evaluate safety and coverage in
populations underrepresented in VSD.

CMS data were used in joint CDC-FDA evaluations to assess
outcomes such as ischemic stroke in older adults. Though ISO
does not directly operate CMS surveillance, these data expanded
population coverage for AESI evaluation and contributed to cross-
agency safety assessments.

A collaboration supported by the NIH National Institute on Aging
and Brown University, linking CMS claims with EHR data from
LTC facilities to evaluate COVID vaccine safety in frail, elderly
populations. Though it was independent of ISO, findings were
shared with CDC and used to assess AESIs (e.g., thrombotic events,
mortality) in nursing home residents—a critical population not
fully captured in VSD. This represents NIH’s involvement in the
interagency safety monitoring enterprise.

NOTES: * Indicates systems enhanced during the COVID response; # indicates systems newly
created specifically for COVID vaccine safety monitoring. AE = adverse event; AESI = adverse
event of special interest; BEST = Biologics Effectiveness and Safety Initiative; CBER = Center
for Biologics Evaluation and Research; CDC = Centers for Disease Control and Prevention;
CISA = Clinical Immunization Safety Assessment; CMS = Centers for Medicare & Medicaid
Services; EHR = electronic health record; EUA = Emergency Use Authorization; FDA = Food
and Drug Administration; IHS = Indian Health Service; LTC = long-term care facility; NIH =
National Institutes of Health; VA = Department of Veterans Affairs; VAERS = Vaccine Adverse
Event Reporting System; VSD = Vaccine Safety Datalink.
SOURCES: Bardenheier et al., 2021; FDA, 2023, 2024a,c; Shimabukuro and Klein, 2023;

Wong et al., 2023.
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international partners, and vaccine manufacturers—played a critical role
in extending the reach of safety monitoring. These systems contributed
complementary datasets, populations, and analytic methods. For example,
FDA’s BEST Initiative conducted large-scale postauthorization evaluations;
VA and the Indian Health Service (IHS) provided insights on specific federal
health care populations; CMS enabled timely assessment of risks in older
adults (FDA, 2023; Shimabukuro and Klein, 2023); and international sur-
veillance systems helped identify early signals, such as myocarditis and TTS.
CMS data from long-term care facilities were also incorporated to enhance
monitoring among older adults and high-risk populations, illustrating the
potential of interagency collaboration. Manufacturer-led postauthorization
studies, required under FDA agreements, also generated targeted safety
data, particularly in populations excluded from initial trials (FDA, 2024c).
Table 2-2 describes these non-CDC systems and their relevance to ISO’s
safety monitoring efforts during the COVID vaccination program.

Main Safety Findings Across Monitoring Systems

Throughout the COVID vaccination campaign, U.S. safety monitoring
systems collectively identified, assessed, and responded to a broad range
of AEs following immunization. This surveillance network—comprising
VAERS, VSD, CISA, V-safe, and the V-safe Pregnancy Registry—enabled
a multifaceted understanding of vaccine safety across diverse populations
and conditions. While each system had unique capabilities and limitations,
they worked in concert to detect early signals, estimate or validate risks,
and inform timely public health guidance.

Many of the events under surveillance were prespecified outcomes,
determined before vaccine rollout based on historical vaccine safety con-
cerns, COVID disease complications, or findings from clinical trials. These
included anaphylaxis, myocarditis, GBS, and thromboembolic events, such
as deep vein thrombosis and pulmonary embolism. For each outcome, CDC
and FDA required surveillance programs to apply harmonized case defini-
tions—for example, the CDC working definition for myocarditis, ACIP Tier
1-2 criteria for TTS, and Brighton Collaboration standards for anaphylaxis
and GBS—to ensure consistency in case ascertainment across VAERS, VSD,
V-safe, and CISA (CDC, 2024g, 2025; Korinthenberg and Sejvar, 2020;
Marschner et al., 2023; See, 2021; Sejvar et al., 2011). Prespecification
helped prioritize investigations, standardize reporting across systems, and
reduce analytic bias. Maximizing the utility of these harmonized defini-
tions depends, in part, on compiling results from safety assessments in a
centralized, publicly accessible location. Centralized assessment improves
transparency, supports integrated interpretation across systems, and enables
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both researchers and the public to understand emerging safety findings in
a more holistic and accessible way.

Across systems, several consistent findings emerged. Anaphylaxis was
one of the earliest signals detected—flagged by VAERS within a week of
vaccine rollout, which recorded ~0.00047 percent of participants self-
reporting severe allergic reactions (rash, swelling, dyspnea) on Day 0-1
after dose 1, a proportion that closely matched VAERS case counts, and
then clinically evaluated in depth by CISA (Shimabukuro, 2021a). Myocar-
ditis and pericarditis were observed predominantly in young men and boys
following mRNA vaccines, especially after dose 2; most cases were reported
to be mild and to resolve quickly (Marschner et al., 2023). GBS and TTS
were linked primarily to the Janssen vaccine, prompting federal guidance
changes and ultimately its withdrawal from the U.S. market (Hanson et al.,
2022; Rosenblum et al., 2021; See et al., 2021). No increased risk of death,
including from non-COVID causes, was found in any system (Oliver et al.,
2022). Evaluations of pregnancy and reproductive outcomes and pediatric
vaccination and vaccine coadministration consistently reaffirmed the strong
safety profile of COVID vaccines (Moro et al., 2021).

VAERS played a pivotal role in rapid signal detection. Reports of
anaphylaxis, myocarditis, TTS, and GBS were identified through it, con-
tributing to regulatory responses and ACIP recommendations (Abara et
al., 2023; MacNeil et al., 2021; Oster et al., 2022). Despite its limitations
as a spontaneous-event reporting system, VAERS provided valuable data
for contextualizing risk. For instance, Oster et al. (2022) analyzed VAERS
reports of myocarditis following mRNA COVID vaccination using national
vaccine administration data as the denominator, calculated reporting rates,
and identified risk to be highest after the second dose in adolescent boys
and young men, informing timely ACIP risk—benefit assessments (Gargano
et al., 2021). Later (mid-2021 to December 2022), VAERS analytic studies
found no disproportionate increased risk of tinnitus in any COVID vaccines
(Yih et al., 2024). VAERS data provided some reassurance about lack of
pregnancy complications (Moro et al., 2024), and all-cause mortality (Xu et
al., 2021). VAERS summaries confirmed that the vast majority of reported
AEs were nonserious (Ceacareanu and Wintrob, 2021). As described, for
COVID vaccines, national administration data—stratified by age, sex, and
product—enabled calculating reported rates, a capability not typically avail-
able in passive surveillance. However, these rates should be interpreted with
caution, as VAERS remains subject to underreporting, differential reporting,
and stimulated reporting, and reported rates do not reflect incidence.

VSD enabled active, large-scale, population-based surveillance and
comparative risk evaluations across millions of vaccine recipients at 11
integrated health care sites (CDC, 2024c). It provided robust evidence on
AF risks stratified by age, sex, pregnancy status, and underlying health
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conditions. For example, VSD quantified observed rates of myocarditis at
~137 cases per million second mRNA doses in boys aged 12-15 versus
~9.3 per million in girls of the same age and GBS at =3.1 cases per million
Janssen doses—estimates that informed benefit—risk assessments for spe-
cific subgroups (Goddard et al., 2022b; Hanson et al., 2022). VSD studies
also confirmed no increased risk of miscarriage, preterm birth, or neonatal
complications among vaccinated pregnant individuals (Lipkind et al., 2022)
and showed no safety concerns when COVID boosters were coadministered
with the seasonal influenza vaccine (Kenigsberg et al., 2023a). Mortality
analyses revealed lower non-COVID death rates among vaccinated versus
unvaccinated members—likely reflecting healthy-vaccinee bias rather than
a protective vaccine effect (Xu et al., 2023).

V-safe collected real-time, participant-reported data on common side
effects. It played a key role in characterizing mild to moderate reactogenic-
ity, confirming that symptoms like fatigue, fever, and injection-site pain were
frequent but brief (CDC, 2024¢; Chapin-Bardales et al., 2021). Although it
was less suited for assessing rare or serious events, V-safe helped capture sig-
nals like menstrual irregularities and provided critical reassurance regard-
ing the overall vaccine tolerability (Wong et al., 2022). Its main analytic
limitation was the absence of an unvaccinated comparator group, which
made it difficult to determine whether self-reported events occurred above
background rates or varied by underlying health status.

CISA contributed detailed clinical insights through expert case reviews
and consultations, particularly for complex or high-stakes AEs, like ana-
phylaxis, myocarditis, and TTS (Williams et al., 2011). Its adjudicated
investigations incorporated chart reviews and laboratory diagnostics, add-
ing diagnostic clarity to rare events. However, because CISA focused on
referred or severe cases, findings were not generalizable across the broader
population (Gee et al., 2024; Williams et al., 2011). Moreover, for certain
syndromes—most notably multisystem inflammatory syndrome in adults
or children (MIS-A/MIS-C)—CISA’s working definitions required labora-
tory evidence of recent SARS-CoV-2 infection; while this criterion helped
distinguish postinfection pathology from coincidental findings, it also meant
that vaccine-associated cases without documented infection could be missed
(Cortese et al., 2023).

Together, these coordinated vaccine safety monitoring systems were
able to comprehensively evaluate the COVID vaccines and provide esti-
mates of risk for various population subgroups. The interplay of rapid
signal detection, in-depth clinical review, and longitudinal population-level
analysis enabled a comprehensive evaluation of vaccine safety. These analy-
ses were crucial for informing policy and guiding clinical recommendations,
although, as noted, challenges occurred in communicating this knowledge
to HCPs and the public, undermining the robustness and excellence of
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the scientific work. Moreover, the majority of publications of these find-
ings included language that risks were “rare,” “mostly mild,” and “far
outweighed by the benefits of protection” against severe COVID. This
reassurance was provided even when formal risk—benefit analyses were not
included or referenced. Such vaccine promotion may interfere with the per-
ception of independence of ISO vaccine safety monitoring. A cross-system
summary of the major COVID-19 vaccine-safety signals, their principal
findings, and surveillance periods is provided in Table 2-3.

TIMELINESS AND COMPLETENESS OF SIGNALS

The scale and urgency of the U.S. COVID vaccination campaign required
a responsive, transparent, and scientifically rigorous safety infrastructure.
VaST was convened by CDC in October 2020 as an ACIP subcommittee to
review vaccine safety data in near real time and advise the full ACIP (Lee,
2021; Markowitz et al., 2024). Meeting as often as weekly during the first
18 months of rollout—and then monthly through 2023—VaST examined
findings from VAERS, VSD, V-safe, CISA, and external sources, issuing sum-
mary memorandums that informed ACIP votes, CDC Health Alerts, and
provider advisories (Rosenblum et al., 2022).

To prioritize surveillance, CDC and FDA jointly published a list of
AESIs before mass vaccination began; it drew on historical vaccine risks
(e.g., anaphylaxis, GBS), COVID disease complications (e.g., MIS-C), and
trial signals (e.g., Bell’s palsy) (Gee et al., 2021; Lee, 2021; Markowitz et al.,
2024). Prespecification improved consistency across systems, yet the frame-
work remained adaptive: when VAERS and V-safe unearthed unexpected
patterns—such as menstrual cycle changes or tinnitus—those outcomes
were added to monitoring protocols and VaST agendas (Rosenblum et al.,
2022). The detailed decision-making logic for adding or retiring signals,
however, is documented only in internal VaST working papers and has not
been made publicly available.

Safety signal evaluations closely tracked each phase of the rollout—
and the timeliness of VaST briefings became a key operating metric. In its
first quarter (December 2020-March 2021), VaST met twice per week and
delivered slide-deck summaries to ACIP within 24-48 hours; these were
posted on the ACIP website the same day as the public meeting, creating
near-real-time transparency (CDC, 2024h; Shimabukuro et al., 2021a).
Anaphylaxis illustrates the cadence: VaST reviewed the first 21 VAERS
cases on December 19, 2020—3 days after the Pfizer-BioNTech launch—
and ACIP discussed the findings in an emergency session the next morning
(CDC, 2020), CDC’s interim clinical guidance and a rapid MMWR fol-
lowed within 2 weeks (CDC COVID-Response Team et al., 2021; Shima-
bukuro et al., 2021a).
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TABLE 2-3 Cross-System Summary of Major COVID Vaccine Safety
Signals, Principal Findings, and Surveillance Periods

Data-
Collection
Signal/Syndrome System Key Finding Reported Period Source
Anaphylaxis VAERS 10 confirmed cases; rate Dec. 14 (Shimabukuro,
~11.1 per million mRNA 2020-Jan. 2021a)
doses 18 2021

V-safe 0.00045 percent self-report- Dec. 14 (Gee et al.,
ed “severe allergic reaction” 2020-Jan. 2021)

<Day 1 13 2021
CISA  Anti-PEG IgE not detected in 2021- (Zhou et al.,
20 evaluated cases 2022 2023)
GBS VSD 32.4 cases per 100,000 Feb.—Oct. (Hanson et al.,
person-years (RR = 20.6 vs. 2021 2022)
mRNA)

VAERS Underestimated true rates;  Dec. 2020 (Abara et al.,
however, more frequently re- —Jan. 2023)
ported (9- to 11fold higher) 2022
within 21 days after Janssen
vaccine than either mRNA

vaccine
Reactogenicity (local/  V-safe 91-95 percent injection-site  Dec. (Hause et al.,
systemic) pain; 16—46 percent systemic 2020- 2022c¢)
symptoms Feb. 2021
Mortality VAERS 9,201 death reports; no Dec. (Day et al.,
mortality signal detected 2020- 2023)
Nov. 2021
VSD No increase in non-COVID  Dec. (Xu et al., 2024)
mortality (RR 0.97) 2020-
Aug. 2021
MIS-C/MIS-A CISA  Very rare; <5 referred cases May (Cortese et al.,
met criteria 2020-Feb. 2023; Yousaf et
2022 al., 2022)
Myocarditis/ VSD  Highest in boys 12-17: up to Dec. (Goddard et al.,
Pericarditis 150 cases per million second 2020- 2022a)
doses Aug. 2022
VAERS Rates high in boys/young Dec. (Oster et al.,
men 12-29 2020-  2022)
Aug. 2021
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Data-
Collection
Signal/Syndrome System Key Finding Reported Period Source
Pregnancy Outcomes ~ VAERS No safety signals for miscar- Dec. (Shimabukuro et
riage or stillbirth 2020- al., 2021b)
Oct. 2021
VSD  Confirmed no increased risk Dec. (Lipkind et al.,
of miscarriage/preterm birth 2020-July 2022)
2021
TTS VAERS Reported rate 3.8 cases Dec. (See et al., 2021)
per million Janssen doses 2020-
overall; highest in women Aug. 2021
aged 30-39
CISA  Reviewed neuroimaging and Dec. (See et al., 2022)
PF4 ELISA results to support 2020-
clinical evaluation of TTS Aug. 2021
cases
Anxiety-Related VAERS Spike in syncope; 61 percent Apr. 21 (Hause et al.,
Events female, median age 36 2021)
Booster VSD No new AESIs with concur- Dec. (Katherine Yih
Coadministration rent flu vaccine or COVID ~ 2020-Jan. et al., 2023;
booster 2023 Kenigsberg et
al., 2023b)
Daily Activity V-safe Up to ~30% reported daily ~ Dec. (Rosenblum et
Impairment activity disruption on Day 1, 2020-June al., 2022)
especially after second dose 2021
Menstrual Changes V-safe 1 percent reported cycle Dec. (Wong et al.,
irregularity 2020-Jan. 2022)
2022
Overall Safety VSD  Generally favorable; no new Dec. (Yih et al., 2023)
serious AESIs detected 2020-
Oct. 2021

NOTE: AESI = adverse event of special interest; CISA = Clinical Immunization Safety Assess-
ment; ELISA = enzyme-linked immunosorbent assay; GBS = Guillain-Barré syndrome; MISC-
A/C = multisystem inflammatory syndrome in adults/children; RR= Reporting Rate; TTS =
thrombosis with thrombocytopenia syndrome; VAERS = Vaccine Adverse Event Reporting

System; VSD = Vaccine Safety Datalink.

SOURCES: Abara et al., 2023; Cortese et al., 2023; Day et al., 2023; Frontera et al., 2022; Gee
etal., 2021; Goddard et al., 2022a; Hanson et al., 2022; Hause et al., 2021, 2022c; Kenigsberg
et al., 2023b; Lipkind et al., 2022; Oster et al., 2022; Rosenblum et al., 2022; See et al., 2021,
2022; Shimabukuro, 2021a,b; Wong et al., 2022; Xu et al., 2024; Yih et al., 2023; Yousaf et

al., 2022; Zhou et al., 2023.
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Early all-cause-mortality data were brought to VaST on January 27,
2021; although VAERS counts suggested no excess deaths, the group
immediately commissioned RCAs in VSD and previewed interim results to
ACIP on March 1, 2021 (ACIP, 2021b, 2021c). Peer-reviewed VSD papers
released in 2021, 2022, and 2024 all corroborated the absence of a vaccine-
associated mortality signal (Klein et al., 2021; Xu et al., 2023, 2024).

Overall, VaST’s ability to convene within days, circulate presentations
in under 48 hours, and present data important for ACIP decision mak-
ing—often within hours or days—proved critical for rapid, evidence-based
updates to CDC guidance and provider alerts (ACIP, 2021d).

Pregnancy safety was an early and high-priority focus of COVID vac-
cine monitoring efforts, including through a registry that operated during
the early rollout but was discontinued in 2023 (Gee et al., 2024; Madni et
al., 2024). Ongoing monitoring of pregnancy outcomes continues through
systems such as VSD and VAERS. With clinical trials excluding pregnant
individuals, CDC launched the V-safe COVID-19 Vaccine Pregnancy Regis-
try in December 2020 (CDC, 2024f). VaST convened a pregnancy-focused
session in February 2021 that reviewed the first reports from V-safe and
VAERS (Lee and Hopkins, 2021). Subsequent evaluations across V-safe,
VAERS, and VSD consistently found no increased risk of miscarriage,
preterm birth, stillbirth, or neonatal complications among the vaccinated
(Lipkind et al., 2022; Shimabukuro et al., 2021b; Zauche et al., 2021). In
parallel, menstrual changes—though not prespecified—were examined after
public concern: VaST reviewed V-safe data showing ~1 percent of female
participants reporting menstrual irregularities, and VSD analyses found
postmenopausal bleeding to be uncommon (Wong et al., 2022).

For newer or rarer safety signals, timeliness depended on how quickly
robust data could be gathered and analyzed. TTS linked to the Janssen
vaccine was first identified internally by CDC and FDA on April 9, 2021,
reviewed by VaST on April 12, less than 2 months after the EUA, and trig-
gered a nationwide “pause” announced on April 13, 2021, followed by an
emergency ACIP meeting on April 14 and updated vaccine recommenda-
tions issued on April 23 (FDA, 2021; MacNeil et al., 2021; See et al., 2021;
Shay et al., 2021).

Myocarditis associated with mRNA vaccines in young men and boys
surfaced in VAERS and VSD in May 2021. VAERS reported rates were
close to background, suggesting a possible problem, given that reporting
to VAERS is generally incomplete. Accumulating U.S. and international
data—along with CISA cardiology consultations—led CDC to issue interim
clinical guidance on May 17,2021 and ACIP to hold a dedicated review on
June 23, 2021 (CDC, 2025a; MacNeil et al., 2021; Shimabukuro, 2022).

GBS following Janssen vaccination was first discussed by VaST on
June 10, 2021. Elevated VAERS reporting rates were later confirmed in a
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VSD RCA released to ACIP on December 16,2021, and published in 2022,
underpinning ACIP’s January 5, 2022, recommendation to preferentially use
mRNA vaccines (Alimchandani, 2021; Hanson et al., 2022).

Evaluations of coadministration with influenza vaccines began in
autumn 2021; VaST and VSD reviews found no serious safety concerns,
although mild increases in systemic reactogenicity were noted (Hause et al.,
2022c¢; Kenigsberg et al., 2023b).

As vaccines expanded to children and boosters, new formulations and
recommendations were accompanied by ongoing VaST review. Between
November 2020 and April 2023, VaST held regular meetings and presented
22 safety assessments to ACIP, supporting benefit-risk evaluations and
informing vaccine policy. In April 2023, its responsibilities transitioned
back to the ACIP COVID-19 Vaccines Work Group as part of a return to
routine safety assessment procedures.

Bivalent mRNA boosters, introduced in August 2022, were evaluated
in a joint VAERS and V-safe analysis of >22 million administered doses that
revealed no new safety concerns (Hause et al., 2022b).

In January 2023, VSD detected a transient statistical signal for ischemic
stroke in adults >65 years after the Pfizer bivalent booster, but it disap-
peared in updated VSD runs and was not corroborated by VAERS, CMS,
or international data (FDA, 2023; Shimabukuro and Klein, 2023).

Additional topics reviewed included pediatric safety after primary and
booster doses in children 6 months and older (no new signals) (CDC, 2024i;
Hause et al., 2023), tinnitus (no association confirmed in VSD) (Yih et al.,
2024), and concurrent COVID/flu vaccination (no serious AESIs, minor
uptick in reactogenicity) (Kenigsberg et al., 2023a). Throughout its opera-
tion, VaST reviewed data from a range of sources, including VAERS, VSD,
V-safe, the pregnancy registry, and other monitoring systems external to
CDC, such as Biologics Effectiveness and Safety (BEST), VA, DoD, and THS.
CISA contributed technical consultation and clinical insights.

Although peer-reviewed manuscripts sometimes appeared months later,
key safety findings were typically communicated first through MMWR bul-
letins, ACIP slide decks, and clinician listserv alerts, ensuring that frontline
providers and the public received timely guidance while full-scale studies
were still underway.

Finally, the timelines for generating and disseminating results varied by
system and outcome severity. Preliminary analyses for high-priority signals
were typically presented to ACIP within days or weeks—anaphylaxis on
December 12, 2020 (ACIP, 2020), TTS on April 23, 2021 (Shimabukuro,
2021b), myocarditis on June 23, 2021 (ACIP, 2021d), and the ischemic-
stroke assessment for Pfizer’s bivalent booster on January 26,2023 (Shima-
bukuro, 2023a)—well before any peer-reviewed papers appeared. VSD
publications on acute outcomes, like myocarditis, typically followed within

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

52 VACCINE RISK MONITORING AND EVALUATION

6-12 months; more complex evaluations—especially of pregnancy or long-
term effects—required 1.5-2.5 years. VAERS descriptive studies appeared
sooner, providing early context and reassurance, while CISA’s in-depth clini-
cal investigations, though slower to publish, still informed rapid decision
making through real-time expert consultation.

These processes underscore the importance of both structure and flex-
ibility in national vaccine safety evaluation. Prespecified outcomes provided
a foundation for proactive monitoring, while system adaptability allowed
for investigating unanticipated concerns—ensuring that safety questions
were addressed promptly and transparently during an evolving public
health crisis.

OPPORTUNITY/ATTENTION COSTS

The ISO research agenda necessitates deliberate tradeoffs in resource
allocation—both at the systems level and in the prioritization of specific
safety signal investigations. Effective navigation of these tradeoffs, particu-
larly in dynamic public health contexts, such as the COVID vaccine safety
investigations, requires procedural readiness and access to integrated infor-
mation that can support accelerated decision making and translating this
knowledge for the population.

At the systems level, ISO’s rapid incorporation of long-term care
data (CDC, 2025b) to augment existing surveillance platforms illustrated
the benefits of interagency collaboration in generating timely and novel
insights—an uncommon but highly effective example of cross-agency coor-
dination. At the level of individual safety signals, the timeliness of VaST
report generation, as summarized in Table 2-3, demonstrates responsiveness
when signals are actively pursued. However, the absence of communication
regarding decisions to defer or decline investigations of certain potential
signals (e.g., menstrual irregularities) may have diminished public trust,
leaving a vacuum filled by speculation and unmoderated discourse.

Limitations and Opportunities for a Unified Vaccine
Safety Infrastructure

The committee was not provided information on ISO’ internal deci-
sion-making processes for determining which safety analyses to pursue,
nor was it given access to data on how its budget was allocated. Please
see Chapter 1 for details. Despite these limitations, internal reviews and
independent evaluations have examined ISO’s surveillance architecture,
including its operational advantages and inherent constraints.

Although certain avenues for accessing vaccination status data were
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expanded during the PHE—for example, through temporary agreements
with CMS and national pharmacy chains—the absence of a comprehen-
sive, federally mandated vaccination reporting policy remains a significant
obstacle to integrated safety surveillance (U.S. GAO, 2021). Each state,
territory, and local jurisdiction governs its own Immunization Information
System (IIS), and these vary widely in technical functionality, legal authority,
and scope of reporting requirements (CDC, 2024j). While IISs are primar-
ily used for tracking vaccine administration, their data can enhance safety
monitoring by providing accurate denominator data for reported rates and
supporting linkage to AE reports across systems. Although most jurisdic-
tions responded to CDC’s COVID data-sharing requests—enabled in part
by federal control of vaccine supply under EUA—many lacked bidirectional
interoperability with hospitals, pharmacies, long-term care facilities, and
nontraditional vaccination sites, such as mass clinics and community pop-
ups. These settings were central to reaching uninsured and underserved
populations yet often fell outside routine health data streams and did not
consistently transmit records into IISs or systems like VSD. In some states,
data from these sources were submitted via spreadsheets and uploaded
manually, leading to time lags, reduced data quality, and missed opportuni-
ties to link to safety outcomes.

Although CDC has issued functional standards for core IIS data
elements—including patient demographics, lot number, and provider
details—implementation is voluntary and varies by jurisdiction (CDC,
2024k). The EUA for COVID vaccines temporarily required providers to
report administered doses and AEs to federal authorities (CDC, 2024f),
which allowed systems like VAERS to calculate reported rates of adverse
events of special interest (AESIs) with greater accuracy. However, these
mandates did not extend to other vaccines or persist beyond the PHE.
Without a national immunization registry or harmonized legal and techni-
cal infrastructure, the United States remains limited in its ability to integrate
vaccination records—particularly from uninsured or nontraditional care
settings—into a comprehensive safety surveillance framework. Structural
challenges—most notably the lack of a coordinated, department-wide strat-
egy and infrastructure for generating and integrating vaccine safety and
effectiveness data—continue to limit the efficiency, impact, and scalability
of CDC and HHS investments (Bauchau et al., 2023).

Stakeholders, including those providing public input during ACIP meet-
ings (e.g., April 2021, Scott Razen, CUNY), have highlighted the oppor-
tunity for transitioning from a patchwork of systems toward a modern,
integrated, active, and nationally representative surveillance system (ACIP,
2021a; Razen, 2021). ISO has demonstrated capacity for leveraging part-
nerships with platforms funded by the National Institutes of Health, CMS,
and private-sector entities (e.g., pharmacies) to access data not traditionally
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available within VSD (Bauchau et al., 2023; Haendel et al., 2021). This
underscores the potential for coinvestment in a unified postauthorization/
postmarketing system capable of evaluating both safety and effectiveness of
vaccines, devices, and therapeutics. Opportunities for optimization include
integrating benefit-risk assessments within a single infrastructure, dedu-
plicating parallel data streams and redundant procurements, and creating
a “data sandbox” of deidentified assets to support cross-agency analytics.

Transparent Coordination Across CDC and Non-CDC Systems

Enhanced transparency in the governance of surveillance systems and
safety signal workflows is essential. This includes increased public input—
particularly from communities with specific concerns—and clear commu-
nication regarding system and signal prioritization criteria. Rather than
consolidating into a single data source, a modernized approach should
preserve multiple, independent input streams while integrating findings
and communications into a unified, transparent, and accessible framework.
For example, complementary analyses from the passive VAERS and active
VSD during the investigation of myocarditis following mRNA vaccination
offered both rapid signal detection and structured follow-up analysis, illus-
trating the value of diverse inputs with coordinated interpretation (God-
dard et al., 2022b; Marschner et al., 2023; Shimabukuro, 2022). Ensuring
high standards of evidence quality across systems—and synthesizing find-
ings in a coordinated voice for vaccine risk assessment—will strengthen
both public trust and scientific rigor in safety assessments.

While pandemic-era adaptations showcased CDC ISO’s ability to lever-
age partnerships with FDA, CMS, academic centers, and private-sector enti-
ties, the absence of a durable, high-level oversight body limited the strategic
coordination of safety efforts across federal and state platforms. Improved
alignment, via interagency agreements, shared technical standards, and
joint prioritization of safety signal evaluation will be essential to optimize
resource use, eliminate redundancies, and improve analytic transparency in
future PHEs.

The Global Vaccine Data Network (GVDN) played a significant com-
plementary role in the global evaluation of COVID vaccine safety. Despite
a slow start due to early funding limitations, GVDN implemented standard-
ized protocols to conduct RCAs and background rate estimation studies
across an international network that included New Zealand, Indonesia,
Argentina, the African COVID-19 Vaccine Safety Surveillance system (South
Africa, Mali, Ghana, Nigeria, Ethiopia, Kenya, Malawi, and Mozambique),
Australia (Victoria and New South Wales), Canada (British Columbia and
Ontario), Denmark, Finland, the Republic of Korea, Hong Kong, and
multiple Vaccine Monitoring Collaboration for Europe sites, including the
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United Kingdom and Spain (Valencia and Catalonia). Published studies
from the network have provided foundational estimates of background
rates for AESIs (Phillips et al., 2023), multinational risk estimates for GBS
(Nasreen et al., 2025), and large-scale cohort analyses involving nearly
100 million individuals (Faksova et al., 2024). A signal for acute dis-
seminated encephalomyelitis identified in this cohort was validated in a
follow-up study (Morgan et al., 2024). Additional GVDN studies of TTS
and myocarditis/pericarditis are forthcoming. While these efforts involved
U.S.-based collaborators and contributed important scientific insights, this
report focuses on systems primarily developed and operated by CDC, HHS,
or directly funded federal partners. Nonetheless, GVDN offers a compelling
model for international collaboration, harmonized protocols, and large-
scale signal detection.

Technology Investment and Ecosystem Coordination

Optimizing the informational value derived from the surveillance eco-
system will require sustained investments in technological infrastructure
and intersystem coordination. Operational costs for individual systems are
not disclosed, and clarity is insufficient regarding population-level overlap
across CDC’s active-surveillance platforms and those of partner agencies.
This lack of transparency impedes efforts to assess resource efficiency,
identify gaps in demographic or geographic coverage, and reduce redun-
dancy. Improved interoperability and shared technical standards across
platforms—such as those operated by CDC, CMS, FDA, and others—could
enhance scalability, accelerate analytic turnaround, and support coordi-
nated responses during future PHEs (CDC, 2024l).

The PHE demonstrated what is possible when legal and technical barri-
ers to data access are lifted. Under the PREP Act and EUAs (see Chapter 1),
CDC and its partners were able to access vaccination data from pharmacy
chains, long-term care providers, and health insurers; link immunization
records with AE data across systems; and generate timely, high-resolution
safety signals (CDC, 2024¢; FDA, 2024b). These flexibilities enabled cal-
culating reported AE rates with denominators, even for populations often
excluded from traditional health system surveillance.

Now that these authorities have expired (Hickey, 2025), many struc-
tural constraints have returned. No federal mandate exists for real-time vac-
cination data reporting outside of emergencies, and state-level IISs remain
highly variable in legal authority, technical standards, and bidirectional con-
nectivity. Fragmented governance, inconsistent adoption of interoperability
frameworks, and limited mechanisms for accessing data from uninsured
individuals or nontraditional vaccination sites reduce the completeness and
utility of national safety surveillance. Without sustained legal and technical
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infrastructure, the country remains underprepared to replicate this level of
surveillance performance outside a declared emergency.

To ensure sustained preparedness, a dedicated cross-agency governance
structure is needed to coordinate vaccine safety monitoring activities across
CDC, FDA, CMS, NIH, and state public health systems. Such coordination
should preserve system independence while enabling shared analytic priori-
ties, streamlined signal evaluation protocols, and unified communication of
findings.

Signal Investigation Prioritization

Investment decisions must also address the intensity with which specific
safety signals are investigated and updated. While the initial lists are typi-
cally grounded in prior evidence and included in surveillance protocols, the
criteria and processes by which new signals are nominated, prioritized, or
deprioritized remain opaque. In interviews, most CISA researchers described
priority-setting as a “black box,” noting limited involvement and advocat-
ing for earlier and more transparent collaboration with CDC in shaping
research agendas. One researcher called to develop structured mechanisms
to incorporate academic expertise and methodological innovation within
a coordinated federal framework, rather than relying solely on traditional
CDC-led processes (Westat, 2025; Appendix C).

System-specific limitations further constrain signal investigation. For
instance, vaccine safety experts reported that VAERS lacked the infra-
structure for systematic AE follow-up, and that the initial design of
V-safe—intended to support direct response to all reports—was quickly
overwhelmed, limiting its utility for sustained monitoring. These constraints
diminish the capacity of surveillance systems to support iterative investi-
gation of safety signals. Ensuring the ability to respond to emerging post-
authorization data will require strengthened mechanisms to identify and
escalate signals meriting longitudinal, methodologically rigorous follow-up
beyond the inherent constraints of passive surveillance systems and even
VSD’s limited subpopulation stratification (Westat, 2025; Appendix C).

ADDITIONAL UNPUBLISHED, REAL-TIME
FINDINGS/SAFETY ASSESSMENTS

VaST and ACIP Presentations

Throughout the COVID vaccine rollout, ACIP—a federal advisory body
responsible for developing immunization recommendations—served as the
primary venue for public presentation and deliberation of vaccine safety
data. CDC established VaST in November 2020 as a rapid-review body
composed of independent safety experts. VaST met regularly—sometimes
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weekly—to assess preliminary data from multiple surveillance platforms,
including VAERS, VSD, and V-safe, and inputs from the CISA network and
external sources, such as international partners. Its assessments were used
to inform ACIP discussions about benefit-risk balance, especially during
time-sensitive decisions related to EUA expansion, booster eligibility, and
pediatric vaccination (Gee et al., 2021; Shimabukuro et al., 2021a).

ISO played a foundational role in enabling these assessments. It is
responsible for managing and coordinating the federal postauthorization
vaccine safety monitoring infrastructure, including data collection, cura-
tion, and preliminary analysis across surveillance systems. While ISO does
not make recommendations or conduct formal benefit-risk assessments, it
supports ACIP and VaST by providing timely, high-quality safety data and
technical interpretation. These data are integrated into ACIP’s structured
Evidence to Recommendation framework, which weighs safety alongside
other domains, such as disease burden, vaccine efficacy, acceptability, and
equity. The distinct yet complementary roles of ISO (data generation) and
ACIP (policy recommendation) supported efforts to make decisions more
transparent, evidence based, and appropriately contextualized.

In addition to prespecified AESIs, VaST and ACIP rapidly reviewed
real-time safety signals arising during the vaccination campaign. These
included both known concerns—like myocarditis and anaphylaxis—and
emerging issues, such as tinnitus and coadministration with influenza vac-
cines. Table 2-4 summarizes selected signals, highlighting the timelines from
first internal review, to public communication (e.g., ACIP meetings or FDA
warnings), to peer-reviewed publication; ACIP meetings often provided the
earliest public transparency on safety signals—sometimes months ahead of
formal studies—reinforcing the importance of this advisory process as a
mechanism for real-time communication of vaccine safety data.

CONCLUSION

The COVID PHE placed extraordinary demands on ISO, requiring
rapid data collection, evaluation, and communication of emerging vaccine
safety signals. The integrated infrastructure deployed—spanning passive
systems, like VAERS, active platforms, like VSD and V-safe, expert consul-
tation from CISA, and specialized initiatives, such as the COVID-19 Preg-
nancy Registry—enabled a scale and depth of vaccine safety surveillance
without precedent in U.S. public health enterprises. Taken together, these
systems supported real-time risk assessment, informed regulatory and clini-
cal recommendations, and guided programmatic decisions.

However, the pandemic exposed structural challenges that, if addressed,
could position ISO to be even more effective in future public health responses.
As stated in Chapter 1, the committee is applying guiding principles to its
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TABLE 2-4 Selected COVID Vaccine Safety Signals—Timeline from
Initial VaST Review to Public Disclosure, Peer-Reviewed Evidence,

and Action
VaST First
Internal First Public First Peer-
Safety Signal Review Communication  Reviewed Paper Outcome
Anaphylaxis 12/19/2020 ACIP emergency CDC ~11 cases/million doses;
(mRNA session (20 Dec.  RESPONSE reinforced screening &
vaccines) 2020, open MMWR 70:46 15-min observation, no
webcast) (Jan. 15,2021) product pause
TTS (Ad26.  4/9/2021 CDC/FDA joint MacNeil et al.  3-4 cases/million (mainly
COV2.S) “pause” media (2021) women < 50 y); 10-day
statement (Apr. 13, pause, warning added
2021) to EUA
Myocarditis/ 5/24/2021  ACIP public Gargano et al.  Highest in male
pericarditis meeting (23 Jun  (2021) recipients 12-29 y (=70/
(mRNA) 2021) slides million second doses);
“Update on clinical guidance &
COVID-19- product fact-sheet update
vaccine safety”
GBS (Ad26. 6/10/2021  FDA Fact-sheet Woo et al. Excess ~ 17 cases/million;
COV2.S) revision & press  (2021) ACIP (Dec. 2021) prefers
release (Jul. 12, mRNA products
2021)
Pregnancy 2/1/2021 ACIP safety Shimabukuro et Miscarriage, stillbirth,
outcomes update on al. (2021b) neonatal outcomes
pregnancy registry within expected
(01 Mar 2021) background—
minutes reassurance, formal
recommendation issued
Simultaneous 10/14/2021 ACIP Hause et al. Mild 1 systemic
COVID discussion on (2022¢) reactogenicity; no serious
booster + flu coadministration AESI—concurrent
shot (Oct. 20,2021) vaccination allowed
Tinnitus 11/14/2022 ACIP VaST Yih et al. (2024) No disproportional
briefing (slides reporting or VSD
posted same day) signal; no label change,

monitoring continues

NOTE: ACIP = Advisory Committee on Immunization Practices; CDC = Centers for Disease
Control and Prevention; CISA = Clinical Immunization Safety Assessment; EUA = Emergency
Use Authorization; FDA = Food and Drug Administration; GBS = Guillain-Barré syndrome;
MMWR = Morbidity and Mortality Weekly Report; TTS = thrombosis with thrombocytopenia
syndrome; VA = Department of Veterans Affairs; VAERS = Vaccine Adverse Event Reporting
System; VaST = Vaccines Safety Technical (work group); VSD = Vaccine Safety Datalink.
SOURCES: CDC COVID-Response Team et al., 2021; Gargano et al., 2021; Hause et al.,
2022¢; MacNeil et al., 2021; Shimabukuro et al., 2021b; Woo et al., 2021; Yih et al., 2024.
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assessment and recommendations. Its conclusion of ISO’s data monitoring
and assessment activities is organized following those principles.

Relevance: ISO’s monitoring activities were often shaped by urgent
public health priorities, but the absence of a clearly articulated mission
or long-term strategic plan limited external visibility into how those were
determined or adjusted. Ensuring the relevance of ISO’s work will depend
on formal mechanisms to incorporate input from health professionals, pub-
lic health stakeholders, and the broader public into planning, prioritization,
and communication strategies.

Credibility: The scientific credibility and excellence of ISO’s surveil-
lance outputs was supported by consistent use of robust epidemiological
methods and transparent engagement in public forums, such as ACIP meet-
ings. However, variation in risk estimates across platforms and the lack of
a centralized, accessible portfolio of risk information, tailored to technical
and lay audiences, made it difficult for many to interpret the data consis-
tently. More standardized communication tools—such as plain-language
summaries, clearly labeled system-specific findings, and consistent risk met-
rics—could improve clarity and usability. Additionally, where possible, ISO
should adopt standardized risk-reporting formats that incorporate relevant
subgroup analyses to facilitate clearer public understanding and compari-
son of findings.

Improvement and Innovation: The rapid deployment of new tools
during the PHE also underscores ISO’s capacity for continuous improve-
ment and innovation. Developing structured processes to evaluate and inte-
grate emerging scientific methods, data technologies, and communication
research could support more agile and forward-looking safety surveillance.
Sustaining these efforts beyond emergency response will require dedicated
resources, coordination across federal systems, and the flexibility to evolve
alongside novel vaccine platforms.

Independence: Finally, the integrity of ISO’s work depends on its abil-
ity to operate with independence—producing data and evaluations that
are scientifically rigorous and insulated from policy or promotional influ-
ence. While ISO collaborates across CDC and HHS to inform immuniza-
tion efforts, independence requires that its analyses and communications
remain clearly distinct from vaccine advocacy and policymaking. Ensuring
this separation—articulated in ISO’s mission, decision-making, functions
and communications—will be essential to maintain clarity of purpose and
protect the scientific objectivity of ISO’s work.

The COVID pandemic reinforced the indispensable role of ISO’s sur-
veillance systems in identifying, evaluating, and communicating vaccine
risks. As future challenges emerge, strengthening ISO’s capacity through
transparent planning, inclusive stakeholder engagement, methodological
rigor, and clear independence will be essential for advancing a robust, coor-
dinated vaccine safety infrastructure.
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Communications

PUBLIC HEALTH COMMUNICATIONS

Sound, evidence-based information is essential when it comes to foster-
ing health care providers, patient, and public understanding and behavior
about the benefits, risks, and value of public health recommendations.
However, as the recent COVID pandemic made clear, multiple complexities
and challenges exist in providing health and medical information, particu-
larly if the goals include health care provider (HCP) endorsement of recom-
mendations. Increased vaccine uptake to prevent disease is typically a goal
of vaccination and related risk—benefit information and communication.
It is also often assumed that achieving outcomes such as these with public
health recommendations is primarily a matter of repeatedly and visibly
providing “clear” (e.g., easily understood), “consistent” (e.g., uniform or
unchanging), and “tailored” (e.g., customized) risk-benefit information and
messages via “trusted” messengers using an array of traditional, social, and
digital media channels and platforms (French et al., 2020).

While this assumption underlies fundamental concepts in health com-
munication, its simplicity is deceptive. Much ultimately impacts public
health entities” and government agencies’ ability to act these concepts, and
many factors influence the ability to deliver on these. Most public health
programs and agencies, for instance, lack the financial and other resources
needed to create and support communication programs that can continually
and visibly reach multiple target subpopulations with customized informa-
tion (Nowak et al., 2015). Furthermore, to the extent that information and
recommendations do reach them, a host of factors, ranging from varying
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levels of trust in those providing information and advice to differences in
health, science, and reading literacy and ability to undertake recommended
actions, significantly affect risk—benefit perceptions, health decision making,
and behaviors.

In medicine and public health (as cases and outbreaks of COVID, Ebola,
and Mpox viruses showed), it is particularly difficult to effectively commu-
nicate (e.g., provide clear, consistent, and easily understandable informa-
tion) when the situation involves evolving scientific knowledge about new
or emerging infectious disease; emergently authorized or newly licensed
vaccines; false and misleading information; and evolving vaccination rec-
ommendations based on updated scientific knowledge. New and emerging
infectious diseases bring uncertainties regarding transmission, severity and
consequences of illness, and susceptibility (including which subpopulations
and individuals are most vulnerable to infection, severe illness, and death)
and differing projections regarding how fast and far infections and disease
will spread. Those requiring recently authorized and licensed vaccines bring
additional communication challenges related to the uncertainties regarding
their efficacy and effectiveness (e.g., ability to protect against infection and/
or severe disease and death), durability of protection, and safety, including
immediate and short-term reactions to short- and long-term rare but seri-
ous adverse events (AEs). These challenges were compounded during the
COVID pandemic by the use of Emergency Use Authorizations (EUAs), a
regulatory mechanism unfamiliar to much of the public, which made it
more difficult to communicate evolving evidence and may have contributed
to confusion or mistrust regarding the vaccines’ safety and approval status.

As an example, EUAs enable the Food and Drug Administration (FDA)
to permit the use of not yet licensed medical products, such as vaccines,
when no adequate alternatives (e.g., a licensed vaccine) are available. FDA
issued EUAs in December 2020 for the Pfizer/BioNTech and Moderna
mRNA COVID vaccines based on clinical trial data that indicated the
known and potential benefits outweighed the known and potential risks.
Since EUAs had not been used to make new vaccines quickly and more
widely available in a pandemic, this created additional communication
challenges (Hammershaimb et al., 2022). As relatively few HCPs, people
for whom the vaccines were recommended, and the broader public were
familiar with the EUA process, much information regarding the safety,
efficacy, and benefits needed to be continuously provided and updated to
foster understanding of vaccination recommendations and address ques-
tions or concerns that had given rise to hesitancy. In addition, concerns
about vaccines’ novelty (e.g., mRNA technology) and safety (e.g., immedi-
ate reactions, long-term side effects), trust in authorities (e.g., science, public
health, elected officials, HCPs), misleading information, and beliefs about
susceptibility and likelihood of severe illness heightened reluctance.

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

COMMUNICATIONS 73

VACCINE AND VACCINATION-RELATED
BENEFIT-RISK COMMUNICATION

The understanding of effects (both intended and unintended), and
effectiveness of vaccine and vaccination-related benefit-risk communication
are influenced by uncertainties involving the recommended vaccine(s) and
the disease. First, how well recommendations, particularly ones involving
newly developed and recommended vaccines, are perceived as individually
beneficial is shaped by a host of considerations. These include perceptions
regarding how well the vaccine can prevent or mitigate disease, particularly
serious illness and death, and whether it may also reduce transmission
(e.g., can it prevent infection and/or significantly impede human-to-human
transmission); actual or expected efficacy in preventing infection and/or
serious illness and protecting individuals and subpopulations most sus-
ceptible to severe illness; available evidence or data regarding immediate,
short-term, and longer-term reactions (e.g., type and prevalence in the days
after vaccination); and whether the vaccine is safer and more effective than
alternatives (e.g., treatments, natural infection). Furthermore, perceptions
of COVID vaccines and vaccination recommendations were also influenced
by early and robust uptake by those at highest risk of harm, corroborated
and uncorroborated reports of serious AEs (e.g., myocarditis in male young
adults after mRNA vaccination), revisions and expansion of recommenda-
tions (e.g., to encompass more people, to include children) and vaccine
refinements (e.g., to protect against new strains). As was seen during the
pandemic, changing and broadening vaccination recommendations can
engender concern, questions, doubts, and skepticism among individuals
who have medical conditions that put them at elevated risk for severe illness
and individuals in the broader population who may not perceive the virus
to be a significant threat to their health and well-being and/or vaccination
to be highly beneficial.

Published research before, during, and after the COVID public health
emergency (PHE), including that involving routine recommended childhood
and adult vaccines, has identified factors related to vaccine information
and communication effects and effectiveness. First, one needs to identify
the audience(s) (e.g., who needs to receive risk and benefit information)
and articulate the objectives of the information and communication efforts
with respect to that audience; that is, what is/are the desired outcomes?
For vaccines, potential objectives include widespread or greater awareness
and understanding of the benefits and risks, enhanced confidence and/or
less hesitancy, or high or increased uptake among people for whom vac-
cination is recommended. Second, information alone is rarely sufficient
for achieving communication and behavioral objectives. Simply providing
more information, including that related to vaccine benefits or risks, rarely

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

74 VACCINE RISK MONITORING AND EVALUATION

changes perceptions or motivates uptake (Brewer et al., 2017; Dubé and
MacDonald, 2017). Rather, the risk—benefit information needs to have an
individual or subpopulation focus (e.g., take into account their knowledge,
understanding, concerns, values, and beliefs), well describe the benefits,
acknowledge and address barriers to vaccination (e.g., cost, access), and be
aligned with people’s priorities and decision making (Brewer et al., 2017;
Nowak et al., 2017). It has also been found that providing information
about both benefits and risks increased trust and fostered vaccination
intention, particularly when the HCP was perceived as empathetic and
competent (Juanchich et al., 2024). Third, the source or provider of the
risk—benefit information matters. Many published studies have documented
that immunization providers (e.g., physicians, pediatricians, nurses) are
the most trusted source of vaccine and vaccination information (Eller et
al., 2019), with high trust associated with vaccination acceptance, includ-
ing for COVID (Dudley et al., 2022; Warren et al., 2023). It has also been
found, including during the pandemic, that media sources, particularly
those used because they align with individuals’ worldview, affect trust in
public health and medical recommendations, and in turn, vaccine-related
beliefs and intentions/behavior (Dolman et al., 2023; Sarathchandra and
Johnson-Leung, 2024).

People for whom vaccination is recommended are interested in its risks
and harms, referred to as “side effects,” “adverse reactions,” or “adverse
events.” The inconsistent and varied use of “risk” and “harm,” in concert
with inconsistent and varied ways to categorize vaccine reactions, presents
many communication challenges. “Risk,” for instance, can be defined in
terms of probability (e.g., the estimated or evidence-based likelihood of a
negative outcome), in terms of a known or possible bad outcome (e.g., a
very negative or severe outcome being characterized as the risk), or as a
synonym for harm (i.e., the bad or severe outcome itself).

Vaccine and immunization safety-related information and communica-
tion bring further challenges that affect content and messaging. Many of
these challenges stem from the nature of immunization safety data and how
they are presented:

e Individual versus population health. Challenges in extrapolating
data from population-level benefits/harms to individual risk and
vice versa.

e Time required to obtain and analyze valid and reliable data (e.g.,
medical records), including obtaining adequate sample size for
reliable assessment. Rare AEs (e.g., 1 in 100,000) and long-term
outcomes (like cancer and autoimmune disorders) require large
datasets and time to detect patterns, making confirmation or exclu-
sion of vaccine association difficult.
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e The distinction between association and causation. Differentiat-
ing what is correlated with versus directly caused by vaccination
requires robust study design and analysis.

e Attribution of causality at the individual level (difficulty in objec-
tively showing or knowing whether vaccination prevented infection
or severe illness or death). Counterfactuals (non-events) are almost
impossible to directly observe for individuals.

e Heterogeneity of risks and benefit/harms balances. Other factors
could be associated with, cause, and/or contribute to a significant
vaccine reaction or AE (e.g., immune status, age, gender, ethnic-
ity). Identifying and assessing contributing/associated factors takes
robust, granular data.

*  Moving target. Dynamic likelihood of contracting and/or expe-
riencing severe illness is influenced by vaccination uptake in a
community. Risk is not static and changes as more people are vac-
cinated and the pandemic evolves. Benefits also change.

®  Vaccine safety data are complex, and communication is challeng-
ing. Data often include risks, ratios, confidence intervals, and statis-
tical estimates, which require translation for public understanding.
Many struggle to interpret small probabilities, understand relative
versus absolute risk, or contextualize rare events (Reyna et al.,
2009; Zipkin et al., 2014).

e Technical versus common language (e.g., side effects, AEs, adverse
reactions). Jargon can confuse the public; there’s often a gap
between scientific and layperson understanding.

e Consensus on findings does not guarantee acceptance or action.
Even when data are valid/reliable (e.g., 1 in 25,000 AEs), experts,
health professionals, and the public may interpret/recommend dif-
ferent actions. Decision making is influenced by not just data but
perceived and personal values of risk, particularly regarding long-
versus short-term risks.

® Speculation and misinformation. Unproven fears (e.g., vaccines
cause cancer) can be hard to dispel, especially if confirming or
disproving such risks is difficult due to the nature of the data.

VACCINE SAFETY COMMUNICATIONS AT THE CENTERS
FOR DISEASE CONTROL AND PREVENTION (CDC)

Effective vaccine safety communication depends on having scientifi-
cally robust safety data. While benefit-risk communication is essential
for informing public health decisions, the role of the Immunization Safety
Office (ISO) within CDC is focused specifically on identifying and com-
municating risks. ISO is charged with collecting, analyzing, and publicly
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reporting vaccine safety data and identified signals. It does not develop
clinical recommendations or policy or integrate benefits and risks; those
activities are undertaken by ACIP, the National Center for Immunization
and Respiratory Diseases (NCIRD), and other CDC units. By maintain-
ing this separation, ISO preserves the scientific independence of its safety
assessments and ensures that its risk evaluations remain analytically dis-
tinct from policy development. Vaccine safety communications at CDC
are crosscutting; different centers and programs use the information col-
lected from the ISO vaccine safety systems to inform the populations that
they serve. Daniel Jernigan, director of the National Center for Emerging
Zoonotic and Infectious Diseases,! explained to the committee that CDC’s
vaccine safety communication efforts “are deliberate approaches designed
to effectively share accurate, evidence-based information about safety while
addressing concerns and building trust in the vaccine safety enterprise”
(Jernigan, 2025). This involves being transparent, actively engaging with
communities to exchange accurate information, tailoring messages to spe-
cific audiences, collaborating with trusted messengers, aligning communica-
tion with research and best practices, adapting based on ongoing insights,
and combating misinformation (Jernigan, 2025). ISO’s statutory remit is
to quantify and communicate vaccine-safety risks, not to determine vac-
cination policy. Public-facing ISO materials therefore focus on reporting
numeric risk estimates with appropriate confidence intervals and describing
analytic methods, while directing readers to NCIRD and ACIP channels for
interpretations that weigh those risks against benefits.> Box 3-1 contains
examples of CDC’s vaccine safety communication efforts, including col-
laboration between NCIRD and ISO.

CDC targets four key audiences regarding vaccine safety: U.S. federal
government agencies, advisory committees, partners and HCPs, and the
public. Figure 3-1 contains the various types of communications with each
key audience. Federal agencies that monitor vaccine safety signals remain
in constant communication, particularly during a PHE or the introduc-
tion of a new vaccine. These agencies also hold formal briefings with their
advisory committees to coordinate responses. At ACIP meetings—outlined
in Chapter 2—ISO staff, vaccine-specific working groups, and—during the
PHE—the Vaccine Safety Technical Work Group (VaST) presented findings,
which become part of the public record.

To inform HCPs, CDC conducts clinician outreach and communication
activity (COCA) calls—subject-matter experts share updates on relevant
clinical and public health topics (CDC, 2025a). CDC engages the public
through its website, where it posts vaccine-safety-related content. The com-
mittee’s evaluation of these webpages appears later in this chapter.

I As of August 28, 2025, Dr. Daniel Jernigan is no longer the director of CDC’s NCEZID.
2 Public Health Service Act, Section 2102, 42nd U.S Congress.
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BOX 3-1
CDC Vaccine Safety Communication Efforts

- Vaccine Information Statement

- Advisory Committees (e.g., Advisory Committee on Immunization
Practices)

- Vaccine guidance for health care providers (HCPs)

- Domestic HCP and partner training

- Global HCP and partner training

- Emergency response

- Support to state and local health departments

- Responses to public inquiries

- Travelers’ vaccine guidance

- Resources for specific populations (e.g., older adults)

- Immigrant and refugee health guidance

SOURCE: Prepared by the committee and adapted from the presentation by Daniel Jernigan,
2025.

State and territorial public health agencies (SPHAs) were not always
treated as core audiences for safety communications during the COVID
response. Yet their role as on-the-ground public health implementers
requires early, routine, and bidirectional engagement. Conversations with
SPHAs should occur on a regular cadence—including just-in-time briefings
before major announcements or policy changes—to enable them to act as
effective extensions of CDC communication. The absence of consistent
coordination early in the pandemic created avoidable confusion and hin-
dered message alignment at the community level (Fraser, 2021).

COMMUNICATIONS DURING THE PHE

During summer 2020, CDC developed a COVID vaccine safety com-
munications strategy in anticipation of vaccine availability (see Figure 3-2)
alongside the vaccine development, testing, and authorization timeline; it
included identifying key audiences, messages, tactics, trusted messengers,
and dissemination channels. Safety monitoring and communication of find-
ings began once vaccines received EUAs and ACIP recommended them
(Jernigan, 2025).

Although CDC has various ways of communicating with its partners,
not all of them are publicly available or easily accessible. Table 3-1 contains
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Federal agencies
(FDA, CMS, VA, DoD, etc.)

Advisory Committees
(CDC ACIP and working groups,

FDA VRBPAC, HHS NVAC,
HRSA ACCV, WHO GACVS)

Partners +
Health Care Providers
(Clinicians, state and local

health departments, CBOs,
professional organizations [e.g.,
AAP])

Public

(General public, special

populations [e.g., older adults,
travelers, immunocompromised
individuals])
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o Near daily contact about safety issues
o Formal briefings

e Work group meetings
* Presentations

¢ Partner newsletters e COCA calls

o Dear Provider letters e Trainings

o HCP-focused outlets (e.g., Medscape) e Website

o Guidance/interim clinical
considerations/recommendations

* Website

e Vaccine Information Statements

o Social media

* Messages for specific populations (e.g., older adults)
o Videos

o Print materials

FIGURE 3-1 CDC vaccine safety key audiences and communications.

NOTE: AAP = American Academy of Pediatrics; CBO = community-based organiza-
tion; CDC ACIP = Centers for Disease Control and Prevention Advisory Committee
on Immunization Practices; CMS = Centers for Medicare & Medicaid Services;
COCA = Clinician Outreach and Communication Activity; DoD = Department of
Defense; FDA = Food and Drug Administration; FDA VRBPAC = Food and Drug
Administration Vaccines and Related Biological Products Advisory Committee; HCP
= health care provider; HHS NVAC = Department of Health and Human Services
National Vaccine Advisory Committee; HRSA ACCV = Health Resources and Ser-
vices Administration Advisory Committee on Childhood Vaccines; VA = Department
of Veterans Affairs; WHO GACVS = World Health Organization Global Advisory
Committee on Vaccine Safety.

SOURCE: Prepared by the committee and adapted from the presentation by Daniel
Jernigan, 2025.
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TABLE 3-1 Publicly Available CDC Vaccine Safety Communications

Meetings/Webinars
Primary Regular
Communication Purpose Audience Schedule Total During PHE
ACIP Meetings Convene medical ~ Medical and 3x/year 27
and public public health
health experts experts,
who develop vaccine safety
recommendations  researchers
on U.S. use of
vaccines
COCA Calls Address emerging  Clinicians Varied,as 23 webinars specific
public health needed to COVID vaccine
threats, provide safety
updates on ongoing
health issues, and
share important
clinical guidance
CDC Publications
MMWR Be the primary Clinicians, Weekly 43 publications
vehicle for scientific public health specific to COVID
publication of practitioners, vaccine safety
timely, reliable, epidemiologists monitoring
authoritative, and other
accurate, objective, scientists,
and useful researchers,
public health educators, and
information and  laboratorians
recommendations
Web-Based Communications
Webpages Provide Health care Ad hoc Regularly updated
transparent, professionals,
evidence-based, public health
information on professionals,
vaccine safety and  the public

safety signals

NOTES: ACIP = Advisory Committee on Immunization Practices; COCA = Clinician Outreach
and Communication Activity; MMWR = Morbidity and Mortality Weekly Report; PHE =

public health emergency. CDC publications other than MMWRs are in Appendix E.

SOURCES: CDC, 2025a,b,c.
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publicly available CDC vaccine safety communications, their purpose, pri-
mary audience, regular schedule, and total number produced during the
PHE, if known. ACIP meetings, COCA calls, and Morbidity and Mortal-
ity Weekly Reports (MMWRs) regarding vaccine risk, harms, and safety
monitoring increased significantly. ISO peer-reviewed publications other
than MMWRs are discussed in Chapter 2, and a catalog is in Appendix E.
During his presentation to the committee, Jernigan highlighted his partner
newsletters as an important channel (over 152,000 subscribers received
them from December 2020 to May 2023) (Jernigan, 2025), but these are
not publicly available, and the committee was not provided with samples
to review. Additionally, CDC shared vaccine safety information on social
media platforms and received approximately 101 million views across Ins-
tagram, X, Facebook, and LinkedIn during the same time frame. Webpages
were updated as additional information about vaccine safety and harms
was identified from safety signals, such as thrombosis with thrombocyto-
penia syndrome (TTS), and social listening activities (Jernigan, 2025). CDC
also used a variety of web sources, including social media platforms, online
forums, blogs, and polls, to publish State of COVID-19 Vaccine Confidence
Insights Reports.

ISO’s communication remit has been scientific, not consumer facing—
publishing safety analyses in peer-reviewed journals, presenting data to
ACIP, and issuing MMWR summaries. CDC itself notes that ISO “regularly
shares vaccine safety monitoring findings through presentations at scientific
meetings and publication in peer-reviewed journals,” while ACIP converts
those data into vaccination policy guidance. After the U.S. COVID vaccines
were authorized and recommended for use in December 2020, ISO staff
responded to safety concerns raised by HCPs, public health officials, and
the public (Miller et al., 2023). Inquiries were received primarily through
CDC-INFO (a telephone and email system that responds to general ques-
tions for CDC) and CDC’s National Immunization Program (an email
service that responds to general questions about immunization); inquiries
that require vaccine safety expertise are triaged to the ISO vaccine safety
inquiry response program, staffed by nurses, physicians, epidemiologists,
and other health scientists with expertise in vaccine safety (Miller et al.,
2023). Between December 1, 2020, and August 31, 2022, ISO received
1,655 inquiries about COVID vaccine safety, with the most common about
deaths after vaccination (160, 10 percent), myocarditis and related topics
(153, 9 percent); pregnancy and reproductive health outcomes (123, 7 per-
cent); understanding or interpreting data from the Vaccine Adverse Event
Reporting System (VAERS) (111, 7 percent); and TTS and related questions
about blood clotting (95, 6 percent) (Miller et al., 2023).

The COVID response was agencywide, established at the direction
of the CDC director, and part of a larger multiagency incident command
structure within the Department of Health and Human Services (HHS)
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TABLE 3-2 CDC COVID-19 Vaccine Safety Task Force Teams
COVID-19 Vaccine Safety Team (VST)

ISO staff deployed to this team

Relied on rotating deployers from across the agency

>200 deployers to the VST during the response

Typically, 6-8-week deployments

Spring 2022: Response activities transition to program (ISO)

COVID-19 Vaccine Communications Team

e Worked with COVID-19 VST on vaccine-related communications

e Team size varying from 2 to 10 deployers
o Typically 4-8-week deployments

e October 2020-Spring 2022: Deployment of health communication specialists within
CDC

e Summer 2021: Permanent FTE and DHQP contracted staff dedicated vaccine safety
communications

NOTES: DHQP = Division of Healthcare Quality and Promotion; FTE = full-time employee;
ISO = Immunization Safety Office; VST = Vaccine Safety Team. The Vaccine Task Force in-
cluded new systems and activities, including V-safe, COVID-19 Vaccine Pregnancy Registry,
follow-up of long-term effects of myocarditis, long-term care facility monitoring, and develop-
ment of ACIP COVID-19 Vaccine Safety Technical Working Group (VaST) (Su, 2024).
SOURCE: Prepared by the committee and adapted from the presentation by Daniel Jernigan,
2025.

and overall federal government. CDC staff were deployed or temporarily
assigned to assist with response efforts. Various task forces were formed as
part of the scientific response section, including epidemiology and surveil-
lance, modeling, and the Vaccine Task Force, which contained the COVID-
19 Vaccine Safety Team (VST) and COVID-19 Vaccine Communications
Team (established during summer 2020, Figure 3-2). ISO staff, in addition
to CDC staff from NCIRD—and other parts of the agency based on their
skills and knowledge—were deployed to the COVID-19 VST.

The vaccine safety communication products clearance process is similar
during emergency and routine times, with a few key differences (Jernigan,
2025) (see Figure 3-3). During nonemergency periods (also referred to as
“routine”), the level of clearance and need for cross-clearance within CDC
depends on the product; ISO vaccine safety communications—focused on
risk and harms—are often combined with vaccine use and recommendation
communications from centers within CDC, such as NCIRD, in the context
of risks versus benefits. During the PHE, the CDC joint information center
was the central point of information coordination and emergency risk com-
munication; its functions included centralizing and developing a strategy for
response communications, staffing, engaging with clinician and nonclinician
partners, response clearance, and research and evaluation (Jernigan, 2025).
Jernigan explained that ISO’ mandate is to identify and communicate
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CDC Vaccine Safety Communications

Clearance Process

Development of product by
Vaccine Safety
Communications Team

Shared with ISO SMEs
for review

Reviewed and cleared by
ISO Leadership

Reviewed and cleared by
Vaccine Safety
Communications Lead

Y\

. Clearance Process
Routine Clearance Process

During the COVID-19 PHE

Reviewed and cleared by Rewewgd e clleEeel oy
Vaccine Task Force
DHQPADC L
Communications Lead

Reviewed and cleared by Reviewed and cleared through
NCEZID OD Communications COVID-19 Response
Ciess-aleaanes, 65 Tessied Document approval for external

Dissemination

Office of Communications, as
needed

FIGURE 3-3 CDC vaccine safety communications routine clearance process vs.
clearance process during the COVID public health emergency.

NOTE: ADC = Associate Director of Communications; DHQP = Division of Health-
care Quality and Promotion; ISO = Immunization Safety Office; NCEZID = Na-
tional Center for Emerging and Zoonotic Infectious Diseases; OD = Office of the
Director; SME = subject-matter expert.

SOURCE: Prepared by the committee and adapted from the presentation by Daniel
Jernigan, 2025.
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potential risks from vaccines—such as signals detected through its safety
systems—without engaging in vaccine promotion. ISO aims to present this
information clearly, in ways that help individuals understand what a signal
means and how it fits into broader public health considerations. However,
during the pandemic, risk communication products were frequently com-
bined with benefit-emphasizing messages. While this framing may aid deci-
sion making, it also risks blurring ISO’s independent scientific role. Future
communications about risk signals should explicitly distinguish between
ISO’s role in risk identification and the policy or promotional messaging
issued by CDC or HHS. ISO should retain authority to publish its find-
ings—even when benefits are not concurrently presented—using standard-
ized templates and dedicated platforms that clearly demarcate scientific risk
assessment from policy recommendation. As Jernigan noted, “there is a risk
of harm from getting a vaccine, but in general, these licensed or approved
vaccines have demonstrated that risk from that vaccine is outweighed by
the benefits of the vaccine by preventing disease” (Jernigan, 2025).

ASSESSMENT OF CDC VACCINE RISK COMMUNICATIONS

The Statement of Task specified that the committee would evaluate
CDC external communications about its safety monitoring systems, the
findings of COVID vaccine safety monitoring, and vaccination and clinical
guidance recommendations to HCPs and public health officials (“techni-
cal” audiences) and the public. After careful consideration, the committee
proceeded to do an in-depth review of webpages, exclusively; they are pub-
licly available and the main method of communication to all three priority
audiences.

The committee evaluated CDC webpages that fell into at least one of
three categories:

e Safety system related (Clinical Immunization Safety Assessment
[CISA], VAERS, Vaccine Safety Datalink [VSD], V-safe),

e Safety signal related (e.g., myocarditis), and

e  General vaccine safety (e.g., risk of AEs).

As a result of its Moving Forward initiative, CDC launched Clean Slate,
to “overhaul the CDC.gov website and streamline content by more than
60 percent so that people will be better able to find the information they’re
looking for to protect their health” (CDC, 2024a). Many webpages that
were active during the PHE were archived; new webpages were created,
though many of them contained content from the archived ones. The com-
mittee reviewed all webpages (archived or active) that were safety system
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related, about general vaccine safety, and regarding AEs and safety signals
after receiving a COVID vaccine.

In 2015, the U.S. Web Design System was established from executive
initiatives as a collaboration between the U.S. Digital Service and 18F?
(Miller, 2025), a digital services agency within the General Services Admin-
istration (GSA, 2015). The goal is to provide a set of common visual and
technical elements for federal websites, aiming to offer high-quality, con-
sistent digital experiences. Due to this ongoing improvement initiative, the
committee did not evaluate CDC webpages for any standards or elements
under its purview.*

Additionally, the committee hosted a public listening session to gather
stakeholder input on CDC’s vaccine safety research and communications.
During this 2-hour virtual session, preregistered attendees were given up
to 3 minutes each to share their perspectives and recommendations (see
Box 1-4 for a summary of salient points). It invited public comment on
ways to improve CDC’s research—Dboth during PHEs and in routine vac-
cination contexts—and make information about vaccine safety and risks
more accessible and understandable. Topics included criteria for evaluating
potential harms, the timing and communication of emerging safety signals,
and strategies to strengthen public confidence in vaccines.

In parallel, the committee contracted with an independent third party
to conduct confidential key informant interviews. These interviews engaged
a diverse group of stakeholders to obtain in-depth insights on CDC’s cur-
rent approaches and identify areas for improvement in vaccine safety moni-
toring and communication (see Appendix C).

Approach

The committee adapted its approach to webpage evaluation from spe-
cific guidelines for communicators described by Covello (2021): for creat-
ing clear technical information, delivering clear technical information, and
enhancing the clarity of technical information. The following principles of
effective communication were considered:

3 On March 1, 2025, 18F was eliminated as part of a federal reorganization (Miller, 2025).

4 As of September 26, 2024, federal website standards are available at standards.digital.gov.
Federal agencies are required to comply with these standards per the 21st Century Integrated
Digital Experience Act (IDEA) (2018), which made federal government website modernization
a legal requirement. The standards are developed through a rigorous and iterative process
involving federal agencies, the public, and other relevant groups. Each standard includes ac-
ceptance criteria that specify what elements must be present to be compliant. The status of
each standard reflects its stage in the development process: research, draft, pending, or required

(GSA, n.d.a,b).
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*  Avoids or appropriately uses technical or bureaucratic jargon, acro-
nyms, and abbreviations;

e Uses culturally relevant, meaningful and linguistically appropriate
language (words in the language they understand);

® Defines new or key terms so the target audience can understand
them;

e Uses brief and clear sentences, particularly when defining new
terms;

e Summarizes key information and is prominently placed;

® Provides focused message points;

® Provides complex information in tiers or layers of information that
increase gradually in complexity; and

e Clearly communicates the science upon which the information is

based.

The committee also assessed whether a webpage contained appropriate
and meaningful visuals/graphics that enhance the text.

As mentioned, ISO’ risk communication is often interwoven into
broader vaccine safety messaging—including risk of harms in the context
of benefits—and this was a common observation for the committee as it
reviewed webpages that did not exclusively include information about
risk and harms. As a result, the evaluation assesses risk communications
regardless of authorship. However, webpages regarding ISO’s vaccine safety
systems—CISA, VAERS, VSD, and V-safe—are strictly within its purview
and assumed authorship.

After its assessment, the committee found that its observations fell
primarily into the guiding principles (discussed in Chapter 1) of relevance
(communication activities meaningfully addressing the needs of health pro-
fessionals, policy makers, and the public), credibility (the production and
dissemination of scientifically sound information about vaccine risks), and
independence (communications are free from undue internal or external
influence).

Assumption of a Baseline Level of Technical Knowledge

The committee’s assessment revealed that many vaccine safety web-
pages present information in a way that assumes readers have a certain level
of technical background, though that assumption should not be applied uni-
versally. Technical audiences are not experts in communicating risk (Jones
et al., 2025) and would benefit from using plain language with more acces-
sible explanations of technical concepts regardless of audience. For exam-
ple, a webpage that describes CDC’s vaccine safety monitoring program
(CDC, 2024b) does not clearly explain what vaccine safety monitoring is,
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and a page that describes how it works (CDC, 2024c) assumes knowledge
of vaccine safety science.

Inconsistency and Discrepancy in Definitions

Key terms, such as “risk,” “adverse events,” “adverse events of special
interest,” “side effects,” “complex safety questions,” “safety signal,” and
“safety concern” are not defined at all, used inconsistently across content,
or used in ways that could be misinterpreted without context. For example,
“vaccine adverse event” is used differently across contexts, contributing
to public confusion. In VAERS, it refers to any health problem occurring
after vaccination, whether or not it is causally related. However, the name
“Vaccine Adverse Event Reporting System” can imply to the public that
all reported events are caused by vaccines. Public-facing materials should
more clearly explain that VAERS accepts all reports to ensure early detec-
tion of rare issues—not because all events are vaccine related. Similarly,
risk language used across CDC materials varied in specificity. Some risks
(e.g., TTS = 4 per million doses) were numerically defined, while others
(e.g., myocarditis) were described qualitatively. Standardizing terminology
and ensuring consistent risk quantification would improve clarity (CDC,
2025d). Moreover, safety monitoring during the pandemic was described as

using established systems, but one of the extensively used systems (V-safe)
was created during the PHE (CDC, 2024d).

» » «

Lack of Accessible Information

The committee found a lack of accessible information regarding the sci-
ence and research methods behind the processes, systems, and conclusions
related to potential vaccine-related harms. Some webpages provided appro-
priate safety information to technical audiences but could have included
more substantive information that clearly explained the underlying science.
Some cases had limited context or explanation for certain statements, such
as “most intensive safety monitoring in U.S. history” (CDC, 2025e). This
claim requires supporting evidence, particularly considering the public’s
resistance to blanket statements. The VSD webpage assumes the audience
has familiarity with public health and analytic methods without necessar-
ily explaining them (CDC, 2024e). Additionally, several webpages link to
technical articles regarding vaccine safety on PubMed; this may lead some
members of the public to disengage and may have restricted access if articles
were behind a paywall.
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Organization and Structure

The organization and structure of vaccine safety webpages presented
difficulties in navigation functionality. A structural observation in the com-
mittee’s assessment highlighted challenges in the design: Webpages did not
clearly indicate whether the content was intended for a technical or lay
audience.® This lack of clarity made navigation especially difficult, particu-
larly when pages were linked to others that may have targeted different
audiences. Numerous webpages also contain similar content, which can
hinder users’ ability to navigate effectively and recall key information.

Broader Context of Information About Potential
Vaccine-Related Harmful Outcomes

As discussed in Chapter 1, ISO’s function is to provide information
to health professionals, policy makers, and the public regarding vaccine
safety (see Box 1-3), focused on vaccine risks. As mentioned, the commit-
tee observed that vaccine safety information is often presented alongside
the benefits to help contextualize potential risks and harms. As a result,
some of the committee’s observations are outside the purview of ISO but
would aid CDC in providing effective communication about potential
vaccine-related health outcomes to necessary audiences. Public health com-
munication often relies on simplified messaging to promote clarity and
action. However, this approach can obscure the nuance inherent in vaccine
safety data, particularly during novel disease outbreaks where scientific
understanding evolves rapidly. In such cases, changes in guidance should be
seen as not institutional failure but rather a reflection of transparency, new
evidence, and real-time learning. Communicating this iterative nature of
science—while preserving public trust—is a persistent challenge for vaccine
safety offices and communicators alike (Fischhoff et al., 2014, 2019; Han
et al., 2021). To address this, ongoing communication research is necessary
to understand how best to communicate vaccine safety information within
this dynamic environment. Ultimately, attending to the areas outlined next
can aid in building public trust while navigating the nuanced landscape of
vaccine safety data.

5 Before May 15, 2025, webpage content did not consistently indicate whether it was in-
tended for a technical or lay audience. After this date, the committee started to observe the
addition of clarifying labels, such as “For Everyone” or “For Healthcare Professionals,” to
indicate general audience orientation.
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Tailored Information

Vaccine safety communication efforts are intentionally designed to
effectively share evidence-based information, address concerns, and build
trust (Jernigan, 2025). Collaborating with trusted messengers and key opin-
ion leaders was a core strategy for effective public engagement during the
pandemic. Jernigan (2025) explained that these messengers can be religious
and/or community leaders and partners, individuals proficient in various
languages who can ensure messages are received accurately and appropri-
ately, and HCPs. The committee found very few webpages geared toward
providing these trusted lay messengers with information that would equip
them with the knowledge, skills, and tools necessary to communicate effec-
tively about vaccine risks. This is especially true for historically underserved
and underrepresented groups. While CDC emphasized the role of national
messengers and partner organizations, state and local health departments
were often better positioned to engage community leaders and respond in
real time. State and local agencies actively pushed vaccine-related informa-
tion through trusted local figures, including clergy, teachers, and neigh-
borhood organizations. These efforts, rooted in community relationships,
sometimes outpaced or compensated for delayed or generic federal com-
munications. Future strategies should more clearly define and support the
complementary roles of CDC and state agencies in messaging. Addition-
ally, ensuring that webpages are tailored to not only a broader array of
trusted messengers but also lay audiences would improve the effectiveness
of evidence-based communication and enhance credibility.

Tailoring may take one of two forms: (a) risk information for a specific
demographic and (b) messages that are culturally responsive to communi-
ties’ specific concerns. Efforts to tailor information were hindered by incom-
plete demographic data. For example, race and ethnicity data were missing
from more than half of the vaccine records reported to some states, limiting
the ability to target communication strategies to disproportionately affected
communities or evaluate equity in outreach (CDC, 2021a). Addressing these
data gaps is essential for ensuring that vaccine safety communication is
inclusive, equitable, and evidence based.

It was unclear to the committee exactly what efforts were taken to be
culturally responsive. Moving forward, integrating community-engaged
findings and feedback as part of the communications process will help
ensure the relevance of vaccine safety information.

Communication with the Public

CDC emphasized the importance of understanding what the commu-
nity is hearing or saying. Especially during the PHE, it used social listening,
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defined by Stewart and Arnold (2017) as “an active process of attending
to, observing, interpreting, and responding to a variety of stimuli through
mediated, electronic, and social channels” and published State of Vaccine
Confidence Insights Reports to share what it observed with partners and
the public. Information on CDC’s Myths & Facts About COVID-19 Vac-
cines webpage may have also come from social listening, although it is not
explicitly stated (CDC, 2024f). However, social listening is not necessarily
bidirectional communication. The committee is particularly unclear about
the processes to ensure the insights gained are incorporated into commu-
nication materials (and if ISO used any inquiries described by Miller et al.
(2023) to create such materials, discussed earlier in the chapter).

Throughout the pandemic, social media platforms, visual dashboards,
and scientific journals were used to disseminate vaccine safety findings.
However, most communications remained one directional, lacking mecha-
nisms for real-time, bidirectional engagement with the public. To meet
evolving communication expectations, CDC and ISO should explore new
formats—such as interactive explainers, Q&A forums, and multimedia
summaries—to convey complex vaccine safety data. These tools should
be accessible on mobile platforms and optimized for different audience
types. Traditional methods, like the MMWR, remain indispensable for
professional audiences, but they are poorly suited for public understanding
without translation. Innovative formats should be used not to replace but
to complement core scientific communications.

The process for public comment on ACIP recommendations is gov-
erned by federal requirements (Federal Advisory Committee Act and Office
of Management and Budget directives) to ensure transparency and public
participation in decision making (GSA, 2025). ACIP meetings must be
announced in the Federal Register at least 15 calendar days in advance and
include meeting dates and times, topics to be discussed, and instructions
for the public to register for oral comment or submit written comments.
The committee performed a high-level review of written public comments
submitted through the Federal Register before the standing February 2021
(CDC, 2021b), June 2021 (CDC, 2021¢,d), and October 2021 (CDC, 2021e)
ACIP meetings.® Given the volume of comments related to vaccine risks
and harms, the committee believes this may be a valuable avenue for ISO
to explore—in not only gathering feedback from diverse audiences but also
incorporating it into communication materials.

A critical but often underarticulated communication vulnerability
lies in blurring ISO’s mission—focused on vaccine risk surveillance—with
broader immunization promotion efforts. When communications about

¢ These were the three scheduled meetings in 2021. The first COVID vaccine was authorized
for emergency use on December 11, 2020.
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ISO’s findings are closely coupled with or filtered through policy advocacy
or vaccine promotion, it may unintentionally undermine the perceived
independence of ISO’s safety monitoring role, particularly among individu-
als already predisposed to skepticism (Larson et al., 2014; Quinn et al.,
2019). This dynamic can erode public trust in vaccine safety assessments,
even when the underlying science is rigorous and the intent transparent.
To safeguard trust and reinforce ISO’s credibility, it ought to be equipped
with independent communication channels specifically dedicated to sharing
its safety surveillance processes, evaluation criteria, and findings—sepa-
rate from CDC’s promotional or policy-facing content. Clearly delineated,
plain-language communications about what ISO does and how it does it
would not only improve transparency but also help insulate its work from
misperceptions of bias or agenda alignment.

CONCLUSION

The COVID PHE compelled CDC’s ISO to release vaccine risk informa-
tion at a speed and scale never before required. ISO and its communication
partners produced a vast body of technical content—on safety signals, mon-
itoring systems, and analytic methods—that clinicians and health officials
found indispensable for day-to-day decision making. Yet the committee
observed that this content was usually embedded in broader CDC messag-
ing and cleared through processes that emphasized vaccine uptake goals,
blurring ISO’s independent scientific voice and, at times, limiting public vis-
ibility into how safety findings were generated and released. The committee
used the five guiding principles to frame its analysis and recommendations,
and its conclusion on ISO’s communication activities is organized according
to those same principles.

Relevance: ISO’s webpages often assume professional familiarity with
epidemiologic concepts, provide few cues about their intended audience, and
nest critical definitions several clicks deep. Navigation is further hampered by
multiple pages that repeat similar content or mix lay and technical language.
To make future outputs meaningfully useful, ISO ought to segment products
by audience, layer detail, and ensure that trusted messengers—especially
those serving underserved communities—can quickly locate plain-language
explanations that match what they hear through social listening and public
comment channels.

Credibility: The underlying science is sound, but inconsistent terminol-
ogy (“adverse event,” “safety signal,” “risk”) and nonstandardized risk
metrics impede interpretation and increase the danger of misunderstanding,
incorrect interpretation, and misuse of data. Publishing study protocols,
explicitly defining key terms, and adopting a single risk-reporting template
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across all AEs would let external reviewers verify methods and enhance
public trust.

Data stewardship: ISO relies on individuals and health care systems that
contribute sensitive data to VAERS, VSD, V-safe, and CISA. The committee
saw little public-facing material that explains how privacy is safeguarded or
how outside researchers can request controlled access to deidentified data—
an omission that may undercut the social license to operate these systems.
Making stewardship practices and data-sharing pathways more transparent
would honor participants and widen the scientific lens on vaccine safety.

Continuous improvement and innovation: ISO rapidly adopted social
media “listening,” new visual templates, and the U.S. Web Design System
during the pandemic, demonstrating an ability to modernize. Embedding
usability metrics, readability goals, and routine user testing and input into
the forthcoming strategic plan will institutionalize that agility, ensuring
that communications evolve alongside novel vaccine platforms, new data
streams, an evolving information environment, and emerging best practices
in risk messaging.

Independence: The most consistent theme in public comments and key
informant interviews was the erosion of trust that occurs when safety find-
ings appear filtered through benefit-promotion lenses. ISO content is still
cross-cleared with offices whose mission is to increase vaccine uptake, and
webpages frequently couple risk estimates with exhortations to vaccinate.
To protect scientific integrity, CDC ought to firewall ISO communications
from policy and promotional channels, give ISO scientists final authority to
post risk analyses—even when benefits are not simultaneously discussed—
and brand those postings on a distinct ISO platform. Doing so will clarify
roles, shorten time to publication, and reassure skeptical audiences that
safety evidence is reported fully and without spin. To advance transparency
and structural clarity, ISO’s communications should be operationally insu-
lated from benefit—risk determinations and promotional content. During the
pandemic, publication delays sometimes arose due to clearance processes
that required cross-office approvals. Streamlining ISO’s ability to indepen-
dently publish risk findings—backed by transparent data and standardized
protocols—would bolster public trust and speed the translation of emerging
signals into policy deliberation.

Despite the strength and coordination of the underlying vaccine safety
infrastructure, the committee finds that communication about how the sys-
tem functioned—and safety findings were evaluated and disseminated—was
insufficiently transparent. Even among internal stakeholders (Edwards et
al., 2025), it was not always clear how risk assessments were communicated
to the public or which channels were used to share evolving findings. For
the general public, the structure and rigor of the vaccine safety monitor-
ing, evaluation, and communication were rarely explained coherently and
accessibly. This lack of transparency weakened confidence in the system
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and hindered appreciation of the extensive behind-the-scenes efforts to
monitor and ensure vaccine safety. Greater clarity about the surveillance
systems, evaluation processes, and decision-making criteria—particularly
during emergencies—should be a standing priority.

Finally, the committee acknowledges the need for coherent and coor-
dinated communication in a landscape that includes multiple surveillance
systems, external collaborators, and a rapid pace of discovery. During the
COVID response, ISO and its partners operated under intense scrutiny and
pressure to deliver timely findings. In this context, the need to align mes-
sages across agencies and programs sometimes conflicted with the expecta-
tions of scientific independence held by non-government investigators. The
federal clearance process, while intended to promote message consistency,
occasionally led to concerns about the suppression or delay of legitimate
scientific findings. Balancing the imperative for communication discipline
with the values of transparency and investigator autonomy will be critical
for public trust. Establishing clear, publicly available criteria for when and
how findings are communicated—especially for research conducted in col-
laboration with academic or non-federal institutions—can help strike this
balance.

ISO’s ability to detect and explain vaccine risks is crucial for national
and global immunization programs. Strengthening relevance through audi-
ence-specific content, enhancing credibility with standardized methods,
demonstrating respect for data contributors, institutionalizing continuous
improvement, and, critically, asserting operational independence will make
ISO the definitive, trusted voice on vaccine risk science—both in routine
times and during the next public health crisis.
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Conclusions and Recommendations

The committee was charged to evaluate the activities of the Immuniza-
tion Safety Office (ISO) during the COVID public health emergency (PHE)
and provide recommendations for the future (see the Statement of Task in
Box 1-1). Chapter 2 provides the review of the vaccine risk monitoring and
evaluation work and Chapter 3 the communications activities. As described
in Chapter 1, vaccine safety experts from ISO were detailed to the Vaccine
Task Force at the Centers for Disease Control and Prevention (CDC) dur-
ing the PHE. For convenience, this report refers to these staff, the systems
they used, and the analytic approaches as “ISO,” regardless of their orga-
nizational placement and reporting relationship at the time. Furthermore,
the committee uses the phrase “vaccine risks” to indicate undesired, serious
health outcomes. The use of “safety” indicates to some a complete lack of
any negative outcomes and to some a balance between risks and benefits.
ISO’s primary role is to conduct ongoing surveillance and monitoring of
vaccine safety, though it may also support hypothesis-driven research when
needed to inform evaluation. Thus, the committee describes ISO’s function
as vaccine risk monitoring and evaluation.!

The committee does not want its focus on the risks of vaccines to
detract from the overwhelming evidence of their benefits. One way to

! During the committee’s deliberations, major changes were announced in the structure of
CDC and its parent Department of Health and Human Services. To avoid possible confusion,
the committee refers to ISO when describing the activities undertaken by that office before
these reorganizations but to a federal vaccine risk monitoring and evaluation office for time
periods after the start of those reorganizations.
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increase use of vaccines when indicated, and therefore their benefits, is to
increase understanding of and confidence in the studies of vaccine risks
conducted by the federal government. The committee believes that ISO
merits the nation’s trust and serves as a reliable and unbiased source of
monitoring, evaluation, and communication about vaccine risks. It offers
recommendations to enhance ISO’s capabilities.

As described briefly in Chapter 1, the committee identified five prin-
ciples that ground its recommendations. A robust vaccine risk monitoring
and evaluation office that merits the nation’s trust needs to be relevant, seen
as highly credible, trusted with data, committed to continuous improvement
and innovation, and scientifically independent. These will be described in
more detail in a subsequent section.

The committee offers three conclusions about the functioning of I1SO,
focusing on evidence about its activities during the PHE. The commit-
tee then offers five recommendations, framed around the aforementioned
principles. The committee ends this chapter and report with overarching
thoughts on the value of the office and its work.

CONCLUSIONS

Conclusion 4-1: 1SO bhas played an important role performing and
communicating about rigorous vaccine risk monitoring and evaluation.

Conclusion 4-2: In response to the COVID public health emergency
declaration, 1SO staff and systems produced and communicated an
impressive quantity of timely, important, and high-quality monitoring,
evaluation, and communication about COVID vaccine risks.

Conclusion 4-3: Trust in ISO as a credible source of vaccine risk infor-
mation is affected by the intersection and interaction with CDC and
other governmental efforts to foster vaccination. ISO currently lacks
the organizational independence and resources to directly disseminate
its information to health professionals, policy makers, and the public.

As documented in Chapter 2, ISO studies the risks of vaccines using
standard pharmacoepidemiology, surveillance, and clinical research meth-
ods. The multiple systems for monitoring and evaluation are complementary,
and the additional systems created during the PHE, such as V-safe, resulted
in stronger monitoring and evaluation. Combined with vaccine safety evalu-
ations as required by the Food and Drug Administration and the work of
other federal agencies, such as the Veterans Health Administration and Cen-
ters for Medicare & Medicaid Services, and with regular communications
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and collaboration with international vaccine safety researchers, ISO is
central to generating new knowledge about vaccine risks.

During the PHE, ISO conducted a large amount of timely and rigorous
monitoring and evaluation (see Appendix E). As shown in the case studies
in Appendix D, it made frequent public presentations of the findings as
they emerged, helping health professionals, policy makers, and the public
understand the effects of these vaccines in real time.

However, as the committee heard from public comments (see Box 1-5)
and has been documented in studies of vaccine hesitancy, ISO research is
viewed skeptically by some because of the intermingling of information
about vaccine risks and benefits. Clearance of ISO risk publications cur-
rently involves those in CDC responsible for studying vaccine benefits and
fostering immunization. Technical content was not solely reviewed by the
risk experts (see Appendix C). Additionally, during the PHE, understand-
ably, communications were cleared at multiple levels (Jernigan, 2025).

RECOMMENDATIONS

The committee identified a set of principles well established over
decades that have influenced the functioning of a variety of federal sta-
tistical agencies and offices, including an office long housed at CDC, the
National Center for Health Statistics (CDC, 2024; NASEM, 2025). The
mutually reinforcing, co-equal principles articulated in this series of reports
by the National Academies have been incorporated in federal directives and
stood the test of time as a goal post for offices entrusted with citizens’ data
in service to the nation (NASEM, 2025).

The committee found the similarities in the functioning of federal sta-
tistical agencies to ISO compelling and, with a few changes in vocabulary
to fit its specific task, uses those principles to frame recommendations for
a robust vaccine risk monitoring and evaluation system that merits the
nation’s trust. It offers one recommendation related to each of the five
principles and includes recommended implementation steps to guide future
activities. Details about the implementation reside with the administration.

Relevance

Vaccine risk monitoring, evaluation, and communications activities
meaningfully address the needs of health professionals, policy makers,?
and the public.

2 The committee intends policy makers to include federal, state, and local public health
agencies.
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BOX 4-1
Principles of a Robust Vaccine Risk Monitoring and
Evaluation System That Merits the Nation’s Trust

Relevance: Vaccine risk monitoring, evaluation, and communications
activities meaningfully address the needs of health professionals, policy
makers, and the public.

Credibility: Health professionals, policy makers, and the public can
rely on scientifically sound information and data analysis about vaccine
risks.

Data stewardship: Vaccine risk monitoring, evaluation, and commu-
nication activities are conducted with respect for the individuals whose
data are used by protecting their privacy, using the data properly to ad-
dress important questions about vaccine risks, and sharing the results.

Continuous improvement and innovation: Regular evaluation of vac-
cine risk monitoring, evaluation, and communication practices lead to
adopting new methodologies and technologies with the capacity to ad-
dress emerging questions about vaccine risks.

Independence: Vaccine risk monitoring, evaluation, and communica-
tion are free from undue internal or external influence.

Recommendation 1: A robust vaccine risk monitoring and evaluation
office should develop and make public a strategic plan that encom-
passes input from health professionals, policy makers, and the public to
ensure that the plan is scientifically sound, meets the needs and expecta-
tions of those who use the information, and articulates the office’s role
in monitoring, evaluating, and communicating vaccine risks.

Implementation steps:

Include a clear mission statement.

Establish a board of scientific counselors.

Develop a scientific agenda.

Develop mechanisms for bidirectional communication with
health professionals and the public.

5. Outline action steps that will be taken in a public health
emergency.

WD =

The committee anchors its recommendation in a strategic plan and
the processes established to develop it to ensure the work of the vaccine
risk monitoring and evaluation office is relevant to health professionals,
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policy makers, and the public and that its mission is restricted to vaccine
risk monitoring and evaluation and not promoting vaccine use. The office
needs a simple, recognizable identity focused exclusively on vaccine risk
monitoring and assessment. It can start by developing a mission statement,
which the committee was unable to locate for ISO. A concise articulation of
its focus on monitoring and evaluating the risks of vaccines could increase
understanding of its work.

Any robust strategic plan is developed, reviewed, and revised on a
regular basis and includes metrics for evaluation, timelines, and deadlines.
It ought to include disclosure of the office’s resources, such as staffing
and research contracts. Transparency about the sources of funding for its
resources is paramount in helping demonstrate the relevance of the office’s
work.

A key element of the plan is a scientific agenda. The committee is aware
of an ISO research agenda published in 2011, developed in response to a
recommendation by the Institute of Medicine (CDC, 2011; IOM, 2005)
but none since. Outlining scientific priorities and reporting on progress
is important for transparency and accountability. Soliciting input into the
scientific agenda from health professionals and the public helps ensure
it broadly represents the needs and interests of a range of interests. The
input can take many forms—website, open comment sessions, and scien-
tific workshops, for example. Articulating the strategy for decision making
about what signals to pursue could assure health professionals, policy mak-
ers, and the public that issues of salience to them are not being ignored.

A board of scientific counselors can play an integral role in assuring
credibility of the vaccine risk monitoring and evaluation office. The board
would provide a locus for developing and reviewing the strategic plan,
including the scientific agenda, serve as the conduit for communications
with health professionals and the public, and support accountability. It
would advise on the science and processes of vaccine risk monitoring, com-
munications, and the independence of both of those functions, including
that its products stay clear of policy and advocacy. The expertise of the
board members ought to include, for example, an established track record
in vaccinology, immunology, risk communication, vaccine safety, pharma-
coepidemiology, and informatics. The office also should consider the merits
of having a consumer or member of the public on the board. The head of
the vaccine risk monitoring and evaluation office should have comparably
deep and relevant expertise, in addition to skills as a communicator. Other
roles for the board are articulated in subsequent sections.

Because vaccine risk monitoring and evaluation will follow compressed
timelines and have unique scientific priorities during PHEs, the strategic
plan ought to clearly indicate action steps to be taken to address the PHE
and resource allocation, especially regarding personnel, and work that will
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be modified to address the emergency and maintain the routine work of
the vaccine risk monitoring and evaluation office. Communications with
health professionals and agencies at the state and local level is particularly

important during an emergency.

Credibility

Health professionals, policy makers, and the public can rely on scientifi-

cally sound information and data analysis about vaccine risks.

Recommendation 2: A robust vaccine risk monitoring and evaluation
office should be transparent and comprehensive in conducting and
communicating its work in ways that are useful to health professionals,

policy makers, and the public.

Implementation steps:

1. Focus on vaccine risk monitoring and evaluation, avoiding vac-

cine policymaking and promotion.

2. Develop a portfolio of publicly available information to explain
systems and methodologic approaches, including data sources

and system strengths and limitations, and priorities.

3. Ensure public availability of monitoring and evaluation pro-
tocols, including changes made during the data collection and
analysis process and a justification for those changes.

4. Develop, disseminate, and evaluate accessible and easily under-
stood plain language summaries of vaccine risk results.

5. Standardize risk reporting across communications and by risk

groups, where available.

The work of a federal vaccine risk monitoring and evaluation office
needs to be credible if the public is to trust it to assist in personal decision
making. The committee heard during public comment period that some
people mistrust the information from ISO because its parent agency, CDC,
also promotes vaccines (see Box 1-5), a long-standing issue (CDC, 2004,
2006). As described in Chapter 3, CDC communications about vaccine risks
usually include information about benefits, to portray the full picture of the
effects. However, the committee thinks having a web presence for the work
of the vaccine risk monitoring and evaluation office that clearly identifies
the risk information distinct from vaccine advocacy or use recommenda-
tions could help some members of the public increase their trust in it. It
could include links to CDC sites with use recommendations, effectiveness
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information, and general vaccine advocacy. The risk monitoring and evalu-
ation experts ought to be consulted for technical accuracy, but other offices
in CDC or HHS can use the risk information in policy determinations and
communications

Two things that could help the public and health professionals trust
information from this office are transparency and comprehensiveness. The
public and those who promote and administer vaccines need to be able to
understand the work of the office and trust what they see, knowing they are
seeing the complete work. To facilitate public understanding of the work,
the office ought to develop a suite of public-facing products, such as ones
that explain the monitoring and evaluation systems used, including their
strengths and limitations. The office should develop a process for explain-
ing its decision making around studying risks of salience to the public. The
board of scientific counselors can oversee this and provide advice.

An additional step toward transparency is to make the analysis proto-
cols available (ISPE, 2015). The committee notes that some protocols from
the Vaccine Safety Datalink (VSD) were made available during the PHE
(CDC, 2023), but it has not been standard practice. Publishing research
protocols is an integral part of clinical trials (NIH, 2025) and strongly
recommended by pharmacoepidemiology experts (ISPE, 2025); the federal
vaccine risk monitoring and evaluation office ought to adopt it as standard
practice.

Because many people interested in vaccine risk evaluation do not have
in-depth knowledge of epidemiology and statistics, this office ought to
publish plain language summaries of every research publication and, where
of broad national and public interest, unpublished findings that are made
public, such as in public presentations. Additionally, where possible, to
facilitate the public’s understanding, the office ought to adopt standardized
risk reporting, including relevant subgroup analyses where available.

Data Stewardship

Vaccine risk monitoring, evaluation, and communication activities are
conducted with respect for the individuals whose data are used by protect-
ing their privacy, using their data properly to address important questions
about vaccine risks, and sharing the results.

Recommendation 3: A robust vaccine risk monitoring and evaluation
office should be a good steward in the monitoring and evaluation
processes by protecting the privacy of individuals and honoring their
participation.
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Implementation steps:

1. Protect personally identifiable information using appropriate
standards.

2. Solicit input from researchers and the public about key ele-
ments of the research agenda.

3. Explore ways to make the data used in vaccine risk monitor-
ing and evaluation more transparent and, where feasible and
appropriate, available to external researchers.

Federal agencies have an obligation to be good stewards of the citizen
information used for research and policymaking. Vaccine risk research
depends on participation by a wide variety of individuals and their trust that
their protected personal information is kept confidential. Private medical
information and contact information are important to collect for research
but ought not be made public. Members of the public whose information
is included in systems such as the Vaccine Adverse Event Reporting System
or VSD deserve to know that their data are secure.

Honoring their participation means that the public knows that they par-
ticipate for a good reason—that the monitoring and evaluation questions
being asked are important, addressed with appropriate scientific expertise,
and broadly reflect the interests of the scientific community, health profes-
sionals, the public, and policy makers. The public input components of the
research agenda and strategic plan for this office outlined in Recommenda-
tion 1 can help assure this. The monitoring and evaluation office contributes
as much as possible with its given resources to understanding the risks of
vaccines, but it is not, cannot, and should not be the only entity researching
vaccine risks. The validity of the scientific process and the confidence in the
results could be bolstered if, under appropriate circumstances, data col-
lected and used by the office were available to outside researchers. VAERS
data are available for free by download (VAERS, n.d.), and some limited
VSD data had been available to outside researchers (CDC, n.d.). The board
of scientific counselors envisioned in Recommendation 1 could provide the
guidance and oversight of efforts to review and revise, if necessary, public
access programs.

Continuous Improvement and Innovation

Regular evaluation of vaccine risk monitoring, evaluation, and com-
munication practices leads to adopting new methodologies and technologies
with the capacity to address emerging questions about vaccine risks.
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Recommendation 4: A robust vaccine risk monitoring and evaluation
office should integrate continuous quality improvements into its strate-
gic plan to strengthen its activities.

Implementation steps:

1. Develop metrics for evaluation in conjunction with strategic
plan and advisors.

2. Maintain current data monitoring and evaluation systems
and activities while incorporating advances in informatics,
vaccinology, and epidemiological and statistical methods.

3. Use communication research, including in risk communica-
tion, to inform and assess communications.

A well-functioning risk monitoring and evaluation office continuously
improves and innovates. As with the first recommendation, metrics for
evaluation ought to be developed that address innovation. The committee
concluded that ISO has been important in performing and communicating
about vaccine risk monitoring and evaluation and that during the PHE, its
staff and the systems they used performed extremely well. Existing moni-
toring and evaluation systems ought to be continued and even enhanced
and expanded as new information and new technologies become available.
Implementing this and other recommendations will require resources, but
the committee did not determine a specific level.

The board of scientific counselors described could oversee efforts by the
office to incorporate advances in vaccinology, epidemiology and statistics,
and informatics. Other federal partners can also provide input and collabo-
rations, which are vital to scientifically robust monitoring and evaluation
office. Additionally, as discussed in Chapter 3, the robust field of research
on public health communication and risk communication could be lever-
aged to improve communication about vaccine risk monitoring and evalu-
ation efforts by not only shaping communications but also evaluating them.
It is important to assess how the messages are received by the intended audi-
ences, particularly for helping the public understand uncertainty around
emerging risks.

Independence

Vaccine risk monitoring, evaluation, and communication are free from
undue internal or external influence.
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Recommendation 5: The Centers for Disease Control and Prevention
(CDC) should protect the scientific independence of its vaccine risk
monitoring office and provide the administrative support and financial
resources to conduct these activities.

Implementation steps:

1. Keep the vaccine risk monitoring and evaluation office orga-
nizationally and administratively separated from units in
CDC that carry out administrative or policymaking activi-
ties, such as promoting vaccination.

2. Increase awareness of the vaccine risk monitoring and
evaluation work by clearly distinguishing risk information
from vaccine policy content and that intended to increase
immunization.

3. Permit and encourage prompt publication of risk data.

Because the committee believes that vaccines have been demonstrated
to provide enormous benefit to individuals and populations over the last
century, it focuses on the scientific independence of risk monitoring and
evaluation as a way to assure individuals and health professionals that the
results are free from internal and external influence. The committee bases
this not on evidence that the results have been tainted by association with
vaccine promotion but because of the persistent perception that this is true
(CDC, 2004, 2006). Unlike the preceding recommendations, this recom-
mendation is directed to CDC; the risk monitoring and evaluation office
cannot assure its own independence.

During its public comment session, the committee heard, as has been
true for decades, that some fear the safety of vaccines because of the percep-
tion that risk research and communications are often inextricably linked to
and biased by the CDC to increase vaccination (CDC, 2004) (see Box 1-5).
While clinical use recommendations for vaccines, as with drugs, include
considerations of benefits and risks and are clearly in the purview of the
National Center for Immunization and Respiratory Diseases, ACIP, and
other governmental offices, the risk information ought to be generated and
communicated independently of efforts to increase immunization if it is to
be trusted by those who do not currently. The committee notes, as described
in Chapter 1, that annual funding for ISO has come from not only its parent
center, but also NCIRD.3

3 Personal communication, J. Gee, Centers for Disease Control and Prevention, August 5,
2025.
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That office ought to remain, as ISO is, organizationally and adminis-
tratively separated from those parts of the department that study vaccine
benefits and work to increase vaccinations. The committee is aware of
suggestions for alternative placements (Salmon et al., 2004) but did not
evaluate these options, as that is outside of its remit. The office should have
a web presence that is distinct from vaccine promotion efforts, clearly iden-
tifying the office from which the monitoring and evaluation data originated.
The site could contain links to data related to the benefits of vaccines to
support user-friendly navigation.

Scientific independence from other parts of CDC and other relevant
government agencies, such as FDA, need not isolate the staff of the vaccine
risk monitoring and evaluation office from needed scientific expertise. Con-
sultation and collaboration ought to be fostered, but the final decision mak-
ing about monitoring and evaluation of vaccine risk information and the
scientific content of risk communications needs to remain with this office.

Adhering to the principles behind the other recommendations in this
report would support the prompt publication of all risk evaluation informa-
tion, including null or uncertain findings. While the committee understands
the need for quality assurance of research data and peer review, it heard in
public comments (see Box 1-5) and key informant interviews (see Appendix
C) that publication is sometimes delayed due to burdens of review and CDC
clearance. It is important for engendering trust in the safety of vaccines that
research results are not perceived as being constrained or hidden. The vac-
cine risk monitoring and evaluation efforts during the COVID PHE dem-
onstrated that frequent, complete, and timely communications (Gee, 2024;
Jernigan, 2025) can occur, and the committee thinks speed, completeness,
and transparency ought to govern those about vaccine risks. As per this
recommendation, CDC should assure that the technical content of these
communications is under the purview of the vaccine risk scientists and that
clearance of the technical information by offices that promote vaccination
ought to be limited to “notification only.”

PUBLIC HEALTH EMERGENCIES

The need for relevant vaccine risk information is heightened during
a PHE, and it is imperative that health professionals, policy makers, and
the public believe the information provided to them. Federal staff doing
vaccine risk monitoring, evaluation, and communications can continue to
be guided by the principles of relevance, credibility, data stewardship, con-
tinual improvement and innovation, and scientific independence detailed
earlier, regardless of temporary or situational placement within a whole of
government response.
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The strategic plan, discussed in relation to Recommendation 1, should
include a section on operations during a PHE and plans for an intensive
vaccine risk evaluation apparatus, such as the VaST used during the COVID
PHE or the processes established during the HIN1 pandemic in 2009 (Mar-
kowitz et al., 2024; Yih et al., 2012). A continuity of operations plan would
define what routine vaccine risk monitoring, evaluation, and communica-
tion work will continue and what will pause, what resources will be shifted
to address the emergency, and how risk information will be shared. The
emergency plan ought to also include steps for the vaccine risk monitoring
and evaluation office to rapidly return to its pre-emergency administrative
placement, research agenda, and scientific independence, as soon as possible
(Markowitz et al., 2024; Yih et al., 2012).

CONCLUDING THOUGHTS

The committee has concluded that ISO functions well and merits the
nation’s trust; however, federal vaccine risk monitoring, evaluation, and
communication could be enhanced by adhering to the offered set of five rec-
ommendations. Implementing these will require resources but also the com-
mitment of the CDC director to protect the office in order to significantly
enhance the capability to deliver timely, trustworthy, and scientifically robust
vaccine risk information. This, in turn, supports increased public confidence
in vaccination programs, ultimately contributing to stronger public health
outcomes and preparedness for future public health emergencies.
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Committee Member and
Staff Biographies

COMMITTEE MEMBER BIOGRAPHIES

Jane E. Henney, M.D., has had a distinguished career in academia, govern-
ment service, and the governance of both corporate and not-for-profit orga-
nizations. Her government service began at the National Cancer Institute
(NCI), where she served as deputy director. She was deputy commissioner
for operations at the Food and Drug Administration (FDA) and in 1998 was
confirmed as Commissioner. She has led two major public academic health
centers: the University of New Mexico and the University of Cincinnati.
She was elected to National Academy of Medicine (NAM) membership in
2000. She has chaired several consensus studies and served on and chaired
the NAM Membership Committee. In 2014, she was appointed as NAM
Home Secretary and in 2018 was the first elected home secretary, serving
until 2020. Dr. Henney received her M.D. in 1973 from Indiana University
School of Medicine, and her training in oncology was completed at M.D.
Anderson and NCI. She served on the Board of AmerisourceBergen and has
residual financial holdings from this role. She was the chair of the University
of Kansas Advancement Committee.

Denise H. Crysler, J.D., served as the director of the Network for Public
Health Law’s Mid-States Region for over 12 years. She recently retired from
this position and now serves as a senior advisor to the network. Through
the network, she worked on the IZ Gateway project, a Centers for Disease
Control and Prevention-funded effort that facilitates exchange of immuni-
zation information with immunization information systems. Before joining
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the network, Ms. Chrysler provided legal services to Michigan’s state health
department regarding communicable disease, immunization, environmental
public health, public health research, privacy, health information exchange,
and emergency legal preparedness and response. She received the 2019 Roy
J. Manty Distinguished Service Award for contributions to public health in
Michigan. Ms. Chrysler previously served on her local board of health and
was cochair of the Public Health Law Subcommittee of the Council of State
and Territorial Epidemiologists. She also served on the National Committee
on Vital and Health Statistics. Ms. Chrysler graduated from the University
of Michigan Law School and is a licensed attorney in Michigan.

Lawrence Deyton, M.S.P.H., M.D., is the Murdock Head Professor of
Medicine and Health Policy and, from 2014 until July 1, 2023, was the
senior associate dean for clinical public health at the George Washington
(GW) University’s School of Medicine and Health Sciences. Before joining
the GW faculty in 2014, he served in leadership positions at several fed-
eral agencies, including as the founding director of the Center for Tobacco
Products at the Food and Drug Administration (FDA). Prior to joining
FDA, Dr. Deyton held several leadership positions at the Department of
Veterans Affairs (VA). He oversaw VA’s public health programs, including
environmental hazards and public health surveillance programs, women’s
health, occupational health, and emergency preparedness and responses of
VA’s health system. In 2019, he received the James Bruce Award for Dis-
tinguished Contributions in Preventive Medicine by the American College
of Physicians. He earned his M.D. from the George Washington University
School of Medicine and M.S.P.H. at the Harvard School of Public Health.
Dr. Deyton has served on several National Academies of Sciences, Engineer-
ing, and Medicine (National Academies) studies.

Francisco Garcia, M.D., M.P.H., is the chief of staff to the president of
the University of Arizona and a professor emeritus of public health. Until
January of 2025, he was the deputy county administrator and chief medi-
cal officer for Pima County, Arizona, where he oversaw the departments
of Health, Behavioral Health, Environmental Quality; Pima Animal Care
Center; Community & Workforce Development; offices of Emergency Man-
agement, Medical Examiner, and Digital Equity; and the Pima County
Libraries. Prior to entering government in 2013, Dr. Garcia was a tenured
distinguished outreach professor of obstetrics and gynecology and public
health. He served in a variety of leadership roles, including as the director
of the University of Arizona Center of Excellence in Women’s Health, chair
of the Section of Family and Child Health of the Mel & Enid Zuckerman
College of Public Health, and director of the Cancer Disparities Institute of
the Arizona Cancer Center. Dr. Garcia was elected to NAM in 2023. He has
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served on the National Academies Committee on Evidence-Based Practices
for Public Health Emergency Preparedness and Response, Roundtable on
Health Equity, and Committee on Preventive Services for Women. He is
a former member of the U.S. Preventive Services Task Force. He received
an M.D. from the University of Arizona and M.P.H. from Johns Hopkins
University.

Krishika Graham, M.D., M.P.H., is the unit chief for vaccine-preventable
disease surveillance with the New York City (NYC) Department of Health
and Mental Hygiene’s Bureau of Immunization. The bureau receives fund-
ing from the Centers for Disease Control and Prevention to support
coordination for enhanced vaccine-preventable and respiratory diseases
surveillance. She has served as the vaccine safety branch director during
NYC’s monkeypox outbreak response, leading an evaluation of vaccine
reactogenicity and safety of Jynneos vaccine using a survey of vaccine
recipients in New York City’s immunization registry during a period of
expanded use. She also led outreach and enrollment of Federally Qualified
Health Centers and independent pharmacies in the NYC COVID-19 Vac-
cine Program. She is a board-certified pediatrician and preventive medicine
physician. She received her M.D. from the University of Virginia and M.P.H.
from the CUNY Graduate School of Public Health & Health Policy.

Marie Griffin, M.D., M.P.H., is professor of health policy, emerita at
Vanderbilt University School of Medicine. Her research focused on the
safety and effectiveness of drugs and vaccines, and the burden of vaccine-
preventable diseases. She developed novel methods to quantify the medical
care burden of common respiratory viruses in both children and adults. Dr.
Griffin recently served on the National Institute of Allergy and Infectious
Diseases Data and Safety Monitoring Committee for COVID-19 Vaccine
Clinical Trials. She is a member of the FDA’s Drug Safety and Risk Manage-
ment Advisory Committee and CDC Advisory Committee on Immunization
Practices work group on RSV vaccines. She is vice-chair of the Metro Nash-
ville Board of Health. Dr. Griffin is the recipient Grant W. Liddle Award for
Outstanding Contributions to Research at Vanderbilt University Medical
Center, Association for Clinical and Translational Science Distinguished
Investigator Award for Translation from Clinical Use into Public Benefit
and Policy, Mary Jane Werthan Award for Advancement of Women at
Vanderbilt, and Elaine Sanders-Bush Award for Mentoring Graduate and/or
Medical Students in Research Settings at Vanderbilt. Dr. Griffin has served
on National Academies committees relating to vaccine safety. She received
her M.P.H. from Johns Hopkins School of Hygiene and Public Health and
M.D. from Georgetown University Medical School.
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Perry N. Halkitis, Ph.D., is dean, Hunterdon Professor of Public Health &
Health Equity, and Distinguished Professor of Biostatistics & Epidemiol-
ogy at the Rutgers School of Public Health. He is an infectious disease
epidemiologist, applied statistician, and public health psychologist. For 3
decades, the focus of his research has been on the emergence, prevention,
and treatment of infectious diseases in sexual, gender, and/or racial and
ethnic minority populations. He is the founder and director of the Center
for Health, Identity, Behavior & Prevention Studies. He is professor emeri-
tus at the College of Global Public Health at New York University. He is
an elected fellow of the New York Academy of Medicine, The Society of
Behavioral Medicine, The American Epidemiological Society, The European
Academy of Translational Medicine, College of Physicians of Philadelphia,
and four divisions of the American Psychological Association. He is the edi-
tor in chief of Bebavioral Medicine since 2013 and founding editor in chief
of Annals of LGBTQ Public and Population Health. Dr. Halkitis serves on
the board of directors of the Association for School and Programs of Public
Health (as chair in 2023-2024) and Hyacinth Foundation. He also serves
on the advisory boards of both the New Jersey Public Health Advisory
Committee and the Behavioral Risk Factor Survey Advisory Committee. Dr.
Halkitis holds degrees in epidemiology, applied statistics, psychology, and
education from the City University of New York.

Sonia Hernandez-Diaz, M.D., Dr.P.H., is professor of epidemiology at the
Harvard T.H. Chan School of Public Health, where she serves as director of
the Pharmacoepidemiology & Real-World Evidence Program. Her research
focuses on examining the safety of pharmaceuticals using observational
data, with a special interest on pregnant women and their infants. Another
group of research activities concerns the application of innovative meth-
odologic concepts to increase the validity of nonrandomized studies. She
helped develop methods for emulating trials to evaluate the effectiveness
and safety of COVID vaccines during pregnancy and collaborated with the
COVID-19 Vaccines International Pregnancy Exposure Registry, under the
aegis of Preregistry. She receives salary support for work on the Massa-
chusetts General Hospital (MGH) Anti-Epileptic Drugs pregnancy registry
funded by multiple pharmaceutical companies, including Janssen. She also
serves as a compensated member of the Scientific Committee for the MGH
Antipsychotics drug registry. Her research on the effects of constipation
drugs on pregnancy is supported by Takeda Pharmaceuticals. She was com-
pensated for providing consulting services to J&J and currently consults for
Moderna and Roche for work unrelated to vaccines. Dr. Herndndez-Diaz
has served as chair for the Drug Safety and Risk Management Advisory
Committee of FDA, reviewer for the Eunice Kennedy Shriver National
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Institute of Child Health and Human Development Pregnancy & Neona-
tology Study Section, and member of the Teratogenic Information Services
Advisory Board. She was elected president of the Society for Perinatal and
Pediatric Epidemiology in 2014 and president of the International Society
for Pharmacoepidemiology in 2015. Dr. Hernandez-Diaz received her M.D.
from the Autonoma University of Madrid Medical School and Dr.P.H. in
epidemiology from the Harvard School of Public Health.

Ali S. Khan, M.D., is the Richard Holland Presidential Chair and Dean of
the College of Public Health at the University of Nebraska Medical Cen-
ter. He is a former assistant surgeon general with the U.S. Public Health
Service. His career has focused on health security, global health, climate
change, and emerging infections. He completed a 23-year career as a senior
director at the Centers for Disease Control and Prevention (CDC), where
he led and responded to numerous high profile domestic and interna-
tional public health responses. Dr. Khan was one of the main architects of
CDC’s national health security program with an early focus on preparations
for acquisition and use of smallpox and anthrax vaccines. He frequently
speaks about and publishes on improving childhood and adult immuniza-
tion access and addressing vaccine hesitancy. He is the author of The Next
Pandemic: On the Front Lines Against Humankind’s Gravest Dangers. Dr.
Khan has served on several National Academies committees, including the
Committee on Best Practices in Assessing Morbidity and Mortality Follow-
ing Large-Scale Disasters. He received his M.D. from Downstate Medical
University, completed a med-peds residency at the University of Michigan,
followed by his M.P.H. from Emory University and M.B.A. from University
of Nebraska—Omaha.

Daniella Meeker, Ph.D., is an associate professor in the Section of Bio-
medical Informatics and Data Science and the chief research information
Officer at Yale University School of Medicine and Yale New Haven Health
System. Dr. Meeker’s expertise is in applications of behavioral economics
to improve quality of care, analysis of claims and electronic medical record
data, and managing large, multi-institutional electronic health record-inte-
grated studies. Dr. Meeker has received the Behavioral Publication Award
for Innovation in Behavioral Policy (2019), Scientific Program Committee
AMIA (2015), Merkin Scholarship for Neuroscience and Policy (2015),
Robert Brook Scholarship Award (2013), and Distinguished Fellow with
Roybal Center for Health Policy Simulation (2012). Dr. Meeker received
her Ph.D. in Computation and Neural Systems from the California Institute
of Technology in Pasadena, CA.
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Glen Nowak, Ph.D., is a professor, an Associate Dean for Research and
Graduate Studies, and codirector of a Center for Risk & Health Commu-
nication in the Grady College of Journalism & Mass Communication at the
University of Georgia. He is a national and internationally known expert in
health and risk communication research and training related to infectious
and vaccine-preventable diseases, crisis, and emergency risk communica-
tion and vaccination acceptance and decision making. Before rejoining the
University of Georgia (UGA) faculty in January 2013, Dr. Nowak spent 14
years at the Centers for Disease Control and Prevention, including 6 years
as the communications director for the National Immunization Program
and 6 years as the agency’s director of media relations. Dr. Nowak is coedi-
tor of the recently published book Advancing Crisis Communication Effec-
tiveness. In the past, he provided presentations on vaccine hesitancy and
acceptance in multiple settings, including with a Janssen Advisory Board
in 2020. He has served as an expert on issues related to vaccine confidence
and safety with the National Vaccine Advisory Committee and Council for
Quality Health Communication, among others. Dr. Nowak received his B.S.
from the University of Wisconsin—-Milwaukee, with majors in economics
and communications. He has an M.A. in journalism and a Ph.D. in mass
communications from the University of Wisconsin-Madison.

Olayinka Shiyanbola, Ph.D., B.Pharm., is Charles R. Walgreen Jr. Professor
in the Department of Clinical Pharmacy at the University of Michigan Col-
lege of Pharmacy. Dr. Shiyanbola’s research examines patient perceptions
and roles in medication use and its impact on medication adherence, health
literacy and the elimination of health disparities. Specifically, Dr. Shiyan-
bola studies the perceptions of illness and medicines among marginalized
populations. She interweaves patient perspectives into the implementa-
tion of tailored patient-centered medication use interventions. She uses
sociobehavioral and health psychology theories in her studies and employs
qualitative, quantitative, and mixed methods approaches in her work. As a
National Institutes of Health scholar/fellow, Dr. Shiyanbola received train-
ing in health disparities research, randomized behavioral clinical trials, and
mixed methods. She was a Society of Behavioral Medicine Leadership Fel-
low and is an appointed member of the National Academies Roundtable on
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with and can influence health communication. Much of her work inves-
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Public Meeting Agendas for the
Committee to Review the Center for
Disease Control and Prevention’s

COVID-19 Vaccine Safety

Research and Communications

FIRST INFORMATION GATHERING SESSION
June 24, 2024
Washington, DC

1:00 Welcome and Introductions; Conduct of the Open
Session
Jane Henney, M.D., Committee Chair

1:00-2:30 Presentation by CDC Immunization Safety Office on the
Statement of Task
John Su, M.D., Acting Director, Immunization Safety
Office (virtual)
Q&A with Committee
John Su, M.D., Acting Director, Immunization Safety
Office (virtual)

2:30 Closing Comments, OPEN SESSION ENDS
Jane Henney, M.D., Committee Chair
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SECOND INFORMATION GATHERING SESSION

2:00

2:00-4:00

4:00

August 7, 2024
Washington, DC

Welcome and Introductions; Conduct of the Open
Session
Jane Henney, M.D., Committee Chair

CDC Response to Vaccines Safety Needs for the U.S.
COVID-19 Vaccination Program: An Overview of
Vaccine Safety Systems

Julianne Gee, MPH, Senior Advisor, ISO, CDC (virtual)

Closing Remarks, OPEN SESSION ENDS
Jane Henney, M.D., Committee Chair

THIRD INFORMATION GATHERING SESSION

11:00-11:10

11:00-1:00

1:00

October 11, 2024
Virtual

Welcome and Introductions; Conduct of the Public
Comment Session
Jane Henney, M.D., Committee Chair

The Committee to Review the Centers for Disease
Control and Prevention’s COVID-19 Vaccine Safety
Research and Communications Public Comment Session

Closing Remarks, OPEN SESSION ENDS
Jane Henney, M.D., Committee Chair

FOURTH INFORMATION GATHERING SESSION

10:30

January 10, 2025
Washington, DC
Welcome and Introductions; Conduct of the Public

Comment Session
Jane Henney, M.D., Committee Chair
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10:30-12:30

12:30

123

Presentation on CDC COVID-19 Vaccine Safety Risk
Communications

Daniel Jernigan, M.D., MPH, Director, National
Center for Emerging and Zoonotic Infectious Diseases
(NCEZID) (virtual)

Closing Remarks, OPEN SESSION ENDS
Jane Henney, M.D., Committee Chair

FIFTH INFORMATION GATHERING SESSION

1:00

1:00-2:30

2:30

February 25, 2025
Washington, DC

Welcome and Introductions; Conduct of the Public
Comment Session
Jane Henney, M.D., Committee Chair

Presentation on Challenges and Opportunities for
Research and Communication About Vaccine Safety
Reed Tuckson, M.D., Tuckson Health Connections, LLC,
Black Coalition Against COVID

Lisa Fitzgerald, M.D., MPH, MPA, Grapevine Health
(Unable to attend)

Malia Jones, Ph.D., University of Wisconsin, Madison

Scott Razan, M.D., MPA, M.A., CUNY Graduate School
of Public Health & Health Policy

Closing Remarks, OPEN SESSION ENDS
Jane Henney, M.D., Committee Chair
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Westat Key Informant
Interviews Findings Report

Support to the NASEM Review of CDC COVID-
19 Vaccine Safety Research
and Communications

May 30, 2025
Authors:

Jennifer Edwards, Neni Osuoha, Jennifer Maizel, Rachel Neenan, Nina
Page, Paul Reischmann, Beth Slotman

This study was conducted by Westat with the National Academy of
Sciences. The findings and conclusions in this report are those of the
authors and should not be construed to represent any official NASEM
determination or policy.
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A. BACKGROUND

The National Academies of Sciences, Engineering and Medicine (NASEM)
Health and Medicine Division tasked Westat with supporting a consensus
study evaluating the Centers for Disease Control and Prevention (CDC)
Immunization Safety Office (ISO) systems, methods, and processes for
monitoring COVID-19 vaccine safety during the U.S. COVID-19 public
health emergency (PHE). This study aimed to identify recommendations
for sustaining, maintaining, and strengthening CDC ISO’s monitoring sys-
tems and communications moving forward.

Westat was responsible for conducting confidential key informant
interviews with a wide array of individuals who have direct experience and
knowledge of CDC ISO efforts. These interviews solicited perspectives on
ISO'’s processes, research, and communications about COVID-19 vaccine
safety during the COVID-19 public health emergency (PHE), interagency
and cross- sector collaboration, successes and challenges during the
PHE, and recommendations for process improvements. This report sum-
marizes key themes found across these interviews.

B. STUDY DESIGN

Sample

The NASEM Committee appointed to conduct the overarching study, sup-
ported by NASEM staff, identified several categories of key informants rel-
evant to this qualitative study: CDC ISO staff, staff from other CDC offices,
staff from other federal agencies, CDC-funded researchers from Vaccine
Safety Datalink (VSD) sites and the Clinical Immunization Safety Assess-
ment (CISA) program, external vaccine safety experts (VSEs), healthcare
professionals (HCPs), and public health officials (PHOs). NASEM staff
compiled lists of potential participants from these groups who in effect
served as the population of interest for this study. Sources of information
for developing these lists included the ISO Directory, Advisory Commit-
tee on Immunization Practices (ACIP) current and former members and
ex-officio representatives, publications and public information, and Com-
mittee recommendations.

Key Informant Interview Groups

The Westat team developed a sample design with targets for each identi-
fied key informant group; however, recruitment proved to be challenging,
precluding reaching these targets for most groups.
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Table 1 provides a summary of the key informant groups invited to
participate and the number of interviews across each group that were
completed. In late January 2025, the Department of Health and Human
Services instructed staff to pause external public health communications.

Out of an abundance of caution, ISO directed a pause on proceeding
with interviews of CDC staff. As a result, this group had to be excluded.
Some interviews were with multiple participants; for example, VSD site
interviews typically involved two participants. Additionally, one interview
with VSEs, originally planned as a focus group, had only two participants.
In this instance, we made an effort to provide each respondent with an
opportunity to answer each interview question separately.

In the case of non-ISO CDC staff and other federal agency staff, we
received responses from one former CDC employee, one National Insti-
tutes of Health (NIH) employee, and one Food and Drug Administration
(FDA) employee. These three interviews were grouped together as “other
federal staff.” However, given that each participant came from distinct
offices and agencies with different roles, the findings from this group
essentially present three distinct perspectives. We discuss how these
perspectives were integrated into our thematic analysis in the following
sections.

Table 1. Key Informant Interview Group Categories

Group Initial sample Completed

CDC ISO 65 0

Other 6 1

Other feds 20 2
CDC-funded VSD 16 7*

researchers CISA 8 .

HCP 44 4

VSE 29 6

Public State 11 2

- e :

Tribal 15 0

Totals 288 30

*7 VSD sites participated in interviews
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NOTE: Several participants had multiple identities and professional
experiences influencing their perspectives (e.g., physician and PH
official).

Recruitment and Data Collection

Introductory Emails

To encourage participation, ISO and NASEM sent out initial emails to the
participant pool to inform them of the study and advise them of Westat’s
pending invitation to participate. Once this occurred, Westat sent indi-
vidual emails to key informants inviting their participation; these emails
included a link to a brief Qualtrics survey and information regarding inter-
view scheduling, which are described below. Some of the emails were
unique in that two individuals that worked together in the CDC-funded
research group were sent a joint email to schedule a meeting together.

Westat’s outreach emails were sent on three different occasions,
approximately one week apart to increase engagement. We also followed
up individually with potential participants who noted interest in the survey
but did not schedule an interview.

Qualtrics Survey

Westat created a recruitment survey administered via Qualtrics, a
FedRAMP-compliant and secure online platform. The survey was sent to
all potential participants as a tool to signal their interest in participating in
the study, confirm their role or type of key informant group during the PHE,
and collect their preferred method of contact and form of participation
(individual interview or focus group). Additionally, the survey asked ques-
tions (some of which were optional) pertaining to a participant’s general
professional information, such as their current role/area(s) of expertise,
their office/agency/institution, and their familiarity with different vaccine
safety systems.

In total, 69 survey responses were received. In addition, a participant
who did not fill out the survey sent an email to signal interest.

Interview Scheduling

To schedule interviews, we sent out links via Calendly, an online meeting
scheduling app, that provided participants the opportunity to select a time
that worked for them. Of the 69 individuals who completed the Qualtrics
survey, seven noted at this time that they no longer wanted to participate,
and 11 were in the CDC ISO group. Of the remaining individuals who
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expressed an interest in completing interviews, three canceled their inter-
views, one did not show up to their interview, and 17 did not respond to
interview scheduling requests.

Interviews

All interviews were held via Zoom. Individual interviews lasted approxi-
mately 60 minutes and our one small-group interview lasted approxi-
mately 90 minutes. Interviews were semi-structured; Westat developed
a set of core interview questions for each key informant group based on
Committee questions and research aims (see Appendix A), and additional
probes or follow-up questions were asked as needed and based on infor-
mants’ unique responses. The interview questions spanned an array of
topics related to vaccine safety research processes, agency/institutional
collaborations, resources, infrastructures, leadership, communications,
and others. Some topics were cross-cutting and asked of multiple key
informant groups, while other topics were only applicable to one group.

Cross-Cutting Topics

+ Relationship with/perceptions of CDC ISO

«  Sufficiency of vaccine safety resources and systems

+ CDC vaccine safety communications, public perception, and
influence

+  General experience during the PHE, suggestions for improvement
at 1ISO

Group-Specific Topics

+ Researchers: Vaccine safety research priorities and independence

+  Other federal agency staff: Resource allocation, coordination in
federal vaccine safety efforts

+ Healthcare professionals (HCPs): Use of CDC vaccine safety
systems

« External vaccine safety experts (VSEs): Use of CDC data and
collaborations

«  Public health officials (PHOs): Vaccine safety information access/
adaptation
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Topics Not Able to Be Addressed

The Committee expressed interest in and developed questions on staffing
and reporting structures within 1SO during the PHE, ISO organizational
issues, intra-CDC coordination, and the impact of ISO’s placement within
CDC. These questions were unique to CDC staff and ISO. Because we
were unable to interview this key informant group, these topics could not
be addressed. Additionally, questions around resource sufficiency were
generally answered by other key informant groups at a macro level, and
they provided limited insight on post-PHE changes.

Analysis

We interpreted participant’s responses using an iterative, multistep pro-
cess of coding, analysis, and synthesis of findings. Team members were
divided by key informant groups for each step.

Codebook Development

As we neared the end of data collection, the team collaborated on devel-
oping a codebook for both structural and thematic analysis based on
insights collected from the interviews. The codebook was designed to
be broadly applicable and capture information at a high level across key
informant groups. It included structural codes based on interview topics
and thematic codes that captured distinct issues specific to key informant
groups. Not all codes were relevant for all key informant groups, though
some codes were comprehensive, capturing the perspectives of multiple
key informant groups.

NVivo Analysis

We uploaded interview transcripts' to NVivo, a qualitative data analysis
program, to conduct structural coding based on interview topics and
thematic coding for specific concepts that were discussed. Transcripts
were organized in NVivo using case classifications, which categorized
transcripts by key informant groups.

Team members reviewed interview transcripts to code potential find-
ings according to the codebook and were encouraged to use annota-
tions to note any specific details for further analysis during the synthesis
phase. For a consistent and reliable application of the codebook, all team

" Interviews were transcribed by Rev.com unless the participant requested not to be
recorded. In those handful of cases, a second researcher participated in the interview to
note-taking purposes.

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

132 VACCINE RISK MONITORING AND EVALUATION

members first coded the same transcript and discussed which codes
could use further specificity or a refined definition. Once completed, the
remaining transcripts were divided among the team for individual coding.
Team members met on a weekly basis to ask questions and discuss pre-
liminary findings during the coding process.

Synthesis of Findings

Once all coding was completed, the team used NVivo to run queries of the
codes and annotations of interview transcripts to generate coding results
(i.e., all the information coded to a specific topic and key informant group).
Team members first reviewed the coding results for each key informant
group, identifying reoccurring themes and shared perspectives within
groups as well as outlier perspectives. Then the team met to determine
whether themes emerging for a specific key informant group overlapped
with themes that came up in other key informant groups. Themes that
overlapped with more than one key informant group were considered
cross-cutting, and themes that were distinct to one key informant group
were considered group-specific.

C. FINDINGS: CROSS-CUTTING THEMES

Cross-cutting themes were categorized into three general thematic areas:
(1) Infrastructure, Resources, and Processes; (2) Coordination and Col-
laboration; and (3) Communication.

Infrastructure, Resources, and Processes

All participants were asked to describe the sufficiency of ISO’s and the
existing vaccine safety systems’ infrastructure, resources, and processes
during the COVID-19 PHE. As mentioned above, the study team’s inability
to interview CDC and ISO staff members meant that some facets of ISO’s
infrastructure, including reporting structures, internal organization and
processes, and the influence of ISO’s placement within CDC, could not be
investigated. Participants across all groups shared strong positive reac-
tions to the increase in resources and processes put in place in response
to the PHE, as well as ISO leaders’ qualifications and strong response to
the pressures of the PHE. However, researchers and VSEs shared that
even this bolstered infrastructure was still insufficient in several ways
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during the PHE, and they shared several suggestions for developing an
infrastructure better prepared for future crises.

Successes

Increased resources and funding during the PHE

Multiple groups reported increased resources and funding allocated
toward vaccine safety during the PHE, and these increases facilitated
strong research and an effective PHE response. All federal agency staff
felt they had the resources needed to ramp up vaccine safety efforts dur-
ing the PHE (e.g., due to additional funding, they had the ability to hire
more staff). A few CISA and VSD researchers also felt that the influx of
funding and staffing facilitated an effective emergency response.

Effective structures and processes during the PHE

Multiple groups described successes tied to the structures and processes
of federal vaccine safety systems. All federal agency staff agreed that
established processes at CDC, the FDA, and other agencies worked well
during the PHE, and that what changed the most was the frequency, inten-
sity, and/or speed of work. These participants noted the value and impor-
tance of already having the systems, relationships, and communication
mechanisms in place to enable what they saw as a successful response
to the PHE. All CISA researchers noted that the existing infrastructure
and relationships within CISA and between CISA and ISO enabled effec-
tive clinical and research responses. A few CISA researchers specifically
mentioned the effectiveness of the co—principal investigator structure that
prepared each CISA institution for the eventual retirement of its “founding
principal investigator” (PI) by training their successor on the job through
co-PI status. All VSD researchers thought the infrastructure and contract
structure of VSD facilitated rapid and responsive research during the
PHE.

Two federal agency staff also noted that new vaccine safety study
protocols and tools developed during the PHE (e.g., V-safe) have had a
lasting impact, as they are being adapted for other needs and can help
with future PHE preparedness.

Effective leadership during the PHE
Several groups indicated that CDC I1SO “did the best they could” with

the vaccine safety resources they had available during the PHE. Most
VSD researchers noted CDC ISO leadership (and specifically, the CDC
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ISO director and VSD lead) was effective and collaborative during the
PHE. Most CISA researchers also spoke highly of ISO leadership during
the PHE, for example, noting their effectiveness at navigating bureau-
cracy, fostering a collaborative spirit, and mobilizing resources. One
CISA researcher praised ISO’s pandemic-era CISA Team Leader for her
outstanding capacity to expedite project launches despite bureaucratic
hurdles.

Challenges

Additional resources and infrastructure were needed during the PHE

Despite the robust existing vaccine safety infrastructure and the increased
resources and funding during the PHE, most groups stated that these
were still insufficient, and more resources and funding were needed.

All CISA researchers and most VSEs noted that CISA’s funding,
prioritization, and awareness- building resources were insufficient. VSEs
noted that CISA particularly lacked the infrastructure for adverse event
follow-up. Most VSEs also thought that VSD was limited by its size and
funding, and half the VSEs felt V-safe had insufficient infrastructure to
support adverse event follow-up.

Although they viewed VSD’s database as large, a few VSEs noted it
did not have enough data to stratify adverse events by subpopulations.
Additionally, one VSE described challenges gaining access to VSD’s data,
which needed to be provided by the VSD team.

Recommendations

More proactive systems supported and sustained by a robust
infrastructure

All external VSEs and some CISA researchers called for a more proac-
tive and robust vaccine safety infrastructure, including more funding,
resources, and adverse event follow-up efforts. All VSEs advocated for
increased and sustained funding and resources put toward vaccine safety
systems and research. A few CISA researchers suggested that the infra-
structure developed during the PHE needs to be used more proactively,
rather than reactively, to prepare for potential future pandemics; nota-
bly, by maintaining communication channels between researchers and
frontline providers that were developed during the PHE and leveraging
the large groups of researchers and experts brought together for clinical
consultations during the PHE to anticipate and study future vaccine safety
questions.
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Coordination and Collaboration

Interview protocols for VSD and CISA researchers and other VSEs
included questions exploring how successful or challenging it was to
work with CDC during the COVID-19 PHE. Because of this, findings
on coordination and collaboration primarily reflect the perspectives of
these research-focused groups and cannot be generalized to other key
informant groups or entities. Overall, interviewees shared mostly posi-
tive experiences collaborating with CDC on vaccine safety research.
However, some researchers encountered challenges and delays in CDC
approval and publishing processes, which also posed potential risks to
their research independence. Notably, VSD and CISA researchers shared
conflicting perspectives on whether their level of input into research pri-
orities was sulfficient for effective collaboration. Based on interviewees’
feedback, recommendations to improve coordination and collaboration
include reducing barriers to CDC’s approval and publishing of research,
and enhanced coordination between CDC and other federal agencies.

Successes

Effective partnerships between CDC and other researchers

Interviewees across several groups described positive experiences work-
ing with CDC staff. Nearly all VSD researchers and federal agency staff
characterized their relationship with CDC as a collaborative and respectful
partnership. Some VSEs echoed this sentiment, noting that ISO staff were
responsive to their questions and keen to share information. Most CISA
researchers felt that the 1ISO team demonstrated strong leadership and
communications skills during the PHE, developed positive and productive
relationships with contracted researchers, and were effective in establish-
ing the infrastructure and administrative support needed to sustain CISA
research and clinical consideration activities.

Challenges

Delays and barriers in research publishing and approval processes

Most VSD and CISA researchers, and a few VSEs, described challenges
with CDC'’s research clearance and publishing processes. They noted that
the review process could be slow and cumbersome, sometimes delaying
the distribution of time-sensitive research findings. A few VSD researchers
thought there were too many separate rounds of review, or that the clear-
ance process included reviewers who did not have appropriate expertise
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to effectively and efficiently review manuscripts. One VSE described an
experience in which concerns regarding potential Freedom of Information
Act (FOIA) requests significantly delayed their research being published.

While most interviewees’ concerns pertained to clearance and review
processes, some researchers also described barriers related to award
and approval processes. Most CISA researchers agreed that the yearly
timeline for proposal awards is too slow and too rigid, preventing research-
ers from studying quick-turnaround events such as seasonal vaccine
administrations.

Potential risks to research independence during the
publishing process

Afew VSD researchers described scenarios during the PHE in which CDC
reviewers suggested changes that the VSD researchers did not agree
with during the clearance process. In two of these cases, researchers per-
ceived that the issue stemmed from reviewers lacking adequate expertise
to understand and interpret the study design and findings. One of these
researchers noted they were able to provide input to ensure CDC commu-
nications about the study accurately reflected its findings, while another
researcher explained that they were unsure how to get their publication
cleared without having to accept the edits that they disagreed with.

Another VSD researcher shared an instance in which CDC review-
ers outside of ISO wanted to highlight and overstate a potential vaccine
benefit identified in their study. The researchers who conducted the study
believed the finding of this potential vaccine benefit was untrue and likely
resulting from bias, and they strongly disagreed with any mention of
potential vaccine benefits when the study was designed to assess vac-
cine safety risks. The researchers involved had to repeatedly emphasize
and explain this distinction to CDC staff throughout the clearance process
to ensure communications about their study stayed accurate. One VSE
also noted challenges and delays tied to cooperative agreements requir-
ing CDC staff to coauthor publications with them, since this requires their
research to be vetted by government clearance processes and reduces
scientific independence. They noted this contrasts with NIH, which does
not require NIH staff to coauthor publications.

Mixed Perspectives

Level of involvement in setting research priorities

VSD and CISA researchers held contrasting views regarding their involve-
ment throughout the research process, particularly in setting research
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priorities. All VSD researchers noted they were able to provide input on
research priorities and propose vaccine safety studies. They described
the research priority setting as a collaborative and iterative process with
CDC rather than a hierarchy in which CDC would have given rigid task
orders to researchers. A few CISA researchers shared this perspective
and noted that they were involved to some extent in priority setting.

However, most CISA researchers wished that they could have been
included earlier in the priority- setting process and desired greater flexibil-
ity to collaborate with CDC. VSEs were split between these two perspec-
tives; a few agreed that they were sufficiently involved in the process, and
a few wished they could have been more involved.

Recommendations

Improve collaboration and coordination of vaccine safety informa-
tion among federal agencies and more broadly

While CDC’s collaboration with researchers was largely characterized
as effective during the PHE, interviewees from various groups called
for increased coordination between CDC and other entities. All federal
agency staff and some VSD researchers and external VSEs agreed there
is a need for CDC to better coordinate and streamline vaccine safety
research and communications with other federal agencies, including the
FDA, NIH, the Department of Defense (DoD), Department of Veterans
Affairs, and Indian Health Service. A few interviewees mentioned that
federal agencies appeared siloed and have limited communication despite
conducting work related to that of other agencies. One VSE described
how federal agencies collaborated more during the COVID-19 PHE and
other PHESs; however, these enhanced collaborations were temporary,
and they emphasized a need to sustain this level of collaboration over
time.

Additionally, one PHO emphasized the need for CDC and federal
agencies such as the Administration for Strategic Preparedness and
Response to share information and updates with states immediately and
specifically recommended increasing the frequency of multistate confer-
ence calls during PHEs.

Streamline processes to speed up study development and publica-
tion clearance

Most CISA researchers, some VSD researchers, and a few VSEs agreed

that barriers and delays in study development and publication clear-
ance processes need to be addressed. VSD researchers shared possible
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approaches for speeding up or streamlining the process, such as having
multiple rounds of review happen simultaneously, only including review-
ers with appropriate expertise, and better defining or limiting the scope of
CDC'’s review process. One VSE wished CDC'’s cooperative agreements
for publications could be eliminated. CISA researchers suggested that
ISO begin consulting researchers earlier in the development of its public
health priorities in order to better align study teams with reviewers; that
ISO offer flexibility around proposal timing in any way possible; and that
a “careful [but] not overly conservative” response to political pressures,
including susceptibility to FOIA requests, would reduce operational barri-
ers to publication.

Communications

Interview protocols for all key informant groups investigated participants’
perceptions of CDC and ISO’s public-facing communication strategies,
public vaccine safety awareness, and public perceptions of ISO. Broadly,
participants across groups praised the accuracy, credibility, and timeliness
of ISO’s public communications, with PHOs and HCP's yielding additional
insights regarding their own efforts to make 1SO’s vaccine safety informa-
tion more accessible. However, PHOs and HCPs also described a mul-
titude of barriers posed by widespread misinformation and limited public
awareness of ISO’s vaccine safety systems. CDC-funded researchers and
HCPs suggested several tactical and structural changes to improve the
accessibility of and public trust in CDC'’s vaccine safety communications.

Successes

Transparency, timeliness, and reliability of vaccine safety information

Participants across multiple key informant groups largely perceived CDC’s
vaccine safety information as transparent, timely, and reliable. A few
PHOs, VSEs, and HCPs noted the value of ACIP in relation to the quality
of CDC’s vaccine safety information, with a few VSEs and HCPs spe-
cifically describing ACIP as being transparent and responsive. All PHOs
commended the speed at which CDC produced and disseminated vaccine
safety information, with a few noting that CDC was successful despite the
challenging circumstances of the PHE. One CISA researcher also noted
that high-impact research findings were disseminated very rapidly.

Most PHOs also touched on the reliability of CDC’s vaccine safety
information. They described CDC as a trusted resource throughout the
pandemic and noted that they encouraged the public to trust CDC’s guid-
ance as well.

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

APPENDIX C 139
Usage of accessible and tailored communication strategies

PHOs and HCPs both reported using accessible and tailored communi-
cation strategies to ensure underserved groups received vaccine safety
information. For example, all PHOs explained that vaccine safety com-
munications were translated into different languages and adapted for dif-
ferent reading levels. A few PHOs and HCPs also described using trusted
messengers or community representatives to disseminate information to
underserved populations.

Accurate representation of CDC-funded research in CDC’s public-
facing communications

All CISA and most VSD researchers agreed that their research was accu-
rately represented and described in CDC’s public-facing communications.
One VSD researcher shared an example in which CDC staff consulted
the researchers before presenting study findings to ensure they were
not misinterpreting or misstating study results. Federal agency staff also
reported no significant disagreements with CDC on the interpretation or
reporting of vaccine safety signals.

Challenges

Limited knowledge of ACIP and vaccine safety systems

Most VSEs and HCPs agreed that the public has limited awareness or
understanding of ACIP and ISO’s vaccine safety systems, and this posed
substantial barriers to effective vaccine safety communication. Most of the
HCPs who were interviewed were all affiliated with ACIP in some capac-
ity and noted that their colleagues, administrators, and patients generally
had little or no awareness of ACIP and vaccine safety systems; therefore,
they served as their workplaces’ primary source of information during
the PHE. One HCP described how the substantial lack of awareness in
their workplace inhibited patient and clinician use of the vaccine safety
systems. A PHO corroborated that they frequently needed to include an
explanation about the Vaccine Adverse Event Reporting System (VAERS)
in communications materials.

Misinformation and responding to public concerns
All HCPs and most PHOs cited misinformation as a pervasive barrier to

effective vaccine safety communication, and they reported that CDC did
not thoroughly respond to or refute instances of misinformation. HCPs
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unanimously stated that CDC’s spokespeople and communications staff
did not comprehensively address public concerns arising from misinfor-
mation, noting that CDC communications staff failed to address legitimate
questions or concerns from the public possibly because the questions
were regarded as unscientific or silly. Furthermore, all HCPs agreed that
CDC’s ineffective response to misinformation hampered their own vaccine
safety communication efforts. Almost all PHOs reported that misinforma-
tion posed major communication challenges; however, several said they
developed processes to address it during the PHE. These processes are
described in more detail in Section D along with other successes reported
by PHOs.

Recommendations

Improve accessibility and clarity of public-facing vaccine safety
communications

While many interviewees commended the transparency, timeliness, and
reliability of CDC I1SO’s vaccine safety information, some still felt there
was room for improvement. All CISA and most VSD researchers sug-
gested making communications more accessible to the public, for exam-
ple, by translating research findings into plain language. Several PHOs
agreed and specifically suggested that CDC communication materials be
made accessible at the beginning of or early in a PHE to ensure quick
dissemination to the public, rather than requiring additional time and steps
to adapt language later.

All VSEs and several VSD and CISA researchers emphasized the
importance of CDC effectively balancing the goals of informing the public
of vaccine safety issues while still promoting public trust in vaccines. A
few CISA researchers and a few VSEs felt that CDC should more clearly
communicate the level of evidence or support for different vaccine safety
signals. For example, they thought it would be useful for CDC to differ-
entiate between safety signals identified in unverified VAERS reports and
safety signals identified in rigorous studies, since some safety signals with
little supporting evidence could be taken out of context by the public and
used to draw inaccurate or incomplete conclusions.

Strengthen vaccine safety communications capacity

Interviewees from multiple groups provided suggestions for bolstering the
capacity of CDC'’s vaccine safety communications. All HCPs advocated
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for more resources and funding toward communications. Most CISA
researchers desired to contribute to public-facing communications about
their research findings to ensure accurate presentation of data; they
recommended that CDC specifically allocate funding with the purpose
of involving researchers in communications development. Most HCPs
strongly recommended having credentialed health professionals with neu-
tral political stances serve as CDC’s spokespeople for vaccine safety
communications to increase public trust.

D. FINDINGS: DISTINCT THEMES BY GROUP

CDC VSD Sites

Vaccine Safety Datalink (VSD) is a collaborative project between CDC
ISO and healthcare organizations across the United States. VSD moni-
tors the safety of vaccines and conducts studies about rare and serious
adverse events following immunization. The group of VSD researchers
interviewed were leaders from seven of the 13 sites who each had exten-
sive experience planning and executing vaccine safety studies. The group
included multiple VSD site Pls or co-Pls, many of whom were physicians,
epidemiologists, or biostatisticians. These researchers have published
numerous studies and made recommendations to ACIP. All interviewees
were a part of VSD during and after the COVID-19 PHE.

Successes

VSD researchers agreed that the infrastructure of VSD was highly effec-
tive in supporting their work during the COVID-19 PHE.

VSD infrastructure facilitated rapid and responsive vaccine safety
research

As noted in theme “Effective structures and processes during the PHE”
in Section C above, VSD researchers reported that the infrastructure and
contract structure of VSD enabled them to rapidly respond to vaccine
safety research needs during the COVID-19 PHE. While this perspective
was not exclusive to VSD researchers, it is worth noting that this per-
spective was unanimous among interviewed VSD researchers, several of
whom shared additional details on the topic. One researcher mentioned
specifically that the umbrella contract structure of VSD eliminated some
of the bureaucratic hurdles that can hinder collaboration common in other
types of contracts. Another researcher noted that their team was able to
plan for COVID-19 vaccine safety research well in advance; this enabled
them to begin studies as soon as vaccines were authorized. They added
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that key research elements, such as necessary data use agreements,
project management processes, and communications streams, were all
already in place.

Challenges

VSD researchers described confusion regarding communication
responsibilities as being a challenge during the PHE.

Unclear who was responsible for communicating vaccine safety
findings

Some VSD researchers felt they did not receive clarity regarding who was
responsible for sharing findings from VSD studies with the public. Specifi-
cally, a few researchers described feeling unsure as to who was ultimately
responsible for communicating vaccine safety findings—CDC ISO, CDC
staff from other departments, or the VSD researchers themselves. One or
two interviewees noted that VSD researchers do not typically have exper-
tise in research communications and would require additional support if
they were to play a larger role in sharing study findings.

Recommendations

VSD researchers provided several suggestions for improving vaccine
safety communications.

Better support and coordination for vaccine safety communications

Although multiple key informant groups called for improved vaccine safety
communications, VSD researchers shared several distinct recommenda-
tions for these communications. A few VSD researchers felt it would be
valuable to adapt their study findings for communication formats besides
academic journals, such as news articles and social media posts. One
researcher also felt it would be valuable to distribute educational flyers or
videos about their studies with participating health systems that contribute
data to VSD. Several researchers who provided these recommendations
noted that they would need additional support and more communications
expertise to adapt study findings for communications that target various
audiences. Lastly, a few researchers recommended that CDC regularly
update the VSD website to ensure information about VSD and its research
processes remain current and are easy to find.
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CDC-Funded Researchers: CISA

The group of CISA researchers interviewed was made up of five lead-
ers from five of eight medical research centers involved in CISA nation-
wide, with decades of collective experience planning and executing CISA
research and clinical consultation tasks. This group included multiple
CISA site Pls, medical professionals with extensive backgrounds in sev-
eral specializations, and authors and leads of numerous vaccine safety
studies and clinical trials. All interviewees had experience working on
CISA efforts before, during, and after the PHE.

Successes

CISA researchers spoke at length about the effectiveness of ISO’s leader-
ship, infrastructure, and resource allocation during the PHE. These suc-
cesses are discussed in “Successes” in Section C above.

Challenges

CISA researchers had unique concerns about their limited ability to con-
tribute to public health communications, the level of public awareness of
CISA’s activities and publications, and the recent staff turnover at 1SO.

Division between researchers and public-health communications
may limit impact of research

Most CISA researchers described how the division between research and
public-health communications functions within 1SO limited the potential
impact of their research and expertise on public awareness and vaccine
safety. Several pointed out that CISA researchers, with their unique com-
bination of clinical experience and specialized vaccine safety research
knowledge, could provide valuable consultation on communications mate-
rials and talking points for doctors and PHOs, but the current structure of
CISA restricts them from contributing to many public- health communica-
tions efforts.

Concerns about readiness after turnover at ISO
Most CISA researchers expressed concerns about the long-term readi-
ness and capacity of ISO’s staff, particularly after a period of signifi-

cant turnover following the PHE. One CISA researcher also pointed out
that ISO’s interdepartment rotation program reduces each department’s
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efficiency by temporarily depriving teams of the “institutional awareness”
of experienced staff.

Although they generally spoke highly of the communication, leader-
ship, and expertise of the ISO leaders in place during the PHE, these
researchers spoke at length about the unique skill set needed for ISO to
function well. They mentioned strong leadership, communication skills,
flexibility, and the ability to navigate bureaucracy as vital characteristics
for ISO staff. To these points, researchers described a great loss of insti-
tutional knowledge at ISO due to turnover that occurred between the PHE
and the present day, which has reportedly impacted ISO’s ability to navi-
gate the overlapping bureaucratic structures of CDC, state public health
systems, and academia.

Rigidity of ISO processes

Most CISA researchers noted there were challenges with rigidity and
inefficiency in 1ISO’s organizational structure, highlighting the restrictive
timelines of ISO research grant applications and a restrictive adherence
to CDC and ACIP public health priorities during study selection. A few
researchers specifically expressed concerns about the current ISO man-
agement and communications teams being restricted by the priorities of
CDC leadership, positing that this hampers I1ISO’s capacity to communi-
cate effectively rather than “toeing the line” and worrying about “saying
things the right way.” Researchers described how these tendencies can
limit research teams’ ability to work flexibly and independently, though
CISA researchers did not share VSD researchers’ concerns about direct
ISO influence on research products and spoke highly of ISO’s accurate
portrayals of their research in communication products.

A few CISA researchers also mentioned they had greater clinical
consultation capacity than was utilized during the PHE, and that 1SO
restricted the number of cases they were referred to avoid overwhelming
CISA staff. Notably, this description stands in contrast to the perceptions
shared by most VSEs, who perceived that CISA lacked the infrastructure
to keep up with incoming adverse event reports during the PHE.

Awareness of CISA as a body is low, hampering impact of
research results

Although they spoke highly of the short-term funding allocated during the
pandemic (discussed in Section C), several CISA researchers expressed
concern about the resources allocated to driving awareness and scal-
ing of CISA research on an ongoing basis. Regarding ISO funding and
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programmatic support, they described the treatment of CISA as a “little
sibling” of VAERS and VSD, calling for more egalitarian support for CISA
and better integration between the three systems. They described how
limited public awareness of CISA reduces the number of HCPs and
members of the public who seek out its research products and limits its
potential to improve vaccine confidence through research dissemination.

Recommendations

CISA researchers included some basic suggestions for improvement in
their descriptions of the challenges described above. They also offered
recommendations for better integrating research teams into ISO’s
research priority-setting process.

Desire for researchers to be more involved in study or grant
priority setting

Almost all CISA researchers described how, in earlier iterations of the
CISA program years before the PHE, ISO’s process for designating
research priorities was more researcher-driven. However, in more recent
years, they mentioned that priorities were mostly discussed internally
within CDC, with the process being a “black box” from the researcher’s
perspective. Several researchers mentioned that they did approve of
CDC'’s research priorities and that they were consulted to some extent
in recent years, but others asked to be more included. They proposed a
start-of-year meeting between ISO and its funded researchers to gauge
priorities among the research community, and in one case called pas-
sionately for academics to be more involved in the development of project
best practices and funding priorities, referring to the strict imposition of
a “top-down CDC way” in recent years. As mentioned in Section C, VSD
researchers described a much more positive account of their own involve-
ment in priority setting.

Healthcare Professionals

Interviewed HCPs (n=4) worked in a variety of settings, including clini-
cal, academic, and nonprofit institutions. It is important to note that all
interviewed HCPs were affiliated with ACIP, and not all were practicing
clinicians during the COVID-19 PHE; as such, they sometimes referred
to the experiences or perspectives of colleagues who were practicing and
had direct interactions with patients during that time. Interviews with HCPs
focused on understanding their perceptions of and experiences with the
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four vaccine safety systems, as well as professional- and public-facing
vaccine safety communications.

Successes

HCPs described successes in using targeted approaches to communicate
vaccine safety information to underserved patient populations.

Trusted community representatives helped with communicating
vaccine safety information to patients from underserved groups

Half the HCPs noted that using trusted community messengers was
an effective approach for communicating vaccine safety information to
patients from underserved groups. For example, they described having
female and Black clinicians share information with pregnant and Black
patients, respectively. Half the HCPs also mentioned that effectively com-
municating with underserved patients was especially important since they
had less access to information and more often expressed vaccine-related
concerns.

Challenges

As mentioned previously in the discussion of the “Communications” theme
in Section C, most challenges reported by HCPs were tied to vaccine
safety communications.

Clinicians, health administrators, and patients had limited
awareness of ACIP and vaccine safety systems

Most HCPs reported that their colleagues, institution’s leaders, and
patients had limited or no awareness of ACIP or the vaccine safety sys-
tems during the COVID-19 PHE. Some HCPs indicated that if they had not
mentioned ACIP or the vaccine safety systems at their workplaces, their
colleagues, leaders, and patients would likely not have been informed
about these topics. However, they noted that some patients may have
seen related information on social media.

Lack of refutations to misinformation hindered the effectiveness of
communications

All HCPs expressed that CDC did not effectively refute misinformation
about vaccine safety, nor did they thoroughly address public concerns
regarding vaccines during the COVID-19 PHE. They described CDC’s
communication approaches as rigid and using technical jargon, which
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ultimately failed to address questions from the public that were perceived
as silly or unscientific.

Recommendations

To overcome the challenges described above, HCPs recommended that
CDC enhance the capacity and credibility of their communication efforts.

Increase funding for vaccine safety systems education and
communications

All HCPs called for significant increases in the amount of funding allo-
cated to CDC'’s vaccine safety communications, as well as more public-
facing vaccine safety education initiatives and enhancements to CDC’s
communication infrastructure and processes.

Utilize a credentialed, unbiased professional as vaccine safety
spokesperson

Most HCPs recommended that CDC appoint a credentialed health profes-
sional who is unbiased and not politically driven to be a vaccine safety
spokesperson to communicate information externally. HCPs indicated that
designating a spokesperson who has these qualities is crucial for building
public trust in vaccines and improving the coordination of vaccine safety
information.

Vaccine Safety Experts

VSEs (n=6) were primarily external researchers focused on vaccine
safety. Interviews with VSEs aimed to understand their experiences using
the four vaccine safety systems, perceptions regarding data transparency,
and experiences with publishing vaccine safety research.

Successes

Most successes reported by VSEs pertained to ACIP’s transparency dur-
ing public-facing meetings and specific components or attributes of the
four vaccine safety systems.

Data transparency was valuable in ACIP meetings

Half the VSEs described the value of ACIP openly sharing vaccine safety
information during their public-facing meetings throughout the COVID-19
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PHE. A few VSEs mentioned they felt it was ACIP’s “duty” or “role” to
be transparent with the public. One VSE mentioned that ACIP was also
responsive to safety concerns brought forward by clinicians during their
meetings.

Vaccine safety systems’ benefits: CISA’s case consults, VAERS’
rapid surveillance methods, V-safe’s text capabilities, VSD’s
scientific rigor

Most VSEs reported that CISA’s case consultations were valuable. Specif-
ically, they noted that CISA’s clinician consultants efficiently provided indi-
vidual-level vaccine safety recommendations, and they also liked CISA’s
structure, which is composed of clinicians proactively working together to
address adverse vaccine events. Most VSEs mentioned that VSD'’s level
of scientific rigor, active surveillance methods, and wide scope and reach
were highly valuable for research. Half the VSEs reported that VAERS’
rapid surveillance methods were efficient for quick signal detection and
data collection and analysis. Additionally, half the VSEs liked V-safe’s
text message capabilities; one VSE described how this modality of com-
munication conveyed to the public that researchers were interested in
addressing and responding to their adverse events.

Challenges

Challenges reported by VSEs pertained to pitfalls or limitations of the four
vaccine safety systems, as well as barriers associated with prioritizing and
publishing vaccine safety research.

Vaccine safety systems’ limitations: VAERS data can be misused,
CISA’s case consults were underutilized, V-safe has limited infra-
structure, VSD has limited data

All VSEs reported that VAERS data were misused or misinterpreted and
had limited scientific rigor due to its passive surveillance methods. They
discussed specific limitations of VAERS, including that its data was under-
reported, biased, and incomplete due to self-reporting, and that it lacked
clear case definitions. Most VSEs perceived that CISA is significantly
underfunded, underused, and has insufficient infrastructure to follow up
on all reported adverse events. Half the VSEs also mentioned that V-safe
lacked sufficient infrastructure to support adverse event follow-up, similar
to CISA. They noted that the initial intention of V-safe’s text messaging
service was to respond to all individuals who reported adverse events;
however, they felt that V-safe’s staff quickly became overwhelmed by the
number of messages and were unable to respond to them. Finally, most
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VSEs noted limitations of VSD’s structure; these included observations
that VSD'’s database did not always have sufficient data to stratify adverse
events by subpopulations (e.g., different age groups) and VSD’s data was
more difficult to access than VAERS.

Cooperative agreements and prioritization of leaders’ research
interests

Some VSEs described challenges associated with prioritizing and publish-
ing or sharing vaccine safety research. Two VSEs reported each of the
following challenges: delays in publishing research due to CDC coopera-
tive agreements that required a CDC employee to coauthor manuscripts;
CDC ISO’s reluctance to pursue or publish research that does not align
with leaders’ interests or may be deemed as controversial; and insufficient
collaboration between CDC ISO, other federal agencies, and external
vaccine researchers and institutions.

Recommendations

Overarching recommendations from VSEs pertained to increasing the
structural capacity, funding, and resources put toward vaccine safety
systems, both during and outside of PHE contexts.

More funding for vaccine safety system infrastructure, particularly
supporting follow-up to reported adverse events

All VSEs called for more sustained funding and resources put toward
vaccine safety systems. They indicated that the challenges encountered
during the COVID-19 PHE would repeat in the future if more funding and
resources are not allocated to these systems. Most VSEs specifically rec-
ommended that additional support be put toward reported adverse event
follow-up efforts to address the challenges described above.

Sustained interagency and external collaborations

Half the VSEs called for sustained collaborations among federal agen-
cies as well as with external institutions (e.g., academic institutions
and international organizations). They noted that CDC ISO is only one
“player” in the vaccine safety space, and that CDC ISO would benefit from
stronger partnerships with the FDA, NIH, DoD, and the Veterans Health
Administration.

Furthermore, some VSEs recommended that CDC ISO more pro-
actively work with and listen to vaccine safety researchers employed at
academic institutions and other organizations (e.g., the WHO).
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State and Local Public Health Officials

State and local PHOs (n=5) shared successes, challenges, and recom-
mendations regarding vaccine safety information sources and described
communication strategies for disseminating vaccine safety information to
the public. Due to the small sample size, we did not differentiate findings
by state and local perspectives.

Successes

PHOs found value in collaborative partnerships and continued to dissemi-
nate accurate and reliable sources of information to the public despite
misinformation challenges.

Positive, collaborative relationship between state and local health
departments and other partners

Sustaining partnerships was integral for mobilizing and disseminating a
consistent message within states regarding COVID-19 and vaccine safety.
Most PHOs described having positive, collaborative relationships within
their respective state and local health departments and with hospital
systems, healthcare providers, elected officials, law enforcement and
emergency services, and community partners. For example, one PHO
described their health department as a “regional hub” for supporting vari-
ous entities to effectively guide the public through the PHE.

Development of communication strategies to address the public’s
vaccine safety concerns and mitigate the spread of misinformation

Most PHOs recognized there were sources of misinformation that could
influence vaccine safety communication efforts. Some PHOs discussed
the importance of developing processes for acknowledging and address-
ing public concerns, even if they were unfounded or “silly,” and they
described a few strategies they used to get ahead of the spread of
misinformation. One PHO’s health department reported success using a
vaccine safety hotline to address the public’s questions and concerns and
hiding any posts or comments that were spreading misinformation on the
health department’s social media platforms. Another PHO encouraged
frontline staff at vaccine clinics to leverage one-on-one conversations
with patients as an opportunity to connect and encourage vaccine trust.

Challenges

PHOs experienced challenges navigating misinformation and constant
changes to public health and vaccine safety guidance.
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Misinformation was a persistent public-health and vaccine-safety
communication issue

Many PHOs described misinformation as a primary contributing factor to
vaccine hesitancy and distrust. Some PHOs described how conflicting
public health guidance provided early in the COVID-19 PHE fueled public
confusion and concern; for example, rapidly changing guidance regard-
ing masks was viewed as unclear. One PHO attributed vaccine distrust
and confusion to publicizing the vaccine manufacturing process without
providing adequate context for the years of research and testing that
contributed to the vaccine’s development. Nearly all PHOs mentioned that
unverified VAERS reports often fueled public misinformation.

CDC'’s public health and vaccine safety information was unclear
and delayed at times

All PHOs understood that COVID-19 and vaccine safety information rap-
idly changed as research evolved during the PHE; however, many PHOs
struggled to identify guidance updates. Some PHOs described CDC’s
website as a “tangled web” that can be challenging to navigate even
for the most experienced individuals. Another PHO expressed frustra-
tion with learning information at the same time as the public and feeling
unprepared to address the public’s questions without adequate notice of
updated guidance.

Recommendations

PHOs suggested improvements on how to provide clear and complete
public health and vaccine safety information and minimize the potential
for misinformation to erode public trust in the process.

Acknowledge guidance will change as new data emerges

Although all PHOs found it challenging to keep up with rapidly changing
guidance, they appreciated CDC’s transparency in informing the public as
new data emerged. A few PHOs encouraged CDC to consider acknowl-
edging unknown circumstances at the onset of PHEs to minimize confu-
sion or skepticism when guidance changes.

Clearly identify changes to vaccine safety guidance
Most PHOs recommended that when changing prior or existing guidance,
CDC should clearly highlight the changes to make it easier for people to

identify new or updated information. They also recommended that com-
munications be dated and time-stamped and include a summary of what
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changes were made and why so that PHOs can efficiently identify and
then disseminate updated guidance to the public.

Develop a provider-facing and public-facing system for
VAERS reports

Some PHOs recommended CDC develop a provider-facing and public-
facing system for VAERS reports. PHOs appreciated having VAERS
reports as a reference when talking to patients who experienced an
adverse event, but PHOs encouraged CDC to consider a public-facing
system that contextualizes the adverse events to help the public better
understand vaccine risk and the role of reporting systems as a vaccine
safety tool.

E. CONCLUSIONS

This qualitative study assessed key informants’ views regarding CDC
ISO’s systems, methods, and processes pertaining to COVID-19 vaccine
safety during the U.S. COVID-19 PHE. Key informants, who included
federal agency staff, CDC-funded researchers, HCPs, outside VSEs, and
state and local PHOs, shared perspectives reflecting an array of profes-
sional disciplines integral to vaccine safety and communications during
the PHE.

Study Limitations

Although this study yielded important insights regarding CDC 1SO and
vaccine safety efforts, it had a low sample size, with n<7 participants from
each key informant group. The perspectives expressed by participants in
this study are not necessarily generalizable to other researchers, HCPs,
VSEs, or PHOs. Westat’s pool of participants was derived essentially
from a convenience sample, as opposed to a randomly drawn sample
from the full population of each key informant group. While this approach
was appropriate for the Committee’s aims and the available time and
resources for conducting the study, there are unavoidable selection and
sampling biases inherent in this approach. For example, the population
of HCPs during the PHE is much greater than Westat or NASEM could
identify, sample, and conduct outreach to for this study. However, for VSD
sites, we were able to start with a complete population and reach a much
larger proportion of sites.

Numerous study participants were connected with ACIP in some
capacity and/or shared perspectives from roles other than those tied to
their key informant group (or those that occurred outside the COVID-19
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PHE). Thus, some participants’ responses were not necessarily repre-
sentative of non-ACIP-affiliated professionals and/or could have been
affected by recall bias. Some participants referenced their colleagues’ or
patients’ perspectives in response to certain questions for which they had
limited knowledge.

Most importantly, Westat was unable to interview individuals who
were employed at CDC during the COVID-19 PHE, per direction from
CDC ISO leadership. As such, perspectives from this critical key informant
group were missing from our analysis. Additionally, only a very limited pool
of other federal staff working with ISO were able to be identified.

Other limitations of this study were tied to interview durations, par-
ticipants’ unwillingness or inability to answer certain questions, and the
potential for additional biases in the small-group interviews. Regarding
interview durations, Westat was not always able to ask all questions on
the interview guides if participants provided extensive details or wanted
to focus on specific topics. Additionally, some questions were deemed not
applicable to certain participants due to their lack of personal experience
or perspectives regarding those topics. Participants may have also limited
their responses to certain questions due to concerns regarding political
sensitivities associated with the topic of vaccine safety. In the hand-
ful of small-group interviews consisting of two participants, participants’
responses could have been influenced by peer responses and social
desirability biases.

Finally, this study primarily focused on processes during the PHE. As
a result, the findings may not reflect current CDC policies and procedures.

Overarching Findings

Despite the limitations discussed above, the results of this study can be
used to provide insight into the strengths and limitations of the systems
and processes in place during the PHE and the array of challenges faced
by these key informant groups, as well as to identify potential improve-
ments for further examination and areas for additional research and
evaluation.

Successes and Challenges

Overall, key informants reported that CDC ISO’s COVID-19 vaccine safety
efforts were strong; however, they noted substantial challenges and pre-
sented recommendations to enhance CDC ISO'’s efforts moving forward.
With regards to infrastructure, resources, and processes, key informants
from most groups commended the existing structures of the four vaccine
safety systems (CISA, VAERS, VSD, and V-safe), enhanced processes
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during the PHE, and increased resources and funding during the PHE.
They emphasized that these fundamental operational components, com-
bined with CDC ISO’s effective leadership, enabled rapid COVID-19 vac-
cine safety research and emergency response efforts. However, they
conveyed that vaccine safety structures, resources, and processes were
still insufficient, and CDC ISO’s COVID-19 response would have been
stronger with additional funding and staff, and a more robust infrastructure.

Key informants’ perspectives regarding CDC ISO’s coordination and
collaboration with other agencies and researchers during the COVID-19
PHE were largely positive. CDC-funded researchers and VSEs shared
contrasting views regarding their level of involvement and ability to pro-
vide input into CDC ISQO’s vaccine safety research, especially priority
setting. Some CDC- funded researchers and VSEs expressed concerns
with CDC'’s research clearance and publishing procedures, which created
delays and reduced their scientific independence.

Regarding communications, key informants from multiple groups
perceived CDC’s and ACIP’s vaccine safety information as transparent,
timely, and trustworthy. CDC-funded researchers largely felt that their
findings were accurately represented in CDC’s public-facing communica-
tions. HCPs and PHOs described successes in adapting CDC’s vaccine
safety communications for various audiences. However, key informants
across multiple groups discussed pervasive challenges with COVID-19
and vaccine-related misinformation, and they indicated that CDC did not
thoroughly address public concerns or debunk misinformation. They also
noted that the public, other HCPs, and health administrators have limited
or no understanding of ACIP and the four vaccine safety systems, which
posed substantial barriers to effective communication during the PHE.

Recommendations

As discussed throughout this report, key informants presented recommen-
dations to address vaccine safety process and communication challenges
encountered during the COVID-19 PHE. Additionally, their recommenda-
tions aimed to strengthen future PHE preparedness and response efforts.

Key informants noted that it is of the utmost importance to con-
tinue building CDC ISO’s vaccine safety systems and infrastructure.
They recommended increasing and sustaining the amount of funding
and resources allocated toward the four vaccine safety systems over the
long term. Key informants also called for a more proactive approach to
monitoring and addressing potential vaccine safety issues. Additionally,
they recommended that CDC ISO increase and sustain their collabora-
tions with other federal agencies and external researchers/entities outside
of PHE contexts to ensure proactiveness and preparedness. Several
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CDC-funded researchers and VSEs described a need to alleviate barri-
ers with CDC’s research clearance and publication processes to reduce
delays and promote scientific independence.

To strengthen public awareness of and trust in vaccine safety efforts,
key informants recommended that more funding should be allocated to
CDC'’s vaccine safety communications, and that CDC’s vaccine safety
information should be shared externally by an unbiased spokesperson
who is credentialed in the health sciences. Lastly, key informants recom-
mended that CDC create more accessible vaccine safety information
materials and more clearly communicate the level of evidence for different
safety signals to strengthen the public’s trust in vaccines.

Areas Warranting Further Examination

The perspectives and experiences of these key informants suggest addi-
tional examination of issues and processes may be beneficial to CDC
ISO’s long-term improvement efforts. Regarding the infrastructure, sys-
tems, and resources for vaccine safety research and communication, a
full understanding of the scope and impact of any resource increases
occurring during the PHE is needed and warrants further study. Addition-
ally, further study is necessary to develop more detailed recommendations
regarding the appropriate amount of resources, staff, and funding that
should be allocated to specific vaccine safety systems, processes, and
communications.

Information on program specific resource changes and the inclusion
of agency staff perspectives would both benefit that examination.

Interviews with VSD and CISA researchers also suggest that struc-
tural and process differences in these two systems may be affecting their
views of the effectiveness of collaboration. As these systems have dif-
ferent objectives, their processes are necessarily different; however, the
identification of system-specific improvements requires more in-depth
study. Similarly, there may be value in deeper examination of methods for
ensuring engagement and collaboration with external VSEs and research-
ers. The small pool of external VSEs included in this study offered insights
on several vaccine safety systems that other key informants largely did
not raise.

Recommendations for process improvements across all four vaccine
safety systems requires additional input and further study.

Moreover, further examination of publication clearance challenges
and timeliness would be beneficial to more clearly identify and evaluate
process improvements. Case studies examining the factors influencing
the publication process for a sample of papers could help to facilitate the
development of specific recommendations.
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Lastly, a more targeted study of communication specialists within
CDC, other agencies, and at the state and local level (including Tribal
Health Service Areas) would offer valuable insights regarding vaccine
safety communication challenges and improvements. This study largely
included researchers and HCPs. To further investigate effective meth-
ods for tailoring vaccine safety communications for various audiences
(researchers, HCPs, and the public) and to ensure transparency and
understanding of research on safety signals, insights from communication
specialists in this area are needed.

APPENDIX A. INTERVIEW GUIDES

Introductory Script for All Interviews

Thanks very much for agreeing to speak with us. My name is (if appli-
cable: and I’'m here with .) We’re from Westat, a health and social policy
research organization. In early 2024, the Centers for Disease Control and
Prevention Immunization Safety Office (CDC 1SO) asked the National
Academies of Sciences, Engineering, and Medicine (NASEM) to evaluate
CDC ISO'’s systems, methods, and processes for monitoring COVID-19
vaccine safety during the COVID-19 public health emergency. We have
been funded by the NASEM to conduct confidential interviews and focus

groups as part of that consensus study.
We’'re conducting this interview with you today as part of this evalua-

tion. The goal of this discussion is to better understand key stakeholders’
perspectives regarding CDC ISO’s vaccine safety processes, priorities,
communications, and collaborations during the COVID-19 emergency.
We're speaking with individuals from numerous key informant groups,
including CDC staff, ISO contractors, staff from other federal, state,
and local health agencies, healthcare professionals, and other vaccine
researchers. Ultimately, insights shared through these interviews and
focus groups will be used to develop recommendations for sustaining,
maintaining, and strengthening CDC ISO’s vaccine safety monitoring
systems and communications.

We have a series of questions to guide our discussion. You may
not know the answer to every question, and there are no right or wrong
answers. We are interested in your individual perspective. Your participa-
tion in this [interview/focus group] is voluntary. If there are any questions
that you don’t feel knowledgeable about or don'’t feel comfortable answer-
ing, please let us know, and we will move on.

[Only if focus group/multi-person interview]: We will also be using a
tool called a Mural Board that allows you to anonymously comment and
respond to the discussion.
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You should have received a copy of the consent form via email prior to
this meeting. It explains much of the information | just reviewed, including
why we are conducting this [interview/focus group].

[Only if focus group]: As we noted there, because this is a focus
group, you all are of course aware of each other’s participation and will
have knowledge of each of your perspectives. We ask all of you to respect
the privacy of each other and not disclose other participants’ feedback.

Information gathered during our [interview/focus group] will be used in
combination with other interviews and focus groups in a summary report
which will be available on NASEM’s website. None of the information
you share with us today will be attributed to you personally in any way.
We are interviewing many people for this study, and we will paraphrase,
rather than direct quote, participants. Agency and organization names will
be mentioned, but again, no individuals will be directly identified. We’ll be
taking notes during our discussion, and if [you/everyone] agrees, we will
record this discussion as a backup to those notes.

Please note: the recording, transcript, and notes from our discussion
will be stored on Westat’s secure server and will only be accessible to
the Westat staff working on this study. Any sensitive material, including
personally identifiable information (PIl), will be redacted from transcripts
and notes. Recordings will be deleted upon review and redaction of PlI
from transcripts and notes. All other data, such as transcripts and analytic
files, will be destroyed after the overall study is completed and published.

Since this is a videoconference, we strongly encourage you to partici-
pate in a private setting away from others. Also, while we are employing
all appropriate security measures during this virtual interview, it is impor-
tant that you know that no system such as Zoom is 100 percent secure.

1. Do you have any questions?
2. Do you agree to proceed with our interview or not?
3. Do you agree to have this conversation recorded or not?

[Note to researchers: If the key informant does not give permission
to record, proceed with the interview. In this case, it is essential that the
non-interviewing researcher(s) on the team take extensive notes, captur-
ing as much detail as possible.]
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Federal Government Staff Guide

Interviewee’s Role

I'd like to start by learning about your work and area of expertise and
focus. This is to help us interpret your responses and analyze them. We
will not directly quote you or refer to your position directly in our summary
report.

1. What is your area of expertise/position?
2. What was your role or focus during the COVID-19 emergency?

Resource Allocation

We’'d like to learn about your experiences during the COVID-19 emer-
gency starting in March 2020 through May 2023. Let’s start by talking
about vaccine safety resource allocation.

w

. [P] Thinking back to the time of the COVID-19 emergency, how
did resourcing for vaccine safety evaluation, assessment and
research change?

4. Was additional funding made available to your agency? What
was the additional funding used for? What was impact (positive/
negative)?

. [P] Were additional staff hired/brought in to support vaccine safety
evaluation, assessment and research? What were their roles?

. [P] What was the impact of these changes?

. [P] Have programmatic resourcing increases (new efforts, new
staff, funding streams) targeted to Covid vaccine safety been
retained post COVID-19 emergency? If so, in what areas/what
ways?

()]

N O

Vaccine Safety Evaluation, Assessment and Research Priorities

8. How do you/ does your organization set priorities for vaccine
safety evaluation, assessment and research? How does that
align with CDC'’s priorities?

a. How effective is that process? Did it change during the
COVID-19 emergency, and if so, how?

9. [P] How do you/ does your organization engage with CDC ISO in
setting priorities for vaccine safety evaluation, assessment and
research?

a. [P] Is this engagement sufficient? How can vaccine safety
evaluation, assessment and research collaborations with
CDC ISO be improved?
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10. How do the evaluation, assessment and research priorities differ
between you/your organization (or office) and CDC I1SO?
a. How did that impact (benefit or hinder) your mission or overall
vaccine safety research?

Coordination in Federal Vaccine Safety Efforts

Our next several questions pertain to coordination efforts between numer-
ous organizations, systems, and processes that contribute to vaccine
safety.

11. [P] From your perspective, how robust and effectively coordinated
are vaccine safety efforts within the federal government?

12. Are coordination mechanisms adequate to prevent unnecessary
duplication of effort or to ensure optimal vaccine safety and
community?

a. If there are coordination gaps, what are they and what are
their impacts?
b. How could these coordination gaps be addressed?
13. [P] How could federal vaccine safety efforts be improved overall?

Public Communication

Lastly, we’'d like to discuss efforts pertaining to vaccine safety
communication.

14. What was your agency’s process for determining vaccine com-
munications content/messages?

15. [P] How was this process coordinated within your agency and
with CDC’s ISO and what other agencies or stakeholders were
involved?

16. [P] Did vaccine safety communications differ in terms of content
or prioritization between your agency and CDC 1SO?

17. [P] During the COVID-19 emergency, what formal guidance or
criteria, if any, was provided for communications about potential
vaccine safety issues?

a. Were there competing organizational perspectives on the
right approach for communicating potential safety issues?

b. If so, how were these adjudicated?

c. Can you think of a time when a safety issue message was
enhanced or softened as it went through the adjudication
process?

18. [P] If your office or agency put out vaccine safety information,
how did that information or guidance change over time during
and after the COVID-19 emergency?
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Those are all the questions | have for you today. Is there anything
else you’d like to share regarding your experiences during the COVID-19
emergency?

Thank you so much for taking the time to share your experiences and
feedback. This concludes our discussion. Have a great rest of your day!

ISO Funded Researchers - VSD

Interviewee’s Role

I'd like to start by learning about your role within VSD and your area of
expertise or focus. This is to help us interpret your responses and ana-
lyze them. We will not be directly citing or referring to your position in our
summary report.

1. What is your role or area of expertise (what are your current
responsibilities)?

2. Was your role during the COVID-19 emergency different from
what you had been doing prior to the COVID-19 emergency?

Vaccine Safety Evaluation, Assessment and Research Priorities
and Independence

First, we'd like to learn about how vaccine safety research and evaluation
priorities are determined within the VSD project.

3. What is the process for setting vaccine safety research and
evaluation priorities within VSD and within your site?
a. [P] What works well in this process and what is challenging?
b. How could this be improved?

4. [P] Did the process for setting priorities change during the
COVID-19 emergency? If so, how?

5. Did you feel that you had input into CDC ISO’s overall process
of setting research priorities around vaccine safety assessment
and communications? Why or why not?

Relationship with CDC
Now, we’d like to learn about your experiences during the COVID-19

emergency starting in March 2020 through May 2023. Let’s start by talking
about your relationship with CDC.
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6.

11.

12.

13.

14.

[P] In what ways did your relationship with CDC change during
the transition from non- emergency or routine vaccination safety
assessment, evaluation and research to the COVID-19 public
health emergency response?

a. [P] What worked well? What were the challenges?

b. Were there ways in which your relationship with CDC could
have been improved?

[P] Please describe any changes made during the COVID-19

emergency you feel had an impact on your work. These could be

evaluation, assessment or research-related changes or adminis-
trative or procedural changes.

Were there challenges due to these changes? How did they help

or improve your work?

What other improvements or changes were needed?

Are there changes that you think should or should not have

remained in place when transitioning back to non-emergency

operations?

How does your experience working with ISO compare with your

experience working with other research funding sources, includ-

ing industry (note to interviewer — this often is tied more to con-
tract type and should potentially be asked about)?

a. Inwhat ways is it similar? How is it different?

b. Interms of independence? Ease of collaboration? Publish-
ing? Speed and ease of contracting, other mechanisms?

[P] How effective was the leadership provided by ISO during the

pandemic?

Were there any challenges you or your organization encountered

with the CDC contracting process? How is it now?

a. How can the contracting process be improved, if at all?

[P] Have you ever experienced a situation in which there was

disagreement between you or your team and ISO on the serious-

ness of a vaccine safety or how to respond to a vaccine safety
signal (timeliness of reporting, etc.)?

a. What happened as a result of the disagreement or how was
the disagreement resolved?

b. Did this situation occur during the COVID-19 emergency?
Does being in an emergency response situation change the
process for addressing situations like this?

c. What changes or improvements could be made to resolve
these situations?
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Communication and Public Perception

Next, we’d like to discuss how CDC communicated the results of vaccine
safety evaluation, assessment and research to the public.

15.

16.

17.

[P] How effectively do you think CDC communicates research

findings to healthcare professionals and the public, especially

individuals from marginalized groups?

a. Did you feel that your work was sufficiently shared/
distributed?

[P] During the COVID-19 emergency (or at any other time),

did you experience a time in which you were surprised by or

disagreed with how a CDC communication described VSD

research? Can you describe this situation?

[P] What changes could be made to improve CDC'’s process for

communicating findings from VSD research?

General Experience During Public Health Emergency and
Suggestions for Improvement

The last few questions are about your general experiences during the
COVID-19 emergency and how you feel systems, processes, research,
and communication could be improved.

18.

19.

20.

21.

[P] What would you recommend to improve CDC’s safety moni-
toring efforts going forward (aside from additional funding)?

[P] How can CDC vaccine safety researchers improve public
communications pertaining to vaccine safety research?

What was your biggest accomplishment during the COVID-19
emergency and what made it successful?

[If needed] What was your biggest disappointment during the
COVID-19 emergency?

Those are all of the questions | have for you today. Is there anything
else you’d like to share regarding your experiences during the COVID-19
emergency?

Thank you so much for taking the time to share your experiences and
feedback.
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ISO Funded Researchers - CISA

Interviewee’s Role

I'd like to start by learning about your role and area of expertise and focus.
This is to help us interpret your responses and analyze them. We will not
be directly citing or referring to your position in our summary report.

1. What is your role/area of expertise (what are your current
responsibilities)?

2. Was your role during the COVID-19 emergency the same as prior
to the COVID-19 emergency or did you assume a new role or
position during the COVID-19 emergency? What office were you
in?

Vaccine Safety Evaluation, Assessment and Research Priorities
and Independence

First, we'd like to learn about how vaccine safety research and evaluation
priorities are determined within [CISA].

3. How do you set your vaccine safety research and evaluation
priorities or how are they set within CISA?

a. [P] What works well in this process and what is challenging?
How could this be improved?

4. [P] Did the process for setting priorities change during the
COVID-19 emergency? If so, how?

5. Did you feel that your work/results (or input on priorities) were
appropriately incorporated in CDC ISQO’s overall process of vac-
cine safety assessment and communications? Why or why not?

6. Did you feel that your work was sufficiently shared/distributed?

Relationship with CDC

Now, we’d like to learn about your experiences during the COVID-19
emergency starting in March 2020 through May 2023. Let’s start by talking
about your relationship with CDC.

7. [P] In what ways did your relationship with CDC change during
the transition from non- emergency/routine vaccination safety
assessment, evaluation and research to the COVID-19 public
health emergency response period of time (3/2020 to 5/2023)?
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How did your safety assessment, evaluation, research and work

change?

a. [P] What worked well? What were the challenges?

b. How could your relationship with CDC have been improved?

[P] Please describe any evaluation, assessment or research-

related or administrative or procedural changes made during the

COVID-19 emergency you feel had an impact on your work.

a. Were there challenges due to these changes? How did they
help or improve your work?

b. What other improvements or changes were needed?

c. Are there changes that you think should or should not have
remained in place when transitioning back to non-emer-
gency operations?

How does your experience working with ISO compare with your

experience working with other research funding sources, includ-

ing industry (note to interviewer — this often is tied more to con-
tract type and should potentially be asked about)?

a. Inwhat ways is it similar? How is it different?

b. Interms of independence? Ease of collaboration? Publish-
ing? Speed and ease of contracting, other mechanisms?

[P] Describe the quality or effectiveness (clarity) of leadership

provided by CDC during the pandemic? Were there any chal-

lenges you encountered with the CDC contracting process? How
is it now?

a. How can the contracting process be improved, if at all?

[P] Have you ever experienced a situation in which there was dis-

agreement between you/your team and CDC on the seriousness

and response to a vaccine safety signal (timeliness of reporting,
etc.)?

a. What happened as a result of the disagreement or how was
the disagreement resolved?

b. Did this situation occur during the COVID-19 emergency?
Does being in an emergency response situation change the
process for addressing situations like this?

c. What changes or improvements could be made to resolve
these situations?

Communication and Public Perception

Next, we’d like to discuss how CDC communicated the results of vaccine
safety evaluation, assessment and research to the public.

12.

[P] How effectively do you think CDC communicates research
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findings to healthcare professionals and the public, especially
individuals from marginalized groups?

13. [P] During the COVID-19 emergency (or at any time alterna-
tively), did you experience a time in which you were surprised
by or disagreed with how a CDC communication described CISA
research? Can you describe this situation?

14. [P] What changes could be made to improve CDC'’s process for
communicating findings from CISA research?

General Experience During Public Health Emergency and
Suggestions for Improvement

The last few questions pertain to your general experiences during the
COVID-19 emergency and how you feel systems, processes, research,
and communication could be improved.

15. What was your biggest accomplishment during the COVID-19
emergency and what made it successful?

16. [If needed] What was your biggest disappointment during the
COVID-19 emergency?

17. [P] What would you recommend to improve CDC’s safety moni-
toring efforts going forward (aside from additional funding)?

18. [P] How can CDC vaccine safety researchers improve public
communications pertaining to vaccine safety research?

Those are all of the questions | have for you today. Is there anything
else you’d like to share regarding your experiences during the COVID-19
emergency?

Thank you so much for taking the time to share your experiences and
feedback.

Healthcare Professionals

Interviewee’s Role

I’d like to start with brief introductions.

1. What is your area of expertise/profession? [Note: If they men-
tioned this in the survey, consider rephrasing to “You mentioned
your area of focus is X.. Is there anything else you’d like to share
about your profession or areas of expertise?”

2. What was your role or focus during the COVID-19 emergency
(from March 2020 through May 2023)?
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Vaccine Safety Systems

Next, we’d like to learn about your experiences as a healthcare profes-
sional during the COVID-19 emergency, starting in March 2020 through
May 2023. Let’s start by talking about your familiarity and experience with
the CDC ISO’s vaccine safety systems. [May require providing some brief
info on CDC ISO role vs FDA.]

3. [P] [If they did not indicate this in the survey] Which of the follow-
ing vaccine safety reporting systems are you aware of: V-safe,
VAERS, VSD, or CISA?

4. [P] [If aware of V-safe] How were patients encouraged to use
V-safe to report vaccine side effects by either you or your col-
leagues in your practice during the COVID-19 emergency?

a. [If encouraged]: How frequently were patients encouraged
to use V-safe?

b. [If encouraged]: How did patients respond to this
encouragement?

c. [If encouraged]: What did patients like or dislike about
V-safe?

5. [P] [If aware of VAERS] Did you or your patients ever make a

report to VAERS during the COVID-19 emergency?

a. [If yes]: What was that process like?

b. Were there barriers or challenges for you to report to
VAERS?

c. From your perspective, what could be done to improve this
reporting process?

Communication, Public Perception, and Influence

The next several questions focus on your experience with vaccine safety
communications during the COVID-19 emergency.

6. [P] How and where did you and your colleagues get COVID-19
vaccine safety information during the COVID-19 emergency?

7. If you had questions regarding vaccine safety during the COVID-
19 emergency, what resources did you use to get answers and
did you know who to contact for answers?

8. [P] How confident are you or your colleagues in the trustworthi-
ness of COVID-19 vaccine safety information provided by CDC?
a. [If confident]: What factors have contributed to high confi-

dence in COVID-19 vaccine safety information provided by
CDC?
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b. [If not confident]: What factors have contributed to low con-
fidence in COVID-19 vaccine safety information provided by
CDC?

c. [P]What could CDC do to increase confidence in COVID-19
vaccine safety information?

9. [P] From your perspective, how clear and timely were CDC'’s
communications regarding COVID-19 vaccine safety during the
COVID-19 emergency?

10. [P] From your perspective, how effectively does the CDC address
public concerns about COVID-19 vaccine safety?

a. How does your perception of CDC’s effectiveness at
addressing public concerns differ between during a public
health emergency to other times?

11. What ways have patients shared they receive COVID-19 vaccine
safety information?

a. What ways have patients from marginalized groups shared
they receive COVID-19 vaccine safety information?

b. What improvements would you recommend for communi-
cating COVID-19 vaccine safety information to patients, the
public, and marginalized groups?

General Experience During Public Health Emergency and
Suggestions for Improvement

Lastly, we’d like to learn about your overall experience with CDC’s vaccine
safety research and communications, and suggestions for improvement
for the future.

12. [P] What is your overall perception of CDC’s efforts pertaining to
vaccine safety?
a. What could the CDC do differently to enhance these efforts?
b. What kinds of process improvements to vaccine safety sys-
tems, research, and communications would you recommend
to the CDC?
13. [P] What do you think is the most important way to improve
CDC'’s vaccine safety systems, research, and communications?
14. |Is there anything else you’d like to share regarding your perspec-
tives on vaccine safety as a healthcare professional?

Those are all the questions we have for you today. Thank you so

much for taking the time to share your experiences and feedback. This
concludes our discussion. Have a great rest of your day!
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Outside Vaccine Safety Experts

Interviewee Role’s

I’d like to start with brief introductions.

1. What is your area of expertise/profession?
2. What was your role or focus during the COVID-19 emergency
(from March 2020 through May 2023)?

Perception of CDC ISO Vaccine Safety Research, Expertise, and
Communications

Next, we’d like to learn about your perspectives regarding the CDC I1SO’s
vaccine safety research focus areas, as well as the CDC ISO’s capabili-
ties and expertise. [Research team — there may be limited understanding
of CDC efforts vs. other agencies and we need to probe on responses to
distinguish.]

3. How do you view and balance different sources of vaccine safety
research information?

4. How do you view the CDC ISO’s vaccine safety research and
communications?

a. What are the strengths of or gaps in CDC ISO’s vaccine
safety research and communications?

b. How has your perception of CDC ISO’s vaccine safety
research and communications changed since during the
COVID-19 emergency to now?

5. How do you view the CDC ISO’s vaccine safety capabilities and
expertise?

a. What are the strengths of or gaps in CDC ISO’s vaccine
safety capabilities and expertise?

b. How has your perception of CDC ISO’s vaccine safety capa-
bilities and expertise changed since during the COVID-19
emergency to now?

6. From your perspective, does CDC ISO ask the right vaccine
safety questions? Why or why not?

7. From your perspective, does CDC ISO have the necessary
resources to research vaccine safety in a timely manner? Why
or why not?
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8.

9.

10.

From your perspective, does the CDC ISO communicate their
vaccine safety research results in a timely and appropriate man-
ner? Why or why not?

What is your perspective on the issue of balancing informing the

public about potential vaccine safety issues and providing the

public with clear vaccine guidance?

a. How well did the CDC ISO strike this balance during the
COVID-19 emergency? How could the CDC ISO better
address this balance?

How do you view CDC ISO’s vaccine safety information in com-

parison to other sources?

Usage of CDC Data and Collaborations

Our next several questions focus on your experiences with the CDC ISO’s
vaccine safety data, as well as your collaborations and communications
with the CDC ISO.

11.

12.

13.

How have you used VAERS or VSD public data in your own vac-
cine safety research?

a. How easy or difficult was it to use these data sources?

b. What made these data sources easy or difficult to use?

c. How could these data sources be improved?

How useful were the following resources to you during the COVID-
19 emergency compared to now? [probe on each resource]

a. V-safe

b. CISA
c. VAERS
d. VSD

Outside the context of a public health emergency, how do you

collaborate and communicate with CDC’s ISO?

a. How frequently do you try to use CDC ISO vaccine safety
data?

b. [If not mentioned]: How frequently do you collaborate with
the CDC 1SO?

c. [If not mentioned]: What types of collaboration and commu-
nication do you have with CDC’s ISO?

d. What worked well in your collaboration with the CDC 1SO?

e. What could be improved in your collaboration with the CDC
ISO?
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General Experience During Public Health Emergency and
Suggestions for Improvement

Lastly, we’d like to learn about your overall experience with CDC ISO’s
vaccine safety processes and communications, and suggestions for
improvement for the future.

14. How can CDC ISO’s vaccine safety systems, processes,
research, and communications be improved going forward?

a. How can the efficiency and effectiveness of vaccine safety
data sharing be improved?

15. How can CDC ISQO’s vaccine safety processes and communi-
cations be improved to strengthen the public’s confidence in
vaccines?

a. How can CDC'’s vaccine safety processes and communica-
tions be improved to strengthen marginalized groups’ confi-
dence in vaccines?

16. Is there anything else you’d like to share regarding your experi-
ences regarding vaccine safety as a vaccine researcher during
the COVID-19 emergency?

Those are all the questions we have for you today. Thank you so
much for taking the time to share your experiences and feedback. This
concludes our discussion. Have a great rest of your day!

Public Health Officials

Interviewee’s Role

I'd like to start by learning about your role and experience. This is to help
us interpret and analyze your responses. We will not directly cite or refer
to your position in our summary report.

1. What is your position, and what are your current responsibilities?
2. What was your role during the COVID-19 emergency (from
March 2020 through May 2023)?

Communication, Public Perception, and Influence

Next, we’d like to learn about your experiences as a [state, local, or
tribal] public health official with vaccine safety communications during the
COVID-19 emergency, starting in March 2020 through May 2023.
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3. [P] How and where did you get your COVID-19 vaccine safety
messaging and talking points?

a. [If not mentioned]: What resources from the CDC and other
U.S. federal agencies did you use?

b. [P][If not mentioned]: Did you use the vaccine safety infor-
mation contained on CDC’s Interim Clinical recommendation
for COVID-19 vaccines webpage or CDC HAN alerts?

i. [If no]: Why did you not use these resources?

c. Other than U.S. federal agencies, what sources did you
use to find and communicate COVID-19 vaccine safety
information?

i. [If not mentioned]: Did you use messaging from vac-
cine manufacturers, other countries, or the World Health
Organization? If so, which of these did you use?

ii. [If yes]: If you used messaging from sources other than
CDC and U.S. federal agencies, why did you use them?

d. When your health department received questions about
COVID-19 vaccine safety from healthcare providers or other
groups, what resources did the health department use to
answer these questions?

i. [P]Did providers raise questions or concerns regarding
information they were leveraging from CDC on vaccine
safety?

4. [P]What feedback can you share about COVID-19 vaccine safety
information or resources that you used from the CDC/Advisory
Committee on Immunization Practices (ACIP)?

a. What was your experience navigating these resources to
find needed information and answer questions, especially
considering when vaccine safety information recommenda-
tions evolved over time?

5. [P] What challenges did your health department encounter with
regards to disinformation about COVID-19 vaccine safety?

a. How useful were CDC’s resources for addressing or clarify-
ing issues?

6. [P] What types of additional vaccine safety communications
support from CDC would have been helpful for your health
department?

a. [If not mentioned]: Which of the following resources would
have been helpful: template presentations, handouts, job
aids, FAQ documents, office hours, or others?
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General Experience During Public Health Emergency and
Suggestions for Improvement

Lastly, we’d like to learn about your overall experience with and perspec-
tive regarding vaccine safety information and communications.

7. What is your overall perception of CDC ISO’s vaccine safety
information?

8. [P] How, if at all, has your overall perception of CDC ISO’s
vaccine safety information changed from during the COVID-19
public health emergency to now?

9. [P] What factors do you consider when determining what vaccine
safety information to share with the public?

a. Which factors do you think are the most important in deter-

mining vaccine safety information to share with the public?

10. Is there anything else you'd like to share regarding your expe-

riences with vaccine safety information during the COVID-19
emergency?

Those are all the questions we have for you today. Thank you so
much for taking the time to share your experiences and feedback. This
concludes our discussion. Have a great rest of your day.

APPENDIX B. RECRUITMENT LETTERS
Section A. Westat Recruitment Letters

Health Professionals, Vaccine Safety Experts, State and Local PH
officials

To: X

Cc: Jennifer Edwards, Westat Project Director

Subject: [Response Requested]: Participation in NASEM/Westat interview
on COVID-19 PHE experience

Dear X,

The Centers for Disease Control and Prevention (CDC) Immunization
Safety Office (ISO) is sponsoring a study by the National Academies of
Sciences, Engineering, and Medicine (NASEM) to evaluate COVID-19
vaccine safety research and communications during the public health
emergency. Please see additional information about the study here:
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Review of CDC COQVID-19 Vaccine Safety Research and Communica-
tions | National Academies.

As a part of this study, NASEM and a NASEM appointed Committee would
like to solicit input and feedback from government staff, researchers,
healthcare professionals, and state and local health department officials
about their experiences during the public health emergency (from Decem-
ber 2020 — May 2023) and perspectives on policies and procedures that
worked or need improvement, collaboration and coordination, and com-
munications about vaccine safety.

NASEM staff, in consult with the Committee, identified you as an expert
in one or more of these topic areas. We are writing to see if you would
be willing to participate in either a 60-minute one- on-one interview or a
90-minute focus group in January or February of 2025. To identify your
interest or potential willingness to participate, we are providing a link
below to a very brief survey (Please feel free to complete this from home
as well if you prefer; please check your agency/organization IT policies
before responding to ensure your privacy on those systems). In this sur-
vey, you can provide your preferred contact method, indicate your willing-
ness to participate in either an interview of focus group, and answer a few
questions to help us identify or confirm your areas of expertise. We may
not be able to interview all interested participants.

This study is being carried out under the oversight of the NASEM
IRB. Your participation in the study will be confidential — only Westat will
have access to participant information and will not disclose the names,
positions, or other identifying information of participants; all information
to include your name, contact information, response to the survey, and
subsequent interview material will be deleted. We will provide additional
information regarding participant privacy and confidentiality during sched-
uling should you be selected to participate.

Link:

Password:
Participants can also access the survey via this QR code:

Please reach out to the Project Director, Jennifer Edwards, with any addi-
tional questions you may have.
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Jennifer Edwards, PhD
Principal Investigator and Project Director, Westat

Sincerely, Neni Osuoha

Neni Osuoha, MPH, PMP (she, her, hers) Senior Research Associate |
Westat Social Policy and Economic Research
1600 Research Blvd. | Rockville, MD 20850

CDC Staff, Funded Researchers, and other Govt Staff

To: X

Cc: Jennifer Edwards, Westat Project Director

Subject: Participation in NASEM/Westat interview on COVID-19 PHE
experience Dear X,

The Centers for Disease Control and Prevents (CDC) Immunization
Safety Office (ISO) is sponsoring a study by the National Academies of
Sciences, Engineering, and Medicine (NASEM) to evaluate COVID-19
vaccine safety research and communications during the public health
emergency. You should have received notification of this study in an
email from Dr. Meyer on January 10th. See additional information about
the study here: Review of CDC COVID-19 Vaccine Safety Research and
Communications | National Academies.

As a part of this study, NASEM and a NASEM-appointed committee would
like to solicit input and feedback from government staff, researchers,
healthcare professionals, and state and local health department officials
about their experiences during the public health emergency (from Decem-
ber 2020 — May 2023) and perspectives on policies and procedures that
worked or need improvement, collaboration and coordination, and com-
munications about vaccine safety.

NASEM staff, using publicly available information, identified you as an
expert in one or more of these topic areas. We are writing to see if you
would be willing to participate in a 60-minute one- on-one interview in
January and February. To identify your interest or potential willingness
to participate, we are providing a link below to a very brief survey. In this
survey, you can provide your preferred contact method, indicate your
willingness to participate, and answer a few questions to help us identify
or confirm your areas of expertise. We may not be able to interview all
willing participants.

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

APPENDIX C 175

This study is being carried out with the oversight of the NASEM IRB. Your
participation in the study will not be disclosed to CDC staff, NASEM staff,
or the Committee and all information to include your name, contact infor-
mation, response to the survey, and subsequent interview material will be
deleted. To further ensure your privacy, please refer to agency IT policies
before using your official email to respond or choosing your method of
response as communications on federal systems may be subject to FOIA
requests. We provide additional information regarding participant privacy
and confidentiality on the survey site.

Link:
Password:
Participants can also access the survey via this QR code:

Please reach out to the Project Director, Jennifer Edwards, with any addi-
tional questions you may have.

Jennifer Edwards, PhD

Principal Investigator and Project Director, Westat

Sincerely, Neni Osuoha

Neni Osuoha, MPH, PMP (she, her, hers) Senior Research Associate |
Westat Social Policy and Economic Research
1600 Research Blvd. | Rockville, MD 20850

APPENDIX C. INFORMED CONSENT
Individual Interview Informed Consent Form

Purpose of Study

In early 2024, the Centers for Disease Control and Prevention (CDC)
Immunization Safety Office (ISO) asked the National Academies of Sci-
ences, Engineering, and Medicine (NASEM) to conduct a consensus
study to evaluate the systems, methods, and processes for monitoring
COVID-19 vaccine safety during the U.S. COVID-19 public health emer-
gency, and provide recommendations for sustaining, maintaining, and
strengthening CDC ISO current monitoring systems and communications
moving forward.

Westat was contracted by NASEM’s Health and Medicine Division
(HMD) to conduct this study for the CDC. Our purpose is to conduct con-
fidential interviews with key informants regarding the ISO’s research on
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COVID-19 vaccine safety and communications about COVID-19 vaccine
safety during the public health emergency (PHE). The findings from these
interviews will be analyzed and summarized for inclusion in a publicly
available report produced by NASEM.

Participant Selection

You were identified by NASEM staff and NASEM appointed committee
members as knowledgeable about the CDC ISO’s systems, methods,
and processes for monitoring COVID-19 vaccine safety. You completed a
participant screening form and were selected to participate in a 60-minute
interview for this study. Although NASEM identified potential study par-
ticipants, Westat will not disclose participants names to NASEM or CDC.

Study Procedure

Depending on your role, we may ask you questions about three general
topic areas regarding CDC vaccine safety research and communications
during the COVID-19 emergency: (1) policies and procedures; (2) inter-
agency collaboration and coordination; and (3) communication and public
perception.

To confirm your knowledge of these topics, the brief recruitment sur-
vey asks you to confirm your professional affiliation (where you work)
now at and at the time of the COVID-19 public health emergency as well
as your familiarity with or use of ISO information. It also asks for your
preferred contact method. If selected for an interview, we will reach out
to schedule that interview. Once completed, survey responses including
your contact information and name are destroyed. If not selected, your
survey response and contact information will also be removed/destroyed.

Following completion of your interview, conducted via Zoom and
recorded (if you agree), we will transcribe the interview and redact any
potentially identifiable information. At that time, the recording of your inter-
view will also be destroyed as will the unredacted transcript. The redacted
transcript will be retained on Westat secure systems until the report is
published and then will be destroyed.

Benefits

There will be no direct benefit to you for your participation in the study.
An indirect benefit of your participation will be the knowledge that your
input was invaluable and contributed to strengthening future CDC vaccine
monitoring systems and communication efforts.
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Risks and Discomfort & Privacy and Confidentiality

The potential risks to participation in this study may vary based on the
role and affiliation of the participant, with government employees facing
additional professional risks potentially due to the high level of public
interest in the topic and the potential for FOIA requests in regard to the
study. While our procedures minimize this risk and there is an exemp-
tion category to a FOIA request that should apply here (category 6),
we cannot completely eliminate risk. We recognize conversations about
vaccine safety and the COVID-19 emergency can be politically sensitive
and reflecting on that time period can cause emotional discomfort. The
information you provide will only be used for the research purposes of this
study and it will be handled in a private and confidential manner. What we
discuss will not be shared with your colleagues at any level or the public.
Please be advised that we may include paraphrases of comments made
in the report, but these will not be attributed to your name or position title.

We would like to record the interview for notetaking purposes only with
your permission. You may decide not to be recorded, pause the recording,
or stop the recording altogether at any time. All study materials, including
the meeting recording, transcript, and notes will be stored on Westat’s
secure server and will only be accessible to the Westat staff working on
this study. Any sensitive material, including personally identifiable informa-
tion (PII), will be redacted from interview transcripts and notes. Participant
names and contact information, including Qualtrics survey responses,
will be destroyed upon interview completion. Interview recordings will be
deleted upon review and redaction of Pll from transcripts and notes. All
other data, such as transcripts and analytic files, will be destroyed after
the overall study is completed and published.

Study Costs and Compensation

There are no costs for your participation in this study apart from the time
you spend with us for this interview. There is no monetary compensation
for your participation in this study.

Voluntary Participation

Your participation in the interview as well as responding to individual
interview questions is voluntary. You may decide not to participate, and
it will not have any impact on your position. You may take a break, skip
questions, speak off the record, or stop participating at any time.
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More Information

If you have any questions or would like more information about this study,
please contact Jennifer Edwards, the study Project Director, at 1-301-212-
3216. If you have questions about your rights and welfare as a research
participant, please call the NASEM Institutional Review Board office at
202.334.1616. Please leave a message with your full name, the name of
the research study that you are calling about (Key Informant Interviews
for the National Academies’ Health and Medicine Division), and a phone
number beginning with the area code. Someone will return your call as
soon as possible.

Certification of Informed Consent

We will ask you to verbally consent to participate in the study and confirm
you have reviewed this agreement during the interview.

Focus Group Informed Consent Form

Purpose of Study

In early 2024, the Centers for Disease Control and Prevention (CDC)
Immunization Safety Office (ISO) asked the National Academies of Sci-
ences, Engineering, and Medicine (NASEM) to conduct a consensus
study to evaluate the systems, methods, and processes for monitoring
COVID-19 vaccine safety during the U.S. COVID-19 public health emer-
gency, and provide recommendations for sustaining, maintaining, and
strengthening CDC ISO current monitoring systems and communications
moving forward.

Westat was contracted by NASEM’s Health and Medicine Division
(HMD) to conduct this study for the CDC. Our purpose is to conduct
confidential interviews with key informants regarding the 1SO’s research
on COVID-19 vaccine safety and communications about COVID-19 vac-
cine safety during the public health emergency (PHE). The findings from
these interviews will be analyzed and summarized for inclusion in a report
produced by NASEM.

Participant Selection

You were identified by NASEM staff and NASEM appointed committee
members as knowledgeable about the CDC ISO’s systems, methods,
and processes for monitoring COVID-19 vaccine safety. You completed a
participant screening form and were selected to participate in a 90-min-
ute focus group for this study. Although NASEM identified potential study
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participants, Westat will not disclose participants’ names to NASEM or
CDC or any other entity.

Study Procedure

Depending on your role, we may ask you questions about three general
topic areas regarding CDC vaccine safety research and communications
during the COVID-19 emergency: (1) policies and procedures; (2) inter-
agency collaboration and coordination; and (3) communication and public
perception.

To confirm your knowledge of these topics, the brief recruitment sur-
vey asks you to confirm your professional affiliation (where you work)
now at and at the time of the COVID-19 public health emergency as well
as your familiarity with or use of ISO information. It also asks for your
preferred contact method. If selected for a focus group, we will reach
out to schedule that. Once completed, survey responses including your
contact information and name are destroyed. If not selected, your survey
response and contact information will also be removed/destroyed.

Following completion of your focus group, conducted via Zoom and
recorded (if all agree), we will transcribe the session and redact any
potentially identifiable information. At that time, the recording of your ses-
sion will also be destroyed as will the unredacted transcript. The redacted
transcript will be retained on Westat secure systems until the report is
published and then will be destroyed.

Benefits

There will be no direct benefit to you for your participation in the study.
An indirect benefit of your participation will be the knowledge that your
input was invaluable and contributed to strengthening future CDC vaccine
monitoring systems and communication efforts.

Risks and Discomfort & Privacy and Confidentiality

The potential risks to participation in this study may vary based on the
role and affiliation of the participant. We recognize conversations about
vaccine safety and the COVID-19 emergency can be politically sensitive
and reflecting on that time period can cause emotional discomfort. We
encourage you to only answer questions you feel comfortable responding
to. There is no obligation to respond to each question. To facilitate infor-
mation sharing, the focus group will also use a tool/platform that enables
anonymous responses. The information you provide will only be used for
the research purposes of this study and it will be handled in a private and
confidential manner. Please be advised that we may include paraphrases
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of your statements in the report, but these will not be attributed to your
name or position title.

Because this is a focus group the other participants will of course be
aware of your feedback and you will be aware of theirs. We will remind
all participants to respect the privacy of each other and not disclose indi-
viduals’ feedback. However, disclosure from other participants is a risk.

We would like to record the session with your permission. All study
materials, including the meeting recording, transcript, and notes will be
stored on Westat’s secure server and will only be accessible to the Westat
staff working on this study. Any sensitive material, including personally
identifiable information (PIl), will be redacted from interview transcripts
and notes. Participant names and contact information, including Qualtrics
survey responses, will be destroyed upon interview completion. Interview
recordings will be deleted upon review and redaction of PIl from tran-
scripts and notes. All other data, such as transcripts and analytic files, will
be destroyed after the overall study is completed and published.

Study Costs and Compensation

There are no costs for your participation in this study apart from the time
you spend with us for this interview. There is no monetary compensation
for your participation in this study.

Voluntary Participation

Your participation in the interview as well as responding to individual
interview questions is voluntary. You may decide not to participate, and
it will not have any impact on your position. You may take a break, skip
questions, speak off the record, or stop participating at any time.

More Information

If you have any questions or would like more information about this study,
please contact Jennifer Edwards, the study Project Director. If you have
questions about your rights and welfare as a research participant, please
call the NASEM Institutional Review Board office at 202.334.1616. Please
leave a message with your full name, the name of the research study that
you are calling about (Key Informant Interviews for the National Acad-
emies’ Health and Medicine Division), and a phone number beginning
with the area code. Someone will return your call as soon as possible.

Certification of Informed Consent

We will ask you to verbally consent to participate in the study and confirm
you have reviewed this document at the start of the focus group.
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Case Studies

INTRODUCTION

The goal of these case studies is to illustrate how the Centers for Dis-
ease Control and Prevention (CDC) identified, assessed, and communicated
adverse events (AEs) associated with COVID vaccines. They highlight both
prespecified AEs and those that emerged during the vaccination campaign,
offering insight into the Immunization Safety Office (ISO) approach to
vaccine safety monitoring and response. The case studies focus on three
specific AEs linked to vaccination: myocarditis, tinnitus, and menstrual
irregularities. Myocarditis was identified early as an adverse event of special
interest (AESI); the latter two emerged as concerns through postmarketing
surveillance and public reports. Additionally, a brief case study on the chi-
kungunya vaccine is included as a real-time example of how vaccine safety
monitoring continues to evolve beyond the COVID response.

The case studies were developed using publicly available information
from the COVID-19 Vaccine Safety Technical (VaST) Work Group and
Advisory Committee on Immunization Practices (ACIP), primarily sourced
through the CDC Stacks archive website during the time of the U.S. pub-
lic health emergency (PHE). Publications and public presentations to this
committee from ISO were also used. While these sources provide valuable
insights into ISO’s and CDC’s safety monitoring and communication strate-
gies, there are inherent limitations. These case studies rely exclusively on
publicly available data, which means they may not fully capture all internal
deliberations, emerging evidence, or evolving risk assessments conducted
within CDC and its partner agencies. Despite this limitation, these case
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studies offer a useful perspective on ISO’s vaccine safety efforts and high-
light key lessons for future vaccine monitoring, regulatory decision making,
and public health communication strategies.

MYOCARDITIS CASE STUDY

Myocarditis is an inflammatory condition that affects the myocardium
or heart muscle (Ammirati et al., 2020). It can result from an infection,
immune system response, or drug exposure, prompting immune activation,
inflammation in the heart muscle, and heart cell damage (Ammirati et al.,
2020; Nagai et al., 2023). Acute myocarditis frequently presents with non-
specific signs and symptoms, such as chest pain, dyspnea, or palpitations. It
most often affects people aged 3045, with men making up 60-80 percent
of cases (Ammirati and Moslehi, 2023; Basso, 2022). Globally, myocardi-
tis occurs in about 4-14 people per 100,000 each year, though the actual
rate is likely higher due to many mild or undiagnosed cases (Ammirati
and Moslehi, 2023; Nagai et al., 2023). Outcomes vary depending on the
disease cause and form, with reported death rates for acute myocarditis of
1-7 percent (Ammirati and Moslehi, 2023; Nagai et al., 2023).

Myocarditis was not reported as a postvaccination event in the clinical
trial data for BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), or
Ad26.COV2.S (Janssen) vaccines that were granted initial emergency use
authorization, according to Baden et al. (2021), Polack et al. (2020), and
Sadoff et al. (2021). However, myocarditis was designated as an AESI for
the COVID vaccine in the United States (VAERS, n.d.) due to its associa-
tion with the COVID disease pathology and potential to signal vaccine-
associated enhanced disease (VAED).

The case definition of myocarditis developed by the ACIP Joint Small-
pox Vaccine Safety Working Group and Armed Forced Epidemiology Board
(AFEB) during the 2002-2003 vaccination campaign for military person-
nel and civilian health care and public health professionals in response to
a bioterrorism threat (CDC, 2003; Poland et al., 2005) was adopted for
monitoring during the COVID vaccination effort (CDC, 2003; VAERS,
n.d.). Myopericarditis was an unexpected AE from the live smallpox vac-
cine used in the campaign (Poland et al., 2005). An incidence of 16.11 per
100,000 vaccine recipients was observed among military personnel (Arness
et al., 2004; Poland et al., 2005). It was concluded that the smallpox vac-
cination appeared to increase the risk in recipients, particularly among men
(Poland et al., 2005). Aside from these cases, myocarditis is rarely reported
to the Vaccine Adverse Event Reporting System (VAERS) or in the literature
as a vaccine-related AE (Mei et al., 2018; Montgomery et al., 2021).
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Event Timeline

As it was an AESI, multiple vaccine safety systems were used to proac-
tively monitor for myocarditis once U.S. COVID vaccinations commenced,
including several ISO systems, specifically VAERS and the Vaccine Safety
Datalink (VSD) (Gee et al., 2024; Markowitz et al., 2024). VaST routinely
reviewed data on AESIs, including myocarditis, to make a benefit—risk
assessment. The Vaccine Safety Team (VST) reported safety monitoring
data, and VaST reported its risk assessments to the ACIP COVID-19 Vac-
cines Work Group and ACIP. VST reported that no safety signals had been
detected related to myocarditis at the ACIP meetings on January 27, 2021
and March 1, 2021 based on interim analyses of VSD rapid-cycle analysis
(RCA) (Shimabukuro, 2021c). The VSD RCA used data on AESIs reported
weekly by nine participating integrated health care organizations to moni-
tor for potential safety signals. Table D-1 presents a timeline summarizing
the events related to the initial safety signal detection through ACIP deter-
mination and communication.

Initial Signal Detection

The first signs of a potential safety concern related to myocarditis
emerged in spring 2021 (Gee et al., 2024). In February 2021, the Ministry
of Health in Israel began active monitoring for myocarditis after receipt
of the Pfizer-BioNTech vaccine based on reports from HCPs (Mevorach et
al., 2021). All hospitals were asked to report myocarditis cases; 142 were
reported following COVID vaccination from December 2020 through May
2021. The incidence was greatest among boys and men after the second
dose.

In the United States, the first signal was detected within the military
population based on referrals to the Defense Health Agency clinical spe-
cialists and VAERS reports (Gee et al., 2024; Montgomery et al., 2021).
Between January and April 2021, the military administered 2.8 million
vaccine doses, and 23 men were evaluated and diagnosed with myocarditis
following mRNA COVID vaccination (Montgomery et al., 2021). Twenty
of these cases occurred following the second vaccine dose. The Pfizer-
BioNTech vaccine was authorized for individuals aged >16 and adolescents
aged 12-15, while the Moderna and Janssen vaccines were authorized for
persons aged >18 (CDC, 2024).
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TABLE D-1 Timeline of Events Related to Signal Detection of
Myocarditis Following U.S. mRNA COVID Vaccination

Vaccine Authorization/
Approval and
Date Recommendation Myocarditis Signal Detection

December 11,2020 FDA issues EUA for Pfizer-
BioNTech vaccine; ACIP
recommends for people aged

>16 (CDC, 2024)

December 14, 2020 First COVID vaccine
administered (Guarino et al.,
2020)

December 18-19, 2020 FDA issues EUA for Moderna
vaccine; ACIP recommends for
people aged >18 (CDC, 2024)

January 27,2021 VST reports no safety signal
detected for myocarditis
in VAERS or VSD at ACIP
meeting (Shimabukuro,
2021¢)

February 27-28, 2021 FDA issues EUA for Janssen

vaccine; ACIP recommends for
people aged >18 (CDC, 2024)

February 2021 Israeli Ministry of Health
begins active monitoring for
myocarditis after the Pfizer-
BioNTech vaccine (Mevorach
et al., 2021)

March 1, 2021 VST reports no safety signal
detected for myocarditis
in VAERS or VSD at ACIP
meeting (Shimabukuro,
2021¢)

April 2021 VaST first discusses
myocarditis as a safety
concern following mRNA
vaccination (Markowitz et al.,

2024)

May 10-12, 2021 FDA expands Pfizer-
BioNTech vaccine EUA; ACIP
recommends for adolescents
aged 12-15 (CDC, 2024)

May 17,2021 VaST issues report on
myocarditis following mRNA
vaccination®? (NCIRD,
2021a)
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TABLE D-1 Continued

Vaccine Authorization/
Approval and
Date Recommendation Myocarditis Signal Detection

May 24,2021 VaST issues report on
myocarditis following mRNA
vaccination®? (NCIRD, 2021c)

May 2021 VaST issues clinical guidance
to HCPs on the assessment
and treatment of myocarditis
(ACIP, 2021a; Shimabukuro,
2021d)

June 23,2021 ACIP issues determination on
myocarditis following mRNA
vaccination and initiates a
study to evaluate the long-
term outcomes® (Gargano,

2021)

June 25,2021 FDA revises the EUAs and fact
sheets for the Pfizer-BioNTech
and Moderna vaccines with

information about myocarditis
(ACIP, 2021a)

July 9,2021 MMWR publishes ACIP
determination on myocarditis
risk from June 23,2021
meeting (Gargano, 2021)

August 13,2021 ACIP recommends an
additional dose of vaccine after
the two-dose primary series
for moderately to severely
compromised individuals

(CDC, 2024)

August 23-30, 2021 FDA fully approves the Pfizer-
BioNTech vaccine for people
18+; ACIP recommends for
people 16+ (CDC, 2024)

August 2021 CDC launches follow-up
study on long-term outcomes
of myocarditis after mMRNA
vaccine (Kracalik et al., 2022)

4 Concluded that the rate of myocarditis reports following mRNA COVID vaccination was
consistent with expected baseline rates; however, cases seemed to occur more frequently in
adolescents and young adults, boys and men, following the second dose, and within 4 days
following vaccination.

continued
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TABLE D-1 Continued

b Recommended ongoing monitoring of reported myocarditis cases, education for HCPs to
support timely identification and proper management, and the development of clinical guid-
ance on diagnosis and treatment.

¢ Continued to support ongoing monitoring of reported cases, particularly in younger age
groups, HCP education, and the development of clinical guidance.

4 Advocated for follow-up of individuals with myocarditis following COVID vaccination to
understand long-term outcomes.

¢ Determination: “... the benefits of using mRNA COVID-19 vaccines under the FDA’s EUA
clearly outweigh the risks in all populations, including adolescents and young adults.”
NOTE: ACIP = Advisory Committee on Immunization Practices; EUA = emergency use au-
thorization; FDA = Food and Drug Administration; HCP = health care provider; VAERS =
Vaccine Adverse Event Reporting System; VaST = Vaccine Safety Technical (a work group);
VSD = Vaccine Safety Datalink; VST = Vaccine Safety Team.

VaST Review

VaST first discussed the myocarditis as a safety concern after mRNA
COVID vaccination in April 2021 (Markowitz et al., 2024). On May 17,
2021, its meeting included updates on myocarditis reports following mRNA
vaccination from VAERS and VSD, among other vaccine safety monitor-
ing systems (NCIRD, 2021a). VaST concluded that the rate of reports
was consistent with expected baseline rates. Among the limited number
of cases, myocarditis seemed to occur more frequently in adolescents and
young adults, boys and men, following the second dose, and within 4 days
of vaccination. VaST recommended ongoing monitoring of reported cases,
education for HCPs to support timely identification and proper manage-
ment, and the development of clinical guidance on diagnosis and treatment.

On May 24, 2021, the VaST meeting included updates on myocardi-
tis following mRNA vaccination (NCIRD, 2021c). VAERS data indicated
that reports were higher than expected among 16-24-year-old individuals
within 30 days of the second dose. VSD data showed no difference in the
rates of myocarditis following mRNA vaccination compared to expected
rates. VaST continued to support ongoing monitoring of reported cases,
particularly in younger age groups, HCP education, and the development
of clinical guidance and advocated for ongoing monitoring of individuals
who were affected to understand long-term outcomes.

ACIP Determination

The ACIP meeting on June 23, 2021 focused on myocarditis after
mRNA vaccination (ACIP, 2021b). Speakers presented an overview of myo-
carditis, updates from the COVID-19 VST, and VaST’s assessment (Lee and
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Hopkins, 2021; Oster, 2021b; Shimabukuro, 2021d; Wallace and Oliver,
2021). As of June 11, 2021, VAERS had received 791 reports following
administration of the Pfizer-BioNTech vaccine (150 after the first dose and
563 after the second) and 435 reports following the Moderna vaccine (117
after the first dose and 264 after the second), when approximately 300
million mRNA vaccine doses had been administered (ACIP, 2021b; Shima-
bukuro, 2021d). The highest number of reports occurred after the second
dose, predominantly among individuals in their late teens to mid-20s, and
typically within 7 days of vaccination.

As of June 12, 2021, the VSD rapid cycle analysis (RCA) detected no
statistical signal for myocarditis or pericarditis within 21 days after either
dose of an mRNA vaccine, with an adjusted rate ratio slightly above 1
(ACIP, 2021b; Shimabukuro, 2021d). An age-stratified analysis of individu-
als aged 12-39 identified a statistically significant increase in myocarditis
cases within 21 days of receiving an mRNA vaccine, with a combined
adjusted rate ratio of 3.5. The increased risk was significant after the sec-
ond dose but not the first. Estimates for the Pfizer-BioNTech vaccine did
not reach significance. Thus, the overall findings were likely influenced by
cases associated with the Moderna vaccine, despite limited data for control
comparisons. A similar analysis using a 7-day risk window yielded com-
parable findings. VaST concluded that current evidence supported a likely
link between mRNA COVID vaccination and myocarditis in adolescents
and young adults, particularly among boys and men and after the second
dose (ACIP, 2021b; Lee and Hopkins, 2021). These cases typically presented
within 1 week postvaccination and were consistent across both VAERS and
VSD data, strengthening confidence in the observed patterns.

The ACIP COVID-19 Work Group presented a benefit-risk framework
that included consideration of the following benefits: COVID-19 cases
prevented, COVID-19 hospitalizations prevented, and COVID-19 intensive
care unit (ICU) admissions and deaths prevented (Gargano, 2021). Risks
included the number of myocarditis reports to VAERs within 7 days after
a second dose of an mRNA vaccine. The benefits and risks were assessed
across various age cohorts and sex. At the population level, the absence of
alternative vaccines for adolescents was considered. ACIP concluded that
the benefits of mMRNA vaccination still outweighed the risks for adolescents
and young adults based on available data related to myocarditis (ACIP,
2021b; Gargano, 2021). The ACIP conclusion also affirmed the importance
of continuing to monitor myocarditis outcomes and providing education to
HCPs and the public. To monitor, CDC initiated a study with follow-up on
myocarditis reports to VAERS (Kracalik, 2022).
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Public and Provider Communication

CDC used multiple strategies to communicate information regarding
myocarditis after mRNA COVID vaccination to the public and HCPs. In
May 2021, VaST issued clinical guidance to HCPs on assessing and treating
myocarditis via the “Clinical Considerations: Myocarditis and Pericarditis
after Receipt of mRNA COVID-19 Vaccines Among Adolescents and Young
Adults” webpage (CDC, 2023b) and a webpage with clinical guidance
regarding administration of a second dose in people who developed myo-
carditis after the first dose (ACIP, 2021a; Gargano, 2021; Shimabukuro,
2021d).

Furthermore, a summary of ACIP’s determination from the June 23rd
meeting and rationale were published in MMWR on July 9,2021 (Gargano,
2021). Beyond CDC’s communication efforts, the Food and Drug Admin-
istration (FDA) revised the Pfizer-BioNTech and Moderna COVID vaccine
EUAs and fact sheets with information about myocarditis on June 25,2021
(Gargano, 2021; Lee and Hopkins, 2021; Markowitz et al., 2024).

The webpage “Myocarditis and Pericarditis Following mRNA COVID-
19 Vaccination,” summarized key information for the public, including
CDC’s ongoing recommendation that all individuals 12+ years be vac-
cinated and what symptoms to monitor for afterward (NCIRD, 2021f).
Information about the risk of myocarditis after mRNA vaccination was
added to CDC’s webpages about the Pfizer-BioNTech and Moderna vac-
cines (Gargano, 2021; NCIRD, 2021e,h). Several additional webpages were
updated to educate the public about myocarditis after mRNA vaccination,
including “Selected adverse events reported after COVID-19 vaccination,”
“COVID-19 Vaccines That Require 2 Shots,” and “COVID-19 Vaccines for
Children and Teens” (NCIRD, 2021b,i).

Ongoing Monitoring

While ACIP’s determination that the benefits of mRNA COVID vac-
cination outweighed the risk of myocarditis remained unchanged and vac-
cination continued to be recommended, cases of myocarditis after mRNA
vaccination were continuously monitored through vaccine safety systems
and regularly presented at ACIP meetings throughout the PHE (see Table
D-2).

Myocarditis Long-Term Outcomes Study

In August 2021, CDC launched a follow-up study to examine clinical
recovery and quality-of-life outcomes following an mRNA COVID vaccine
(Kracalik et al., 2022). The study focused on patients aged 12-29 years
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TABLE D-2 ACIP Meetings Addressing Myocarditis Following mRNA
COVID Vaccination During the Public Health Emergency

Meeting Date

Summary

June 23,2021

August 30,2021

This was the first ACIP meeting focused on myocarditis
after mRNA COVID vaccination (ACIP, 2021b). As of
June 11,2021, VAERS had received 791 reports fol-
lowing administration of the Pfizer-BioNTech vaccine
and 435 reports following the Moderna vaccine out of
approximately 300 million mRNA doses administered.
As of June 12,2021, a VSD age-stratified analysis of
individuals aged 12-39 identified a statistically significant
increase in cases within 21 days of receiving an mRNA
vaccine, with a combined adjusted rate ratio of 3.5, likely
influenced by cases associated with the Moderna vaccine.
ACIP concluded that the benefits of mRNA vaccination
still outweighed the risks for adolescents and young
adults based on available data related to myocarditis. To
monitor outcomes, CDC initiated a study with follow-up
on myocarditis reports to VAERS.

Updated VAERS and VSD data were presented after
FDA’s approval of the Pfizer-BioNTech vaccine for
individuals 18+ (ACIP, 2021a). As of August 18, VAERS
had 1,903 reports of myocarditis, with patterns remain-
ing consistent with previously reported data—most in
younger male recipients shortly after the second dose of
an mRNA vaccine. No safety signals were detected in the
overall VSD population (212 years), but in individuals
aged 12-39, both mRNA vaccines were linked to higher
rates of myocarditis, particularly within the first week
following vaccination. VaST presented its evaluation,
indicating that the data suggest a link between myocar-
ditis and mRNA vaccination in adolescents and young
adults. ACIP voted to recommend the Pfizer-BioNTech
vaccine, now fully approved, for individuals aged 16+, as
a 30-microgram dose.

continued

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

190

TABLE D-2 Continued
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Meeting Date

Summary

September 22-23, 2021

October 21,2021

VaST presented on a potential third dose of the Pfizer-
BioNTech vaccine (ACIP, 2021c). Data from Israel as

of September 13, 2021, reported only a single case of
myocarditis—a man in his 30s—after approximately

2.8 million third doses for individuals aged 12+. As a
result of limitations in the available data, VaST outlined
a plan to continue monitoring and reviewing safety

data related to third doses. ACIP voted to recommend a
30-microgram third dose of the Pfizer-BioNTech vaccine
for individuals 65+, residents of long-term care facilities,
those aged 50-64 with underlying medical conditions,
and individuals aged 18-49 with underlying medical con-
ditions based on an individual benefit-risk assessment, all
to be administered at least 6 months after completion of
the primary series.

VST presented updated data on myocarditis (Shima-
bukuro and ACIP, 2021). VAERS data showed that
402,469,096 doses had been administered as of October
6,2021, resulting in 2,459 reports of myopericarditis (Su,
2021b). The patterns of myocarditis after vaccination
were consistent with prior reports. VSD indicated that
both mRNA vaccines were linked to an increased risk in
individuals aged 18-39, with the Pfizer-BioNTech vaccine
also showing a higher risk in those aged 12-17 (Klein,
2021). Head-to-head comparisons suggested that the risk
of myocarditis was greater after the Moderna compared
to the Pfizer-BioNTech vaccine. The VaST assessment
noted that safety data for the reduced 50-microgram
Moderna booster dose were based on a small clinical trial
and that the risk after this booster might be lower than
that associated with the original, 100-microgram dose
(Talbot and Hopkins, 2021). ACIP voted to recommend
Pfizer-BioNTech and Moderna third doses to individuals
65+ years and those 18+ years who live in long-term care
settings, have underlying medical conditions, or work

or live in high-risk settings, all at least 6 months after
completion of the primary series (CDC, 2021b).
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TABLE D-2 Continued

Meeting Date Summary

November 2, 2021 Updated VAERS and VSD data regarding myocarditis
in individuals aged 12+ were presented (Oster, 2021a).
The plans to use safety monitoring systems to track
myocarditis, along with VaST’s plan to review data for
individuals aged 5-11 years, were also shared (Shimabu-
kuro, 2021b). Key counseling points for HCPs regard-
ing the risk in children aged 5-11 were highlighted: the
benefits of vaccination outweigh the risks; individuals
should seek medical care if they experience chest pain,
shortness of breath, or elevated heart rate after an mRNA
vaccine; no cases of myocarditis were reported in clinical
trials for this age group; the risk is higher in adolescents
aged 12-17 than in younger children; and the risk after
mRNA vaccination is lower than that associated with
COVID infection in adolescents and adults (Woodworth,
2021). It was discussed that the rate of myocarditis after
vaccination in this age group was not yet known, but it
was expected to be lower than in 12-15-year-olds due to
the lower dose and observed epidemiologic differences
in viral myocarditis between the two age groups (Oliver,
2021). ACIP recommended the Pfizer-BioNTech vaccine
for all children ages 5-11, as a two-dose series of 10
micrograms each (CDC, 2024).

November 19,2021 The VST presented updated VAERS data on reports
following booster doses (Shimabukuro, 2021a). There
were 54 preliminary reports of myocarditis and myo-
pericarditis, aligning with the recommended booster
dose population (e.g., adults over 65). VaST assessment
noted that the risk appeared lower after a booster dose
of the Pfizer-BioNTech vaccine compared to dose two of
the primary series based on data from Israel (Talbot and
Hopkins, 2022c). There was insufficient data to assess
the myocarditis risk following a Moderna booster dose.
Accumulating evidence indicating a higher myocarditis
risk after the Moderna primary series compared to Pfizer-
BioNTech was noted; however, the Moderna booster was
a lower dose than the primary series (50 micrograms vs.
100 micrograms). ACIP expanded the recommendation
for a booster dose to all individuals >18 years (CDC,
2021a).

December 16,2021 ACIP heard updates on AEs being reported to VAERS
and VSD in children aged 5-11 following the COVID
vaccination primary series (Su, 2021a). Fourteen cases of
myocarditis were reported to VAERS, eight of which had
been verified, with no confirmed cases in VSD in the 7
and 21 days following vaccination.

continued
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Meeting Date

Summary

January 5, 2022

February 4, 2022

VST presented updated VAERS and VSD data on myocar-
ditis (ACIP, 2022b). As of December 19,2021, VAERS
had 265 confirmed myocarditis reports following Pfizer-
BioNTech vaccine administration among children and
adolescents ages 12-15 out of 18.7 million doses. There
were 12 confirmed reports among children ages 5-11

out of 8.7 million doses and 13 preliminary reports of
myocarditis following booster vaccination among adults
16-24 with approximately 1 million doses. VSD data
continued to demonstrate an elevated risk of myocarditis
in 12-17-year-olds in the 7 days following dose 2. The
excess risk was 70 cases per million second doses com-
pared to 0.3 cases per million first doses. Data from Israel
on myocarditis reports after a third dose in children aged
12-15 years were also presented. No cases were reported
with over 6,000 vaccine doses administered. ACIP voted
to recommend a 30-microgram booster dose of the Pfizer-
BioNTech vaccine in adolescents 12-17 years at least §
months after completion of the primary series.

Updated VAERS data on myocarditis following admin-
istration of the Moderna vaccine, along with findings
from the VSD RCA and a head-to-head comparison of
mRNA vaccines, were presented. As of January 13, 2022,
359 myocarditis cases that met the case definition had
been reported to VAERS among individuals 18+ within 7
days after Moderna vaccination, out of 164 million doses
(Shimabukuro, 2022b). The VSD analysis with vaccinated
concurrent comparators continued to show both mRNA
vaccines were associated with increased risk of myocar-
ditis in 18-39-year-olds (Klein, 2022). A head-to-head
comparison of the vaccines using VSD data provided
evidence that the risk of myocarditis may be higher after
the Moderna vaccine compared to the Pfizer-BioNTech.
VaST reported that its evaluation of updated data did
not indicate any safety concerns related to myocarditis
following the Moderna vaccine in individuals 18+ years
beyond those already recognized (Talbot and Hopkins,
2022a).
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Meeting Date

Summary

April 20,2022

May 19,2022

June 17-18, 2022

Updated data from VSD and VAERS on the safety of the
first booster doses were presented (ACIP, 2022a). As of
April 11,2022, there were 100 cases of myocarditis in
VAERS following a first mRNA COVID vaccine booster
dose out of 93 million doses. Reporting rates were
highest among male recipients ages 12-29, exceeding
background rates but lower than those observed after the
second dose of the primary series. The only safety signal
noted after a first booster dose in VSD was myocarditis,
primarily occurring within a week after a first booster
dose in individuals aged 12-39. The VaST assessment
was that the risk following a booster dose continued to
appear lower than after the second dose of the primary
series.

VST updated ACIP on myocarditis reports following the
Pfizer-BioNTech primary series in children aged 5-11
(Shimabukuro, 2022a). As of April 24, 2022, 20 verified
cases were reported in VAERS, out of 18.1 million doses,
primarily after the second dose. The VSD RCA did not
detect a statistically significant safety signal. VaST con-
cluded that the data did not indicate any safety concerns
with the Pfizer-BioNTech booster dose for children aged
5-11 beyond those already identified in older age groups
(Talbot and Hopkins, 2022b). ACIP voted in favor of
recommending the booster dose for this age group (ACIP,
2022¢).

Representatives from Moderna and Pfizer presented
updates on the effectiveness and safety of both mRNA
COVID vaccines from clinical trials for young children
(ACIP, 2022d). Myocarditis was not reported during
clinical trials for either vaccine. The ACIP COVID-19
Work Group concluded that both the Moderna and
Pfizer-BioNTech mRNA COVID vaccines for young
children had favorable safety profiles, with common mild
to moderate side effects similar to other routine child-
hood vaccines. ACIP voted to recommend the Moderna
vaccine as a two-dose primary series of 25 micrograms
per dose for children aged 6 months to 5 years and the
Pfizer-BioNTech vaccine as a three-dose primary series of
3 micrograms per dose for children aged 6 months to 4
years.

continued
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Meeting Date

Summary

June 23,2022

July 19,2022

September 1, 2022

VST presented updated data from VAERS and VSD on
myocarditis in children and adolescents aged 6-11 and
12-17 following primary series vaccination with Pfizer-
BioNTech (ACIP, 2022g). As of May 26, 2022, VAERS
had 635 verified myocarditis reports among 5-17-year-
olds out of 54.8 million doses. No safety signals were
present in VSD for myocarditis in children aged 5-11;
however, people >12 years had a statistically significant
safety signal for both the primary series and booster
doses. A head-to-head comparison of the two mRNA
COVID vaccines in individuals aged 18-39 using VSD
data provided evidence that the risk of myocarditis may
be higher following the Moderna vaccine. The VaST as-
sessment noted a risk of myocarditis after mRNA COVID
vaccination in adolescents and adults, with ongoing
evaluation and monitoring in children under 12. ACIP
voted favorably to recommend the Moderna vaccine as
a two-dose series of 50 micrograms per dose in children
aged 6-11 and a two-dose series of 100 micrograms per
dose in children and adolescents aged 12-17.

VST gave an update on myocarditis following mRNA
COVID vaccination in adults >18 years based on VAERS
and VSD data (ACIP, 2022c¢). As of May 26, 2022,
VAERS had 1,321 verified myocarditis reports in indi-
viduals 18+ after 491.9 million doses. Evidence continued
to show consistent patterns with previously reported
data: cases were most likely within the first week postvac-
cination, with the highest risk in male adolescents and
young adults, particularly after the second dose of the
primary series.

VST presented on the safety of the primary series with

a mRNA COVID vaccine in children ages 6 months to

5 years and the safety of mRNA COVID booster doses
in people 5+ years (ACIP, 2022f). VAERS or VSD had

no evidence of a higher risk of myocarditis in children
aged 6 months to 5 years following their primary series.
Data did show an increased risk of myocarditis follow-
ing a first booster dose with a mRNA vaccine in people
aged 5+, particularly among male adolescents and

young adults. There were 131 reports of myocarditis in
individuals aged 5+ after over 123 million booster doses.
This safety signal was not significant for individuals aged
5-11. VAERS reports of myocarditis were lower after
the first booster than after dose 2 of the primary series.
In contrast, VSD found similar rates but with small case
numbers, leading to wide confidence intervals and un-
certainty. ACIP voted to recommend the Pfizer-BioNTech
bivalent booster at a dose of 30 micrograms for individu-
als >12 years and Moderna bivalent booster at a dose of
50 micrograms in people >18 years.

Copyright National Academy of Sciences. All rights reserved.


https://nap.nationalacademies.org/catalog/29240?s=z1120

Vaccine Risk Monitoring and Evaluation at the Centers for Disease Control and Prevention

APPENDIX D 195

TABLE D-2 Continued

Meeting Date Summary

October 21,2022 VST provided an update on vaccine safety, which
included myocarditis (ACIP, 2022h). Multiple monitor-
ing systems continued to provide evidence of increased
myocarditis risk among male adolescents and young
adults within a few days following dose 2, including the
VAERS, VSD, and Department of Defense systems. FDA
data did not show a significant variation in risk between
the Pfizer-BioNTech and Moderna vaccines. The VA
system reported few cases of myocarditis, likely due to its
older patient population. Canada, Israel, and other Euro-
pean countries were reporting similar findings regarding
myocarditis risk. Canada and select countries in Northern
Europe were observing greater myocarditis risk for the
Moderna compared to the Pfizer-BioNTech vaccine. The
VaST assessment found a slightly higher risk of myocar-
ditis in men aged 18-29 after the Moderna primary series
compared to the Pfizer-BioNTech series and highlighted
the limited data available on myocarditis risk following
Moderna booster doses.

NOTES: This list was generated based on ACIP documentation archived on the CDC Stacks
website and may not include information that was not preserved in the archive. ACIP = Advi-
sory Committee on Immunization Practices; AE = adverse event; CDC = Centers for Disease
Control and Prevention; FDA = Food and Drug Administration; RCA = rapid-cycle analysis;
VA = Department of Veterans Affairs; VAERS = Vaccine Adverse Event Reporting System;
VaST = Vaccine Safety Technical Work group; VSD = Vaccine Safety Datalink; VST = Vaccine
Safety Team.

who filed a VAERS report between January 12, 2021, and November 3,
2021. Data collection occurred between August 24, 2021, and January 12,
2022. The study methodology included a two-component survey completed
at least 90 days after myocarditis symptoms began. One component was
completed by the patient or their guardian and the other by their HCP.
The study followed 519 patients (Kracalik et al., 2022). The median age
was 17 years, and 88 percent were male. HCPs indicated that the majority
(81 percent) were considered recovered, though 26 percent remained on
daily medication related to myocarditis. Some patients reported ongoing
issues, including depression (46 percent) and pain (30 percent), but overall
quality-of-life scores were similar to prepandemic levels. Most cardiac diag-
nostic tests showed improvement, with a high percentage of patients return-
ing to normal or baseline values. While 54 percent of follow-up cardiac
MRIs showed abnormalities, only 13 percent had findings consistent with
active myocarditis, and 68 percent were cleared for full physical activity.
ACIP received updates from VST on the follow-up study. Updates on
enrollment and data collection were provided at the October 21, 2021,
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meeting (Shimabukuro and ACIP, 2021). Preliminary data were reported
at the February 4, 2022, meeting (Kracalik, 2022). ACIP was provided
preliminary data specifically regarding patients aged 5-17 at the June 23,
2022, meeting (Shimabukuro, 2022¢). The results of the HCP survey were
presented at the July 19, 2022 meeting (Shimabukuro, 2022d). Final results
were published in The Lancet in September 2022 (Kracalik et al., 2022).
CDC also launched a webpage about the study in August 2021, including
how people would be contacted to participate in the study and how the
information would be used (NCIRD, 2021d).

Public Interest and Vaccine Confidence

ISO receives vaccine safety questions from HCPs, public health offi-
cials, and the public through multiple communication channels (Miller et
al., 2023). Between December 1, 2020, and August 31, 2022, ISO received
1,655 inquiries about COVID vaccine safety; myocarditis was the second
most common concern, accounting for 9 percent of inquiries. Inquiries on
myocarditis were most commonly made by HCPs about the risk following
vaccination across age cohorts and CDC’s benefit-risk assessment of myo-
carditis following vaccinations. Inquiries from the public were commonly
requesting medical advice for treating myocarditis following vaccination.

CDC regularly published State of Vaccine Confidence Insights Reports
throughout the COVID PHE, analyzing factors affecting U.S. vaccine uptake
and hesitancy. These reports drew data from social media, web searches,
media inquiries, polls, and scientific literature. The first report, covering
January 24-February 6, 2021, was released on February 12, 2021. Myo-
carditis was first mentioned in a special report on June 14, 2021, following
the authorization and recommendation of the Pfizer-BioNTech vaccine
for adolescents aged 12-15. The report highlighted a surge in discussions
on social and news media regarding COVID vaccination and myocarditis
in adolescents. Parents raised concerns about vaccine safety, the risk of
myocarditis compared to its general prevalence, its severity and long-term
effects, and whether to proceed with the second dose. Myocarditis remained
a recurring topic in these reports throughout the PHE as a factor influencing
vaccine confidence and hesitancy, particularly for mRNA COVID vaccines
for children and adults (CDC, 2021f,g,h,i, 2022a,b,c,e,f,g, 2023a).

TINNITUS CASE STUDY

Tinnitus is defined as “the perception of sound without an external
source” (Tunkel et al., 2014). It is estimated that about one-quarter of the
U.S. population experiences tinnitus at any given point in time. People with
tinnitus often describe hearing ringing, buzzing, or clicking, among other
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sounds, in one or both ears. It can be idiopathic, be associated with sensori-
neural hearing loss, or result from another system disorder, such as cochlear
or vascular abnormalities. It is most prevalent in individuals with loud noise
exposure. It can significantly impact quality of life and may result in insom-
nia, depression, or anxiety, among other psychiatric conditions.

Tinnitus was not reported as a postvaccination event for BNT162b2
(Pfizer-BioNTech) or mRNA-1273 (Moderna) in the U.S. clinical trial data
used for initial EUA (Baden et al., 2021; Polack et al., 2020). It was
reported in the clinical trial data for Ad26.COV2.S (Janssen) (Sadoff et al.,
2021). It occurred in six participants in the vaccine group (out of 3,356
participants in the safety subpopulation) compared to zero participants
in the placebo group. As a result, Janssen indicated that tinnitus would
undergo postmarketing monitoring (Sadoff et al., 2021). Tinnitus was not
designated as an AESI warranting proactive monitoring via the U.S. COVID
vaccine safety monitoring systems (Gee et al., 2024). It has been reported
with other vaccines, including the hepatitis, rabies, measles, and HIN1 vac-
cines (Harpaz et al., 2022).

Timeline of Events

VaST first reviewed tinnitus and hearing loss associated with COVID
vaccines on November 14, 2022 (Markowitz et al., 2024) in response to
public interest and concerns following reports of tinnitus in the Janssen
vaccine trial. It reviewed data from VAERS and VSD. Reports of tinnitus
were rare following Pfizer-BioNTech and Moderna vaccines, with 21.6 and
22.7 cases per million doses administered, respectively. The VSD analysis
estimated an incidence of tinnitus per 10,000 person-years of 78, 107, and
85 following the Pfizer-BioNTech, Moderna, and Janssen vaccines, respec-
tively, based on 140 days of follow-up after vaccination. These observed
rates were all below the expected background incidence (approximately 116
cases per 10,000 person-years among the general population). VaST deter-
mined that, based on the data reviewed through the April 2023 meeting,
no safety concerns were identified. Based on a review of summary minutes
from public meetings available via the CDC archives website, tinnitus was
not included in any VaST assessments presented to ACIP during the PHE.

In 2024, ISO participated in publication of a peer-reviewed study of
tinnitus following COVID vaccine (Yih et al., 2024). The study used data
from VAERS and VSD and showed no disproportionate reporting of tin-
nitus in either monitoring system for any vaccine using similar methods to
those that had identified the myocarditis safety signal. Although the study
did not find strong evidence of increased risk, researchers acknowledged
limitations in adjusting for confounding factors, meaning a definitive con-
clusion could not be reached.
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Public Interest and Vaccine Confidence

Between December 2020 and August 2022, approximately 2 percent
(n = 28) of 1,655 inquiries about COVID vaccine safety received by ISO
were about tinnitus (Miller et al., 2023). It made one appearance in the
CDC State of Vaccine Confidence Insights Reports. Tinnitus It was iden-
tified as a new and emerging theme that may be affecting vaccine confi-
dence in the June 10, 2022, edition reflecting the March 14-April 4, 2022,
time frame. A World Health Organization Pharmaceuticals newsletter had
recently highlighted that the Uppsala Monitoring Centre observed tinnitus
after COVID vaccination frequently enough to merit further study (CDC,
2022h). There were 367 reported cases of post-vaccination tinnitus across
10 countries as of February 22, 2022 linked to the Pfizer/BioNTech, Mod-
erna, and AstraZeneca vaccines (CDC, 2022h; WHO, 2022).

MENSTRUAL IRREGULARITIES CASE STUDY

Menstrual irregularities refer to disruptions in the menstrual cycle
(NIH, 2017a) and affect approximately 14-25 percent of women (Whita-
ker and Critchley, 2016). The most common include missed or infrequent
periods, heavy or prolonged bleeding, or severe cramps (NIH, 2017b). Men-
struation is controlled by a complex balance of hormones, inflammation,
and tissue changes (Wong et al., 2022). Since COVID vaccines can cause
temporary inflammation, it is biologically plausible that they could briefly
disrupt the menstrual cycle and trigger unexpected bleeding.

Menstrual irregularities were not identified as a postvaccination occur-
rence in the clinical trial data for the Pfizer-BioNTech, Moderna, or Janssen
vaccines that supported their initial EUA (Baden et al., 2021; Polack et al.,
2020; Sadoff et al., 2021). While vaccination during pregnancy and preg-
nancy outcomes were AESIs, menstrual irregularities was not predetermined
to be an AE warranting proactive safety monitoring (Polack et al., 2020).

Timeline of Events

Reports of menstrual irregularities following COVID vaccination
emerged in 2021 via social media and in the news (NIH, n.d.a). VaST
reported reviewing outcomes related to menstrual irregularities or vaginal
bleeding (Markowitz et al., 2024). The data reviewed were published as an
observational cohort study in August 2022 (Markowitz et al., 2024; Wong
et al., 2022) that identified 63,815 reports of menstrual irregularities or
vaginal bleeding from 62,679 female respondents in V-safe from December
14, 2020 to January 9, 2022. These reports represented 1 percent of all
female respondents >18 years in V-safe. Menstruation timing (83.6 percent)
and menstrual system severity (67 percent) were most commonly reported.
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A review of summary minutes from public meetings available on the
CDC archives website found no mention of menstrual irregularities in any
VaST assessments presented to ACIP during the PHE. During the ACIP
meeting on September 1, 2022, menstrual irregularities was identified as
a pregnancy and reproductive health outcome being monitored following
COVID vaccination in the presentation by VST (Shimabukuro, 2022¢); the
slides did not include any additional information on menstrual irregularities.

CDC did release information to the public on its website about the
impact of COVID vaccination on menstruation and reproductive health in
2021 and 2022 (NCIRD, 2021g, 2022a,b). The “Myths and Facts about
COVID-19 Vaccines” webpage addressed the question, “Can being near
someone who received a COVID-19 vaccine affect my menstrual cycle?”
(NCIRD, 2021g) The “COVID-19 Vaccines for People Who Would Like
to Have a Baby” webpage discussed the limited research on the impact of
vaccination on the menstrual cycle, noting that while minor, temporary
changes—such as variations in cycle length, intervals, and heavier bleed-
ing—had been observed, no evidence suggested it affected fertility (NCIRD,
2022a). The “Frequently Asked Questions about COVID-19 Vaccination”
webpage also answered the question, “Do COVID-19 vaccines affect your
menstrual cycle?” (NCIRD, 2022b).

In May 2021, the National Institutes of Health (NIH) announced
funding for research studies exploring potential links between the COVID
vaccine and menstruation (NIH, n.d.b). In August of the same year, NIH
announced the five institutions that received funding (NIH, 2021). Research
published to date from this funding has found a link between COVID vac-
cination and small, temporary menstrual changes (Edelman et al., 2022;
Ramaiyer et al., 2024). Two studies found an increase in menstrual cycle
length (Edelman et al., 2022; Wesselink et al., 2023). A third study found a
small increase in menses length (Ramaiyer et al., 2024).

Public Interest and Vaccine Confidence

About 1 percent of 1,666 COVID vaccine safety inquiries made to
ISO between December 2020 and August 2022 were related to irregu-
lar menses (Miller et al., 2023). Menstrual irregularities first appeared in
the CDC State of Vaccine Confidence Insights Report on April 28, 2021
(CDC, 2021c). Report #6 stated reports of “atypical menstruation” from
women following COVID vaccination had “been co-opted and incorpo-
rated into misinformation narratives that warn of a link between COVID-
19 vaccination and infertility.” Multiple reports in May 2021 highlighted
growing concerns about the impact of COVID vaccination on menstrual
cycles and social media, including “viral shedding,” whereby the menstrual
cycle of unvaccinated individuals could be influenced through exposure to
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vaccinated individuals (CDC, 2021d,e). The State of Vaccine Confidence
Insight Reports consistently highlighted consumer concerns about men-
strual changes, potential effects on fertility, and likely impact on vaccine
hesitancy through mid-2022 (CDC, 2021g,i, 2022b,c,d, 2023a).

CHIKUNGUNYA VACCINE CASE STUDY

Chikungunya is a viral illness transmitted by mosquitoes (WHO, 2025).
It was first detected in Tanzania in 1952 and later identified in various
countries across Africa and Asia. Since 2024, outbreaks have become more
frequent and widespread, largely due to viral mutations that have enhanced
its ability to spread through Aedes albopictus mosquitoes. The disease has
now been documented in 110 nations across Africa, Asia, Europe, and the
Americas. It typically begins with a sudden fever, often accompanied by
joint pain that can be debilitating. Although it is rarely fatal, some cases
involve eye, heart, and neurological complications.

Between 2006 and 2013, an average of 28 U.S. cases per year were
identified (WHO, 2025). The first local transmission in the Americas was
recorded in the Caribbean in late 2013, leading to subsequent cases in the
United States. It became a nationally notifiable disease in 2015. In 2024,
199 U.S. cases were reported, all travel associated; no locally acquired cases
have been reported since 2019.

On November 9, 2023, FDA approved a live, attenuated vaccine
(CHIK-LA) “for the prevention of disease caused by chikungunya virus in
individuals 18 years of age and older who are at increased risk of expo-
sure to chikungunya virus” under statutory provisions and regulations for
accelerated approval (Kaslow, 2023). On February 28, 2024, ACIP recom-
mended it “for persons aged >18 years traveling to a country or territory
where there is a chikungunya outbreak” and “laboratory workers with
potential for exposure to chikungunya virus” (ACIP, 2024). CHIK-LA
vaccine is administered intramuscularly as a single dose (CDC, 2025b).
Headache, fatigue, myalgia, arthralgia, injection-site pain, pyrexia, and
nausea occurred in 210 percent of clinical trial participants (Schneider et
al., 2023). Serious AEs identified during the Phase 3 clinical trial of adults
were infections and infestations (0.3 percent of intervention participants);
injury, poisoning, and procedural complications (0.3 percent); psychiatric
disorders (0.2 percent); and cardiac disorders (0.2 percent). The vaccine
package insert contains a warning for severe or prolonged chikungunya-like
adverse reactions (FDA, n.d.).
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Timeline of Events

In February 2025, CDC reported that five individuals aged 65+ were
hospitalized with cardiac or neurological symptoms after recently receiving
CHIK-LA vaccine (Howard, 2025; Twenter, 2025). On February 25, 2025,
CDC posted an update to its webpage on the vaccine for HCPs (CDC,
2025b; Howard, 2025): “CDC is currently investigating five hospitaliza-
tions for cardiac or neurologic events following vaccination with [CHIK-
LA] among people 65 years of age and older. This topic will be discussed
at an upcoming meeting of ACIP. Health care providers should discuss the
benefits and risks of vaccination with individual travelers based on their
age, destination, trip duration, and planned activities.”

The ACIP meeting scheduled for February 26-28, 2025, was postponed
“to accommodate public comment in advance of the meeting.” The resched-
uled meeting occurred on April 15-16, 2025 (CDC, 2025a) and included
a presentation on postlicensure surveillance for AEs following CHIK-LA
based on data from VAERS by the Chikungunya Vaccines Work Group
(Hills, 2025). VAERS had 28 AE reports from May through December
2024, including 22 nonserious and six serious events. Among the seri-
ous AEs, five resulted in hospitalization and one was an “other medically
important event.”

The presentation included deidentified case summaries of the six serious
AFs reported to VAERS (Hills, 2025), which all involved men aged 67-86
with comorbidities. All received CHIK-LA vaccine for upcoming travel.
Three had received coadministered vaccines, either the inactive Japanese
encephalitis or oral, live typhoid vaccines. Symptom onset began within
3-5 days following vaccine administration. Among the five individuals who
were hospitalized, three were discharged with encephalopathy diagnoses,
one with aseptic meningitis, and one with atrial flutter and non-ST segment
elevation myocardial infarction. The sixth individual was not hospitalized
but was diagnosed with worsened and prolonged hypotension with pre-
existing cardiomyopathy and hypotension by an internist.

The presentation described how the Clinical Immunization Safety
Assessment (CISA) Project was consulted (Hills, 2025). For each report,
at least one CISA expert assessed association of the serious AE and CHIK-
LA vaccine. Several factors supported possible causality: events began 3-5
days after vaccination; association with other vaccines was less likely for
the three patients with coadministration; clear alternate etiologies were
not identified; discharge summaries of the five hospitalized patients noted
potential association with vaccination; and laboratory testing resulted sug-
gested an association with CHIK-LA vaccine for two patients.

The presentation also described how VAERS reports and IQVIA data
were used to calculate risk estimates for serious AEs and hospitalizations
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among persons 65+ (Hills, 2025). The analysis yielded an estimated rate
of serious AEs of 82 per 100,000 doses or one serious AE per 1,220 doses
and an estimated rate of hospitalization of 68 per 100,000 doses or one
hospitalization per 1,471 doses.

The Chikungunya Vaccine Work Group’s assessment that being age
65+ should be a precaution for CHIK-LA vaccine (Hills, 2025). It proposed
revising the ACIP recommendations for the use of the vaccine among trav-
elers—specifically, by removing adults over 65 from the group for whom
the vaccine may be considered when traveling to areas with chikungunya
transmission within the last 5§ years but no current outbreak. ACIP voted
to accept this change to the chikungunya vaccine recommendations (Broad-
castCDC, 2025).
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Appendix E

Catalog of Data-Driven Literature
from CDC Vaccine Safety Monitoring

This catalog presents a curated summary of peer-reviewed, data-driven
studies supported by the CDC Immunization Safety Office (ISO) during the
COVID public health emergency (PHE). These studies move beyond descrip-
tive reporting to apply structured analytical methods—such as cohort com-
parisons, rapid-cycle analyses, and signal detection algorithms—to evaluate
the safety of authorized COVID vaccines. They leverage surveillance sys-
tems, including the Vaccine Adverse Event Reporting System (VAERS),
Vaccine Safety Datalink (VSD), and V-safe, and draw on electronic health
record data, immunization registries, and patient self-reporting tools.

Grouped thematically, each summary highlights the analytic focus of
the study, including the population studied, surveillance systems used, and
major insights about vaccine safety during the public health response.

GENERAL SAFETY SURVEILLANCE AND SIGNAL DETECTION

e A Broad Assessment of COVID-19 Vaccine Safety Using Tree-Based
Data Mining in the Vaccine Safety Datalink (Yih et al., 2023a)
Data-driven analysis of adverse events (AEs) following COVID vaccina-

tion using surveillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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e A Safety Study Evaluating Non-COVID-19 Mortality Risk Following

COVID-19 Vaccination (Xu et al., 2023)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

* Anxiety-Related Adverse Event Clusters After Janssen COVID-19—Five

U.S. Mass Vaccination Sites, April 2021 (Hause, 2021a)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

®  Association Between History of SARS-CoV-2 Infection and Severe Sys-
temic Adverse Events After mRNA COVID-19 Vaccination Among U.S.
Adults (Tompkins et al., 2022)
Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

® Case Series of Thrombosis With Thrombocytopenia Syndrome After
COVID-19 Vaccination—United States, December 2020 to August
2021 (See et al., 2022)
Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e COVID-19 Vaccination and Non-COVID-19 Mortality Risk—Seven
Integrated Health Care Organizations, United States, December 14,
2020-July 31, 2021 (Xu et al., 2021)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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e  First Month of COVID-19 Vaccine Safety Monitoring—United States,

December 14, 2020-January 13, 2021 (Gee et al., 2021)

Summaries of real-world AE reporting and surveillance outcomes for
COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

®  Guillain-Barré Syndrome After COVID-19 Vaccination in the Vaccine

Safety Datalink (Hanson et al., 2021)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Incidence of Guillain-Barré Syndrome After COVID-19 Vaccination in

the Vaccine Safety Datalink (Hanson et al., 2022)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

®  Menstrual Irregularities and Vaginal Bleeding After COVID-19 Vac-
cination Reported to V-safe Active Surveillance, USA in December,
2020-January, 2022: An Observational Cohort Study (Wong et al.,
2022)
Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

*  Mortality Risk After COVID-19 Vaccination: A Self-Controlled Case

Series Study (Xu et al., 2024)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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® Notes from the Field: Safety Monitoring of Novavax COVID-19 Vac-
cine Among Persons Aged >12 Years—United States, July 13, 2022-
March 13,2023 (Romanson et al., 2023)
Summaries of real-world AE reporting and surveillance outcomes for
COVID vaccines.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Obstetric Complications and Birth Outcomes After Antenatal Corona-
virus Disease 2019 (COVID-19) Vaccination (Vesco et al., 2022)
Data-driven analysis of AEs following COVID vaccination using sur-

veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

® Post-Authorization Safety Surveillance of Ad.26.COV2.S Vaccine:
Reports to the Vaccine Adverse Event Reporting System and V-safe,
February 2021-February 2022 (Woo et al., 2023)
Summaries of real-world AE reporting and surveillance outcomes for
COVID-19 vaccines.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

® Post-Authorization Surveillance of Adverse Events Following COVID-
19 Vaccines in Pregnant Persons in the Vaccine Adverse Event Reporting
System (VAERS), December 2020-October 2021 (Moro et al., 2022a)
Summaries of real-world AE reporting and surveillance outcomes for
COVID vaccines.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Postmenopausal Bleeding After Coronavirus Disease 2019 (COVID-
19) Vaccination: Vaccine Adverse Event Reporting System (Strid et al.,
2022)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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® Preliminary Findings of mRNA COVID-19 Vaccine Safety in Pregnant

Persons (Shimabukuro et al., 2021b)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

® Reactogenicity Following Receipt of mRNA-Based COVID-19 Vaccines

(Chapin-Bardales et al., 2021a)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

* Reactogenicity Within 2 Weeks After mRNA COVID-19 Vaccines:
Findings from the CDC V-safe Surveillance System (Chapin-Bardales
et al., 2021b)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

* Reporting Rates for VAERS Death Reports Following COVID-19 Vac-
cination, December 14, 2020-November 17, 2021 (Day et al., 2023)
Data-driven analysis of AEs following COVID vaccination using sur-

veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

* Reports of Anaphylaxis After Receipt of mRNA COVID-19 Vaccines in
the U.S.—December 14, 2020-January 18, 2021 (Shimabukuro et al.,
2021a)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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e Reports of Guillain-Barré Syndrome After COVID-19 Vaccination in

the United States (Abara et al., 2023)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of an Additional Dose of COVID-19 Vaccine—
United States, August 12-September 19, 2021 (Hause et al., 2021d)
Summaries of real-world AE reporting and surveillance outcomes for

COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of Bivalent COVID-19 mRNA Vaccine Booster
Doses Among Persons Aged >12 Years—United States, August 31—
October 23, 2022 (Hause et al., 2022b)

Summaries of real-world AE reporting and surveillance outcomes for

COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of Bivalent mRNA COVID-19 Vaccine Among Preg-
nant Persons in the Vaccine Adverse Event Reporting System—United
States, September 1, 2022-March 31, 2023 (Moro et al., 2024a)
Summaries of real-world AE reporting and surveillance outcomes for

COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of COVID-19 mRNA Vaccine First Booster Doses
Among Persons Aged >12 Years with Presumed Immunocompromise
Status—United States, January 12, 2022-March 28, 2022 (Hause et
al., 2022¢)

Summaries of real-world AE reporting and surveillance outcomes for

COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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e Safety Monitoring of COVID-19 mRNA Vaccine Second Booster Doses
Among Adults Aged >50 Years—United States, March 29, 2022—July
10, 2022 (Hause et al., 2022d)
Summaries of real-world AE reporting and surveillance outcomes for
COVID vaccines.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of COVID-19 Vaccine Booster Doses Among
Adults—United States, September 22, 2021-February 6, 2022 (Hause
et al., 2022¢)

Summaries of real-world AE reporting and surveillance outcomes for

COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of COVID-19 Vaccine Booster Doses Among Persons
Aged 12-17 Years—United States, December 9, 2021-February 20,
2022 (Hause et al., 2022f)

Summaries of real-world AE reporting and surveillance outcomes for

COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of Pfizer-BioNTech COVID-19 Vaccine Booster
Doses Among Children Aged 5-11 Years—United States, May 17-July
31, 2022 (Hause et al., 2022g)
Summaries of real-world AE reporting and surveillance outcomes for
COVID vaccines.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety Monitoring of the Janssen (Johnson & Johnson) COVID-19 Vac-

cine—United States, March—April 2021 (Shay et al., 2021)

Summaries of real-world AE reporting and surveillance outcomes for
COVID vaccines.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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e Safety of Co-Administration of mRNA COVID-19 and Seasonal Inacti-
vated Influenza Vaccines in the Vaccine Adverse Event Reporting System
(VAERS) During July 1, 2021-June 30, 2022 (Moro et al., 2023a)
Data-driven analysis of AEs following COVID vaccination using sur-

veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety of mRNA Vaccines Administered During the Initial 6 Months of
the U.S. COVID-19 Vaccination Programme: An Observational Study
of Reports to the Vaccine Adverse Event Reporting System and V-safe
(Rosenblum et al., 2022)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Safety of Simultaneous Vaccination With COVID-19 Vaccines in the

Vaccine Safety Datalink (Tat’Yana et al., 2023b)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Surveillance for Adverse Events After COVID-19 mRNA Vaccination

(Klein et al., 2021)

Data-driven analysis AEs following COVID vaccination using surveil-
lance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

e Tinnitus After COVID-19 Vaccination: Findings from the Vaccine
Adverse Event Reporting System and the Vaccine Safety Datalink (Yih
et al., 2024)
Data-driven analysis AEs following COVID vaccination using surveil-
lance systems.
Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.
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e U.S. Case Reports of Cerebral Venous Sinus Thrombosis With Throm-
bocytopenia After Ad26.COV2.S Vaccination, March 2 to April 21,
2021 (See et al., 2021)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Included a range of adult and pediatric populations, applying broad
surveillance to detect and characterize trends in AE reporting and signal
strength.

ALLERGIC REACTIONS AND ANAPHYLAXIS

e Allergic Reactions Including Anaphylaxis After Receipt of the First
Dose of Moderna COVID-19 Vaccine—United States, December 21,
2020-January 10, 2021 (Shimabukuro, 2021)

Data-driven analysis AEs following COVID vaccination using surveil-
lance systems.

Focused on individuals who experienced immediate hypersensitivity
reactions postvaccination, with attention to those previously sensitized to

PEG-containing compounds.

e Allergic Reactions Including Anaphylaxis After Receipt of the First
Dose of Pfizer-BioNTech COVID-19 Vaccine—United States, December
14-23, 2020 (CDC, 2021)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Focused on individuals who experienced immediate hypersensitivity
reactions postvaccination, with attention to those previously sensitized to

PEG-containing compounds.

e Allergic Reactions Including Anaphylaxis After Receipt of the First
Dose of Pfizer-BioNTech COVID-19 Vaccine (Shimabukuro and Nair,
2021)

Data-driven analysis of AEs following COVID vaccination using sur-
veillance systems.

Focused on individuals who experienced immediate hypersensitivity
reactions postvaccination, with attention to those previously sensitized to

PEG-containing compounds.

e Evaluation of Association of Anti-PEG Antibodies With Anaphylaxis
After mRNA COVID-19 Vaccination (Zhou et al., 2023)
Evaluated potential relationship between anti-PEG antibodies and vac-
cine-related allergic reactions.
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Focused on individuals who experienced immediate hypersensitivity
reactions postvaccination, with attention to those previously sensitized to
PEG-containing compounds.

BOOSTER AND BIVALENT DOSE SAFETY

e COVID-19 Booster Vaccination in Early Pregnancy and Surveillance for

Spontaneous Abortion (Kharbanda et al., 2023)

Evaluated safety of booster or bivalent doses in specific populations
using VAERS or VSD data.

Used VAERS and VSD to assess AEs in recipients of booster and biva-
lent doses, including older adults and high-risk groups.

® Reactogenicity of Simultaneous COVID-19 mRNA Booster and Influ-

enza Vaccination in the U.S. (Hause et al., 2022h)

Evaluates safety of booster or bivalent doses in specific populations
using VAERS or VSD data.

Used VAERS and VSD to assess AEs in recipients of booster and biva-
lent doses, including older adults and high-risk groups.

e Safety of Booster Doses of Coronavirus Disease 2019 (COVID-19)
Vaccine in Pregnancy in the Vaccine Adverse Event Reporting System
(Moro et al., 2022b)

Evaluated safety of booster or bivalent doses in specific populations
using VAERS or VSD data.

Used VAERS and VSD to assess AEs in recipients of booster and biva-
lent doses, including older adults and high-risk groups.

e Safety of Simultaneous Administration of Bivalent mRNA COVID-19
and Influenza Vaccines in the Vaccine Adverse Event Reporting System
(VAERS) (Moro et al., 2024b)

Evaluated safety of booster or bivalent doses in specific populations
using VAERS or VSD data.

Used VAERS and VSD to assess AEs in recipients of booster and biva-
lent doses, including older adults and high-risk groups.

e Safety Signal Identification for COVID-19 Bivalent Booster Vaccination
Using Tree-Based Scan Statistics in the Vaccine Safety Datalink (Yih et
al., 2023c)

Evaluates safety of booster or bivalent doses in specific populations
using VAERS or VSD data.

Used VAERS and VSD to assess AEs in recipients of booster and biva-
lent doses, including older adults and high-risk groups.
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® Tree-Based Data Mining for Safety Assessment of First COVID-19
Booster Doses in the Vaccine Safety Datalink (Yih et al., 2023b)
Evaluates safety of booster or bivalent doses in specific populations
using VAERS or VSD data.
Used VAERS and VSD to assess AEs in recipients of booster and biva-
lent doses, including older adults and high-risk groups.
Pediatric and Adolescent Safety

e COVID-19 mRNA Vaccine Safety Among Children Aged 6 Months-5
Years—United States, June 18, 2022—August 21, 2022 (Hause et al.,
2022a)

Assessed COVID vaccine safety in pediatric or adolescent populations
using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events

e COVID-19 Vaccine Safety in Adolescents Aged 12-17 Years—United
States, December 14, 2020-July 16, 2021 (Hause et al., 2021b)
Assessed COVID vaccine safety in pediatric or adolescent populations

using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events.

e COVID-19 Vaccine Safety in Children Aged 5-11 Years—United States,

November 3-December 19, 2021 (Hause et al., 2021¢)

Assessed COVID vaccine safety in pediatric or adolescent populations
using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events.

e Reactions Following Pfizer-BioNTech COVID-19 mRNA Vaccination
and Related Health Care Encounters Among 7,077 Children Aged 5-11
Years Within an Integrated Health Care System (Malden et al., 2023)
Assessed COVID vaccine safety in pediatric or adolescent populations

using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events.

e Reported Cases of Multisystem Inflammatory Syndrome in Children
Aged 12-20 Years in the USA Who Received a COVID-19 Vaccine,
December, 2020, Through August, 2021: A Surveillance Investigation
(Yousaf et al., 2022)
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Assessed COVID vaccine safety in pediatric or adolescent populations
using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events.

e Safety of COVID-19 mRNA Vaccination Among Young Children in the

Vaccine Safety Datalink (Goddard et al., 2023)

Assessed COVID vaccine safety in pediatric or adolescent populations
using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events.

e Safety of COVID-19 Vaccination in United States Children Ages 5 to

11 Years (Hause et al., 20221)

Assessed COVID vaccine safety in pediatric or adolescent populations
using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events.

e Surveillance for Multisystem Inflammatory Syndrome in U.S. Children
Aged 5-11 Years Who Received Pfizer-BioNTech COVID-19 Vaccine,
November 2021 through March 2022 (Cortese et al., 2023)

Assessed COVID vaccine safety in pediatric or adolescent populations
using active surveillance or EHR review.

Monitored safety among children aged 5-17 years using VSD, V-safe,
and VAERS, often evaluating reactogenicity and medically attended events.

Pregnancy Outcomes

e COVID-19 Vaccine Safety Surveillance in Early Pregnancy in the United
States: Design Factors Affecting the Association Between Vaccine and
Spontaneous Abortion (Vazquez-Benitez et al., 2023)

Presented data-driven analysis of vaccine safety outcomes during preg-
nancy using registry or linked data.

Examined pregnant individuals enrolled in V-safe or VSD, with out-
comes including spontaneous abortion, stillbirth, and major birth defects.

e Evaluation of Acute Adverse Events After COVID-19 Vaccination Dur-

ing Pregnancy (DeSilva et al., 2022)

Presented data-driven analysis of vaccine safety outcomes during preg-
nancy using registry or linked data.

Examined pregnant individuals enrolled in V-safe or VSD, with out-
comes including spontaneous abortion, stillbirth, and major birth defects.
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e Receipt of COVID-19 Vaccine During Pregnancy and Preterm or Small-
for-Gestational-Age at Birth—Eight Integrated Health Care Organiza-
tions, United States, December 15, 2020-July 22, 2021 (Lipkind et al.,
2022)

Presented data-driven analysis of vaccine safety outcomes during preg-
nancy using registry or linked data.

Examined pregnant individuals enrolled in V-safe or VSD, with out-
comes including spontaneous abortion, stillbirth, and major birth defects.

* Spontaneous Abortion Following COVID-19 Vaccination During Preg-

nancy (Kharbanda et al., 2021a)

Presented data-driven analysis of vaccine safety outcomes during preg-
nancy using registry or linked data.

Examined pregnant individuals enrolled in V-safe or VSD, with out-
comes including spontaneous abortion, stillbirth, and major birth defects.

MYOCARDITIS RISK EVALUATION

e Incidence of Myocarditis/Pericarditis Following mRNA COVID-19
Vaccination Among Children and Younger Adults in the United States
(Goddard et al., 2022a)

Analyzed risk or incidence of myocarditis following mRNA COVID
vaccination using postauthorization safety data.
Focused primarily on adolescents and young adults, particularly male

recipients, and evaluated risk after the second dose of mRNA vaccines using
VAERS and VSD data.

®  Myocarditis Cases Reported After mRNA-Based COVID-19 Vaccina-
tion in the U.S. from December 2020 to August 2021 (Oster et al.,
2022)
Analyzed risk or incidence of myocarditis following mRNA COVID
vaccination using postauthorization safety data.
Focused primarily on adolescents and young adults, particularly male

recipients, and evaluated risk after the second dose of mRNA vaccines using
VAERS and VSD data.

®  Myocarditis or Pericarditis Following mRNA COVID-19 Vaccination
(Weintraub et al., 2022)
Analyzed risk or incidence of myocarditis following mRNA COVID
vaccination using postauthorization safety data.
Focused primarily on adolescents and young adults, particularly male

recipients, and evaluated risk after the second dose of mRNA vaccines using
VAERS and VSD data.
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®  Outcomes at Least 90 Days Since Onset of Myocarditis After mRNA
COVID-19 Vaccination in Adolescents and Young Adults in the USA:
A Follow-Up Surveillance Study (Kracalik et al., 2022)
Analyzed risk or incidence of myocarditis following mRNA COVID
vaccination using postauthorization safety data.
Focused primarily on adolescents and young adults, particularly male
recipients, and evaluated risk after the second dose of mRNA vaccines using
VAERS and VSD data.

e Risk of Myocarditis and Pericarditis Following BNT162b2 and mRNA-

1273 COVID-19 Vaccination (Goddard et al., 2022b)

Analyzed risk or incidence of myocarditis following mRNA COVID
vaccination using postauthorization safety data.

Focused primarily on adolescents and young adults, particularly male
recipients, and evaluated risk after the second dose of mRNA vaccines using

VAERS and VSD data.

MULTISYSTEM INFLAMMATORY SYNDROME (MIS-C)

e Multiple MIS-C Readmissions and Giant Coronary Aneurysm After
COVID-19 Illness and Vaccination: A Case Report (Hagq et al., 2023)
Surveillance and outcome characterization for MIS-C cases post-

COVID or postvaccination.

Evaluated incidence and severity of MIS-C in vaccinated versus unvac-
cinated children using linked hospital and vaccine records.

®  Multisystem Inflammatory Syndrome in Adults After Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection and
Coronavirus Disease 2019 (COVID-19) Vaccination (Belay et al., 2022)
Surveillance and outcome characterization for MIS-C cases post-
COVID or postvaccination.
Evaluated incidence and severity of MIS-C in vaccinated versus unvac-
cinated children using linked hospital and vaccine records.

CATALOG OF DESCRIPTIVE LITERATURE
FROM CDC VACCINE SAFETY MONITORING

During the COVID PHE, the ISO and its partners rapidly published
a range of descriptive studies that laid the foundation for subsequent
safety evaluations. These papers primarily focused on characterizing vac-
cine uptake, describing the function and reach of monitoring systems, and
establishing the epidemiological context needed for safety signal interpre-
tation. This body of literature did not always test hypotheses or conduct
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comparative risk analyses but was critical in documenting population pat-
terns, system design, and baseline expectations—especially in the early and
uncertain phases of vaccine rollout.

Pregnancy Surveillance and Uptake Monitoring

Papers in this group focused on vaccine coverage, safety system imple-
mentation, and registry development for pregnant individuals—an initially
excluded population in clinical trials. They leveraged VSD, VAERS, and
V-safe (including the pregnancy registry) to capture postmarketing data.

e COVID-19 Vaccination Coverage Among Pregnant Women During
Pregnancy (Razzaghi et al., 2021)
Described early vaccine uptake among pregnant individuals across VSD
sites, identifying demographic disparities.
®  Monitoring the Safety of COVID-19 Vaccines in Pregnancy in the U.S.
(Moro et al., 2021)
Synthesized preliminary safety data from VAERS, VSD, and the V-safe
Pregnancy Registry. No unexpected signals were noted.
e Receipt of COVID-19 Booster Dose Among Fully Vaccinated Pregnant
Individuals (Razzaghi et al., 2022)
Provided demographic breakdowns of booster uptake in pregnant indi-
viduals, informing equity and outreach efforts.
e CDC COVID-19 Vaccine Pregnancy Registry (Madni et al., 2024)
Detailed design, enrollment methods, and response rates. Demonstrated
feasibility of rapid registry creation during a PHE.

Equity, Demographics, and Population Coverage

These studies examined vaccine uptake and data quality across differ-
ent sociodemographic groups, often using VSD infrastructure. Their value
lies in identifying coverage disparities and highlighting data limitations that
could bias safety signal interpretation.

e COVID-19 Vaccination Coverage Among Insured Persons Aged >16
Years by Race/Ethnicity (Pingali et al., 2021)
Tracked uptake disparities and identified subgroups with lower vaccine
coverage, shaping later equity-focused communications.
e Reporting of Race and Ethnicity in the Vaccine Safety Datalink, 2011-
2022 (Kurlandsky et al., 2022)
Assessed the completeness and trends in race/ethnicity data, critical for
interpreting subgroup safety signals.
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* Association Between Vaccine Exemption Policy Change in California
and Adverse Event Reporting (Hause et al., 2020)
Provided contextual insight into how policy changes affect reporting
behaviors, potentially influencing VAERS data interpretation.

Signal Detection and AE Characterization

These papers described methods and results related to identifying or
contextualizing AEs of interest. While many were foundational rather than
comparative, they helped build the landscape for signal evaluation.

e Surveillance for Adverse Events After COVID-19 mRNA Vaccination
(Klein et al., 2021)
Offered early signal tracking data; documented myocarditis as a safety
concern in younger males.
®  Myopericarditis After Vaccination (VAERS, 1990-2018) (Su et al.,
2021)
Placed myocarditis reports in historical context and informed compari-
sons to mRNA vaccine-associated rates.
e Use of mRNA COVID-19 Vaccine After Reports of Myocarditis (ACIP
Update) (Gargano et al., 2021)
Informed risk—benefit decisions by ACIP in response to myocarditis
data.
e Tree-Based Data Mining for First Booster Doses (Yih et al., 2023b)
Employed high-throughput signal detection methods in VSD to scan for
unexpected AEs postbooster.
e Safety Signal Identification for Bivalent Booster Vaccination (Yih et al.,
2023c¢)
Used tree scan methods to monitor safety in bivalent booster recipients;
no new signals were observed.
e Simultaneous Administration of Bivalent Booster and Influenza Vac-
cines (Tat’Yana et al., 2023a)
Evaluated safety of coadministration; important for fall campaign
planning.
e Updated Recommendations for Janssen Vaccine After TTS Reports
(MacNeil et al., 2021)
Summarized evidence on thrombosis with thrombocytopenia syndrome
and associated policy response.
e Causality Assessment of Adverse Events Reported to VAERS (Loughlin
et al., 2012)
Described approaches for interpreting spontaneous reports, laying
groundwork for postmarketing review methodology.
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e Algorithm to Assess Causality After Individual Adverse Events Follow-
ing Immunizations (Halsey et al., 2012)
Outlined systematic methods for determining vaccine-attributable
events using structured criteria.

System Infrastructure and Data Tools

These publications described the design, function, and capabilities of
CDC’s vaccine safety surveillance systems, such as VAERS, VSD, V-safe, and
CISA. While not evaluative of safety itself, they were essential for under-
standing system architecture and integration during the COVID response.

e Overview of U.S. COVID-19 Vaccine Safety Surveillance Systems (Gee
et al., 2024)
Summarized the scope, coordination, and role of each system in the
national safety monitoring strategy.
e The V-safe After Vaccination Health Checker (Myers et al., 2023)
Provided early operational results from V-safe, including enrollment
and symptom reporting patterns.
e Impact of the COVID-19 Pandemic on Health Care Utilization in the
Vaccine Safety Datalink (Qian et al., 2024)
Described changes in data quality and patterns that could affect VSD-
based analyses.
e Dashboard Development for Real-Time Visualization of VSD Safety
Data (Tat’Yana et al., 2022)
Highlighted innovations in visualizing vaccine safety data for internal
and external stakeholders.
e  Overview of the Clinical Consult Case Review Network (CISA) (Wil-
liams et al., 2011)
Provided historical and operational background on CISA’s role in man-
aging complex clinical safety consultations.
® A Decade of Data: Adolescent Vaccination in VSD (Irving et al., 2022)
While pre-COVID, this paper demonstrated VSD’s capacity for long-
term safety monitoring in a specific population.
® Reporting Sensitivity of VAERS for Anaphylaxis and Guillain-Barré
Syndrome (Miller et al., 2020)
Quantified the underreporting in VAERS for two serious AEs, helping
contextualize COVID signal detection sensitivity.
*  Understanding the Role of Human Variation in Vaccine Adverse Events
(CISA) (LaRussa et al., 2011)
Offered insights into host-specific factors that could contribute to AE
risk—relevant to interpreting heterogeneity in COVID AE patterns.
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Methodological Tools and Epidemiologic Context

These studies supported vaccine safety interpretation by developing
background incidence rates, refining analytic techniques, and highlighting
future methodological needs.

®  Novel Vaccine Safety Issues and Areas for Further Research (Salmon et
al., 2021)
Outlined thematic gaps in safety knowledge and future directions,
including long-term and rare event monitoring.
e Expected Rates of Select Adverse Events Following Immunization
(Abara et al., 2022)
Provided critical baseline rates to assess observed-to-expected event
ratios—central for VAERS signal evaluation.
e Developing Algorithms for Birth Defect Detection Using EHR Data
(Kharbanda et al., 2021b)
Demonstrated a scalable approach to detecting structural birth defects—
a key outcome of interest for pregnancy safety monitoring.
* COVID-19 Vaccine Safety Inquiries to the CDC ISO (Miller et al.,
2023)
Catalogued inquiries and communication trends received by ISO, help-
ing shape transparency and messaging strategies.
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