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Preface

Infection with SARS-CoV-2 can trigger health effects that can continue
well after resolution of the initial COVID-19 illness. These effects have
protean manifestations, often involving numerous organ systems, that can
persist for months or years and may, in some cases, be disabling. Children
and adolescents are affected as well as adults. While most aspects of these
conditions are poorly understood, concern is real that they may result in an
increase in applications for disability received by the Social Security Admin-
istration (SSA). Accordingly, SSA commissioned a consensus report from the
National Academies of Sciences, Engineering, and Medicine reviewing the
long-term health effects of COVID-19 and potential implications for SSA
disability. To this end, the National Academies convened an ad hoc commit-
tee of experts to provide an overview of this persisting clinical condition, its
effects and natural history in a variety of affected populations, and the cur-
rent status of treatment and management and of ongoing research efforts.
The committee was also charged with reviewing the spectrum of health
effects associated with this new condition and their impact on function in
both adults and children.

Given that the long-term health effects of COVID-19 are complex
and that knowledge of those effects is rapidly evolving, the committee
convened by the National Academies included experts in the epidemiol-
ogy, diagnosis, and clinical management of what has come to be called
Long COVID. This committee, including researchers and clinicians, some
themselves affected, collected evidence, heard presentations from invited
speakers, and deliberated in response to a statement of task from SSA.

Xv
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xXVi PREFACE

This consensus report was prepared with a sense of urgency in light of the
rapid evolution of knowledge about the diagnosis of SARS-CoV-2 infection
and the long-term health effects and disordered function that may follow
COVID-19, against the backdrop of what has been learned about other
complex chronic conditions, such as myalgic encephalitis/chronic fatigue
syndrome and fibromyalgia, themselves potentially triggered by infections.
The committee identified ways in which the diagnosis and management
of Long COVID represent unique challenges and raise many remaining
questions for the SSA disability program. The committee and T are grateful
for the opportunity to point out that the symptoms experienced by these
patients are real and should be taken seriously.

The committee extends its sincere thanks to the many individuals who
shared their time and expertise to support its work and inform its delib-
erations. The study was sponsored by SSA, and we thank Brendan Rogak,
Vincent Nibali, Megan Butson, and Steve Rollins for their guidance and
support. The committee acknowledges Vincent Nibali at SSA for verify-
ing the accuracy of relevant technical content pertaining to the disability
determination process. The committee also benefited greatly from discus-
sions with individuals who presented at the committee’s open sessions:
Karin Denault, Lucas Denault, Robert Holman, Akiko Iwasaki, Anthony
Komaroff, Avindra Nath, Vincent Nibali, David Putrino, Steve Rollins, Eric
Van Gieson, Angela Meriquez Vazquez, and Alexandra Yonts. In addition,
the committee’s work benefited from presentations during two concurrent
National Academies activities: Symposium on Long COVID: Examining
the Working Definition (June 2023), hosted by the Committee on Exam-
ining the Working Definition for Long COVID, and Toward a Common
Research Agenda in Infection-Associated Chronic Illnesses: A Workshop
to Examine Common, Ouverlapping Clinical and Biological Factors (June
2023), hosted by the Forum on Microbial Threats and the Forum on
Neuroscience and Nervous System Disorders. Appreciation goes as well
to Sonya Marshall-Gradisnik and Natalie Eaton-Fitch for their work on a
paper commissioned by the committee to review chronic conditions similar
to Long COVID.

The committee thanks the reviewers of this report for their invaluable
feedback on an earlier draft and the monitor and coordinator who oversaw
the report review.

The committee also acknowledges the many staff within the Health and
Medicine Division (HMD) who provided support in various ways to this
project, including Carol Mason Spicer (study director), Bernice Chu (pro-
gram officer), Elizabeth Ferré (research associate), Violet Bishop (research
assistant), Burgess Manobah (research associate), Joe Goodman (senior
program assistant), Karen Helsing (senior program officer), and Hoda
Soltani (former program officer). The committee extends great thanks and
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PREFACE XVii

appreciation to Sharyl Nass, senior director, Board on Health Care Services,
who oversaw the project. Greysi Patton (finance business partner), Arzoo
Tayyeb (finance business partner), Julie Wiltshire (senior finance business
partner), and Ron Brown (deputy director, HMD program finance) over-
saw finances for the project; Rebecca Morgan (senior research librarian)
provided research assistance, and Anne Marie Houppert (senior librarian)
assisted with fact checking; and the report review, production, and com-
munications staff all provided valuable guidance to ensure the success of the
final product. Rona Briere and her staff provided superb editorial assistance
in preparing the final report.

Paul Volberding, Chair

Committee on the Long-Term Health Effects Stemming from COVID-19
and Implications for the Social Security Administration
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Summary!

Since the onset of the coronavirus disease 2019 (COVID-19) pandemic in
early 2020, many individuals infected with the virus that causes COVID-19,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), have con-
tinued to experience lingering symptoms for months or even years following
acute infection. The COVID-19 pandemic is a complex event that has changed
over time with mutations in the virus and the development of and access to
vaccines and antiviral treatments. Knowledge about COVID-19, the virus,
and lingering new or worsening health effects following acute infection is still
embryonic, and available information will evolve as more is understood about
the virus and its sequelae.

Long COVID is one of many terms used to refer to persistent symptoms
and new or worsening health effects following acute infection with SARS-
CoV-2. There currently is no consensus definition of Long COVID. Among
other terms used to describe the long-term health effects of SARS-CoV-2 are
post-acute sequelae of SARS-CoV-2 or post-acute sequelae of COVID-19,
Post-COVID Syndrome, Post-acute COVID Syndrome, Post-Covid Condi-
tion, Post-Covid Conditions (condition is pluralized), and Long Haulers Syn-
drome. The term “Long COVID” is used in this report not only because it was
the first, most inclusive, and most widely used term denoting the long-term
health effects of SARS-CoV-2 infection, but also because it recognizes the
voices of patients who first alerted the world and the medical and scientific
communities that SARS-CoV-2 can lead to long-term health consequences.

I'This summary does not include references. Citations to support the text and conclusions
herein are provided in the body of the report.
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2 LONG-TERM HEALTH EFFECTS OF COVID-19

The definition of Long COVID continues to evolve, and numerous definitions
are used in the literature, with varying lengths of time after infection. A sepa-
rate National Academies of Sciences, Engineering, and Medicine committee
concurrently examined the working definition of Long COVID.

Data from the U.S. Centers for Disease Control and Prevention’s (CDC’s)
National Health Interview Survey show that in 2022, 6.9 percent of U.S.
adults and 1.3 percent of children had Long COVID at some point, while
3.4 percent of adults and 0.5 percent of children had Long COVID at the
time of interview. Based on these surveys, it is estimated that approximately
8.9 million adults and 362,000 children reported Long COVID symptoms in
the United States in 2022. Among U.S. adults, data from the CDC’s House-
hold Pulse Survey show that the prevalence of Long COVID declined from
7.5 percent in June 2022 to 5.9 percent in January 2023, then increased to
6.8 percent in January 2024, reflecting a complex event that has changed over
time and continues to evolve. Despite the recent overall decline in prevalence
since June 2022, Long COVID’s disease burden remains substantial.

CONTEXT FOR THIS STUDY

The population of individuals with Long COVID is of special interest
to the Social Security Administration (SSA) as their condition may cause
them to meet or contribute to their meeting SSA’s criteria for disability. For
many individuals with Long COVID, symptoms resolve within 6 months;
for some, however, symptoms persist for 12 months or more. Some health
effects of Long COVID, such as chronic fatigue and post-exertional malaise,
post-COVID-19 cognitive impairment (sometimes referred to as brain fog),
and autonomic dysfunction, can impair an individual’s ability to work or
attend school for an extended period of time. Even individuals with a mild
initial course of illness can develop Long COVID with severe health effects.

Diagnosis, measurement, and treatment of Long COVID are compli-
cated by the relative novelty of the condition, as well as its heterogeneous
presentation and symptomology and the episodic nature of many of the
associated health effects. SSA therefore seeks the most current information
available on the long-term health and functional effects of COVID-19 as
related to SSA’s disability programs.

STUDY CHARGE AND SCOPE

In August 2022, SSA requested that the Health and Medicine Division
of the National Academies convene an ad hoc committee of relevant experts?

2The committee included experts in cardiology; epidemiology; family, internal, and pediatric
medicine; health metrics; health policy; immunology; infectious disease; neuropsychology; oc-
cupational medicine; occupational therapy; pediatric neurology; and rehabilitation medicine.
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SUMMARY 3

to investigate and provide an overview of the current status of the diagnosis,
treatment, and prognosis of long-term health effects related to prior SARS-
CoV-2 infection. The committee’s work was to be based on published evidence
(to the extent possible) and professional judgment (where evidence is lacking).
Box S-1 contains the committee’s full statement of task. SSA requested that
the committee’s report include conclusions, but no recommendations.

BOX S-1
Statement of Task

An ad hoc committee of the National Academies of Sciences, En-
gineering, and Medicine will review the evidence regarding long-term
disability that may result from COVID-19 illness and produce a report ad-
dressing the current status of the diagnosis, treatment, and prognosis of
related disabilities based on published evidence (to the extent possible)
and professional judgement (where evidence is lacking). In regards to
the long-term health effects stemming from COVID-19 infection, the
committee’s report will:

1. Identify the committee’s preferred terminology (e.g. Long COVID,
PASC, PACS, Post-COVID Syndrome, Long Hauler’s Syndrome);

2. Describe commonly reported and observed long-term health ef-
fects and describe what is known about:

a. The frequency and distribution of their severity and duration
in the general population, as well as any different along racial,
ethnic, sex, gender, geographic, or socioeconomic dimensions,
or differences specific to populations with particular pre-existing
or comorbid conditions;

b. Clinical standards for diagnosis and measurement of the spe-
cific health effects or identified patterns or clusters of health
effects;

c. Any special considerations regarding the health effects’ identi-
fication and management in special populations including preg-
nant people and those with underlying health conditions;

d. Best practices to quantify the functional impacts of those health
effects; and

e. Identified challenges for clinicians in evaluating persons with
those health effects;

3. Identify and describe the tests, findings, and signs currently clini-
cally accepted to establish a history of COVID-19 in the following
three categories:

a. Tests for SARS-CoV-2;

b. Findings from antibody tests or other diagnostic tests; and

c. Signs consistent with COVID-19; )
continued
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BOX S-1 Continued

4. |dentify any methods generally accepted by the medical com-
munity to establish a history of COVID-19 in patients that are not
covered by the following three categories:

a. Areport of a positive viral test for SARS-CoV-2,

b. A diagnostic test with findings consistent with COVID-19 (e.g.,
chest x-ray with lung abnormalities, etc.), or

c. Adiagnosis of COVID-19 based on signs consistent with COVID-19
(e.g., fever, cough, etc.);

5. Identify patterns of long-term, work-related functional decline ob-
served in adults and the frequency, severity, duration, risk factors,
and associated signs or laboratory findings;

6. Identify distinct patterns of long-term functional decline observed
in children and the frequency, severity, duration, risk factors, and
associated signs or laboratory findings;

7. ldentify any trends in the frequency, severity, and duration of func-
tional decline, including those specific to different racial, ethnic, sex,
gender, geographic, or socioeconomic groups and those specific to
populations with particular pre-existing or comorbid conditions;

8. Describe any variations in functional or long-term effects based
on initial infection with the various identified strains of the virus or
based on vaccination status, both at the time of initial infection and
illness or that are long-lasting; and

9. Summarize completed, on-going, or planned research, and any
resultant medical knowledge, regarding similarities between this
condition and impairments such as fibromyalgia or myalgic en-
cephalomyelitis (chronic fatigue syndrome), including mechanisms
of action, effective testing regimes, prognosis and progression,
and potential treatments.

10. Summarize the committee’s conclusions regarding best practices
for assessing disability in these populations.

The report will include findings and conclusions but not recommendations.

STUDY APPROACH AND SCOPE

The committee conducted a review of the literature pertaining to
(1) methods for establishing a history of COVID-19, (2) commonly reported
and disabling health effects of COVID-19 in adults and children, and
(3) functional trajectories related to those health effects. Given the newness
of the disease and the insufficiency of high-quality prospective studies in the
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United States, the committee performed a global literature search instead
of limiting its search to U.S. studies. The committee did not conduct a
systematic review; rather, the committee developed criteria for determining
relevance to the statement of task by focusing on studies involving relatively
large populations followed for at least 6 months and including significant
symptoms and functional outcomes. Throughout the study, recognizing
that literature on Long COVID is rapidly evolving, the committee members
applied their expertise to identify other studies in progress and perspectives
not yet represented in publications. The committee also used a variety of
resources to supplement its review of the literature. Meeting seven times,
the committee held three public information-gathering workshops with

invited speakers, including several people having lived experience with
Long COVID.

THE COMMITTEE’S CONCLUSIONS

The committee formulated nine conclusions about Long COVID in the
following areas: (1) diagnosis, (2) epidemiology, (3) health effects, (4) func-
tional impact and risk factors, (5) Long COVID in children and adolescents,
(6) management, (7) disease course and prognosis, (8) health equity, and
(9) similar chronic conditions.

Diagnosis of Long COVID

Long COVID is associated with a wide range of new or worsening
health conditions and encompasses more than 200 symptoms involving
nearly every organ system. There currently are no consensus-based diagnos-
tic criteria for the condition; criteria for diagnosis are evolving as experi-
ence and research findings develop. Diagnosis of Long COVID is generally
based on a known or presumed history of acute SARS-CoV-2 infection
(as indicated by a positive viral test or patient self-report; as of this writ-
ing, no diagnostic test for Long COVID is available), the presence of Long
COVID health effects and symptoms, and consideration of other conditions
and etiologies that could be causing the symptoms.

Testing to diagnose acute SARS-CoV-2 infection, as well as testing
capacity and behaviors, has changed dramatically over the course of the
COVID-19 pandemic. Testing was constrained during the early phase of
the pandemic, although it subsequently became increasingly available, and
the introduction of at-home testing meant that many people may not have
reported their positive results to health care systems. As a result of these
two drivers, many individuals infected with SARS-CoV-2 never received
formal documentation of their diagnosis. Sole reliance on a documented
history of SARS-CoV-2 infection when diagnosing Long COVID will miss
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these individuals. Therefore, the presence of signs and symptoms and self-
reported prior infection are generally considered sufficient to establish a
diagnosis of SARS-CoV-2 infection. Continued research on and discus-
sion of Long COVID will help inform a case definition and standardized
diagnosis.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

1. Long COVID is a complex chronic condition caused by SARS-
Co V-2 infection that affects multiple body systems. Because of wide
variability in testing practices over the course of the pandemic,
many people experiencing Long COVID have not received a formal
diagnosis of prior SARS-CoV-2 infection. A positive test for SARS-
CoV-2 is not necessary to consider a diagnosis of Long COVID.

Epidemiology

Long COVID can impact people across the lifespan, from children to
older adults, as well as across sex, gender, racial, ethnic, and other demo-
graphic groups. Women are twice as likely as men to experience Long
COVID. Population surveys suggest that, as noted above, in 2022 the overall
prevalence of Long COVID was around 3.4 percent in U.S. adults and 0.5
percent in children. Estimates of the prevalence of specific long-term health
effects of SARS-CoV-2 vary in the literature. This variation reflects the
dynamic nature of the pandemic itself, as the virus has evolved and spawned
many variants and subvariants (likely with different propensities to cause
Long COVID), as well as the introduction of vaccines and treatments for
acute infection (e.g., antivirals, steroids), both of which have been shown to
reduce the risk of long-term health effects. Variation in incidence and preva-
lence estimates also stems from the heterogeneity of study designs, including
choice of control groups, methods used to account for the effect of baseline
health, specification of outcomes, and other methodological differences.

In addition, the broad multisystem nature of Long COVID and the fact
that the associated health effects are expressed differently by age group and
sex and by baseline health compound the challenge of identifying and quan-
tifying affected populations. Symptoms of SARS-CoV-2 infection range in
severity from mild to severe, and the literature suggests that the severity of
acute SARS-CoV-2 infection is a risk factor for Long COVID. For example,
a large Scottish population-based study found that 5 percent of those with
mild infection had not recovered at least 6 months following infection,
compared with 16 percent of those who required hospitalization—a ratio
of approximately 1:3.
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Based on its review of the literature, the committee reached the follow-
ing conclusion:

2. Therisk of Long COVID increases with the severity of acute infec-
tion. By the committee’s best estimate, people whose infection was
sufficiently severe to necessitate hospitalization are 2-3 times more
likely to experience Long COVID than are those who were not
hospitalized, and among those who were hospitalized, individu-
als requiring life support in the intensive care unit may be twice
as likely to experience Long COVID. However, people with mild
disease can also develop Long COVID, and given the much higher
number of people with mild versus severe disease, they make up the
great majority of people with Long COVID.

Health Effects

Long COVID is associated with hundreds of symptoms and new or
worsening health effects that manifest in many different body systems. In
keeping with the three domains of functioning in the International Clas-
sification of Functioning, Disability and Health model of disability, health
effects experienced in Long COVID may manifest as impairments in body
structures and physical and psychological functions, with resulting activity
limitations and restrictions on participation. Evidence on clustering of the
post-acute and long-term health effects of SARS-CoV-2 infection remains
inconsistent across studies. Consensus is needed on terms, definitions, and
methodological approaches for generating better-quality and more consis-
tent evidence.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

3. Long COVID is associated with a wide range of new or worsening
health conditions impacting multiple organ systems. Long COVID can
cause more than 200 symptoms and affects each person differently.
Attempts to cluster symptoms have yielded heterogeneous results.

Functional Impact and Risk Factors

Some of the symptoms and health effects associated with Long COVID
can be severe enough to interfere with an individual’s day-to-day func-
tioning, including participation in work and school activities. Functional
disability associated with Long COVID has been characterized as the
inability to return to work, poor quality of life, diminished ability to
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perform activities of daily living, decreased physical and cognitive func-
tion, and overall disability. The severity of acute COVID-19 is a major
risk factor for poor functional outcomes, but even people with mild initial
illness can experience long-term functional impairments. Increased num-
ber and severity of long-term symptoms correlates with decreased quality
of life, physical functioning, and ability to work or perform in school.
Other risk factors for poor functional outcomes include female sex, lack
of vaccination against SARS-CoV-2, baseline disability or comorbidities,
and smoking.

There is some overlap between SSA’s current Listing of Impairments
(Listings) and health effects associated with Long COVID, such as impaired
lung and heart function. However, it is likely that most individuals with
Long COVID applying for Social Security disability benefits will do so
based on health effects not covered in the Listings. Three frequently
reported health effects that can significantly interfere with the ability to
perform work or school activities and may not be captured in the SSA
Listings are chronic fatigue and post-exertional malaise, post-COVID-19
cognitive impairment, and autonomic dysfunction, all of which can be dif-
ficult to assess clinically in terms of their severity and effects on a person’s
functioning.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

4. Long COVID can result in the inability to return to work (or
school for children and adolescents), poor quality of life, dimin-
ished ability to perform activities of daily living, and decreased
physical and cognitive function for 6 months to 2 years or longer
after the resolution of acute infection with SARS-CoV-2. Increased
number and severity of long-term health effects correlates with
decreased quality of life, physical and mental functioning, and
ability to participate in work and school. Health effects that may
not be captured in SSA’s Listing of Impairments yet may signifi-
cantly affect an individual’s ability to participate in work or school
include, but are not limited to, post-exertional malaise and chronic
fatigue, post-COVID-19 cognitive impairment, and autonomic
dysfunction.

Long COVID in Children and Adolescents

While there are various definitions of children, adolescents, and young
people, for the purposes of this report, “children” or “pediatrics” refers to
the entire pediatric age range, and “adolescents” to children at the older
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end of the spectrum (i.e., ages ~11 to 18 years). Even though most children
experience mild acute COVID-19 illness, they can experience Long COVID
regardless of the severity of their acute infection. As with adults, they may
experience health effects across many body systems. Commonly reported
symptoms include fatigue, weakness, headache, sleep disturbance, muscle
and joint pain, respiratory problems, palpitations, altered sense of smell
or taste, dizziness, and dysautonomia. Although pediatric presentations
and intervention options may overlap with those in adults—particularly
among adolescents, who may be more likely than children to mimic the
adult presentation and trajectory—pediatric management of Long COVID
entails specific considerations related to developmental age and/or dis-
abilities and history gathering. In general, children have fewer preexisting
chronic health conditions compared with adults; thus, long COVID may
represent a substantial change from their baseline, particularly for those
that were previously healthy.

Limited data are available on long-term outcomes in children. Some
youth with persistent symptoms experience difficulties that affect their
quality of life and result in increased school absences, as well as decreased
participation and performance in school, sports, and other activities.
Risk factors for the development of Long COVID include acute-phase
hospitalization, preexisting comorbidity, and infection with pre-Omicron
variants. Most children with Long COVID recover slowly over time, but
not all. In one prospective cohort study of 1,243 children (ages 4-10)
with Long COVID, for example, 48 percent remained symptomatic at
6 months, 13 percent at 12 months, and 5 percent at 18 months after
infection. Importantly, severity of symptoms and functional impairment
from Long COVID symptoms were not correlated with traditional clinical
testing (e.g., lung ultrasound, standard systolic and diastolic function on
echocardiogram).

It is important to note that in pediatrics, because of typical devel-
opment, the baseline for performance of skills is constantly changing,
especially among young children. This can make deviations in their per-
formance during Long COVID challenging to assess, and there may be a
delay in recognition of any deviations (e.g., lack of developing a skill at
the appropriate age). Additionally, the duration of symptoms (e.g., 1 or
3 months) can feel very different to and have a greater impact on children
compared with adults. Currently, there is a dearth of prospective and
cross-sectional studies on the prevalence, risk factors, and time course and
pattern of Long COVID in children. More research is needed to identify
the long-term functional implications of Long COVID in children, because
information from adult studies may not be directly applicable to the pedi-
atric population.
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Based on its review of the literature, the committee reached the follow-
ing conclusion:

5. Although the large majority of children recover fully from SARS-
CoV-2 infection, some develop Long COVID and experience per-
sistent or intermittent symptoms that can reduce their quality of
life and result in increased school absences, as well as decreased
participation and performance in school, sports, and other activi-
ties. Overall, the trajectory for recovery is better among children
compared with adults. More research is needed to understand the
long-term functional implications of Long COVID in children, as
information from adult studies may not be directly applicable.

Disease Management

Currently there are no Food and Drug Administration (FDA)-approved
drugs or disease-modifying treatments for Long COVID. As with other
complex multisystem conditions, management of Long COVID relies on
techniques for controlling symptoms and improving functional ability, such
as pacing (i.e., balancing periods of activity and rest in daily life), mobil-
ity support, social support, diet modulation, pharmacological treatment
of secondary health effects, cognitive-behavioral therapy, and rehabilita-
tion. Management often requires a multidisciplinary team. Because of the
multisystem nature of the condition, different approaches may be needed
to address the variety of clinical presentations and environmental factors
(e.g., living situation, work requirements, family support) among individu-
als. Numerous randomized controlled trials are currently being undertaken
to determine the efficacy of a number of identified pharmacological agents;
however, limited data have been published, and trials are yet to be finalized.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

6. There currently is no curative treatment for Long COVID itself. Man-
agement of the condition is based on current knowledge about treating
the associated health effects and other sequelae. As with other com-
plex multisystem chronic conditions, treatment focuses on symptom
management and optimization of function and quality of life.

Disease Course and Prognosis

Recovery from Long COVID varies among individuals, and data on
recovery trajectories are rapidly evolving. Initial data suggest that peo-
ple with persistent Long COVID symptoms generally improve over time,
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although preliminary studies suggest that recovery can plateau 6-12 months
after acute infection. Studies have shown that only 18-22 percent of those
who have persistent symptoms at 5-6 months following infection have
fully recovered by 1 year. Among those who do not improve, most remain
stable, but some worsen. More information on recovery trajectories at
1 year or longer may become available in the next few years. Rehabilita-
tion and symptom management, including pacing, may improve function
in some people with Long COVID, regardless of the severity of disease
or duration of symptoms, although the benefits are greater for those who
are younger and who have had Long COVID for a shorter period of time.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

7. Recovery from Long COVID varies among individuals, and data
on recovery trajectories are rapidly evolving. There is some evi-
dence that many people with persistent Long COVID symptoms at
3 months following acute infection, including children and adoles-
cents, have improved by 12 months. Data for durations longer than
12 months are limited, but preliminary data suggest that recovery
may plateau or progress at a slower rate after 12 montbs.

Health Equity

The burden of seeking care and finding adequate services for Long
COVID is challenging and can impact the potential for recovery. Patients
with Long COVID may encounter skepticism about their symptoms when
they present in medical settings, which discourages care seeking. This is
particularly true for individuals disadvantaged by their social or economic
status, geographic location, or environment, and can result in preventable
disparities in the burden of disease and opportunities to achieve optimal
health. Disadvantaged groups include members of some racial and ethnic
minorities, people with disabilities, women, LGBTQI+ (lesbian, gay, bisex-
ual, transgender, queer, intersex, or other) individuals, people with limited
English proficiency, and others.

Individuals with Long COVID have increased health care utilization
and financial burden, which may be exacerbated if they are unable to
work to gain income and or receive health insurance coverage. Members
of disadvantaged groups, especially early in the pandemic, were more
likely to contract SARS-CoV-2, more likely to be hospitalized with acute
COVID-19, more likely to have adverse clinical outcomes, and less likely
to be vaccinated, potentially increasing their risk of developing Long
COVID. In addition, these groups are more likely to be uninsured or
underinsured. Even for those with insurance coverage, some of the services

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

12 LONG-TERM HEALTH EFFECTS OF COVID-19

that have been shown to improve function may not be covered by their
benefits. Moreover, the availability of specialized Long COVID services
is limited, and capacity does not match the demand for rehabilitation
specialists. Limited transportation, distance from clinics, and the inability
to take time away from work or school are known barriers to care. The
availability issue is particularly problematic for individuals living in medi-
cally underserved areas.

Information about COVID is rapidly evolving, and this dynamic nature
of the science may contribute to some patient hesitancy regarding prophy-
lactic and therapeutic management for acute infection or Long COVID. Low
levels of health literacy may also place some individuals at increased risk
for misinformation, which may prevent them from fully taking advantage
of health care resources to protect and improve their health. Low health
literacy may also impact individual self-management of the symptoms and
conditions associated with Long COVID.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

8. Social determinants of health, such as socioeconomic status, geo-
graphic location, bealth literacy, and race and ethnicity, affect access
to health care. With respect to acute SARS-CoV-2 infection and
Long COVID, adverse social determinants of health have con-
tributed to disparities in access to SARS-CoV-2 testing; vaccina-
tion; and therapeutics, including treatments for acute infection and
specialized rehabilitation clinics for Long COVID. In addition, the
demand for specialty care exceeds capacity, resulting in waitlists for
the receipt of services.

Similar Chronic Conditions

Long COVID shares many features with other complex multisystem
conditions, including myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS), fibromyalgia, and postural orthostatic tachycardia syndrome
(POTS). The mechanism of action for infection-associated chronic illnesses
remains unclear, and further investigation is needed. Current theories
regarding potential mechanisms of action include viral persistence, immune
dysregulation (including cytokine dysregulation or mast cell activation),
neurological disturbances (e.g., neuroinflammation), cardiovascular damage
(e.g., endothelial dysfunction, coagulation issues, orthostatic intolerance),
gastrointestinal dysfunction (e.g., secondary to gut microbiome dysbiosis),
metabolic issues (energy insufficiency, reactive oxygen species production,
mitochrondrial dysfunction), and genetic variations.
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Currently, there are no specific laboratory-based diagnostic tests for
Long COVID or ME/CFS, and diagnosis involves consideration of other
potential causes of the symptoms. In general, Long COVID (especially that
which does not meet criteria for ME/CFS) has a better prognosis than ME/
CFS. Some manifestations of Long COVID are similar to those of ME/CFS,
and like ME/CFS, Long COVID appears to be a chronic illness, with few
patients achieving full remission. Studies comparing Long COVID and ME/
CFS have several limitations, however. Because Long COVID is a new dis-
ease, study participants are usually newly diagnosed, while ME/CFS study
participants often have had the condition for longer and so are less likely
to improve. Moreover, the definition of ME/CFS requires that symptoms
be ongoing for 6 months or more, whereas the duration criteria for Long
COVID vary in the literature from 2 to 6 months, making the two condi-
tions difficult to compare.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

9. Complex, infection-associated chronic conditions affecting multiple
body systems are not new, and Long COVID shares many features
with such conditions as myalgic encephalomyelitis/chronic fatigue
syndrome, fibromyalgia, and postural orthostatic tachycardia syn-
drome. Current theories about the pathophysiology of these con-
ditions include immune dysregulation, neurological disturbances,
cardiovascular damage, gastrointestinal dysfunction, metabolic
issues, and mitochondrial dysfunction. More research is needed to
understand the natural history and management of complex mul-
tisystem chronic conditions, including Long COVID.
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Introduction

The Social Security Administration (SSA) provides disability benefits
to people living with disabilities through two programs: Social Security
Disability Insurance (SSDI) and Supplemental Security Income (SSI). Estab-
lished in 1956, the SSDI program provides benefits to eligible adults with
disabilities who have paid into the Disability Insurance Trust Fund, as well
as to their spouses and adult children who are unable to work because of
severe long-term disabilities. Enacted in 1972, SSI is a means-tested program
based on income and financial assets that provides income assistance from
U.S. Treasury general funds to adults aged 65 and older, individuals who
are blind, and adults and children with disabilities. As of December 2023,
8.5 million individuals in the United States received benefits through SSDI,
and 7.4 million individuals received benefits through SSI (SSA, 2023b).

Since the onset of the coronavirus disease 2019 (COVID-19) pandemic in
early 2020, many individuals infected with the virus that causes COVID-19,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), have contin-
ued to experience lingering symptoms for months or even years after acute
infection. Data from the U.S. Centers for Disease Control and Prevention’s
(CDC’s) National Health Interview Survey show that in 2022, 6.9 percent of
U.S. adults and 1.3 percent of children had Long COVID at some point, while
3.4 percent of adults and 0.5 percent of children had Long COVID at the
time of the interview (Adjaye-Gbewonyo et al., 2023; Vahratian et al., 2023).
Based on these surveys, it is estimated that approximately 8.9 million adults
and 362,000 children reported Long COVID symptoms in the United States
in 2022 (Adjaye-Gbewonyo et al., 2023; Vahratian et al., 2023). Among U.S.
adults, data from the CDC’s Household Pulse Survey show that the prevalence

15
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of Long COVID declined from 7.5 percent in June 2022 to 5.9 percent in
January 2023, then increased to 6.8 percent in January 2024 (NCHS, 2024),
reflecting a complex event that has changed over time and continues to evolve.
The epidemiology of Long COVID is affected by many drivers, including
different variants of the virus, vaccination status, and potentially treatments for
acute COVID-19 (e.g., steroids, antivirals). Evidence suggests that individuals
infected with the Omicron variant are less likely to develop Long COVID than
those infected with earlier variants (Antonelli et al., 2022; Fernandez-de-Las-
Penas et al., 2022; Hedberg and Nauclér, 2024), and that vaccination lowers
the risk of developing Long COVID (Catala et al., 2024; Lundberg-Morris
et al., 2023; Marra et al., 2023; Notarte et al., 2022; Watanabe et al., 2023).
Although an area of research interest, evidence is less clear about the effect of
treatments for SARS-CoV-2 infection on the risk of developing Long COVID.
While some studies have found a reduction in the risk of Long COVID follow-
ing treatment with antivirals (Bajema et al., 2023; Fung et al., 2023; Xie et al.,
2023), others have not (Congdon et al., 2023; Durstenfeld et al., 2024). There
is limited evidence that the use of steroids in the treatment of acute COVID-
19 illness appears to reduce the risk of Long COVID (Davelaar et al., 2023).
Despite the overall decline in prevalence since June 2022, the most
recently reported figure of 6.8 percent of all U.S. adults represents a large
disease burden. Additionally, symptoms of Long COVID such as autonomic
dysfunction, brain fog, and post-exertional malaise can impair an individ-
ual’s ability to work or attend school for an extended period of time. Even
individuals with a mild initial course of illness can develop Long COVID
with severe health effects. In January of 2024, approximately 22 percent of
adults with Long COVID reported significant activity limitations (NCHS,
2024). Tt is interesting to note that, although rates of self-reported disabil-
ity in the U.S. population have increased since the onset of the pandemic,
applications for SSA disability benefits have remained flat (SSA, n.d.b).

CONTEXT FOR THIS STUDY

The population of individuals with Long COVID is of special interest to
SSA as their condition may cause them to meet or contribute to their meet-
ing SSA’s criteria for disability. For many individuals with Long COVID,
symptoms resolve within 6 months; for some, however, symptoms persist
for 12 months or more. Diagnosis, measurement, and treatment of Long
COVID are complicated by the relative novelty of the condition, as well as
its heterogeneous presentation and symptomology and the episodic nature
of many of the associated health effects.

SSA has continuously been monitoring disability cases involving Long
COVID symptoms. Symptoms reported include, but are not limited to,
difficulty breathing, shortness of breath, persistent cough, fatigue, post-
exertional malaise, difficulty thinking or concentrating, headache, and joint
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or muscle pain. SSA has issued guidance for disability adjudicators in evalu-
ating cases of reported Long COVID symptoms and is in the process of
expanding that guidance (SSA, 2022; 2023c¢). The agency therefore seeks the
most current information available on the long-term health and functional
effects of COVID-19 as related to SSA’s disability programs.

STUDY CHARGE AND SCOPE

In August 2022, SSA requested that the National Academies of Sciences,
Engineering, and Medicine (NASEM) convene an ad hoc consensus study
committee to investigate the state of medical knowledge surrounding per-
sistent functional limitations related to a past SARS-CoV-2 infection. The
committee included experts in in cardiology; epidemiology; family, inter-
nal, and pediatric medicine; health metrics; health policy; immunology;
infectious disease; neuropsychology; occupational medicine; occupational
therapy; pediatric neurology; and rehabilitation medicine. The committee’s
statement of task (SOT) is presented in Box 1-1.

BOX 1-1
Statement of Task

An ad hoc committee of the National Academies of Sciences, Engineering,
and Medicine will review the evidence regarding long-term disability that
may result from COVID-19 illness and produce a report addressing the cur-
rent status of the diagnosis, treatment, and prognosis of related disabilities
based on published evidence (to the extent possible) and professional
judgement (where evidence is lacking). In regards to the long-term health
effects stemming from COVID-19 infection, the committee’s report will:

1. Identify the committee’s preferred terminology (e.g. Long COVID,

PASC, PACS, Post-COVID Syndrome, Long Hauler’s Syndrome);

2. Describe commonly reported and observed long-term health effects
and describe what is known about:

a. The frequency and distribution of their severity and duration
in the general population, as well as any different along racial,
ethnic, sex, gender, geographic, or socioeconomic dimensions,
or differences specific to populations with particular pre-existing
or comorbid conditions;

b. Clinical standards for diagnosis and measurement of the specific
health effects or identified patterns or clusters of health effects;

c. Any special considerations regarding the health effects’ identifica-
tion and management in special populations including pregnant
people and those with underlying health conditions;

continued

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

18

LONG-TERM HEALTH EFFECTS OF COVID-19

BOX 1-1 Continued

d. Best practices to quantify the functional impacts of those health
effects; and

e. ldentified challenges for clinicians in evaluating persons with those
health effects;

3. Identify and describe the tests, findings, and signs currently clini-
cally accepted to establish a history of COVID-19 in the following
three categories:

a. Tests for SARS-CoV-2;
b. Findings from antibody tests or other diagnostic tests; and
c. Signs consistent with COVID-19;

4. ldentify any methods generally accepted by the medical community
to establish a history of COVID-19 in patients that are not covered
by the following three categories:

a. A report of a positive viral test for SARS-CoV-2,

b. A diagnostic test with findings consistent with COVID-19 (e.g.,
chest x-ray with lung abnormalities, etc.), or

c. Adiagnosis of COVID-19 based on signs consistent with COVID-19
(e.g., fever, cough, etc.);

5. Identify patterns of long-term, work-related functional decline ob-
served in adults and the frequency, severity, duration, risk factors,
and associated signs or laboratory findings;

6. Identify distinct patterns of long-term functional decline observed
in children and the frequency, severity, duration, risk factors, and
associated signs or laboratory findings;

7. ldentify any trends in the frequency, severity, and duration of
functional decline, including those specific to different racial,
ethnic, sex, gender, geographic, or socioeconomic groups and
those specific to populations with particular pre-existing or co-
morbid conditions;

8. Describe any variations in functional or long-term effects based
on initial infection with the various identified strains of the virus
or based on vaccination status, both at the time of initial infec-
tion and illness or that are long-lasting; and

9. Summarize completed, on-going, or planned research, and any
resultant medical knowledge, regarding similarities between this
condition and impairments such as fibromyalgia or myalgic en-
cephalomyelitis (chronic fatigue syndrome), including mechanisms
of action, effective testing regimes, prognosis and progression,
and potential treatments.

10. Summarize the committee’s conclusions regarding best practices

for assessing disability in these populations.

The report will include findings and conclusions but not recommendations.
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STUDY APPROACH

The committee’s statement of task included many individual questions
regarding Long COVID. The committee chose to aggregate those questions
into three major groupings to facilitate its review of the relevant litera-
ture: (1) methods for establishing a history of COVID-19, (2) commonly
reported and disabling health effects of COVID-19 in adults and children,
and (3) functional trajectories related to those health effects. The committee
limited its literature search to articles published in English, but examined
many studies conducted outside the United States that otherwise met its
inclusion criteria. Initial searches were conducted on PubMed, Embase,
and Scopus, yielding more than 1,300 articles selected from the tens of
thousands published since the pandemic began in early 2020 (Appendix B).
This large volume of source material precluded conducting formal sys-
tematic reviews that would meet standards published by the Institute of
Medicine in 2011 (IOM, 2011), and the committee did not find systematic
reviews on these three topics published by other investigators. Instead, the
committee developed criteria for determining relevance to the statement
of task by focusing on larger populations followed for at least 6 months
and including significant symptoms and functional outcomes. In general,
studies with very small numbers of subjects, short durations, and particular
study designs (e.g., case control studies) were excluded, but occasionally
referenced during the committee’s discussions. Recognizing that literature
on Long COVID is rapidly evolving, members of the committee used their
expertise throughout the study to identify other studies in progress and
perspectives not yet represented in publications. It is important to recognize
that results from studies conducted at the height of the pandemic will need
to be interpreted in light of new information, new SARS-CoV-2 variants,
and other shifts in the epidemiology of COVID-19.

The committee discussed at length which health effects to include
in this report, balancing usefulness to SSA with inclusiveness that might
inform a larger audience. It decided to focus on health effects that appear to
impact function most significantly and that result in visits to Long COVID
clinics, finding that many of these health effects are not well understood and
are challenging to treat. The committee also reviewed other issues known
to be relevant to Long COVID, such as in hospital and intensive care unit
(ICU) settings, rehabilitation strategies, selected populations, and pediatrics.
Ultimately, the literature selection was made by consensus judgment of the
committee members based on population, study design, measurement, and
clinical and functional outcomes relevant to the statement of task.

In addition to examining the published literature, the committee com-
missioned a paper on chronic conditions similar to Long COVID, such as
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), fibromyal-
gia, and hypermobile Ehlers-Danlos syndrome. The committee supplemented
the paper’s findings with systematic reviews on the same topics.
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The committee met seven times; three of these meetings included public
sessions with invited speakers. Topics at the public workshops included

e the natural history of Long COVID and potential mechanisms of
action;

current practices in defining and diagnosing Long COVID;
research advances under way in COVID-19 diagnosis;

similarities between Long COVID and ME/CFS;

experiences of Long COVID patients and their caregivers; and
experiences of clinicians who treat Long COVID.

Finally and importantly, the committee’s work was informed by pre-
sentations from individuals with lived experience of Long COVID, made
at a concurrent NASEM workshop titled Symposium on Long COVID:
Examining the Working Definition, hosted by the Committee on Examining
the Working Definition for Long COVID (NASEM, 2023b);! by follow-up
presentations from two individuals with lived experience who originally
spoke at a 2022 SSA-sponsored workshop titled Long COVID: Examining
Long-Term Health Effects of COVID-19 and Implications for the Social
Security Administration (NASEM, 2022a); and by two committee members
with lived experience. The committee also used materials from previous
NASEM reports: Long COVID: Examining Long-Term Health Effects
of COVID-19 and Implications for the Social Security Administration
(NASEM, 2022a); Selected Heritable Disorders of Connective Tissue and
Disability (NASEM, 2022b); Functional Assessment for Adults with Dis-
ability (NASEM, 2019); and Beyond Myalgic Encephalomyelitis/Chronic
Fatigue Syndrome (IOM, 2015), in addition to a workshop examining
overlap in Long COVID and other chronic conditions. Finally, the com-
mittee reviewed the proceedings of a workshop titled Toward a Common
Research Agenda in Infection—Associated Chronic Illnesses: A Work-
shop to Examine Common, Overlapping Clinical and Biological Factors
(NASEM, 2024).

TERMINOLOGY AND DEFINITIONS

Long COVID

In May 2020, shortly after the beginning of the COVID-19 global
pandemic, several accounts by patients in online forums (Twitter, Reddit,

1A recording of the workshop can be viewed at this link: https:/www.nationalacademies.
org/event/06-22-2023/examining-the-working-definition-for-long-covid-workshop (accessed
January 17, 2024).
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and others) and mainstream media (OpEd pieces) started to emerge, report-
ing that many previously healthy individuals had not fully recovered from
COVID-19 and were experiencing lingering health problems. These patients
leveraged social media platforms to share their experiences with these lin-
gering health effects. They started to refer to themselves as “long haulers”
and coined the term “Long COVID” (Callard and Perego, 2021).

The first known use of the term “Long COVID” dates back to a tweet
by Eliza Perego (an Italian archeologist) and a previously healthy individual
who had COVID-19 in early 2020 but continued to have lingering health
effects. Semantically, the term is meant to describe the multitude of persis-
tent health problems experienced after acute SARS-CoV-2 infection. The
term has since gained momentum, evolving to become an umbrella term
encompassing all the (initially reported and subsequently discovered) long-
term health effects of SARS-CoV-2 infection. It is the most commonly used
term by patients, health care providers, public health officials, governments,
and the public at large.

In this report, the committee opted to use the term “Long COVID”
not only because it is the first, most inclusive, and most widely used term
denoting the long-term health effects of SARS-CoV-2 infection, but also
because it recognizes the voices of patients who first alerted the world
and the medical and scientific communities that SARS-CoV-2 infection
can lead to long-term health consequences. Other terms used to describe
the long-term health effects of SARS-CoV-2 include post-acute sequelae
of SARS-CoV-2 or post-acute sequelae of COVID-19, Post-COVID Syn-
drome, Post-acute COVID Syndrome, Post-COVID Condition, Post-COVID
Conditions (condition is pluralized), Long Haulers Syndrome, and many
others. Annex Table 1-1 at the end of this chapter lists the most common
terms and their definitions. The International Classification of Diseases and
Related Health Problems, 11th Revision (ICD-11) code for Long COVID
is “Post COVID-19 condition” (WHO, 2023). Given the evolving terminol-
ogy, many of the other terms found in Annex Table 1-1 may also appear
in the medical record.

The definition of Long COVID continues to evolve as well; numer-
ous definitions are used in the literature, along with varying lengths of
time after infection. A separate National Academies committee concur-
rently examined the working definition of Long COVID (EnSpark Con-
sulting, 2023; NASEM, 2023a). The current federal working definition is
as follows:

Long COVID is broadly defined as signs, symptoms, and conditions that
continue or develop after initial COVID-19 or SARS-CoV-2 infection. The
signs, symptoms, and conditions are present four weeks or more after the
initial phase of infection; may be multisystemic; and may present with a
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relapsing-remitting pattern and progression or worsening over time, with
the possibility of severe and life-threatening events even months or years
after infection. Long COVID is not one condition. It represents many
potentially overlapping entities, likely with different biological causes and
different sets of risk factors and outcomes. (HHS, 2022)

A challenge in defining Long COVID is that that the definition needs to be
broad enough to be inclusive but specific enough to be useful.

Disability

Recent reports of the National Academies have provided detailed back-
ground on the evolution of concepts of disability over the past several
decades (NASEM, 2019, 2020, 2021). One relevant conclusion from those
reports is the growing recognition that the effects of a given medical condi-
tion on functioning, activities, and participation are mediated by an indi-
vidual’s physical and social environments, as well as a variety of personal
factors. This recognition has been embodied in the framework for disability
developed by the World Health Organization (WHO) in the International
Classification of Functioning, Disability, and Health (ICF) and illustrated
in Figure 1-1.

( Health Condition )
(Disorder or disease)

(Eody Functions &) ( Activity )..._,.( Participation )
Structures

(Resirictions)
& T 1
( Contextual factors )

I
! }

Environmental
factors Personal factors

FIGURE 1-1 International Classification of Functioning, Disability and Health
Framework
SOURCE: WHO, 2001, p. 18.

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

INTRODUCTION 23

This framework shows the interactions among health conditions, body
functions and structures (i.e., physiological functions of the body, includ-
ing psychological functions, and functioning of body structures), activity
(i.e., actions or tasks), and participation (i.e., performance of tasks in a
social context, such as school or work), all of which are elements of the
conceptualization of disability, and all of which are mediated by contextual
factors, including environmental and personal factors (WHO, 2001). Note
that the arrows in the diagram are bidrectional since the relationships can
involve feedback.

Different agencies and organizations have defined disability in various
ways. However, most definitions include the concept of a physical or mental
impairment combined with the inability to fulfill social roles or expecta-
tions. SSA’s definition of disability for adults incorporates a length of time
and whether a person can perform work. Specifically, to receive disability
benefits (SSDI or SSI) from SSA, an individual must meet the statutory
definition of disability, which, for adults, is the “inability to engage in
any substantial gainful activity by reason of any medically determinable
physical or mental impairment which can be expected to result in death
or which has lasted or can be expected to last for a continuous period of
not less than 12 months.”? Substantial gainful activity is defined via an
earnings threshold. In short, for an adult to be deemed disabled, a medi-
cal condition must lead to limitations that themselves affect the ability to
engage in substantial gainful activity in the labor market. A child under age
18 is considered disabled if he or she “has a medically determinable physi-
cal or mental impairment, which results in marked and severe functional
limitations, and which can be expected to result in death or which has
lasted or can be expected to last for a continuous period of not less than
12 months.”3 A finding of disability in both adults and children depends on
the severity of functional limitations arising from the claimant’s impairment
or combination of impairments.

When SSA evaluates a disability claim based on a physical or mental
impairment, it requires sufficient evidence to (1) establish the presence of
a medically determinable physical or mental impairment or impairments,
(2) assess the degree of functional limitation the impairment(s) imposes,
and (3) establish the expected duration of the impairment(s). Once SSA
has established the presence of a severe medically determinable physical
or mental impairment(s), it determines whether the impairment(s) meets
or medically equals (is equivalent in severity to) the criteria in the Listing

2C.ER. § 404.1505.
342 USC § 1382(c).
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of Impairments (Listings).* The Listings are applied in step 3 of the
sequential evaluation processes for adults and children. For adults, the
Listings describe, for each of the major body systems, impairments SSA
considers to be severe enough to prevent a person from engaging in any
gainful activity, regardless of his or her age, education, or work experi-
ence, and serve as a “screen-in” step. When an impairment is severe but
does not meet or medically equal any of the Listings, SSA assesses in step
4 whether the applicant’s physical or mental residual functional capacity
allows her or him to perform past relevant work. Applicants who are able
to perform past relevant work are denied benefits, while those who are
unable to do so proceed to step 5. At step 5, SSA considers, in combina-
tion with the applicant’s residual functional capacity, such vocational
factors as age, education, and work experience, including transferable
skills, in determining whether the individual can perform other work in
the national economy. Applicants determined to be unable to adjust to
performing other work are allowed benefits, while those determined able
to adjust are denied.

For children, SSA determines at step 3 whether the impairment(s) meets,
medically equals (is equivalent in severity to), or functionally equals (i.e.,
the impairment([s] results in functional limitations equivalent in severity to)
the criteria in SSA’s Childhood Listings (SSA, n.d.a).® If a child’s impairment
or combination of impairments “does not meet or medically equal any
listing, [SSA] will decide whether it results in limitations that functionally
equal the listings.”® Functional equivalence refers to functionally equaling
the Listings: SSA’s technique for determining functional equivalence is a
“whole child” approach that “accounts for all of the effects of a child’s
impairments singly and in combination—the interactive and cumulative
effects of the impairments—because it starts with a consideration of actual
functioning in all settings” (SSA, 2009).

Figures 1-2 and 1-3 depict SSA’s adjudication process for adults and
children, respectively, in greater detail.

Currently, there is no Listing for Long COVID, nor are there List-
ings for similar chronic conditions, such as ME/CFS and fibromyalgia.
However, disability can be established for these conditions with docu-
mentation of a medically determinable impairment of sufficient dura-
tion and severity of functional limitation. SSA provides formal guidance

“The Adult Listings are available at http://www.ssa.gov/disability/professionals/bluebook/
AdultListings.htm. The Childhood Listings are available at http://www.ssa.gov/disability/
professionals/bluebook/ChildhoodListings.htm. Also see 20 Code of Federal Regulations (CFR)
404.1525, 404.1526, 416.925, and 416.926.

520 CFR 416.926; 20 CFR 416.926a.

620 CFR 416.926a.
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FIGURE 1-2 Social Security Administration’s adjudication process for adults.
SOURCES: NASEM, 2020, p. 18, based on 20 CFR § 404.1520 and 416.920.
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for evaluating these conditions.” In the guidance for providing medical
evidence for claims involving Long COVID, SSA notes that the claimant
should provide medical records that include “a thorough description of
the individual’s medical history, with information on the diagnosis, onset,
duration, and prognosis of the individual’s COVID-19; Long COVID;
conditions that might be associated with, exacerbated by, or consistent
with Long COVID; and any other conditions,” as well as treatments pre-
scribed and the response to those treatments. SSA explicitly states that “a
positive viral test result for SARS-CoV-2 is not necessary for a diagnosis
of COVID-19 or Long COVID.” It considers all findings related to the
claimant’s condition, including those that relate to another disorder or
establish that the claimant has a co-occurring condition. In addition,

7See Long COVID: A Guide for Health Professionals on Providing Medical Evidence for
Social Security Disability Claims (SSA, 2023a), Providing Medical Evidence for Individuals
with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) (SSA, 2018), and SSR
12-2p: Titles II and XVI: Evaluation of Fibromyalgia (SSA, 2012).
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FIGURE 1-3 Social Security Administration’s adjudication process for children.
NOTE: Substantial Gainful Activity (SGA) is a term “used to describe a level of
work activity and earnings. Work is “substantial” if it involves doing significant
physical or mental activities or a combination of both.” More information on
SGA can be found at https://www.ssa.gov/oact/cola/sga.html (accessed April 15,
2024).

SOURCE: Wixon and Strand, 2013.
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it asks for a report of signs and symptoms consistent with Long COVID,
including, but not limited to,

persistent or relapsing fatigue resulting in reduction or impairment
of the ability to carry out daily or work-related activities;
post-exertional malaise (worsening of symptoms after physical,
cognitive, or emotional effort);

exercise intolerance;

respiratory difficulties, such as labored breathing or sudden
breathlessness;

muscle or joint pain or tenderness;

weakness;

chest tightness, pain, or tenderness;

cognitive impairment(s) such as having difficulty with information
processing, memory, or concentration and attention;

headaches of a new type, pattern, or severity;

changes in taste or smell;

gastrointestinal disturbances or discomfort, diarrhea, or constipation;
dizziness when standing up;

paresthesia (numbness, tingling, or pins-and-needles sensation);
and/or

sleep problems (SSA, 2023a).

Finally, SSA considers descriptions of functional limitations, including the
following:

physical functions—the ability to walk, stand, sit, lift, push, pull,
reach, carry, and handle; and/or

mental functions—the ability to understand, remember, and carry
out simple instructions; the ability to use appropriate judgment;
and the ability to respond appropriately to supervision, coworkers,
and usual work situations, including changes in a routine work set-
ting (SSA, 2023a).

The committee notes that while this preliminary guidance may be helpful
in determining whether a disability is related to Long COVID, it does not pro-
vide sufficient guidance for assessing functional status or weighing severity.

HEALTH EQUITY

The burden of seeking care and finding adequate services for Long
COVID is challenging and can impact the potential for recovery. Although
Long COVID may manifest as impairments in body structures and physical
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and psychological functioning, it is not psychological in origin. Neverthe-
less, patients with Long COVID may encounter skepticism about their
symptoms when they present in medical settings, which discourages care
seeking. This is particularly true for individuals disadvantaged by their
social or economic status, geographic location, or environment, and can
result in preventable disparities in the burden of disease and opportuni-
ties to achieve optimal health (CDC, 2017). Disadvantaged groups include
women, members of some racial and ethnic minorities, people with dis-
abilities, LGBTQI+ (lesbian, gay, bisexual, transgender, queer, intersex, or
other) individuals, people with limited English proficiency, and others. For
example, one study found that Black and Hispanic Americans appear to
experience more symptoms and health problems related to Long COVID
compared with White people but are less likely to be diagnosed with the
condition (Khullar et al., 2023).

Individuals with Long COVID have increased health care utilization and
financial burden, which may be exacerbated if they are unable to work to gain
income. Members of disadvantaged groups, especially early in the pandemic,
were more likely to contract SARS-CoV-2, more likely to be hospitalized with
acute COVID-19, more likely to have adverse clinical outcomes, and less
likely to be vaccinated, potentially increasing their risk of developing Long
COVID. In addition, these groups are more likely to be uninsured or under-
insured (Berger et al., 2021). Even for those with insurance coverage, some
of the services that have been shown to improve function may not be covered
by their benefits. Moreover, the availability of specialized Long COVID ser-
vices is limited, and capacity does not match the demand for rehabilitation
specialists (Berger et al., 2021). Limited transportation, distance from clinics,
and the inability to take time away from work or school are known barriers
to care (Berger et al., 2021). The availability issue is particularly problematic
for individuals living in medically underserved areas.

In addition, as a complex, chronic condition, Long COVID requires
a multidisciplinary approach. Individuals disadvantaged by their social or
economic status, geographic location, or environment may find navigating
the health care system especially challenging without adequate social and
financial resources. Inadequate access to interpreter services may also limit
the ability of some with Long COVID to benefit fully from care.

Information about COVID-19 is rapidly evolving and this dynamic
nature of the science may contribute to some patient hesitancy regard-
ing prophylactic and therapeutic management for acute infection or Long
COVID. Low levels of health literacy may also place some individuals at
increased risk for misinformation, which may prevent them from fully tak-
ing advantage of health care resources to protect and improve their health.
Low health literacy may also impact individual self-management of the
symptoms and conditions associated with Long COVID.

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

INTRODUCTION 29

REPORT ORGANIZATION

Chapter 2 describes established methods of diagnosing acute COVID-
19, as well as methods that may become available in the near future, and
touches on how to determine whether a person has Long COVID in the
absence of immunological confirmation (PCR/antibody test). Chapter 3
reviews common and disabling long-term health effects associated with
COVID-19 and how their functional impacts can be assessed. Chapter
4 reviews the literature on the functional trajectories of those long-term
health effects, and includes discussion of differences among hospitalized,
nonhospitalized, post-ICU, and pediatric patients. It also comments on how
rehabilitation affects functional outcomes. Chapter 5 summarizes research
on the similarities between Long COVID and other chronic conditions, such
as ME/CFS and fibromyalgia. Chapter 6 provides the committee’s overall
conclusions based on the evidence presented throughout the report.
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ANNEX TABLE 1-1 Terminology and Definitions for “Long COVID”

Source Term

Patients and Long COVID

people with

lived experience;

patient-researchers

Centers for Disease  Post-COVID

Control and 19 conditions

Prevention (CDC) (plural)

Department of Post-COVID

Veterans Affairs Conditions

(VA)

National Institutes Post-acute

of Health (NIH) Sequelae of
SARS CoV-2
infection

Definition

Can be broadly defined as signs,
symptoms, and sequelae that
continue or develop after acute
COVID-19 or SARS-CoV-2 infection
for any period of time; are generally
multisystemic; might present with

a relapsing-remitting pattern and a
progression or worsening over time,
with the possibility of severe and
life-threatening events even months
or years after infection

Umbrella term for the wide range
of physical and mental health
consequences experienced by some
patients that are present four or
more weeks after SARS-CoV-2
infection, including by patients who
had initial mild or asymptomatic
acute infection; equivalent to the
lay term, “Long COVID”

Post-COVID conditions are
symptoms that last or start weeks
or months after a person was
infected with the SARS-CoV-2
virus. This is the virus that causes
COVID-19. This can happen even if
you didn’t know you had the virus.
You may hear these conditions
called long COVID, post-acute
COVID, chronic COVID, or other
terms. The symptoms can include
tiredness, headaches, loss of taste
and smell, trouble breathing, and
dizziness

Ongoing, relapsing, or new
symptoms, or other health effects
occurring after the acute phase of
SARS-CoV-2 infection (i.e., present
four or more weeks after the acute
infection). The definition will be
revised in an iterative manner based
on existing and new data, medical
literature, and feedback from the
scientific community

PREPUBLICATION COPY—Uncorrected Proofs

Reference

(Callard
and Perego,
2021)

(CDC, 2023)

(VA, n.d.)

(RECOVER,
2023)

continued


http://nap.nationalacademies.org/27756

34 LONG-TERM HEALTH EFFECTS OF COVID-19

ANNEX TABLE 1-1 Continued

Source Term Definition Reference
Food and Drug Post-COVID While most people with COVID-19 (FDA, 2021)
Administration conditions have resolution of their symptoms

(FDA) (plural) within weeks of their illness, some

people experience post-COVID
conditions. Post-COVID conditions
are new, returning, or ongoing health
problems people can experience

four or more weeks after initial
infection with the SARS-CoV-2
virus. These conditions have also
been termed long COVID, long-

haul COVID, postacute sequelae

of COVID-19, long-term effects

of COVID, or chronic COVID.
Post-COVID conditions have been
observed in people with mild to
severe COVID-19 infection, and can
present with localized and systemic
symptoms impacting nearly all organ

systems
World Health Post- Post-COVID-19 condition occurs (Soriano
Organization COVID-19 in individuals with a history of et al., 2022)
(WHO) Condition probable or confirmed SARSCoV-2
(singular) infection, usually 3 months from

the onset of COVID-19 with
symptoms that last for at least

2 months and cannot be explained
by an alternative diagnosis;
common symptoms include fatigue,
shortness of breath, and cognitive
dysfunction, and generally have an
impact on everyday functioning;
symptoms might be new onset
after initial recovery from an acute
COVID-19 episode or persist from
the initial illness; symptoms might
also fluctuate or relapse over time;
a separate definition might be
applicable for children; recognize

“Long COVID”
Broader Research Persistent Persistent signs and symptoms that (Behnood
Community symptoms or  continue or develop after acute et al., 2022)
COVID-19 COVID-19 for any period of time

consequences
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Source

American Academy
of Physical
Medicine and
Rehabilitation

American College
of Cardiology

American Thoracic
Society

Humana Military

Term

Post-acute
sequelae of
SARS CoV-2
infection
(equates it
with Long
COVID)

Post-acute
sequelae of
SARS-CoV-2
Infection

Long COVID

Long COVID

Definition

Post-Acute Sequelae of SARS-CoV-2
infection (PASC) or Long COVID is
a condition that occurs in individuals
who have had COVID-19 and report
at least one persistent symptom

after acute illness. Long COVID
encompasses a constellation of varied
and ongoing symptoms — even in

the same patient across time — and
may include neurological challenges,
cognitive symptoms such as brain
fog, cardiovascular and respiratory
issues, fatigue, pain and mobility
issues, among others.

PASC encompasses a constellation

of symptoms that emerge or persist
weeks to months after recovery

from COVID-19 [referencing CDC,
WHO)]. Although evidence guiding
the care of these patients continues

to evolve, there is a need to develop
common taxonomies and approaches
to care that can be updated iteratively
as new data become available.

The term that is often used to describe
these persistent symptoms. You are
considered to have ‘Long COVID’
when you are still having symptoms
at least 4 weeks after the initial
infection. Long COVID may also

be referred to by other names such

as post-COVID conditions, PASC
(post-acute sequelae of SARS-CoV-2
infection) or long-haul COVID.

While most people with COVID-19
get better within weeks, some
continue to have symptoms—or
develop new ones—after their
initial recovery. The technical term
for this is post-acute sequelae of
SARS-CoV-2 infection (PASC),

or simply “long COVID.” People
with long COVID are often called
“long haulers.” A person of any age
who has had COVID-19 can later
develop a post-virus condition.
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ANNEX TABLE 1-1 Continued

Source Term Definition Reference
Infectious Disease Post- References other definitions, Long (IDSA, n.d.)
Society of America ~ COVID19 COVID, CDC, and WHO
Conditions
(plural)
Wikipedia Long COVID  Long COVID is a condition (Wikipedia,
characterized by long-term 2023)

consequences persisting or
appearing after the typical
convalescence period of COVID-19.
It is also known as post-COVID-19
syndrome, postCOVID-19
condition, post-acute sequelae of
SARS-CoV-2 infection (PASC),

or chronic COVID syndrome
(CCS). Long COVID can affect
nearly every organ system, with
sequelae including respiratory
system disorders, nervous system
and neurocognitive disorders,
mental health disorders, metabolic
disorders, cardiovascular disorders,
gastrointestinal disorders,
musculoskeletal pain, and anemia.
A wide range of symptoms are
commonly reported, including
fatigue, malaise, headaches,
shortness of breath, anosmia (loss
of smell), parosmia (distorted
smell), muscle weakness, low fever,
and cognitive dysfunction.

International U09.9 No definition is given, but the (ICD 10
Classification of Post-COVID following are noted: Data, 2023)
Diseases (ICD)-10-  condition,

e This code enables establishment

CM code unspecified of a link with COVID-19.

e This code is not to be used in
cases that are still presenting
with active COVID-19. However,
an exception is made in cases
of reinfection with COVID-19,
occurring with a condition
related to prior COVID-19.

e Post-acute sequelae of COVID-19

National Institute Ongoing Signs and symptoms of COVID-19 (NICE, 2020)
for Health and symptomatic  from 4 weeks up to 12 weeks

Care Excellence COVID-19

(NICE)*
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Source Term
National Institute Post-
for Health and COVID19
Care Excellence syndrome

(NICE)**

Definition

Signs and symptoms that develop
during or after an infection
consistent with COVID-19,
continue for more than 12 weeks
and are not explained by an
alternative diagnosis; it usually
presents with clusters of symptoms,
often overlapping, which can
fluctuate and change over time and
can affect any system in the body;
post-COVID-19 syndrome might be
considered before 12 weeks while
the possibility of an alternative
underlying disease is also being
assessed

Reference

(NICE,
2020)

NOTE: Adapted from the table titled, “Commonly used terminology in the research of COVID-19
sequelae” in Munblit, D., M. O’Hara, and A. Akrami, et al. 2022. Long COVID: Aiming for a
consensus. The Lancet Respiratory Medicine S2213-2600(22):135-137. https://www.thelancet.
com/action/showPdf?pii=S2213-2600%2822%2900135-7 (accessed June 21, 2022).

*United Kingdom National Institute for Health and Care Excellence (NICE)

**NICE also states that: “In addition to the clinical case definitions, the term ‘long COVID’ is
commonly used to describe signs and symptoms that continue or develop after acute COVID-19.
It includes both ongoing symptomatic COVID-19 (from 4 to 12 weeks) and post-COVID-19

syndrome (12 weeks or more).”

SOURCE: HHS, 2022, Appendix C.
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Diagnosis of SARS-CoV-2 Infection

When Long COVID occurs, it follows an acute infection with SARS-CoV-2,
the virus responsible for the COVID-19 pandemic. This chapter addresses the
request in the committee’s statement of task (Box 1-1 in Chapter 1) to identify
and describe the tests, findings, and signs currently clinically accepted to estab-
lish a history of COVID-19, including tests for SARS-CoV-2, findings of other
diagnostic tests, and signs consistent with COVID-19. It also addresses the
request to identify any methods generally accepted by the medical community
for establishing a history of COVID-19 in patients that are not covered by a
report of a positive viral test for SARS-CoV-2, a diagnostic test with findings
consistent with COVID-19 (e.g., chest x-ray with lung abnormalities), or a
diagnosis of COVID-19 based on signs consistent with COVID-19 (e.g., fever,
cough). In addressing these tasks, the chapter provides context surrounding
the evolution of the diagnosis of COVID-19, beginning with the gold-stan-
dard approach of viral testing specifically for SARS-CoV-2. The chapter then
reviews the diagnosis of COVID-19 based on signs, symptoms, and diagnostic
surrogates prior to the advent of specific testing for SARS-CoV-2 infection.

Diagnosis of acute COVID-19 differs from that of Long COVID. Given
the absence of a consensus-based definition and the ongoing evidence-based
research on best practices for diagnosing Long COVID, this chapter focuses
primarily on the early and current diagnostic measures of acute COVID-19.

VIRAL TESTING

Over the course of the pandemic, diagnostic tests specific to SARS-CoV-2
were developed and became more readily available, although disparities in

39
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socioeconomic status and geographical location still impacted access to
such testing (Dalva-Baird et al., 2021; Rentsch et al., 2020; Romero et al.,
2020). As of this writing, a viral test is necessary to confirm a diagnosis of
SARS-CoV-2 infection. The primary method used today is direct measure-
ment through molecular or antigen testing. Early in the pandemic, indi-
rect measurement was possible through serological (antibody) studies, but
today, viral culture is reserved mainly for research purposes.

Nucleic Acid Amplification (Molecular) Tests

Nucleic acid amplification tests (NAATs), sometimes called molecular
tests, detect nucleic acids (genetic material) from the single-stranded RNA
SARS-CoV-2 virus. These tests are now considered the gold-standard for diag-
nosis of COVID-19 in the clinical setting because of their high sensitivity and
specificity (CDC, 2023d; Hayden et al., 2023; Hellou et al., 2021; Lieberman
et al., 2020; NTH, 2023). NAATs can use various methods to amplify and
detect virus genes, including reverse transcriptase polymerase chain reaction
(PCR) and isothermal amplification (e.g., loop-mediated isothermal ampli-
fication [LAMP], clustered regularly interspaced short palindromic repeats
[CRISPR]) technologies (CDC, 2023d). Commercial tests generally detect
at least two genes’ targets on the virus. Many molecular diagnostic tests
for COVID-19 are authorized by the U.S. Food and Drug Administration
(FDA); platforms used for the testing can differ around the world (FDA,
2023b). The turnaround time for results ranges from 15 minutes (rapid or
some isothermal amplification platforms) to several hours (real-time reverse
transcription-PCR [RT-PCR]) (Ganguli et al., 2020; Hayden et al., 2023).

It may take up to 5 days following exposure before NAATSs can detect
viral particles in an infected person (NIH, 2023). A positive test confirms the
diagnosis of COVID-19; however, false positives, although rare, can occur
(FDA, 2021a). False negatives also have been documented, and repeat testing
is indicated if clinically appropriate (CDC, 2023d; FDA, 2023a; Long et al.,
2021). An inconclusive or indeterminate result indicates that only one of the
two or more genes that the NAAT targets was identified. If the person is early
in the disease course, repeat testing can help confirm the result (Hayden et al.,
2023). The FDA monitors variants resulting from new mutations that may
impact the performance of the NAAT (NTH, 2023). The pooled sensitivity of
the SARS-CoV-2 NAAT has been estimated at 97 percent (95% CI 93 to 99);
pooled specificity was 100 percent (CI 96 to 100) (Hayden et al., 2023). Viral
RNA may be detectable for up to 90 days after initial infection irrespective of
active infection; thus, NAATs should not be used to test someone for active
infection who has already tested positive in the past 90 days (CDC, 2024b).
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Antigen Tests

Antigen tests detect certain proteins (antigens) from the virus via immu-
noassay. In these tests, synthetic antibodies probe a person’s respiratory
sample for evidence of viral proteins, which confirms an active infection
(Center for Health Security, 2023). Antigen tests typically provide rapid
results (in as little as 15 minutes), allow the patient to test at home and
other points of care, and are therefore more accessible and convenient than
NAATs (FDA, 2023a; Hayden et al., 2023); they are also less expensive
(CDC, 2024).

A positive antigen test indicates active COVID infection. Sensitivity
is highest in symptomatic individuals within 5 to 7 days of symptom
onset (NTH, 2023; Parvu et al., 2021). Although the sensitivity of anti-
gen testing is higher in symptomatic than in asymptomatic individuals,
it remains lower than that of NAATs (Hayden et al., 2023). Sensitivity is
improved with repeated antigen testing (Hayden et al., 2023). A negative
antigen test in persons with signs or symptoms of COVID-19 should be
confirmed by NAAT (CDC, 2024). False positive antigen tests are rare
(CDC, 2023a).

Both molecular and antigen tests can be performed by trained personnel
in laboratory facilities or in point-of-care settings, such as clinics and hos-
pitals, pharmacies, schools, and nursing or rehabilitation facilities (Hayden
et al., 2023). Some NAATs can be self-administered by the patient (e.g., at
home) and shipped to a laboratory for testing. Antigen tests can be self-
administered and performed at home; thus, results may not be officially
recorded in a medical record (CDC, 2023c; NIH, 2023).

Nasopharyngeal specimens remain the recommended samples for
SARS-CoV-2 diagnostic testing; other sampling sites, such as nasal mid-
turbinate, anterior nasal, or oropharyngeal swabs, are acceptable alterna-
tives (CDC, 2023c; Hayden et al., 2023; Hellou et al., 2021; NIH, 2023).
Some tests can be performed on saliva or mouth gargle specimens (FDA,
2023a). With both NAATSs and antigen tests, clinical performance, and thus
sensitivity and specificity, depends on how well the specimen is collected,
the actual site of sampling, and the duration of illness at the time of testing
(Brummer et al., 2021; Dinnes et al., 2022; Hayden et al., 2023; Hellou
et al., 2021; Kucirka et al., 2020; Mallett et al., 2020; NIH, 2023; Parvu
et al., 2021; Tsang et al., 2021). Because NAATs can detect molecular parts
of SARS-CoV-2 for up to 3 months after an infection, even when live virus
is no longer present (Rhee et al., 2021), antigen testing is particularly help-
ful for individuals with a recent history of COVID infection who need to
test following a new exposure to document active infection (CDC, 2022b;
Hayden et al., 2023).
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Antibody Tests (Serology)

Antibody (immunoglobulin) tests, or serology, are an indirect method
of demonstrating recent exposure to SARS-CoV-2. Early in the pandemic,
prior to the availability of at-home antigen tests and the facility of molecu-
lar testing, antibody tests were used to help diagnose SARS-CoV-2 infection.

Several types of antibodies are produced after infection, including IgM,
a short-term immunoglobulin that becomes undetectable weeks to months
following infection, and IgG, which is usually produced after two or more
weeks and may confer long-term protection and/or remain positive for a
long time even if not offering protection.

Antibody tests can be used to detect prior SARS-CoV-2 infection and/
or prior vaccination. Different tests target different protein parts of the
virus, such as the spike protein or the nucleocapsid protein (CDC, 2022a).
Because COVID-19 vaccines are engineered using the viral spike protein,
vaccinated persons will test positive for the IgG antibody. Individuals with
previous infection may also mount a positive serum IgM or IgG spike pro-
tein response. Antibodies to the nucleocapsid protein are generated only by
infection, so a specific antibody test (IgG or IgM) against the nucleocapsid
protein can be used to document prior infection in a vaccinated individual
as long as the antibodies are still positive (CDC, 2022a). Antibodies (IgG or
IgM) against the SARS-CoV-2 virus are typically measurable two or more
weeks after the onset of symptoms. Hence, negative antibody testing during
the acute phase of the disease cannot rule out the disease, and convalescent
titers may be helpful (CDC, 2022a). An IgG response to the spike protein
has been reported to remain stable over 6+ months (Dan et al., 2021).

For diagnostic or epidemiological purposes, the grade of evidence for
the use of antibody tests is very low to moderate (Hayden et al., 2024). Both
serum IgM and IgG tests have variable levels of sensitivity and specificity
depending on the timeline of evaluation, and the predictive value of a diag-
nostic test depends not only on the characteristics of the test but also on
the prevalence of the disease, which varies greatly depending on fluctuations
of SARS-CoV-2 prevalence in different geographic locations and points
in time. The method used to quantify antibodies can also impact accu-
racy, with a large systematic review and meta-analysis performed in 2022
showing better performance with respect to sensitivity for tests performed
through ELISA (enzyme-linked immunosorbent assays) (81-82 percent)
or CLIA (chemiluminescent immunoassays) (77-79 percent) than through
LFIA (lateral flow immunoassays) (69-70 percent) (Zheng et al., 2022).

Seroprevalence data from November 2022 show that 96.7 percent of
the U.S. population aged 16 and older had been vaccinated for or infected
with SARS-CoV-2. Therefore, serological testing is not currently indicated
to establish an active infection (CDC, 2024a).
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One important topic with regard to the accuracy of serologic testing is
recognition of patients worldwide who have primary and secondary immu-
nodeficiencies. Those conditions may result in an inability to produce, or
propensity to lose, antibodies, which may lead to false negatives on serology
testing and/or require immunoglobulin replacement therapies, which may
lead to false positives on serology testing. Assessment of serologic testing
performed on patients with humoral defects indicates that vaccination is
safe and cellular immunity is stimulated, but with an inadequate response
in terms of production of antibodies and low-quality antibodies in a large
number of the patients who do produce them (Arroyo-Sanchez et al., 2022;
Connolly and Paik, 2022; Pham et al., 2022; Van Leeuwen et al., 2022).

Other Tests

Newer tests, such as interferon-y (IFN-y) release assays (IGRAs), aimed
at identifying the adaptive T cell immune response (“memory T cells”) to
SARS-CoV-2, are in development and may have potential as a more long-
term marker of active/past infection compared with antibody response.
More robust data are needed to determine how long the T cell immune
response remains following infection and what level of protection may be
provided by the presence of that response (Binayke et al., 2024; Fernandez-
Gonzalez et al., 2022).

BEFORE VIRAL DIAGNOSTIC TESTNG

Signs and Symptoms

SARS-CoV-2 was first identified in Wuhan City, China, in December
2019. It is unclear whether, and for how long, the virus may have been in
circulation prior to that time (Pekar et al., 2021, 2022). It quickly spread
worldwide, and COVID-19 was officially declared a pandemic on March
11, 2020. Viral diagnostic tests were limited at the onset of the pandemic
until clinical laboratories began to offer viral testing for SARS-CoV-2 in
March 2020 (Greninger and Jerome, 2020), and clinicians therefore had
to rely on the presenting symptoms to make a diagnosis of COVID-19.
The most frequently reported symptoms at that time, for both adults and
children, included fever, cough, shortness of breath, sore throat, muscle
soreness, diarrhea, headache, and fever (Irfan et al., 2021; Kadirvelu et
al., 2022; Kaye et al., 2021). It is noteworthy that many infected individu-
als experienced a loss, or disturbance, of taste and smell. The loss of taste
(ageusia) and smell (anosmia) were two of the more distinctive symptoms
of SARS-CoV-2 infection (Dixon et al., 2021; Mizrahi et al., 2020), particu-
larly with earlier variants (Von Bartheld and Wang, 2023).
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Infected adults and children may be asymptomatic or have mild,
moderate, or severe illness (Shang et al., 2022). The severity of COVID-19
symptoms depends on the presence of underlying premorbid conditions
and chronic disease, age, vaccination status, health status, and the vari-
ant causing the infection. Signs and symptoms have changed throughout
the course of the pandemic and through variant mutations. Omicron
variants, for example, are less associated with anosmia compared with
the Delta variant (Von Bartheld and Wang, 2023; Butowt et al., 2022),
and patients infected with an Omicron variant more frequently report
runny nose, headache, sneezing, and sore throat relative to those with
earlier variants (Public Health Agency of Canada, 2022). By October
2022, fewer than 20 percent of cases included reports of anosmia (ZOE,
2022); symptoms experienced at that time differ from those reported
early in the pandemic (Public Health Agency of Canada, 2022; Whitaker
et al., 2022). Even among Omicron variants, Omicron BA.2 was found
more likely to be symptomatic compared with BA.1. People infected
with the Delta variant experienced a longer duration of acute symptoms
relative to those infected with the Omicron variant. However, symptom
duration with any variant was found to be shorter among those who had
received three doses of the COVID-19 vaccine (Public Health Agency of
Canada, 2022).

Individual signs and symptoms alone have poor diagnostic accuracy
for SARS-CoV2 infection given their overlap with those of other viral
syndromes, and the presence or absence of specific signs and symptoms is
not sufficient to confirm or rule out infection (Struyf et al., 2022). For this
reason, and given the lack of access to and availability of viral testing, a
variety of nonviral diagnostic tests were utilized early in the pandemic to
help with diagnosis.

Supporting Diagnostic Testing

Although the tests described in this section are not specific to COVID-19,
the consistent prevalence of certain abnormalities seen in hospitalized
COVID-19 patients fostered their use in diagnosing the disease early in the
pandemic. Imaging studies, pulmonary function tests, and laboratory tests
are among the ancillary tests used in the diagnosis of COVID-19 (Silva
et al., 2021).

Imaging Studies

Typical chest X-ray (CXR) findings for COVID-19 include bilateral
peripheral and basal multifocal airspace opacities (ground-glass opac-
ity and consolidation); however, various patterns of CXR findings may
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be observed (Rousan et al., 2020). Because of the higher sensitivity of
chest computed tomography (CT) compared with CXR in the detection
of early lung disease, disease progression, and alternative diagnosis,
high-resolution CT was also used in the clinical evaluation of suspected
COVID-19 pneumonia cases (Silva et al., 2021; Wiersinga et al., 2020).
CT hallmarks of COVID-19 are bilateral distribution of ground glass
opacities with or without consolidation in the posterior and peripheral
lung, but the predominant findings in later phases include consolida-
tions, linear opacities, “crazy-paving” pattern, “reversed halo” sign, and
vascular enlargement.

The CT findings for COVID-19 can overlap with the findings of other
diseases, including other causes of viral pneumonia, but were considered
additional support for the diagnosis given the epidemiological context
(Carotti et al., 2020). Less common findings, termed “ancillary findings,”
have also been seen on radiography in patients with COVID-19, reflecting
the heterogeneity of this disease. These ancillary findings include intra-
pulmonary vessel enlargement, subpleural curvilinear lines, centrilobular
solid nodules, and pleural and pericardial effusion, among others (Silva
et al., 2021). A systematic review and meta-analysis of 94 studies aimed
at detecting the accuracy of chest CT, CXR, and lung ultrasound in sus-
pected COVID-19 cases showed that both chest CT (69 studies) and lung
ultrasound (15 studies) correctly diagnosed COVID-19 in 87 percent of
cases, and CXR (17 studies) correctly diagnosed it in 73 percent of cases
(Ebrahimzadeh et al., 2022). Compared with the COVID-specific viral tests
that are now available, these imaging studies are not as sensitive or specific
to COVID.

Pulmonary Function Tests

Abnormal results on pulmonary function tests, called “lung diffusion
capacity of carbon monoxide” or DLCO, may also be seen as a result of
destruction of the alveolar air sacs or thickening of the alveolar—capillary
basement membrane, which then leads to impaired gas exchange. This
phenomenon has been well described in cases of COVID-19 pneumonia
(Cortes-Telles et al., 2021; Lee et al., 2022; Steinbeis et al., 2022; Torres-
Castro et al., 2021).

Laboratory Tests

Common laboratory abnormalities seen in COVID-19 include abnormal
complete blood count (e.g., lymphopenia), abnormal coagulation (e.g., elevated
D-dimer), elevated inflammatory markers (e.g., C-reactive protein), elevated
serum lactate dehydrogenase, and reduced serum albumin (Greco et al., 2021).
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Again, these abnormalities are not unique to SARS-CoV-2 infection, but they
gained relevance in the adequate epidemiological context.

Surveillance case definitions have changed over time based on the avail-
ability of SARS-CoV2 specific diagnostic testing (CDC, 2023b). Clinical
diagnosis is one of exclusion, meaning symptoms are not explained by any
other probable disease. Initially, clinical criteria included

at least two of the following symptoms: fever (measured or subjective),
chills, rigors, myalgia, headache, sore throat, new olfactory and taste
disorder(s)

OR

at least one of the following symptoms: cough, shortness of breath, or
difficulty breathing

OR
Severe respiratory illness with at least one of the following;:

e Clinical or radiographic evidence of pneumonia, OR
e Acute respiratory distress syndrome (ARDS).

AND

No alternative more likely diagnosis. (CDC, 2023b, 2020 Interim Case
Definition, Approved April 5, 2020)

Case definitions have incorporated other clinical data, laboratory/
microbiological data, and/or epidemiological linkages or exposure history—
for example, travel to areas with sustained transmission, occupation as a
health care worker, or a contact with a positive test. Since August 2020,
case definitions have been further classified as “suspect,” “probable,” or
“confirmed” (CDC, 2023b). Epidemiological linkage for a SARS-CoV-2
diagnosis was defined by the Centers for Disease Control and Preven-
tion (CDC) in 2021 as “close contact—being within 6 feet for at least
15 minutes (cumulative over 24 hours) with a confirmed or probable case
of COVID-19 disease” or “member of an exposed risk cohort as defined
by public health authorities during an outbreak or during high commu-
nity transmission” (CDC, 2023b). The presence of epidemiological link-
age and meeting clinical criteria allows a case to be classified at most as
“probable,” but does not require confirmatory or presumptive laboratory
evidence of SARS-CoV-2 infection when that evidence is not available. Of
note, given the eventual expansion of viral testing, the 2023 update of the
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case definition for COVID-19 no longer includes epidemiological linkage
(CDC, 2023Db).

ESTABLISHING A HISTORY OF PRIOR COVID-19

Prior COVID-19

During the early days of the COVID-19 pandemic, testing capacity was
significantly constrained in the United States (Mercer and Salit, 2021). Con-
sequently, many people with signs and symptoms of SARS-CoV-2 infection
lacked access to testing and were not formally diagnosed. As the pandemic
unfolded, testing constraints eased, at-home testing kits became widely
available, and testing behavior changed. As a result, many people with signs
and symptoms of SARS-CoV-2 infection either did not undergo testing or
self-tested at home without formal reporting to a health care system. These
realities underscore that reliance on testing to diagnose COVID-19 and sub-
sequently its long-term health effects will necessarily miss these individuals
and therefore should not be used as the sole approach to ascertaining a
history of SARS-CoV-2 infection. In the absence of objective laboratory
testing, signs and symptoms of COVID-19 or a self-report should be con-
sidered sufficient. Among patients without positive laboratory test results,
the use of non-SARS-CoV-2 specific ICD codes (e.g., generic coronavirus
infection, SARS [the prior disease] utilized prior to SARS-CoV-2 specific
ICD codes), alone or in combination with signs/symptoms, may be an alter-
native approach to support a history of prior COVID-19, combined with
all the other clinical findings described above.

Future Directions

Rapid advances in biomedical research and technology make the manu-
facturing of a newer generation of diagnostic tools and tests for COVID-19
likely. Host DNA methylation patterns have been studied to differentiate
between COVID-19-infected and —uninfected persons, and these patterns
may help predict disease progression and outcomes even before the onset of
symptoms (Konigsberg et al., 2021). DNA methylation entails the addition of
a methyl group to the DNA molecule in the cells, which plays a crucial role
in silencing gene expression, preventing DNA synthesis (Moore et al., 2013).
Although neither widely used nor generally recognized presently, specific
DNA methylation patterns have been shown to aid in the diagnosis of SARS-
CoV-2 infection, to predict disease severity, and to establish a history of prior
infection (Konigsberg et al., 2021; Pang et al., 2022). This and many novel
techniques are expected to emerge. Several studies are evaluating biomark-
ers of both COVID-19 and Long COVID, but results are not yet conclusive.
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DIAGNOSIS OF LONG COVID

There currently are no consensus-based diagnostic criteria for Long
COVID. The condition is generally diagnosed on the basis of presumed
history of acute SARS-CoV-2 infection (as indicated by a positive viral test
or patient self-report; as of this writing, no diagnostic test for Long COVID
is available), the presence of Long COVID health effects and symptoms,
and consideration of other conditions that could be causing the symptoms.
Continued research on and discussion of Long COVID will help inform a
case definition and standardized diagnosis (Srikanth et al., 2023). There are
several definitions of Long COVID that include varying time since acute
SARS-CoV-2 infection, and the definitions in the literature are subject to
change as research and data progress.

SUMMARY AND CONCLUSIONS

Testing to diagnose acute SARS-CoV-2 infection, as well as testing
capacity and behaviors, has changed dramatically over the course of the
COVID-19 pandemic. Testing was constrained during the early phase of
the pandemic, but subsequently became increasingly available. The intro-
duction of at-home testing means that many people may not have reported
their positive results to health care systems. As viral infections fluctuate,
as insurance coverage for at-home tests change, and as society returns to
prepandemic activities, some individuals may not even be testing for SARS-
CoV-2 with at-home tests when ill. As a result of these two drivers, the
diagnosis of many individuals with SARS-CoV-2 infection was not formally
documented. Reliance on a documented history of SARS-CoV-2 infection
when diagnosing Long COVID will miss individuals whose infection was
not documented and therefore should not be used as the sole approach
to establishing a diagnosis. The presence of signs and symptoms and self-
reported prior infection is generally sufficient to establish a diagnosis of
SARS-CoV-2 infection.
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Selected Long-Term Health Effects
Stemming from COVID-19 and
Functional Implications

Long COVID is associated with a wide range of new or worsening
health conditions and encompasses more than 200 symptoms involving
many different organ systems (Davis et al., 2021; Lubell, 2022). Given the
extensive range of symptoms, there have been attempts to cluster these
health effects, but to date no consensus in this regard has been reached.

This chapter begins with an overview of the full range of symptoms
and health effects associated with Long COVID and a summary of the
condition’s epidemiology. The chapter then focuses on three health effects
of Long COVID that may not be captured in SSA’s Listing of Impairments
but can significantly affect one’s ability to participate in work or school:
chronic fatigue and post-exertional malaise (PEM), post-COVID-19 cogni-
tive impairment (PCCI), and autonomic dysfunction. Although a great num-
ber of Long COVID health effects could impact function, the committee
thinks it will be useful for SSA to become familiar with these three, as they
are particularly challenging to treat because of their multisystem nature (see
Chapter 5 for an overview of similar multisystem chronic conditions). These
are the novel conditions for which people seek out Long COVID clinics.
For each of these three health effects, the chapter provides an overview of

e the frequency and distribution of their severity and duration in
the general population, as well as any differences along racial,
ethnic, sex, gender, geographic, or socioeconomic dimensions, or
differences specific to populations with particular preexisting or
comorbid conditions;

e clinical standards for diagnosis and measurement of each of these
health effects;

AN
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® any special considerations regarding identification and management
of these health effects in special populations, including pregnant
people and those with underlying health conditions;

®  Dbest practices for quantifying the functional impacts of these health
effects; and

e identified challenges for clinicians in evaluating persons with these

health effects.

The symptoms and health effects discussed in detail in this chapter do
not represent the full range of effects experienced by patients with Long
COVID. In an effort to be inclusive, the committee includes at the end of
this chapter annex tables organized by body system of selected health effects
associated with Long COVID, along with their potential functional impacts
and selected management guidelines.

OVERVIEW OF HEALTH EFFECTS
ASSOCIATED WITH LONG COVID

Epidemiology of the Long-Term Health Effects of SARS-CoV-2 Infection

Data from the U.S. Centers for Disease Control and Prevention’s
(CDC’) National Health Interview Survey show that in 2022, 6.9 percent
of U.S. adults and 1.3 percent of children had Long COVID at some point,
while 3.4 percent of adults and 0.5 percent of children had Long COVID
at the time of interview (Adjaye-Gbewonyo et al., 2023; Vahratian et al.,
2023). Based on these surveys, it is estimated that approximately 8.9 million
adults and 362,000 children reported Long COVID symptoms in the United
States in 2022 (Adjaye-Gbewonyo et al., 2023; Vahratian et al., 2023).
Among adults in the United States, data from the CDC’s Household Pulse
Survey show that the prevalence of Long COVID declined from 7.5 percent
in June 2022 to 5.9 percent reported in January 2023, then increased to
6.8 percent in January 2024 (NCHS, 2024). Despite an overall decline in
prevalence since June 2022, Long COVID’s disease burden remains sub-
stantial. In January of 2024, approximately 22 percent of adults with Long
COVID reported significant activity limitations (NCHS, 2024).

The body of epidemiological research shows great variation in the
incidence and prevalence of the long-term effects of SARS-CoV-2 infection.
These variations reflect the dynamic changes in the pandemic itself, as the
virus has evolved and spawned many variants and subvariants throughout
the pandemic’s course; the effect of vaccines, which were introduced in
December 2020 and later shown to reduce the risk of long-term health
effects; and the effect of treatments for acute infection (e.g., steroids,
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antivirals), which may reduce the risk of long-term health effects. In addi-
tion, since the awareness about Long COVID in the medical community
and the public is still lacking, reported prevalence may be an underestimate.

Adding to this complexity is the broad multisystem nature of the
long-term health effects of SARS-CoV-2 and the fact that these effects are
expressed differently in different age groups and sexes and by baseline
health (Maglietta et al., 2022; Rayner et al., 2023; Tsampasian et al., 2023;
Wong et al., 2023). Variation in incidence and prevalence estimates also
stems from heterogeneities in study designs, including choice of control
groups (e.g., whether studies included people with negative SARS-CoV-2
tests or no known SARS-CoV-2 as controls); methods used to account for
the effect of baseline health in ascertaining whether the emergence of spe-
cific health effects following infection represents new disease; specification
of outcomes; and other methodological differences.

Because of the considerable variation in estimates of the long-term health
effects seen in Long COVID, the committee presents average estimates for
different body systems based on the published literature. Among people who
had COVID-19, most estimates of long-term cardiovascular health effects,
which comprise a broad array of sequelae, regress around 4 percent (Xie et
al., 2022b). Neurological and psychiatric conditions are also common among
people who had COVID-19, with estimates of around 6 percent (Harrison
and Taquet, 2023; Ley et al., 2023; Taquet et al., 2021, 2022; Wulf Hanson et
al., 2022; Xie et al., 2022a; Xu et al., 2022). The reported incidence of gastro-
intestinal disorders post—-COVID-19 is highly variable, but estimates suggest
6 percent (Xu et al., 2023). Respiratory problems persist in some people fol-
lowing SARS-CoV-2 infection, and prevalence studies at 6 months to 2 years
suggest estimates of 2—4 percent (Wulf Hanson et al., 2022). Endocrine con-
ditions are estimated to affect 1-2 percent of people previously infected with
SARS-CoV-2 (Ssentongo et al., 2022). Similarly, estimates of the prevalence
of genitourinary disorders is around 1 percent (Kayaaslan et al., 2021).

Terminology

The committee considers a health condition to be a state, including
injury, illness, or physical or mental diagnosis, that adversely affects a per-
son’s physical and/or mental health and well-being. A symptom is a subjec-
tive manifestation of disease experienced and reported by a patient, while a
sign is an objective manifestation of disease that an examining practitioner
can observe or measure (King, 1968; NIH, n.d.). In the context of this
study, the committee uses health effects as an umbrella term that includes
symptoms, health conditions, and other sequelae caused by or associated
with prior infection with SARS-CoV-2.
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Full Range of Health Effects

SARS-CoV-2 infection can lead to post-acute and long-term health
effects in nearly every organ system (see Figure 3-1). As described in
Chapter 1, the International Classification of Functioning, Disability and
Health model of disability identifies three domains of functioning: body
functions and structures (i.e., physiological functions of the body, including
psychological functions, and functioning of body structures), activity (i.e.,
actions or tasks), and participation (i.e., performance of tasks in a social
context, such as school or work), all of which are mediated by personal
and environmental factors that can either enhance or diminish and indi-
vidual’s activity and participation (WHO, 2023b). Health effects associated
with Long COVID may manifest as impairments in body structures and

Mental health

anxiety, depression,
sleep problems,
substance abuse

Cardiovascular
acute coronary

disease, heart failure,
palpitations, arrythmias

Nervous system
stroke, headaches,
memory problems,
smell problems

Respiratory system

cough, shortness
of breath, low blood
oxygen

Metabolic/
endocrine

obesity, diabetes,
high cholesterol

Kidney
acute kidney injury,
chronic kidney disease

Gastrointestinal

constipation,
diarrhea, acid reflux

e AR

Musculoskeletal

joint pain, muscle e | skin disorders
weakness hair loss, rash
General Coagulation
malaise, fatigue, | disorders
anemia blood clots

FIGURE 3-1 Lasting impact of COVID-19.
SOURCE: Washington University School of Medicine in St. Louis.

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

SELECTED LONG-TERM HEALTH EFFECTS 59

physiological functions, with resulting activity limitations and restrictions
on participation. The impairments associated with Long COVID may
affect mental (e.g., cognitive, psychosocial, emotional) functioning as well
as physical functioning. In addition, individuals with Long COVID may
experience multiple and potentially overlapping symptoms and conditions,
including PEM, PCCI, and autonomic dysfunction. A number of preexist-
ing conditions (e.g., diabetes, heart failure, chronic obstructive pulmo-
nary disease, dementia) can increase the risk of adverse outcomes from
SARS-CoV-2 infection, both during and following acute infection (Awatade
et al., 2023; Dubey et al., 2023; Nuez-Gil et al., 2023; Steenblock et al.,
2022; Treskova-Schwarzbach et al., 2021). Although persistent health
effects associated with SARS-CoV-2 infection may include worsening of
preexisting conditions, this chapter focuses primarily on newly acquired
conditions. Health care providers and patients need to be aware of poten-
tial worsening of preexisting conditions and continue to monitor and treat
them as needed. Additionally, the variable health effects of Long COVID
may have different impacts on different patients depending on the burden
of the preexisting condition, further emphasizing the need for a patient-
specific approach for monitoring and treatment of health conditions.

Annex Tables 3-1 through 3-11 at the end of this chapter list selected
health conditions associated with Long COVID in adults, organized by
body system. Annex Table 3-12 lists selected health effects that are not
organ system-specific, including chronic fatigue and PEM, ME/CFS, and
fever. These tables include a summary of the potential functional implica-
tions of the conditions, selected clinical guidelines for their diagnosis and
management, and potentially relevant SSA Listings for adults, where appli-
cable. For the functional implications, the committee chose to focus on the
kind of information that SSA collects about functioning in adults, which
comes from a variety of sources, including the applicant, medical providers,
employers, and other third parties with knowledge of the applicant. Infor-
mation collected about physical functioning encompasses such activities
as sitting, standing, walking, lifting, carrying, reaching, gross manipula-
tion (e.g., handling large objects), fine manipulation (e.g., handling small
objects, writing, typing), climbing, and low work (e.g., stooping, crouching,
kneeling, crawling) (SSA, 2020). Annex Table 3-13 lists the physical; vison,
hearing, and speaking; and mental activities the committee considered in
populating the tables, along with their definitions. The committee populated
the column on potential functional limitations based on the members’ col-
lective expertise. SSA also collects information about the applicant’s ability
to perform various daily activities, such as dressing, bathing, self-feeding,
and using the toilet, as well as preparing meals, doing house- and yardwork,
getting around, and shopping.
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The long-term health effects associated with Long COVID can affect
people across race, ethnicity, sex, gender, and age groups. Generally, the
risk—on the relative scale—of these long-term health effects increases
according to the severity of acute infection: the risk is 2-3 times greater in
people who were versus were not hospitalized, and greatest in people who
required intensive care (Nufiez-Seisdedos et al., 2022; Xie et al., 2022b).
However, because most people infected with SARS-CoV-2 experience mild
or moderate disease that does not require hospitalization, those with mild
or moderate cases constitute the majority of individuals with long-term
adverse health effects of SARS-CoV-2 (Lai et al., 2023; Spagnuolo et al.,
2020). Rates of Long COVID among pregnant women who had COVID-19
during pregnancy are similar to those of the general population (Kandemir
et al., 2024). In addition, among pregnant women with COVID-19 at
delivery, rates of caesarean delivery and frequency of maternal compli-
cations increased (Knight et al., 2020; Prabhu et al., 2020). The risk of
Long COVID among adult females is about twice that among adult males
(Munblit et al., 2021; Perlis et al., 2022; Sudre et al., 2021). Some pediatric
studies also report a higher prevalence of Long COVID in female compared
to male children and adolescents, although the exact risk is still undefined
(Vahratian et al., 2023; Zheng et al., 2023).

Some of the long-term health effects of acute SARS-CoV-2 infection are
chronic and can negatively impact individuals’ quality of life; ability to par-
ticipate in the labor market or school; and, in some cases, life expectancy.
The extent to which the long-term health effects of infection will have a
functional impact on a person’s life and ability to work or participate in
school can depend on health and functional status prior to COVID-19 and
the severity of the medical condition(s). In addition, symptoms and related
functional limitations may fluctuate, waxing and waning over time.

Clustering of Health Effects

Given the vast number of symptoms and health effects associated with
Long COVID, several research groups have attempted to cluster patients
with similar effects to better understand the disease (see Table 3-1).

The committee found that the evidence on clustering of the post-acute
and long-term health effects of SARS-CoV-2 remains inconsistent across
studies as a result of differences in study designs, populations studied,
enrollment criteria, the era in which the study was undertaken (reflecting
the possible differential effect of variants, changes in clinical care, and
vaccination on phenotypic clusters), specification of post-acute and long-
term health effects of SARS-CoV-2 infection, methodological approaches to
clustering, and other factors. These differences yielded inconsistent results
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across studies, making it challenging to weave the evidence into a coherent
narrative to inform policy discussions and clinical care. The heterogeneity
of results reflects both the nascency of the field (less than 3.5 years old) and
the complexity of Long COVID itself. The generation of better-quality and
more consistent evidence will require consensus on terms, definitions, and
methodological approaches.

SELECTED MULTISYSTEM HEALTH EFFECTS
ASSOCIATED WITH LONG COVID

Three health effects associated with Long COVID that have a sig-
nificant effect on functioning and are particularly challenging to manage—
chronic fatigue and PEM, PCCI, and autonomic dysfunction—are reviewed
in this section. There is significant overlap among the symptoms associated
with these conditions.

Chronic Fatigue and Post-Exertional Malaise

PEM, also called post-exertional symptom exacerbation, is character-
ized by a severe worsening of fatigue and other symptoms following physi-
cal, mental, social, or emotional exertion that would not typically cause
such a reaction in healthy individuals. This exacerbation of symptoms can
occur immediately after the stressor or can be somewhat delayed (hours to
days). In addition, an episode of PEM can last for days or even weeks. The
specific symptoms that worsen vary among individuals, but often can go
beyond fatigue to include muscle or joint pain, cognitive difficulties, sleep
disturbances, headaches, flu-like symptoms, and/or gastrointestinal distur-
bances (Vernon et al., 2023).

Fatigue, broadly defined as a distressing or persistent tiredness that is nei-
ther proportional to recent activity nor alleviated by rest (Sandler et al., 2021;
Twomey et al., 2022), is the most dominant symptom of Long COVID in
several studies, ranging from 19 percent to 76.3 percent of patients (Cheung et
al., 2023; Hartung et al., 2022; Ho et al., 2023; Kayaaslan et al., 2021; Liska
et al., 2022; Sanchez-Garcia et al., 2023; Stépanek et al., 2023). Of the many
descriptive studies that have captured fatigue and other symptoms seen in
Long COVID, only a small proportion make it a point of measuring PEM. In a
large cross-sectional sample of adults who were selected from post—-COVID-19
online groups, PEM was reported by 89.1 percent (95% confidence interval
[CI] 88-90%); for most participants, PEM lasted a few days (Davis et al.,
2021). A recent analysis of the National Institutes of Health Researching
COVID to Enhance Recovery (RECOVER) longitudinal study was aimed
at developing and validating a quantitative definition of Long COVID using
multiple symptoms. In that study, PEM was reported in 87 percent of patients
identified as having Long COVID (Thaweethai et al., 2023).
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Diagnosis

Both post-COVID fatigue and PEM are generally diagnosed based on
patient-reported symptoms and a detailed medical history. Typically, a thor-
ough medical evaluation, which may include blood tests, imaging studies,
and other diagnostic tests, is conducted to rule out other possible causes or
contributing factors.

In clinical settings, health care providers typically evaluate chronic fatigue
and PEM by asking patients to describe their symptoms in detail, including
by inquiring about the type of exertion (physical, emotional, or mental) that
leads to worsening of symptoms; the duration and severity of the symptom
worsening that follows those stressors; how long it takes for the symptoms
to return to baseline; what symptoms are experienced; and whether there is
a prodrome related to the worsening of the symptoms. Multiple validated
questionnaires can be used to measure a person’s perception and severity of
fatigue and PEM (Davenport et al., 2023; FACIT, 2021), such as the DePaul
Symptom Questionnaire-Post-Exertional Malaise (DSQ-PEM), which cap-
tures the frequency and severity of PEM symptoms (Bedree et al., 2019;
Cotler et al., 2018; Davenport et al., 2023; FACIT, 2021).

One approach to diagnosing PEM, investigated in myalgic encephalitis/
chronic fatigue syndrome (ME/CFS) but not yet in Long COVID, involves
two consecutive days of cardiopulmonary exercise testing (CPET) (Stevens
et al., 2018). Deconditioned adults and those with other chronic condi-
tions show minimal variation between the first and second day of CPET
measurement. In ME/CFS patients with PEM, multiple studies reveal a
significant decline in oxygen consumption (VO,) at peak performance and
the ventilatory anaerobic threshold on the second day of CPET testing
(Davenport et al., 2019; Stevens et al., 2018). The ventilatory anaerobic
threshold reflects a person’s ability to sustain continuous work and is more
related to everyday exertion. This drop in VO, between the first- and sec-
ond-day CPET measurements suggests that patients with PEM risk entering
anaerobic metabolism during activities they could have completed without
it just the day before (Stevens et al., 2018). In ME/CFS, symptoms most
associated with PEM after exercise include cognitive dysfunction, reduced
self-reported daily functioning, and mood disturbances (Chu et al., 2018).
Although 2-day CPET helps with understanding the physiologic response
to exercise in patients with PEM generally, there are health system and
patient-level barriers that potentially limit the broad implementation of
2-day CPET in diagnosing PEM in Long COVID and ME/CFS. The health
system barriers include limited or inequitable access to CPET, with even
fewer trained clinicians who can apply and interpret 2-day CPET to diag-
nose PEM. Patient-level barriers include prolonged recovery from testing
and the prohibitive cost of testing without adequate insurance coverage.
Several studies have explored the role of CPET in Long COVID, but not all
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have used PEM as an inclusion criterion (Baratto et al., 2021; Durstenfeld
et al., 2022; Evers et al., 2022; Wernhart et al., 2023). Although much of
the existing research on 2-day CPET in PEM has been in patients with ME/
CFS, the findings should be expected to generalize, regardless of suspected
onset. Nevertheless, additional research is needed to compare 2-day CPET
results in Long COVID versus ME/CFS.

Functional Impacts

Chronic fatigue symptoms in Long COVID impact a person’s ability to
work and perform activities of daily living, which makes clinical care and
rehabilitation a priority for these patients (Walker et al., 2023). They can
also impact productivity by preventing a return to pre-COVID functional
levels, thereby affecting the social and economic health of the impacted
individual. A cross-sectional observational study on the impact of fatigue
on function in 3,754 Long COVID patients, conducted at 31 post-COVID
clinics in the United Kingdom, found that 94 percent (3,541) were of work-
ing age (18-65 years); half (n = 1,321/2,600, 50.8 percent) of those who
completed the “working days lost” questionnaire reported the loss of at least
1 day of work in the last month. Approximately 20 percent (20.3 percent)
reported losing 20-28 days of work, and 20 percent also reported the inabil-
ity to work completely. These results were associated mainly with fatigue
(Walker et al., 2023). Symptoms of chronic fatigue in Long COVID may also
influence a person’s attitudes toward leisure time, thereby impacting mental
health functioning and perceived stress.

Since PEM is considered a hallmark symptom for diagnosing ME/CFS
(CDC, 2021b; IOM, 2015; NICE, 2021d), Long COVID patients with PEM
may also fit criteria for ME/CFS. Understanding the functional impact of
PEM is made more challenging by the fluctuating nature of the symptom
complex and the fact that often people can compensate for limitations in
function by first making compensatory changes in the time, effort, and
resources they ascribe to certain tasks or by making compensatory changes
in their social or leisure activity patterns (NICE, 2021d).

One recent study comparing PEM symptoms in Long COVID with
those in ME/CFS found that the PEM symptoms were more likely to
improve over 1 year in individuals with Long COVID, while there was no
improvement in those with ME/CFS. However, 51 percent of the individuals
with ME/CFS in this study had already had symptoms for >4 years, while
82 percent of those with Long COVID had had symptoms for <1 year
(Oliveira et al., 2023). In a large cross-sectional sample of adults selected
from post-COVID-19 online groups, those participants who had versus
those who did not have PEM at 6 months or more after their COVID-19
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illness had a significantly higher average number of Long COVID symp-
toms that persisted beyond 6 months (Davis et al., 2021). In a smaller
cross-sectional analysis of more than 200 adults with at least 4 weeks of
persistent symptoms after acute COVID-19 illness, PEM was associated
with more severe fatigue and a higher risk of work status limitations, no
or low physical activity, lower general health, and lower social functioning
(Twomey et al., 2022). In a population-based longitudinal cohort study,
PEM was associated with increased risk of other symptoms, such as insom-
nia, cognitive impairment, headache, and generalized pain, compared with
those with fatigue without PEM. The presence of PEM was also associ-
ated with increased risk of functional impairment, reduced work capac-
ity, and reduced physical activity (Nehme et al., 2023). Similarly, another
population-based longitudinal study conducted in Switzerland describing
the long-term trajectory of post-COVID symptoms in adults at 1, 2, 6, 9,
12, 18, and 24 months after SARS-CoV-2 infection found that PEM was
more likely in those who had worsening of or no change in their perceived
health status compared with those who reported improvement or showed
continued recovery (Ballouz et al., 2023).

Treatment

When PEM is identified, the focus of treatment turns to comprehen-
sively assessing and managing the functional impact of these symptoms,
along with other Long COVID-related symptoms. When PEM is present,
rehabilitation interventions and other treatment approaches may need to be
personalized to enhance patient safety (Herrera et al., 2021; WHO, 2023a).
For physical activity, the anerobic threshold can be used as the physical
activity ceiling for safe activity to avoid PEM, recognizing that the nature of
PEM is that the anerobic threshold may vary based on the patient’s previous
activities and other recent stressors (Davenport et al., 2010).

In addition to using self-report questionnaires to capture the severity of
patients’ fatigue and functional limitations, clinicians may ask patients to
track their activities in detailed diaries to better capture the types of activi-
ties that are most likely to trigger PEM for each individual. Preventing PEM
or lessening its severity may require identifying those triggering factors,
such as physical, mental, and emotional stressors; orthostatic intolerance;
hormonal factors in women; environmental factors (humidity and extreme
temperatures); sensory stimuli (light, noise, and smells); certain foods; and
infections, including reinfections with SARS-CoV-2. Teaching patients to
respect their physiological limits is an important aspect of managing PEM.
An important aspect of rehabilitation for people living with PEM is the
provision and use of assistive products and environmental modifications to
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prevent PEM and its functional impact (WHO, 2023a). Therefore, another
important aspect of management is facilitating work or school accommo-
dations that may be necessary to prevent PEM (e.g., flexible hours, tele-
commuting options, specialized equipment to reduce physical or cognitive
exertion).

Selected Populations

To date, few research studies have explored differences in PEM’s preva-
lence, severity, and functional impact by race/ethnicity, rurality, or other
social factors. A study using the TriNetX database to look at the use of
outpatient rehabilitation for a post-COVID condition did find that Hispanic
individuals had a significantly higher incidence of fatigue (Hentschel et al.,
2022). There also is a scarcity of information on Long COVID fatigue and
PEM and the impact of the condition in pregnant and lactating women,
even though women appear to be at higher risk for the condition (Pagen
et al., 2023).

Post-COVID-19 Cognitive Impairment

Cognitive impairment has emerged as one of the most commonly
reported health effects associated with Long COVID, potentially portending
significant consequences for patient functioning and quality of life. Cogni-
tive impairment is defined as difficulties with thinking processes that can
impact various cognitive domains, including memory, attention, process-
ing speed, language, visuospatial, and executive functions (e.g., multitask-
ing, judgment, problem solving). In patients with Long COVID, cognitive
impairment has been characterized primarily by deficits in executive func-
tioning (Becker et al., 2023). Cognitive impairment associated with Long
COVID can vary in severity, from mild to severe, and often has an impact
on instrumental activities of daily living.

Studies have reported varied rates of PCCI ranging from 8 to 80 percent
(Becker et al., 2021), likely the result of varying measurement of cognition,
including self-reported versus objective neuropsychological measures; use
of cognitive screeners (which are insensitive to milder forms of impairment)
(Lynch et al., 2022); and telephonic or online administration of measures
versus validated, in-person assessments. However, the most robust studies
have found PCCI to occur in approximately 24 percent of patients post
COVID-19, across the spectrum of acute COVID severity (Becker et al.,
2021). These cognitive deficits have been found to persist several months
following SARS-CoV-2 infection (Becker et al., 2021, 2023), with some
studies reporting long-term persistence beyond 1 year (Cavaco et al., 2023).
While the severity of PCCI is relatively mild in comparison to the deficits
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seem in neurodegenerative diseases and sever traumatic brain injuries, it
can still contribute to significant functional disability in those impacted
(Delgado-Alonso et al., 2022).

PCCI can occur regardless of age, preexisting comorbidities, vaccina-
tion status, and COVID-19 variant. However, vulnerability to the condition
appears to be greater in Black, Hispanic, female, and the older-aged popula-
tion (Jacobs et al., 2023; Valdes et al., 2022), a finding that has substantial
implications for occupational and social functioning. Female sex has also
been associated with a greater probability of PCCI (Jacobs et al., 2023;
Valdes et al., 2022). Differences have been found among racial and ethnic
groups, such that Black and Hispanic individuals may be more likely to
experience Long COVID and PCCI compared with non-Hispanic White
individuals (Jacobs et al., 2023). Fewer years of education, Black race, and
unemployment with baseline disability have likewise been found to confer
a greater risk of PCCI (Valdes et al., 2022). Finally, preexisting conditions,
including headaches (Jacobs et al., 2023), cognitive impairment (Valdes et
al., 2022), neurological disease (Hartung et al., 2022), and renal disease
(Bucholc et al., 2022), all appear to confer greater risk of PCCIL. Conversely,
some data suggest that the COVID-19 vaccine may reduce the risk of PCCI
(Gao et al., 2022).

While the term “brain fog” has been deemed synonymous with cogni-
tive impairment in the Long COVID literature, the two may be distinct
clinical entities (McWhirter et al., 2023; Orfei et al., 2022). Brain fog
is not a recognized medical diagnosis in itself, but rather a debilitating
symptom that is usually seen in association with other factors, such as
fatigue, psychosocial stress, and both physical and mental conditions
(Jennings et al., 2022). Brain fog seen in patients following SARS-CoV-2
infection has anecdotally been described as inattention, forgetfulness,
difficulty concentrating, and difficulty finding words (McWhirter et al.,
2023). While these difficulties are often observed in formal neuropsycho-
logical assessments, it is well known that patients’ subjective cognitive
reports may sometimes be discrepant with objective neuropsychological
findings (Schild et al., 2023). Nevertheless, it is important to note that
individuals with cognitive impairment may report brain fog as a symp-
tom, and that brain fog and PCCI may be equally functionally disabling
in patients with Long COVID.

Diagnosis

The prevalence of cognitive impairment, including mild cognitive
impairment (MCI) and more severe forms of cognitive impairment (e.g.,
dementia), increases with age. It is generally uncommon (i.e., less than
3 percent of the population) before age 65 and increases dramatically

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

70 LONG-TERM HEALTH EFFECTS OF COVID-19

after age 75 (Casagrande et al., 2022; U.S. Preventive Services Task
force, 2020). The prevalence of MCI can be difficult to estimate due
to several factors. There are varying diagnostic criteria for MCI. Addi-
tionally, as the population ages, some cases of MCI return to normal
cognition with ongoing follow-up while others progress to dementia
(Casagrande et al., 2022; U.S. Preventive Services Task force, 2020). In
addition to a comprehensive medical history, the clinical standard for
diagnosis of cognitive impairment includes a comprehensive neuropsy-
chological evaluation consisting of standardized tests that have well-
established normative data (Becker et al., 2023; Casaletto and Heaton,
2017). These tests allow a clinician to compare an individual’s scores
with those of a normative population, adjusted for age; education; and
sometimes other factors, such as sex. An individual’s performance on
these tests is often categorized according to standard deviations (SDs)
below the mean of the normative sample. Scores within 1 SD below the
mean are considered “average,” whereas scores between 1 and 1.5 SDs
below the mean are considered “mildly impaired” or “below average,”
and those more than 2 SDs below the mean are considered “moderately
to severely impaired.” A neuropsychological evaluation often tests all
cognitive domains, including attention, working memory, processing
speed, executive functions, language, visuospatial abilities, and learning
and memory (Becker et al., 2023).

Many clinical challenges are involved in the evaluation and diagnosis
of individuals with PCCI. As noted above, some individuals with Long
COVID may report brain fog or other cognitive concerns and experience
functional impairment, while not necessarily meeting the clinical diagnostic
threshold for cognitive impairment (Davis et al., 2023). This may occur for
several reasons.

First, most neuropsychological measures were developed to assess indi-
viduals with neurodegenerative disorders or traumatic brain injury (Casa-
letto and Heaton, 2017; Harvey, 2012) and may not adequately capture the
often subtle impairment that can result from COVID-19. Similarly, many
caveats apply to the normative data with respect to the populations that
are considered “normal,” as norms may not always account adequately for
such factors as education, cultural background, language proficiency, and
other individual differences.

Second, the theory of cognitive reserve posits that individual differ-
ences in the ability to cope with brain pathology or damage are influ-
enced by the brain’s resilience and adaptability, which is often related to
such factors as educational attainment, occupational complexity, lifelong
learning and stimulation, and social engagement (Stern et al., 2019).
Individuals with a high cognitive reserve may not immediately show
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impairment on neuropsychological tests for several reasons: (1) they may
be adept at using alternative cognitive strategies or recruiting additional
brain resources to compensate for those areas that are impaired; (2) they
may have started with a higher baseline of cognitive abilities, and thus
will still score within the “normal” range on tests even if they have expe-
rienced some decline; and (3) their brain may be better able to cope with
or resist damage because of its adaptability (Stern et al., 2019). At the
same time, however, by the time these individuals’ cognitive symptoms
become apparent or manifest on neuropsychological tests, the underlying
brain pathology may be quite advanced. In some cases, individuals with
high cognitive reserve may report subjective cognitive decline; they feel
that their cognitive abilities have diminished even if they still score well
on formal testing. This subjective feeling may be attributable to patients’
awareness of subtle changes or difficulties that are not yet detectable
with standardized tests, a phenomenon that may be consistent with the
concept of brain fog. This phenomenon underscores the importance of
considering a comprehensive clinical picture, including subjective reports,
daily functioning, and other factors, in conjunction with neuropsycho-
logical test scores. Without prior neuropsychological testing, it can be
challenging to determine the degree of decline or change from an indi-
vidual’s baseline cognitive abilities, especially if those baseline abilities
were above-average.

Third, performance validity can sometimes be an issue in the clinical
evaluation of PCCI. That is, an individual’s performance on neuropsycho-
logical tests can be influenced by various factors unrelated to PCCI, such
as anxiety, depression, fatigue, or even the specific circumstances of the
testing day. Such conditions as sleep disorders or chronic pain, medications,
or other medical issues can influence cognitive performance and may lead
to inconsistent test results, complicating their interpretation. In some cases,
an individual’s effort on a test may be called into question; that is, some
individuals may have difficulty fully engaging with the evaluation, usu-
ally because of psychological or situational factors. It is also possible that
individuals may purposely underperform (e.g., for secondary gain, such as
disability claims). Fortunately, neuropsychologists have performance valid-
ity measures that can detect suboptimal effort.

Finally, it is important to note that other conditions can mimic the
symptoms of PCCI. For example, depression may increase one’s perception
of brain fog and contribute to poor attention and concentration (Cristillo
et al., 2022). Identifying whether cognitive deficits are due to PCCI or other
factors can therefore be challenging. For this reason, a thorough medical
history can be extremely useful in ruling in or out other potentially con-
tributing factors.
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Functional Impacts

Quantifying the functional impacts of PCCI involves integrating a com-
prehensive medical history, results of objective neuropsychological tests,
subjective symptom reports, and real-world observations. A neuropsycho-
logical evaluation can help in identifying specific areas of cognitive strength
and weakness and in predicting where an individual may have the most
difficulty from day to day.

Several instruments (e.g., Instrumental Activities of Daily Living scale)
can be used to gauge how PCCI may be impacting daily tasks, such as
managing finances, following instructions, or planning activities. Other self-
report tools can help capture individuals’ perceptions of their cognitive and
functional challenges. For example, numerous self-report instruments have
been shown to adequately capture the severity and functional impact of
symptoms associated with self-reported brain fog, such as the Neuro-QOL
Scale (Shirley Ryan AbilityLab, 2019), the Cogstate (Maruff et al., 2009),
or the Everyday Cognition scale (ECog) (Farias et al., 2008). Feedback from
family members, coworkers, or educators can also provide a comprehen-
sive view of an individual’s functioning by offering insight into observed
challenges in task completion, time management, or problem solving in
real-world settings. Similarly, review of work performance evaluations or
school assessments can be helpful in delineating where an individual may
be struggling. Especially in complex cases, a neuropsychologist may work
closely with other professionals (e.g., occupational therapists, speech thera-
pists, educators, vocational counselors) to provide a holistic understanding
of the individual’s functional challenges.

Selected Populations

Research on PCCI in selected populations is limited. As described
above, several studies have found racial and ethnic differences in the inci-
dence of PCCI, whereby minoritized populations may be disproportionately
impacted (Jacobs et al., 2023). While a neuropsychological evaluation can
be extremely valuable in quantifying PCCI and its functional impact, it may
not always be accessible to all individuals, and there are many barriers to
care. First, because of high demand and a limited number of trained neuro-
psychologists, there can be extended wait times for an evaluation. Second,
many neuropsychologists practice in urban areas or academic medical cen-
ters. Therefore, people living in rural or remote areas may not have easy
access to a neuropsychologist and may have to travel significant distances
for an evaluation. Third, neuropsychological assessments can be costly, and
not all insurance plans cover them adequately; individuals without insur-
ance may not be able to afford the evaluation. Finally, in certain cultures
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or communities, stigma may be associated with seeking psychological or
neuropsychological services, preventing some individuals from pursuing an
evaluation.

In addition, certain populations may not derive the same benefit from
an evaluation. Several cultural nuances come into play here. First, indi-
viduals who speak languages other than English and those whose cultural
background differs from that of the majority U.S. population may not have
access to appropriate and culturally sensitive evaluations or even to neu-
ropsychologists or interpreters with whom they can communicate, which
can lead to misinterpretation of results. Second, most neuropsychological
tests were developed and standardized on English-speaking populations,
and appropriate normative data may not be available for the individual in
question. In this case, an individual’s performance can be over- or under-
estimated. Finally, in some cultures, cognitive challenges may be expressed
more in somatic or physical terms, which can affect self-report measures,
clinical interviews, and even effort on the neuropsychological tests. Thus,
data derived from neuropsychological evaluations in such populations must
often be interpreted with some caution.

Autonomic Dysfunction

Orthostatic intolerance and autonomic dysfunction have emerged as
a distinct symptom cluster in Long COVID (El-Rhermoul et al., 2023).
Autonomic dysfunction is any disturbance of the autonomic nervous sys-
tem, inclusive of postural orthostatic tachycardia syndrome (POTS). POTS
has increasingly been observed in patients following SARS-CoV-2 infection
(Amekran et al., 2022). Other, less frequent types of autonomic dysfunction
observed in patients with Long COVID include neurocardiogenic syncope
(NCS) and orthostatic hypotension (OH) (Blitshteyn and Whitelaw, 2021).
When objective tests do not confirm an established autonomic disorder
(i.e., POTS, NCS, or OH), but autonomic symptoms arise upon assuming
an upright posture and are relieved by being supine, then the diagnosis of
orthostatic intolerance can be given. Some symptoms of autonomic dys-
function, such as lightheadedness, improve quickly upon lying down, but
other symptoms, such as fatigue and brain fog, can persist for hours or
days at a time and can impact activities of daily living (Fedorowski, 2019;
Vernino et al., 2021).

Although POTS is itself a diagnosable multisystem disorder, it also has
emerged as a distinct phenotype of Long COVID (El-Rhermoul et al., 2023).
POTS is characterized by a sustained heart rate of 30 beats per minute or
more in the absence of orthostatic hypotension (Amekran et al., 2022). Like
Long COVID, POTS is a multisystem disorder; common symptoms include
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fatigue, nausea, dizziness, palpitations, chest pain, and exercise intolerance.
POTS, and autonomic dysfunction generally, often present secondary to
viral infections. Some studies have suggested that POTS could contribute to
the pathophysiology of Long COVID, explaining the persistence of symp-
toms such as fatigue and cognitive issues in Long COVID patients, although
the evidence for this hypothesis is limited (Amekran et al., 2022; Barizien
et al., 2021; El-Rhermoul et al., 2023; Isaac et al., 2023). Mechanisms of
action may include direct tissue damage, immune dysregulation, hormonal
disturbances, elevated cytokine levels, and persistent low-grade infection
(Carmona-Torre et al., 2022). Autonomic dysfunction appears to play a
significant role in Long COVID and its potential neurological complications
(Buoite Stella et al., 2022; Diekman and Chung, 2023).

The prevalence of POTS in the general U.S. population varies, with
estimates ranging from 0.1 to 1 percent and a higher incidence among
females, although in the general population is likely significantly under-
diagnosed (Arnold et al., 2018; Bhatia et al., 2016; Shaw et al., 2019).
POTS occurs most frequently in females aged 12-50 and is less common in
young children (Amekran et al., 2022). Among people with Long COVID,
one study reports 4.1 percent of respondents had received a diagnosis of
POTS by the time of the survey, and 33.9 percent of those who reported
tachycardia had symptoms suggestive of POTS (Davis et al., 2021). Another
study reported 12 percent of individuals with Long COVID who underwent
standard autonomic testing had results consistent with POTS (Bryarly et al.,
2022). Studies indicate that 25-66 percent of Long COVID patients report
autonomic dysfunction (Ladlow et al., 2022; Larsen et al., 2022). One
study found orthostatic hypotension in 14 percent of subjects with Long
COVID symptoms (Buoite Stella et al., 2022). Kavi (2022) cites unpublished
data indicating that Long COVID clinics report 15-50 percent of patients
having postural symptoms. These numbers should be taken as preliminary
estimates given that most of the data to date came from small retrospective
studies that vary in timing after initial SARS-COV-2 infection, definitions
of POTS and autonomic dysfunction, and testing protocols.

Diagnosis

The diagnostic criteria for POTS are

® asustained increase in heart rate upon assuming an upright
position of >30 beats per minute in adults or >40 beats per
minute in adolescents aged 12-19,

e the presence of chronic symptoms of orthostatic intolerance for
at least 3 months, and

e the absence of orthostatic hypotension (Kavi, 2022; Raj et al.,
2021, 2022).
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In addition to a detailed medical history and physical examination,
evaluating for orthostatic intolerance includes autonomic function tests
and questionnaires. Autoantibody testing can provide supporting evidence.

Two forms of standing tests are used to diagnose POTS in Long COVID
patients. These tests assess heart rate and blood pressure changes upon
assuming an upright position, providing insight into autonomic dysfunction
and orthostatic intolerance. In the active stand test, patients rest supine for
5 minutes, then immediately stand up, and their blood pressure and heart
rate are measured at 2, 5, and 10 minutes. This test captures the immediate
response to standing and helps identify orthostatic tachycardia and associ-
ated symptoms (Espinosa-Gonzalez et al., 2023). Another potentially useful
test is the National Aeronautics and Space Administration’s (NASA’s) lean
test, which involves the patient leaning against a wall after resting supine,
with blood pressure and heart rate measured every minute for 10 minutes.
This posture minimizes the impact of skeletal muscle pump effects on the
cardiovascular system (Espinosa-Gonzalez et al., 2023; Kavi, 2022). These
standing tests can be conducted in the primary care setting and may provide
valuable information for diagnosing POTS without the need for specialist
consultation or specialized equipment (Kavi, 2022).

The head-up tilt test is a specialized assessment used in secondary or
tertiary health care settings to investigate autonomic dysfunction (Espinosa-
Gonzalez et al., 2023). Head-up tilt table testing is usually performed with
a motorized table with a foot board for weight bearing (Benditt et al.,
1996). The patient lies supine, loosely restrained by safety straps to prevent
injury if loss of consciousness occurs. After a variable period of supine rest,
usually 15 minutes but in some studies up to 60 minutes, the tilt table is
brought upright, usually to 60-70 degrees. This test, designed to explore
the underlying causes of loss of consciousness, is the accepted method for
investigating fainting in controlled laboratory conditions. During the test,
the patient is positioned on a table equipped with motorized tilting capabil-
ity. Blood pressure and heart rate measurements are taken while the patient
is in a supine position and then gradually tilted upward to approximately
60 degrees for a duration of up to 45 minutes (Espinosa-Gonzalez et al.,
2023). If syncope or presyncope occurs, the patient is promptly returned to
the supine position. While this specialized test is not essential for a straight-
forward diagnosis of orthostatic tachycardia, it is useful in investigating
specific symptoms, such as unexplained syncope. Not all individuals with
orthostatic symptoms require head-up tilt testing.

COMPASS-31 is a standardized, easy-to-complete autonomic question-
naire used to screen for autonomic dysfunction and track symptom changes
over time (Larsen et al., 2022). Questions fall into one of six domains:
orthostatic intolerance, vasomotor, secretomotor, gastrointestinal, bladder,
and pupillomotor function. The questionnaire generates a weighted score
from 0 to 100, with a score of 220 suggesting moderate to severe autonomic
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dysfunction (Larsen et al., 2022). COMPASS-31 is frequently used to assess
symptoms of autonomic dysfunction in Long COVID research (Bryarly et
al., 2022; Buoite Stella et al., 2022; Seeley et al., 2023). Individuals with
Long COVID could benefit from screening for symptoms of autonomic
dysfunction (e.g., through use of the COMPASS-31 questionnaire), and
those experiencing symptoms of orthostatic intolerance would benefit from
further evaluation for disorders such as POTS or orthostatic hypotension
(Larsen, Stiles, and Miglis, 2021).

Autoantibody testing can provide supporting evidence for diagnosis,
although it is currently not particularly sensitive or specific (Carmona-
Torre et al., 2022). A feature of POTS following SARS-CoV-2 infection is a
high prevalence of specific circulating autoantibodies, including G-protein-
coupled receptor (GPCR) antibodies (such as adrenergic, muscarinic, and
angiotensin II type-1 receptors) and the ganglionic neuronal nicotinic ace-
tylcholine receptor (g-AChR). Other recognized autoantibodies in POTS
include circulating antinuclear, antithyroid, anti-NMDA-type glutamate
receptor, anticardiac protein, anti-phospholipid, and Sjogren’s antibodies
(Carmona-Torre et al., 2022).

Functional Impacts

Symptoms resulting from autonomic dysfunction following SARS-
CoV-2 infection have a substantial impact on individuals’ functioning
and quality of life in the short, medium, and long terms (Carmona-Torre
et al., 2022). Symptoms are associated with loss of school and work par-
ticipation, especially in young women (Bourne et al., 2021). In a study
involving 20 adult Long COVID patients (70 percent female), residual
autonomic symptoms persisted in 85 percent of participants 6-8 months
after SARS-CoV-2 infection, with 60 percent being unable to return to work
(Blitshteyn and Whitelaw, 2021). Haloot and colleagues (2022) investigated
a sample of 40 Long COVID patients who were diagnosed with POTS
and found that disabling symptoms persisted in 100 percent of previously
high-functioning participants even after 6 months, indicating the enduring
impact of the condition. McDonald and colleagues (2014) assert that young
adults with POTS experience a degree of functional impairment compa-
rable to that reported in congestive heart failure and chronic obstructive
pulmonary disease, leading to a notably low quality of life (McDonald
et al., 2014). A prospective study of 99 participants, including those with
post-acute sequelae of COVID-19 (PASC) (another term used for Long
COVID), those with POTS, and healthy controls, revealed a high burden of
autonomic dysfunction in those with PASC, leading to poor health-related
quality of life and high health disutility (Seeley et al., 2023).
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Approximately 50 percent of patients with POTS recover within 1-3
years, with lifestyle measures aiding recovery (Fedorowski, 2019). Exer-
cise therapy, including rowing or cycling, has been shown to be effective
in improving functioning in individuals with POTS following COVID-19.
A minimum of 3 months of exercise therapy has been recommended, and
symptoms often worsen before improving (Fu and Levine, 2018; Shibata et
al., 2012). The course of recovery for symptoms associated with autonomic
dysfunction in Long COVID entails remitting and relapsing as a result
of various factors, such as comorbid conditions, stress, and overexertion
(Barizien et al., 2021; Seeley et al., 2023); therefore exercise therapy must
be individualized and closely monitored.

Assessing the ability to work in individuals experiencing orthostatic
intolerance is challenging because of the unpredictable postexertional
increase in symptoms for several days after prolonged periods of upright
posture. This intolerance can significantly contribute to disability, and the
ability to quantify the extent of functional impairments is limited. Self-
reported symptom severity is critical in evaluating disability in individuals
dealing with both orthostatic intolerance and Long COVID.

Overall functioning in chronic illnesses is often assessed in adults
through self-report health-related quality of life questionnaires, such as
the 36-Item Short Form Survey (SF-36), the EuroQOL, or the Patient-
Reported Outcomes Measurement Information (PROMIS) questionnaires
(Cook et al., 2012; EuroQol Group, 1990; Ware and Sherbourne, 1992).
A newly developed self-report questionnaire, the Malmo POTS symptom
score, has shown promise for assessing symptom burden and measuring
disease progression in adults with POTS (Spahic et al., 2023). For pediatric
patients, age-specific instruments, such as the Functional Disability Inven-
tory or Pediatric Quality of Life (PedsQL), are used into young adulthood,
effectively distinguishing between healthy and chronically ill individuals
(Claar and Walker, 2006; Varni et al., 2001; Walker and Greene, 1991).
Self-reported measures of general or cognitive fatigue include the PedsQL,
the Multidimensional Fatigue Inventory (MFI), the Wood Mental Fatigue
Inventory, the Fatigue Severity Scale, and others (Bentall et al., 1993; Krupp
et al., 1989; Varni and Limbers, 2008; Wood et al., 1991).

Selected Populations

Research on Long COVID-associated POTS in selected populations is
limited. In a recent study of pregnant women with POTS not specific to
Long COVID (8,941 female patients, 40 percent pregnant), the authors
found that the severity of pregnancy symptoms in the first trimester
could predict the severity of symptoms in the second and third trimesters
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(Bourne et al., 2023). If symptoms improved in the first trimester, they
were more likely to continue to improve in the later trimesters, while if
symptoms worsened in the first trimester, they were likely to continue to
worsen in the second and third trimesters. Other selected populations
that may experience autonomic dysfunction from Long COVID and thus
require health equity considerations include people with certain condi-
tions and/or disabilities, racial and ethnic minorities, people diagnosed
as overweight or obese, and uninsured or underinsured individuals. One
example of clinical considerations regarding health equity is those with
impaired mobility or severe orthostatic intolerance. Some of these patients
may be unable to perform standard testing for autonomic dysfunction,
such as a 10-minute stand test, requiring testing modifications (Blitshteyn
et al., 2022).

HEALTH EFFECTS OF LONG COVID IN
CHILDREN AND ADOLESCENTS

While there are various definitions of children, adolescents, and young
people, for the purposes of this report “children” or “pediatrics” will refer
to the entire pediatric age range and “adolescents” to children in the older
end of the spectrum (i.e., ages ~11 to 18 years). Although rates vary by age,
children infected with SARS-CoV-2 usually have mild disease (COVID-19)
with low rates of hospitalization (<2 percent) or death (<0.01 percent)
(Bhopal et al., 2020; Bhopal et al., 2021). Nonetheless, persistent health
effects following SARS-CoV-2 infection have been reported in children,
with multisystem inflammatory syndrome in children (MIS-C) and Long
COVID being commonly reported (Lopez-Leon et al., 2022). Addition-
ally, Kompaniyets and colleagues (2022) found selected health effects for
which children with SARS-CoV-2 infection are at increased risk: pulmonary
embolism (adjusted hazard ratio [aHR] 2.01), myocarditis and cardiomy-
opathy (aHR 1.99), venous thromboembolic events (aHR 1.87), acute and
unspecified renal failure (aHR 1.32), type 1 diabetes mellitus (aHR 1.23),
coagulation and hemorrhagic disorders (aHR 1.18), smell and taste distur-
bances (aHR 1.17), type 2 diabetes (aHR 1.17), and cardiac dysrhythmias
(aHR 1.16). Vaccination has been shown to reduce the risk of infection and
protect against COVID-19-associated illness, including MIS-C, in children
(Fowlkes et al., 2022; Tannis et al., 2023; Yousaf et al., 2023; Zambrano
et al., 2022), although the majority of children in the United States remain
unvaccinated against COVID-19 (AAP, 2023; CDC, 2021a; Zambrano
et al., 2024).

Among the long-term health effects of COVID-19, type 1 diabetes has
garnered specific attention, showing a higher incidence rate among children
in the first year of the pandemic compared with a prepandemic period
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(incidence rate ratio [IRR], 1.14; 95% CI, 1.08-1.21) (D’Souza et al.,
2023). This finding was mirrored in the months 13-24 of the pandemic, as
shown in a meta-analysis (IRR, 1.27; 95% CI, 1.18-1.37) (D’Souza et al.,
2023). The increased risk of type 1 diabetes in children after SARS-CoV-2
infection was found even when compared with diagnosis of acute respira-
tory infection unrelated to COVID-19 (Barrett et al., 2022; Rahmati et
al., 2023; D’Souza et al., 2023). Additional studies are needed to further
delineate this phenomenon.

MIS-C presents within 2—-6 weeks of acute SARSs-CoV-2 infection as
a systemic inflammatory illness. Criteria for case definition include sever-
ity necessitating hospitalization, fever above 100.4 degrees Fahrenheit,
laboratory evidence of systemic inflammation, and multisystemic organ
involvement that cannot be explained by another diagnosis (CDC, 2023a).
Organ systems affected by MIS-C include gastrointestinal (80-90 per-
cent), mucocutaneous (74-83 percent) cardiovascular (66.7-86.5 percent),
hematologic (47.5 percent), respiratory (36.5 percent), and neurologic
(12.2 percent) (Blatz and Randolph, 2022). Reassuringly, with MIS-C-
directed treatment, the mortality rate has been 1-2 percent (Blatz and
Randolph, 2022; Feldstein et al., 2021).

Although children with MIS-C present as critically ill, most inflamma-
tory and cardiac manifestations resolve rapidly (Rao et al., 2022; Penner et
al., 2021). However, some children do experience more long-lasting effects
(Penner et al., 2021). One study tested children 6 months after hospitaliza-
tion on the 6-minute-walk test and found that 45 percent of the patients
scored below the 3rd percentile for age, demonstrating functional impair-
ment (Penner et al., 2021). In this same study, 98 percent of the children
were able to return to full-time education, but formal neuropsychological
testing was not conducted to assess school performance (Penner et al.,
2021). More research is needed to characterize the potential long-term
effects of MIS-C.

Pediatric Long COVID is a separate entity from MIS-C. The true preva-
lence of Long COVID symptoms and health effects remains unclear for
multiple reasons and varies widely in the literature, including limited stud-
ies and heterogeneous samples (Pellegrino et al., 2022). However, rates
of pediatric Long COVID are lower than the rates of adult Long COVID
(Behnood et al., 2022; CDC, 2023b; Jiang et al., 2023; Rao et al., 2022;
Zheng et al., 2023). The risk of Long COVID may be associated with severe
symptoms during initial infection, hospitalization, the number of organ
systems involved, the number of symptoms at presentation, lack of vacci-
nation against COVID-19, medical complexity, and body mass index >85t™
percentile for age and sex (Bygdell et al., 2023; Funk et al., 2022; Rao et
al., 2022). Children with MIS-C may also develop Long COVID (Maddux
et al., 2022)
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Children with Long COVID may have health effects across body sys-
tems (Table 3-2). Commonly reported symptoms include fatigue (sometimes
with PEM), weakness, headache, sleep disturbance, muscle and joint pain,
respiratory problems, palpitations, altered sense of smell or taste, dizzi-
ness, and autonomic dysfunction (Morrow et al., 2022; Rao et al., 2022).
Guidelines specific to pediatric Long COVID can aid in the diagnosis and
management of the condition in children (Malone et al., 2022).

A systematic review of 22 studies (n = 23,141) from 12 countries iden-
tified fatigue (47 percent) as the most dominant Long COVID symptom in
children and young people (age < 19 years old), followed by headache (35
percent) (Behnood et al., 2022); these findings are consistent with those
of several adult studies (Cheung et al., 2023; Liska et al., 2022; Sanchez-
Garcia et al., 2023; Stépanek et al., 2023). In another systematic review and
meta-analysis of 21 pediatric studies (n = 80,071), the prevalence of Long
COVID was reported as 25.24 percent, with fatigue (9.66 percent) being
the second most dominant clinical manifestation, behind mood symptoms
(16.50 percent). Sleep disorders (8.42 percent), headache (7.84 percent),
and respiratory symptoms (7.62 percent) were among the top-ranked Long
COVID manifestations (Lopez-Leon et al., 2022). It is important to note
that for this systematic review and meta-analysis, Long COVID criteria
included symptoms lasting for at least 4 weeks, which likely contributed
to the higher reported prevalence compared with findings of other studies.
Studies have shown that isolation, increased stress, and loss of parents and
caregivers significantly impacted children’s development during the pan-
demic and may lead to a future rise in mental illnesses (Lopez-Leon et al.,
2022) and other Long COVID sequelae.

Fatigue and PEM present similarly in pediatric populations compared
to adults and are common in children with Long COVID; however, data
from pediatric populations with ME/CFS indicate better long-term recovery
compared with adults (Carruthers et al., 2011). In a cohort observational
study of nearly 800 children, ME/CFS had a mean duration of 5 years, with
54 percent of patients reporting recovery between 5-10 years, and 68 per-
cent of patients reporting recovery after more than 10 years (Rowe, 2019);
this issue has not been explicitly studied in children with Long COVID.

POTS and other forms of autonomic dysfunction have also been
reported in children with Long COVID (Morrow et al., 2022). Presenta-
tions and symptomatology, including orthostatic dizziness, palpitations,
chest pain, diaphoresis, and nausea, are similar to those in adults. However,
the diagnostic criteria for POTS are different in children and in adults: for
individuals aged 12-19, the required heart rate increment is an increase
of at least 40 beats/minute on a standing tolerance test, compared with
30 beats/minute in adults (Morrow et al., 2022; Vernino et al., 2021).
One study compared 29 adolescents with Long COVID who developed
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TABLE 3-2 Common Long COVID Symptoms in Children and
Adolescents by Body System

Respiratory Shortness of breath or dyspnea
Chest (thoracic) pain or tightness
Cough
Difficulty with activity/exercise intolerance

Cardiovascular Palpitations or tachycardia
Dizziness/lightheadedness
Syncope
Chest pain
Difficulty with activity/exercise intolerance

Neurological Headache
Dizziness/lightheadedness or vertigo
Orthostatic intolerance
Syncope or presyncope
Tremulousness
Paresthesia or numbness
Difficulty with attention/concentration
Difficulty with memory
Cognitive impairment or brain fog

Special Senses Abnormal or loss of smell or taste

Musculoskeletal Weakness
Muscle, bone, or joint pain

Gastrointestinal Nausea
Vomiting/reflux
Abdominal pain
Bowel irregularities (constipation/diarrhea)
Weight loss
Lack of appetite

Mental Health Anxiety
Depression/low mood
Increased somatic symptoms
School avoidance
Regression of academic or social milestones

No specific organ system  Fatigue (general); Post exertional malaise
Exercise intolerance
Sleep disturbances
Fever

SOURCES: Behnood et al., 2022; Borch et al., 2022; Drogalis-Kim et al., 2022; Funk et al.,
2022; Jiang et al., 2023; Kompaniyets et al., 2022; Kostev et al., 2022; Leftin Dobkin et al.,
2021; Lopez-Leon et al., 2022; Malone et al., 2022; Mariani et al., 2023; Morrow et al., 2022;
Pellegrino et al., 2022; Radtke et al., 2021; Riera-Canales and Llanos-Chea, 2023; Roessler
et al., 2022; Sansone et al., 2023.
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an inappropriate sinus tachycardia or POTS with 64 adolescents who
developed autonomic dysfunction prior to the COVID-19 pandemic. The
authors concluded that, at least with regard to heart-rate variability, ado-
lescents with POTS diagnosed following SARS-CoV-2 infection were not
significantly different from the prepandemic controls (Buchhorn, 2023).
Management of POTS is similar for children and for adults, with lifestyle
interventions and physical therapy protocols being first line, augmented by
medications when indicated.

Post—-COVID-19 cognitive impairment (PCCI) or brain fog is reported
in children with Long COVID and may manifest in behavioral changes and
declining school performance. Limited research has focused on the chronic
cognitive effects of COVID-19 in children. Objective neuropsychological
data in pediatric patients have shown increased attention deficits in these
patients and elevated mood/anxiety concerns (Luedke et al., 2024; Mor-
row et al., 2021; Ng et al., 2022; Tarantino et al., 2022), although these
data came from small, single-center studies. In a survey of 510 children
with ages ranging from 1-18 years, 61 percent had poor concentration, 46
percent had difficulty remembering information, 40 percent struggled with
completing everyday tasks, and 33 percent had difficulties with informa-
tion processing (Buonsenso et al., 2022). Importantly, other factors, such
as fatigue and mental health problems, should be evaluated when cognitive
problems are suspected, as these and other factors can contribute to poor
attention and other cognitive difficulties.

With respect to management, a cognitive rehabilitation approach should
be considered to improve attention regulation and help the child develop
compensatory strategies. Whenever possible, support and accommodations
should be offered in school settings to prevent the child from falling further
behind academically. Periodic reassessment of cognitive functions is also
prudent to monitor progress over time. Finally, screening for mental health
problems is critical in children with post-COVID cognitive impairment, as
PCCI can greatly impact quality of life.

Children with Long COVID may experience new or worsening mental
health conditions, such as anxiety and depression. One study with 236 pedi-
atric Long COVID patients found that irritability, mood changes, and anxi-
ety or depression were found in 24.3 percent, 23.3 percent, and 13.1 percent
of the cohort, respectively, suggesting a high prevalence of persistent psychi-
atric symptoms (Roge et al., 2021). Children may experience anxiety and
depression differently from adults. Signs of depression can include behav-
ioral problems at school, changes in eating or sleeping habits, and lack of
interest in fun activities, while signs of anxiety in children can include fear of
being away from a parent, physical symptoms of panic, and refusal to go to
school. Diagnosis involves ruling out other conditions that may affect mood,
and often includes interviews with the child and their caregivers (Cleveland
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Clinic, 2023). Management of mood disorders for pediatric patients with
Long COVID is the same as management for those without Long COVID
(e.g., psychotherapy, medications); however, special consideration is war-
ranted for the other comorbid Long COVID symptoms and how they may
interact with mood disorders or their treatment. The most common anti-
depressants for children are selective serotonin reuptake inhibitors (SSRIs),
which increase the level of serotonin in the brain.

Although there may be overlap between pediatric and adult presenta-
tions and intervention options, particularly among adolescents, pediatric
management of Long COVID entails specific considerations: developmen-
tally, some young children and those with developmental disabilities may
have difficulty describing their symptoms, and patient histories may come
from parents and others outside the home, such as caregivers, coaches, or
teachers. Compared with adults, children are healthier, with fewer preex-
isting chronic health conditions. Conditions that may increase the risk of
Long COVID in adults, such as type 2 diabetes, are rarely seen in pediatrics,
and Long COVID may therefore represent a large change from baseline for
previously healthy children (Malone et al., 2022).

In addition to adverse effects of pediatric Long COVID on participa-
tion and performance in school, sports, and other activities (Morello et al.,
2023; Pellegrino et al., 2022), it also has been shown to negatively affect
family functioning as a whole (Chen et al. 2023). Management of pediatric
Long COVID is focused on symptomatic support and from a functional
perspective, on activities of daily living, such as participation in school and
in activities and hobbies. Additionally, the American Heart Association and
American Academy of Pediatrics recommend that those treating pediatric
patients with moderate or severe acute SARS-CoV-2 infection or with any
prolonged cardiac symptoms (e.g., fatigue, syncope, palpitations) use a
screen to assess for the possibility of cardiac complications before recom-
mending a return to physical activity (AAP, 2022a).

While the trajectory for children affected by Long COVID is more
favorable than that for adults, additional studies are needed to better
understand and characterize the diversity of presentations in children and
long-term implications related to quality of life and function. The National
Institutes of Health’s (NIH’s) Researching COVID to Enhance Recovery
(RECOVER) initiative currently has ongoing clinical trials and studies
under way aimed at further understanding how to treat and prevent Long
COVID in children in addition to adults (NIH, 2023). However, more
research is still needed (Long COVID and kids: More research is urgently
needed, 2022).

As detailed in Chapter 1, SSA’s definition and determination of dis-
ability in children and adolescents (<18 years) differs from those in adults.
“Disability” for adults in the SSA context centers on work disability or an
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inability to perform work-related activities (see, e.g., Annex Table 3-13 at
the end of this chapter) and to participate in work “in an ordinary work set-
ting, on a regular and continuing basis, and for 8 hours per day, 5 days per
week, or an equivalent work schedule” (SSA, 2021). In contrast, the defini-
tion and determination of disability in children incorporates the concept of
functioning more broadly (i.e., a child’s qualifying impairment(s) must cause
“marked and severe functional limitations”!). When evaluating the effects
of an impairment or combination of impairments on a child’s functioning,
SSA considers “how appropriately, effectively, and independently” the child
performs their activities (everything they do at home, at school, and in the
community) “compared to the performance of other children [their] age
who do not have impairments.”? In particular, SSA considers functioning
in six domains: acquiring and using information, attending and completing
tasks, interacting and relating with others, moving about and manipulating
objects, caring for [oneself], and health and physical well-being.?

SELECTED GUIDANCE STATEMENTS SPECIFIC TO LONG COVID

In addition to the diagnosis and management guidelines included in
Annex Tables 3-1 through 3-12, selected guidance statements specific to
Long COVID are listed in Table 3-3. The CDC (2024b) maintains a web-
page with information on Long COVID (which the CDC refers to as
Post-COVID conditions) for health care providers and the general public,
covering the topics of assessment and testing, management, documentation,
research, and tools and resources. The latter includes a list of “medical
professional organization expert opinion and consensus statements.” The
World Health Organization (WHO) (2023a) also maintains a webpage on
“clinical management of COVID-19,” which includes a link to the most
recent version of its COVID-19 Clinical Management: Living Guidance
document. This publication contains “the most up-to-date recommenda-
tions for the clinical management of people with COVID-19” and includes
a section on the “care of COVID-19 patients after acute illness” (WHO,
2023a).

In the United Kingdom, the National Institute for Health and Care
Excellence, Scottish Intercollegiate Guidelines Network, and Royal College
of General Practitioners jointly developed a guideline addressing identifica-
tion, assessment, and management of the long-term effects of COVID-19
and offering “recommendations about care in all healthcare settings for
adults, children and young people who have new or ongoing symptoms

120 CFR 416.906.
220 CFR 416.926a.
320 CFR 416.926a.
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TABLE 3-3 Selected Guidance Statements on Long COVID

Author Title Last revised Source

Centers for Disease Control  Post-COVID conditions: February 6, CDC

and Prevention Information for healthcare 2024 (2024b)
providers

World Health Organization  Clinical management of August 18, WHO
COVID-19: Living guideline, — 2023 (2023a)
18 August 2023

National Institute for COVID-19 rapid guideline: November 11, NICE

Health and Care Excellence, Managing the long-term effects 2021 (2021a)

Scottish Intercollegiate of COVID-19

Guidelines Network, and
Royal College of General

Practitioners
Catalan Society of Family Long Covid-19: Proposed April 20,2021  Sis6-
and Community Medicine  Primary Care Clinical Almirall
Long COVID-19 Study Guidelines for Diagnosis and et al.
Group Disease Management (2021)
American Academy of Post-COVID-19 conditions in ~ September 2,  AAP
Pediatrics children and adolescents 2022 (2022b)
American Academy of Multi-disciplinary collaborative August 11, Malone
Physical Medicine and consensus guidance statement 2022 et al.
Rehabilitation (AAPMR) on the assessment and (2022)
PASC Multi-Disciplinary treatment of postacute sequelae
Collaborative Pediatric of SARS-CoV-2 infection
Work Group (PASC) in children and

adolescents
AAPMR PASC Multi- Multidisciplinary collaborative  July 26,2021  Herrera
Disciplinary Collaborative  consensus guidance statement et al.
Writing Group on the assessment and treatment (2021)

of fatigue in postacute sequelae

of SARS-CoV-2 infection

(PASC) patients
AAPMR PASC Multi- Multi-disciplinary collaborative  November 29, Maley
Disciplinary Collaborative  consensus guidance statement 2021 et al.
Writing Group on the assessment and treatment (2022)

of breathing discomfort and

respiratory sequelae in patients

with post-acute sequelae of

SARS-CoV-2 infection (PASC)
AAPMR PASC Multi- Multi-disciplinary collaborative December 1, Fine et al.
Disciplinary Collaborative  consensus guidance statement ~ 2021 (2022)
Writing Group on the assessment and

treatment of cognitive
symptoms in patients with
post-acute sequelae of SARS-
CoV-2 infection (PASC)

continued
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TABLE 3-3 Continued

Author Title Last revised Source
AAPMR PASC Multi- Multi-disciplinary collaborative May 27,2022  Whiteson
Disciplinary Collaborative  consensus guidance statement et al.
Writing Group on the assessment and (2022)

treatment of cardiovascular
complications in patients with
post-acute sequelae of SARS-
CoV-2 infection (PASC)

AAPMR PASC Multi- Multi-disciplinary collaborative June 3,2022  Blitshteyn
Disciplinary Collaborative  consensus guidance statement et al.
Writing Group on the assessment and (2022)

treatment of autonomic
dysfunction in patients with
post-acute sequelae of SARS-
CoV-2 infection (PASC)

AAPMR PASC Multi- Multidisciplinary collaborative  March 29, Melamed
Disciplinary Collaborative  consensus guidance statement 2023 et al.
Writing Group on the assessment and (2023)

treatment of neurologic
sequelae in patients with post-
acute sequelae of SARS-CoV-2
infection (PASC)

AAPMR PASC Multi- Multidisciplinary collaborative  November 8,  Cheng
Disciplinary Collaborative  consensus guidance statement ~ 2023 et al.
Writing Group on the assessment and (2023)

treatment of mental health
symptoms in patients with
post-acute sequelae of SARS-
CoV-2 infection (PASC)

4 weeks or more after the start of acute COVID-19” (NICE, 2021a).
Likewise, a Long COVID study group of the Catalan Society of Family
and Community Medicine (Spain) issued proposed primary care clinical
guidelines for the diagnosis and management of the condition in 2021 (Sis6-
Almirall et al., 2021). The stated primary objective of the guidelines is the
identification of individuals “with signs and symptoms of long COVID-19
... through a protocolized diagnostic process that studies possible etiolo-
gies and establishes an accurate differential diagnosis” (Sis6-Almirall et al.,
2021, p. 4350).

Pediatric guidance on Long COVID in the United States includes
statements from the American Academy of Pediatrics (AAP, 2022b) and a
pediatric work group in alliance with the American Academy of Physical
Medicine and Rehabilitation (AAPMR) PASC Multi-Disciplinary Collab-
orative (Malone et al., 2022). The AAP guidance provides information on
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Long COVID in children and adolescents and evaluation and management
of some of the potential ongoing symptoms. To assist primary care physi-
cians and assist in initial specialty evaluations for children and adolescents
with Long COVID, the AAPMR pediatric guidance statement addresses
the initial evaluation of children and adolescents with Long COVID and
potential health effects in different body systems, as well as return to play
or activity and accommodations for school and activities (Malone et al.,
2022). Work groups of the AAPMR PASC Multi-Disciplinary Collaborative
have also issued guidance statements on the diagnosis and management of
health effects of Long COVID in specific areas: fatigue, breathing discom-
fort and respiratory sequelae, cognitive symptoms, cardiovascular compli-
cations, autonomic dysfunction, neurologic sequelae, and mental health
(Blitshteyn et al., 2022; Cheng et al., 2023; Fine et al., 2022; Herrera et al.,
2021; Maley et al., 2022; Melamed et al., 2023; Whiteson et al., 2022).

OVERVIEW OF BODY SYSTEMS POTENTIALLY
AFFECTED IN LONG COVID

In addition to the information in Annex Tables 3-1 through 3-12 on
selected health effects associated with Long COVID, the following narra-
tives, organized by body system, provide a high-level overview of diagnos-
tic, management, and other information potentially relevant to adults with
Long COVID. It is important to note that symptoms and health conditions
may cross two or more body systems.

Respiratory System

Persistent respiratory symptoms and conditions are common in patients
with Long COVID (Evans et al., 2023). The underlying pathophysiology for
these symptoms and conditions is complex and multifactorial, encompass-
ing persistent cardiac, pulmonary, or vascular dysfunction. The diagnostic
approach to patients with these symptoms and conditions in Long COVID
involves a clinical history and physical examination, and may include blood,
radiologic, and other diagnostic tests, such as the 1-minute sit-to-stand test,
chest X-ray, and pulmonary function testing (Daines et al., 2022). Computed
tomography pulmonary angiography (CTPA) or ventilation perfusion (VQ)
scintigraphy and VQ single-photon emission computed tomography (Daines
et al., 2022; Kim et al., 2022) may be used to identify pulmonary vascular
manifestations after acute SARS-CoV-2 infection. In general, the manage-
ment approaches for all these respiratory symptoms and conditions in Long
COVID are not specific to Long COVID, although some studies indicate the
use of steroids to improve radiological, subjective, and functional outcomes
in selected patients with post-COVID-19 pulmonary involvement (Dhooria
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et al., 2022; Goel et al., 2021; Mizera et al., 2024; Myall et al., 2021).
Management of respiratory symptoms and conditions associated with Long
COVID varies based on the severity of the symptoms, the level of functional
impairment, comorbid illnesses, and other clinical factors.

Cardiovascular System

Cardiovascular symptoms and conditions are common following acute
SARS-CoV-2 infection, and can include cardiopulmonary symptoms (e.g.,
chest pain, dyspnea, or palpitations), cardio-neuro symptoms, cardiac
inflammatory diseases (e.g., myocarditis and pericarditis), and collateral
damage from acute coronary syndromes (DePace and Colombo, 2022;
Satterfield et al., 2022). Diagnostic approaches for cardiovascular symp-
toms and conditions related to Long COVID include electrocardiogram
(ECG); transthoracic echocardiography; echocardiography; stress testing;
event monitoring; and laboratory assessments such as cardiac biomarkers,
cell counts, inflammatory markers, and coagulation markers. Functional
tests, such as the 3-minute active stand test, 10-minute POTS assessment,
and 6-minute walking test, may be administered. Cardiac magnetic reso-
nance (CMR) can be used to determine abnormalities in ventricular and
systolic function; pericardial effusion; and such abnormalities as myocar-
ditis, epicarditis, pericarditis, and endocarditis (Satterfield et al., 2022; Von
Knobelsdorff-Brenkenhoff and Schulz-Menger, 2023). Cardiopulmonary
exercise testing can be used to better understand the relevant factors con-
tributing to post-COVID diminished exercise capacity. As mentioned in
the earlier discussion of PEM, two consecutive days of CPET can help
diagnose PEM in individuals with ME/CS (Davenport et al., 2019; Stevens
et al.,2018). Long COVID patients may exhibit various ECG abnormalities,
including sinus tachycardia, ST changes, T-wave abnormalities, prolonged
QT interval, low voltage, and bundle branch block.

Management of cardiovascular issues related to Long COVID currently
involves symptom management and rehabilitation. Although there are no
specific guidelines for cardiac inflammatory diseases such as myocarditis,
ongoing research is exploring the use of antivirals, steroids, and nonsteroidal
anti-inflammatory drugs in this condition (Raman et al., 2022). In general, the
management approaches for all the cardiovascular symptoms and conditions
in Long COVID, are not specific to Long COVID and treatment approaches
generally follow the routine guidelines for the underlying condition.

Neurological System

A growing body of evidence indicates that Long COVID can manifest
as neurological sequelae, affecting the central and/or peripheral nervous
system. Some manifestations occur during the acute phase in hospitalized
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patients or as sequelae of a major neurological event, such as a stroke,
while other relevant symptoms and conditions either continue or emerge
weeks after infection. The neurological abnormalities observed in Long
COVID likely arise from a multifaceted interplay of direct viral effects,
autoimmunity, inflammation, mitochondrial dysfunction, vascular changes
and thrombosis, hormonal imbalances, and persistent viral presence. A
comprehensive understanding of these pathophysiological mechanisms is
essential for the development of targeted therapeutic strategies for manag-
ing and alleviating the neurological sequelae of Long COVID. Manage-
ment can include pharmacological interventions; physical therapy; pacing;
occupational therapy, including lifestyle modifications; and psychological
therapy (Tana et al., 2022).

Special Senses

Research on the specific abnormalities of the special senses such as
vision, hearing, balance, taste, and smell in Long COVID is still emerging,
and understanding of these abnormalities is evolving. Some individuals
with Long COVID have reported persistent alterations in taste and smell,
a condition known as anosmia (loss of smell) and ageusia (loss of taste).
Additionally, studies have found visual and auditory disturbances, such
as blurry vision, tinnitus, or hearing loss, in some Long COVID patients.
These sensory changes can impact quality of life and may persist after
acute SARS-CoV-2 infection even after other COVID-19 symptoms have
resolved. In addition to diminishing quality of life, impaired or loss of smell
and taste may lead to changes in eating habits (Ferrulli et al., 2022), poten-
tially resulting in weight loss and worsening of other symptoms, including
fatigue. Abnormalities of the special senses should be assessed in patients
suspected of having Long COVID; however, a thorough medical history and
physical examination are always advisable.

There are no well-established treatments for dysfunctions of the special
senses due to Long COVID. The authors of a systematic review (Khani et
al., 2021) propose several potential medications for treating Long COVID
anosmia and ageusia, including pentoxifylline, zinc, omega-3, intranasal
fluticasone, intranasal insulin, statins, and melatonin.

Musculoskeletal System

Individuals with Long COVID frequently report musculoskeletal and
pain conditions alongside a range of other symptoms, complicating their
pain experience and impacting their function and quality of life. Skeletal
muscle abnormalities have been associated with lower exercise capacity,
and exercise-induced myopathy has been noted with PEM (Appelman et al.,
2024).
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Diagnosis of musculoskeletal manifestations of Long COVID requires
a thorough workup that ranges from noninvasive techniques (e.g., radiol-
ogy/imaging) to invasive maneuvers (e.g., biopsy). A detailed medical his-
tory and physical examination is the first step, before any diagnostic test.
Evidence is currently insufficient to recommend or advise against tests
including creatine kinase, lactate dehydrogenase, c-reactive protein (CRP),
rheumatologic factor, and antinuclear antibody in patients with arthralgia
and myalgia lasting more than 12 weeks after COVID-19 (Kim et al., 2022).

There currently is no specific treatment for the musculoskeletal man-
ifestations of Long COVID; patient-centered symptomatic management
aimed at improving the quality of life is the goal by default (Calabrese et
al.,2022). In a systematic review, Balcom and colleagues (2021) report that
Long COVID myositis showed a favorable response to steroids, intravenous
immunoglobulin, and tocilizumab. Baricitinib, an anti-inflammatory drug
used to treat rheumatoid arthritis, has shown promising results; however,
its association with increased risk for the development of malignancy has
warranted further investigation (Assadiasl et al., 2021). Physical therapy
(low-intensity aerobic training exercises) and psychological measures have
proven to be effective in improving muscle strength (Nambi et al., 2022).
Of note, people with Long COVID can exhibit changes in skeletal muscle
mitochondrial function and metabolism that can further deteriorate with
PEM; therefore, engaging in intense exercise is not advisable for some indi-
viduals with Long COVID (Appelman et al., 2024).

Endocrine System

Several conditions consistent with endocrine dysfunction, including
diabetes mellitus (DM), dyslipidemia, thyroid dysfunction, adrenal dysfunc-
tion, and reproductive hormone dysfunction, have been noted in patients
with Long COVID. The interplay between the endocrine system and Long
COVID can be bidirectional: studies have shown a higher risk of develop-
ing Long COVID in patients with DM or overweight, but have also shown
that treatments, such as corticosteroids, potentially used both for acute
SARS-CoV-2 infection and Long COVID may increase the risk of develop-
ing endocrine and metabolic disease (Bornstein et al., 2022).

Thyroid dysfunction has also been reported in Long COVID. Findings
are mixed, however, as to the true role played by thyroid dysfunction and
even the presence of antithyroid antibodies in Long COVID patients (Lui
et al., 2023; Sunada et al., 2022).

Adrenal dysfunction has also been postulated as a relevant feature in
patients with Long COVID. Of note, lower levels of serum cortisol have
been described in patients with Long COVID compared with non-Long
COVID healthy controls (Klein et al., 2023).
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Finally, the presence of reproductive hormonal dysfunction in patients
with Long COVID has been hypothesized, due mainly to epidemiological
factors and to a high incidence (74 percent of females) of patient-reported
changes in menstrual cycle as part of the Long COVID complex of symp-
toms. However, no clear entity has been identified to define a clear diagnos-
tic pathway (Lott et al., 2023).

The diagnosis and treatment of endocrine dysfunction is similar for
individuals with and without Long COVID.

Immune System

The immune system is an integral part of the response to SARS-CoV-2
infection itself, as its proper function is critical for the ability to contain and
eliminate the infection prior to any additional therapeutic support. Given
its role in the control and containment of the primary infection, it is not
surprising that dysregulation of the immune system has been reported by
patients with Long COVID.

Different levels of immune dysregulation have been identified in
patients with Long COVID, including differences in the levels of circulating
myeloid and lymphocyte populations compared with control patients with-
out Long COVID; increased levels of antibody response to SARS-CoV-2;
and increased levels of antibody response to other pathogens, especially
Epstein-Barr virus (Klein et al., 2023). Notably, these abnormalities are
not diagnostic of Long COVID, but are observations that support immune
dysregulation among Long COVID patients.

Immune dysregulation is a broad theme. The immune system overlaps
with all the other body systems and functions, and so the dysregulation
noted in patients with Long COVID is hypothesized to potentially affect
viral persistence and replication and gut microbiota dysbiosis, and to lead to
autoimmunity and immune priming, blood clotting and endothelial abnor-
malities, and dysfunctional neurological signaling (Bellanti et al., 2023).

Patients with Long COVID frequently report symptoms compatible
with mast cell activation syndrome (MCAS). Several of the symptoms fre-
quently seen in Long COVID overlap with those seen in MCAS, which can
lead to diagnostic confusion. The diagnostic criteria for MCAS are well
established by international societies and are applied similarly in Long
COVID patients (Valent et al., 2021).

Treatment of MCAS depends on the individual’s symptoms. It involves,
first, guaranteeing anaphylaxis management ability through education and
permanent availability of an epinephrine auto-injector and additionally
controlling the different mast cell mediators. Treatment is standardized by
society guidelines and applies to all patients with MCAS, regardless of the
presence of Long COVID (Valent et al., 2020).
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Gastrointestinal System

Individuals with Long COVID frequently report gastrointestinal symp-
toms, in isolation or combined with other symptoms. These symptoms may
be compatible with such diagnoses as gastroesophageal reflux disease and
irritable bowel syndrome, with similar presentations and management.

Genitourinary System

The relationship between chronic kidney disease and COVID-19 is
bidirectional: chronic kidney disease increases susceptibility to COVID-19
infection and risk for severe disease, and Long COVID increases the risk of
chronic kidney disease, even independently of acute kidney injury (Schiffl
and Lang, 2023). The risk of renal dysfunction increases proportional to
the severity of the acute COVID-19 infection (nonhospitalized, hospital-
ized, or ICU), although the risk extends to all patients, including those with
milder cases of COVID-19 (Bowe et al., 2021). Kidney dysfunction is often
a silent problem that can progress without being discovered. It is therefore
important to monitor kidney function in Long COVID patients who are at
higher risk of kidney disease. Diagnosis involves a combination of medical
history, physical examination, laboratory tests, and imaging studies, as used
in the general population.

Kidney care is an integral part of post-acute care for COVID-19. Treat-
ment and management depend on the disease (i.e., chronic kidney disease
or acute kidney injury) and stage, and those protocols are also applied
to patients with and without Long COVID according to standardized
guidelines.

Integumentary System

Cutaneous manifestations of Long COVID are relatively mild and last
an average of 7 to 15 days (Freeman et al., 2023; Martora et al., 2023 Mass
General, 2022; Polly and Fernandez, 2022). These conditions would most
likely not rise to the level of a disabling impairment.

Mental Health

Because SARS-CoV-2 infection can affect the brain, some of its post-
acute sequelae may manifest in the form of neuropsychiatric disorders,
including depression, anxiety, and adjustment and stress disorders. These
disorders are likely driven by structural and/or functional brain alterations
following infection and should not be misconstrued as evidence of a psy-
chological basis for Long COVID. That said, mental health problems can
also arise as a secondary or tertiary effect of Long COVID, as well as of

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

SELECTED LONG-TERM HEALTH EFFECTS 93

the global pandemic more broadly. That is, with the rapid spread of SARS-
CoV-2 arose the strict implementation of widespread social restrictions
(e.g., quarantine, social distancing measures), often coupled with occupa-
tional loss and economic hardships. These factors should also be considered,
as they could certainly play a role in initiating and/or exacerbating mental
health problems in a subset of individuals. Along those lines, having Long
COVID may predispose individuals to mental health problems by virtue of
their new onset limitations. Finally, preexisting mental health problems may
also be exacerbated following SARS-CoV-2 infection. Overall, determining
whether mental health problems in those infected by SARS-CoV-2 differ
from those not infected but merely affected by the global pandemic remains
an ongoing challenge.

Regardless of their precise etiology, it is advisable for all clinicians to
screen for new-onset anxiety and depression in Long COVID patients as they
can have profound functional implications. Diagnosis of mental health prob-
lems may range from brief screening assessments in medical settings to more
thorough clinical assessments by mental health professionals. Thorough
assessments involve a review of symptoms, medical history, and psychoso-
cial context. Criteria for diagnosis of mental health disorders are outlined
in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition,
Text Revision (DSM-5-TR) (APA, 2022) or the International Classification
of Diseases, Eleventh Revision (ICD-11) (WHO, 2023b). These criteria are
used to diagnose anxiety, depression, posttraumatic stress disorder (PTSD),
and other metal health disorders that may be pertinent in Long COVID.

The treatment of mental health disorders in patients with Long COVID
can vary widely depending on the specific disorder, its severity, and the
individual’s unique needs and comorbid symptoms. The most common, evi-
dence-based approaches include psychotherapy (e.g., cognitive-behavioral
therapy), medications (e.g., antidepressants, antipsychotics), or a combina-
tion of the two (Cleveland Clinic, 2023). Importantly, given the multimor-
bidity of Long COVID, it is critical for clinicians to consider the potential
interaction effects of certain medications, as well as their impact on other
Long COVID symptoms.

SUMMARY AND CONCLUSIONS

Long COVID comprises hundreds of health effects caused by or asso-
ciated with acute SARS-CoV-2 infection that manifest in many different
body systems. Evidence on clustering of the post-acute and long-term health
effects of SARS-CoV-2 remains inconsistent across studies, and consensus is
needed on terms, definitions, and methodological approaches for generat-
ing better-quality and more consistent evidence. Health effects associated
with Long COVID may manifest as impairments in body structures and
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physiological functions, potentially affecting mental (e.g., cognitive, psycho-
social, emotional) functioning as well as physical functioning. In addition,
individuals with Long COVID may experience multiple and potentially
overlapping symptoms and conditions, including PEM, PCCI, and auto-
nomic dysfunction. Some health effects can be sufficiently severe to interfere
with an individual’s day-to-day functioning, including participation and
performance in work and school activities. There is some overlap between
SSA’s current Listing of Impairments (Listings) and health effects associated
with Long COVID, such as impaired lung and heart function. However, it is
likely that most individuals with Long COVID applying for Social Security
disability benefits will do so on the basis of health effects not covered in
the Listings. Three frequently reported health effects that can significantly
interfere with the ability to perform work or school activities and may
not be captured in SSA’s Listings are chronic fatigue and PEM, PCCI, and
autonomic dysfunction, all of which can be difficult to assess clinically in
terms of their severity and effects on a person’s functioning.

Children with Long COVID also may experience health effects across
many body systems. Commonly reported symptoms include fatigue, weak-
ness, headache, sleep disturbance, muscle and joint pain, respiratory prob-
lems, palpitations, altered sense of smell or taste, dizziness, and autonomic
dysfunction. Although pediatric presentations and intervention options may
overlap with those in adults, particularly among adolescents, who may be
more likely to mimic adult presentation and trajectories, pediatric manage-
ment of Long COVID entails specific considerations related to developmen-
tal age and/or disabilities and history gathering. In general, children have
fewer preexisting chronic health conditions than adults; thus, Long COVID
may represent a substantial change from their baseline, particularly for
those that were previously healthy. Management of pediatric Long COVID,
as with adults, is focused on symptomatic support and, from a functional
perspective, on activities of daily living, such as participation in school and
in activities and hobbies.
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ANNEX TABLE 3-1 Selected Respiratory Conditions Associated
with Long COVID

Potential
Social Security
Health Potential Functional Selected Diagnostic and Administration
Effects Limitations Management Guidelines Listing
Pulmonary  Standing, walking, e Idiopathic Pulmonary 3.02
fibrosis strenuous physical Fibrosis (an Update) and
activity, lifting, carrying, Progressive Pulmonary
pushing/pulling, climbing, Fibrosis in Adults: An
low work, speaking Official ATS/ERS/JRS/
ALAT Clinical Practice
Guideline (Raghu et al.,
2022
e Idiopathic pulmonary
fibrosis in adults: diagnosis
and management (NICE,
2017)
Hypoxemia Standing; walking; N/A None
strenuous physical
activity; lifting; carrying;
pushing/pulling; overhead
reaching; climbing; low
work; understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace
Pneumonitis Walking, strenuous e Diagnosis of None
physical activity, lifting, hypersensitivity
carrying, pushing/pulling, pneumonitis in adults: An
overhead reaching, official ATS/JRS/ALAT
climbing, low work clinical practice guideline
(Raghu et al., 2020)
Chronic Strenuous physical e ERS guidelines on the None
cough activity, speaking diagnosis and treatment

of chronic cough in adults
and children (Morice et al.,
2020)

Chronic cough: Evaluation
and management
(Michaudet and Malaty,
2017)

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

SELECTED LONG-TERM HEALTH EFFECTS

ANNEX TABLE 3-1 Continued

Potential
Social Security
Health Potential Functional Selected Diagnostic and Administration
Effects Limitations Management Guidelines Listing
Chronic Standing; walking; e 2022 ESC/ERS guidelines  3.09
pulmonary  strenuous physical for the diagnosis and
hypertension activity; lifting; carrying; treatment of pulmonary
pushing/pulling; overhead hypertension (Humbert
reaching; climbing; low et al., 2022)
work; understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace
Asthma Walking, strenuous e 2020 Focused Updates to  None
physical activity, carrying,  the asthma management
pushing/pulling, overhead guidelines: A report from
reaching, climbing, low the National Asthma
work, speaking Education and Prevention
Program Coordinating
Committee Expert Panel
Working Group (Expert
Panel Working Group,
2020)
e Management of severe
asthma: a European
Respiratory Society/
American Thoracic Society
guideline (Holguin et al.,
2020)
Dyspnea Walking, strenuous e Chronic dyspnea: None

physical activity, carrying,
pushing/pulling, overhead
reaching, climbing, low
work, speaking

Diagnosis and evaluation
(Badhwar and Syed, 2020)

SOURCES: Maley et al., 2022; Zang et al., 2023.
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ANNEX TABLE 3-2 Selected Cardiovascular Conditions Associated

with Long COVID

Potential
Social Security
Potential Functional  Selected Diagnostic and Administration
Health Effects Limitations Management Guidelines Listing
Heart failure Standing, walking, e 2022 AHA/ACC/ 4.02
strenuous physical HFSA guideline for the
activity, lifting, management of heart
carrying, pushing/ failure: A report of the
pulling, reaching, foot/ American College of
leg controls, climbing, Cardiology/American Heart
low work, speaking Association joint committee
on clinical practice
guidelines (Heidenreich et
al., 2022)
Coronary disease Walking, strenuous e 2023 AHA/ACC/ACCP/ 4.04
physical activity, ASPC/NLA/PCNA guideline
lifting, carrying, for the management of
pushing/pulling, patients with chronic
reaching, climbing, coronary disease: A report
low work of the American Heart
Association/American
College of Cardiology
joint committee on clinical
practice guidelines (Virani
et al., 2023)
Dysrhythmia Standing, walking, e 2018 ACC/AHA/HRS 4.05
(tachycardia and strenuous physical guideline on the evaluation
bradyarrhythmia) activity, lifting, and management of patients
carrying, pushing/ with bradycardia and
pulling, reaching, cardiac conduction delay:
climbing, low work A report of the American
College of Cardiology/
American Heart Association
task force on clinical
practice guidelines and
the heart rhythm society
(Kusumoto et al., 2019)
Pulmonary Walking, strenuous e American society of 7.08
embolism physical activity, hematology 2020 guidelines

lifting, carrying,
pushing/pulling,
overhead reaching,
climbing, low work

for management of

venous thromboembolism:
Treatment of deep vein
thrombosis and pulmonary
embolism (Ortel et al.,
2020)
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Potential
Social Security
Potential Functional ~ Selected Diagnostic and Administration
Health Effects Limitations Management Guidelines Listing
Venous Standing, walking, e Venous thromboembolic 4.11
thrombosis strenuous physical diseases: Diagnosis,
activity, foot/leg management and
controls thrombophilia testing:
NICE Clinical Guidelines,
no. 158 (NICE, 2023b)
e American society of
hematology 2020 guidelines
for management of
venous thromboembolism:
Treatment of deep vein
thrombosis and pulmonary
embolism (Ortel et al.,
2020)
Vasculitis Strenuous physical e Vasculitis clinical practice ~ 14.03
activity, lifting, guidelines (ACR, 2021)
carrying, pushing/
pulling, reaching,
overhead reaching
Cardiac Walking, strenuous e Management of acute None
inflammatory physical activity, myocarditis and
disease lifting, carrying, chronic inflammatory

pushing/pulling,
reaching, foot/leg
controls, climbing, low
work

(myocarditis and/
or pericarditis)

cardiomyopathy: An Expert
Consensus Document
(Ammirati et al., 2020)

e Management of acute
and recurrent pericarditis
(Chiabrando et al., 2020)

SOURCES: Whiteson et al, 2022; Xie et al.,

2022; Zang et al., 2023.

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

124

LONG-TERM HEALTH EFFECTS OF COVID-19

ANNEX TABLE 3-3 Selected Neurological Conditions Associated
with Long COVID

Potential
Social Security
Potential Functional Selected Diagnostic and ~ Administration
Health Effects Limitations Management Guidelines  Listing
Dysautonomia/ Sitting; standing; walking;  ® Multi-disciplinary None
Postural strenuous physical activity; collaborative consensus
tachycardia lifting; carrying; pushing/ guidance statement
syndrome pulling; reaching; climbing; on the assessment and
low work; near visual treatment of autonomic
acuity; understanding, dysfunction in patients
remembering, and applying with post-acute
information; concentrating, sequelae of SARS-
persisting, or maintaining CoV-2 infection (PASC)
pace; problem solving (Blitshteyn, 2022)
e Diagnosis and
management of
postural orthostatic
tachycardia syndrome
(Raj et al., 2021)
Dizziness Sitting; standing; walking; e Dizziness: Evaluation 2.07
(vestibular/ strenuous physical activity; and management
orthostatic) lifting; carrying; pushing/ (Rogers et al., 2023)
pulling; reaching; climbing;
low work; near visual
acuity; understanding,
remembering, and applying
information; concentrating,
persisting, or maintaining
pace; problem solving
Encephalitis/ Sitting; standing; walking;  ® Autoimmune None
Encephalopathy  strenuous physical activity; Encephalitis (Gole and

lifting; carrying; pushing/
pulling; reaching; gross
and fine manipulation;
foot/leg controls; climbing;
low work; vision; hearing;
speaking; understanding,
remembering, and applying
information; concentrating,
persisting, or maintaining
pace; problem solving;
adapting or managing
oneself; interacting with
others

Anand, 2023)

Diagnosis and
management of
acute encephalitis: A
practical approach
(Venkatesan and
Geocadin, 2014)

e Consensus Clinical
Guidance for
Diagnosis and
Management of
Adult COVID-19
Encephalopathy
Patients (Michael
et al., 2023)
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Potential
Social Security
Potential Functional Selected Diagnostic and ~ Administration
Health Effects Limitations Management Guidelines  Listing
Neurodegenerative Sitting; standing; walking; ~ ® Dopaminergic therapy 11.17
disease strenuous physical activity; for motor symptoms in
lifting; climbing; low work; early Parkinson disease
speaking; understanding, practice guideline
remembering, and applying summary: A report
information; concentrating, of the AAN guideline
persisting, or maintaining subcommittee
pace; problem solving; (Pringsheim et al.,
adapting or managing 2021)
oneself; interacting with o Aducanumab use
others in symptomatic
Alzheimer disease
evidence in focus:
A report of the
AAN guidelines
subcommittee (Day
et al., 2022)
Neurocognitive Speaking; understanding, e Multi-disciplinary None
disorders/post- remembering, and applying collaborative consensus
COVID cognitive  information; concentrating, guidance statement
impairment persisting, or maintaining on the assessment and
pace; problem solving; treatment of cognitive
adapting or managing symptoms in patients
oneself; interacting with with post-acute
others sequelae of SARS-
CoV-2 infection (PASC)
(Fine et al., 2022)
e Practice guideline
update summary: Mild
cognitive impairment:
Report of the
guideline development,
dissemination, and
implementation
subcommittee of the
American Academy of
Neurology (Petersen
et al., 2018)
continued
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ANNEX TABLE 3-3 Continued

Potential
Social Security
Potential Functional Selected Diagnostic and ~ Administration

Health Effects Limitations Management Guidelines  Listing

Abnormal Standing, walking, e Evidence-based 12.07

movements/ strenuous physical guideline update:

Tremors activity, lifting, carrying, Treatment of essential
reaching, gross and fine tremor: Report of
manipulation, foot/leg the quality standards
controls, climbing, low subcommittee of the
work, speaking American Academy of

Neurology (Zesiewicz
et al., 2011)

e Differentiation and
diagnosis of tremor
(Crawford and
Zimmerman, 2011)

® Movement Disorder
Society’s evidence-based
review of treatments
for essential tremor
(Ferreira et al., 2019)

e COVID-19-associated
new-onset movement
disorders: A follow-up
study (Schneider et al.,

2023)

Dysphagia Eating, drinking, e Dysphagia: Evaluation None
swallowing and collaborative

management
(Wilkinson et al.,
2021)

Guillain-Barré Sitting, standing, walking, e Practice parameter: 11.14
lifting, low work, Immunotherapy
reaching, gross and fine for Guillain-Barré
manipulation, climbing, syndrome: Report of
foot/leg controls, strenuous the quality standards
physical activity, speaking, subcommittee of the
vision American Academy of

Neurology (Hughes
et al., 2003)

e European Academy of
Neurology/Peripheral
Nerve Society guideline
on diagnosis and
treatment of Guillain-
Barré syndrome (Van
Doorn et al., 2023)
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Potential
Social Security
Potential Functional Selected Diagnostic and ~ Administration
Health Effects Limitations Management Guidelines  Listing
Stroke Sitting; standing; walking; e Guidelines for the 11.04
strenuous physical activity; early management of
lifting; carrying; pushing/ patients with acute
pulling; reaching; gross ischemic stroke: 2019
and fine manipulation; update to the 2018
foot/leg controls; climbing; guidelines for the
low work; vision; hearing; early management
speaking; understanding, of acute ischemic
remembering, and applying stroke: A guideline
information; concentrating, for healthcare
persisting, or maintaining professionals from
pace; problem solving; the American Heart
adapting or managing Association/American
oneself; interacting with Stroke Association
others (Powers et al., 2019)
¢ Guidelines for
adult stroke
rehabilitation and
recovery: A guideline
for healthcare
professionals from
the American Heart
Association/American
Stroke Association
(Winstein et al., 2016)
Spinal cord Standing, sitting, walking, N/A None
infarction strenuous physical activity,
lifting, carrying, pushing/
pulling, reaching, gross
and fine manipulation,
foot/leg controls, climbing,
low work
Peripheral/small  Standing, walking, e Current view of 11.14
fiber neuropathy  strenuous physical activity, diagnosing small fiber
carrying, reaching, gross neuropathy (Raasing
and fine manipulation, et al., 2021)
foot/leg controls, climbing ¢ g, 1411 fiber
neuropathy: A clinical
and practical approach
(Geerts et al., 2023)
continued
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ANNEX TABLE 3-3 Continued

Potential
Social Security
Potential Functional Selected Diagnostic and ~ Administration
Health Effects Limitations Management Guidelines  Listing
Bell’s palsy/cranial Vision, hearing, speaking e Bell palsy: Rapid 11.14
neuropathies evidence review
(Dalrymple et al., 2023)
e Clinical practice
guideline: Bell’s palsy
(Baugh et al., 2013)
Migraine and Strenuous physical activity; ® Outpatient primary None
other chronic vision; understanding, care management of
headaches remembering, and applying headaches: Guidelines
information; concentrating, from the VA/DoD
persisting, or maintaining (Ford et al., 2021)
pace; interacting with o Bradadhes fin evas
others 12s: Diagnosis and
management (NICE,
2021b)
Pain Standing; walking; e Clinical guidelines None
strenuous physical activity; (AAPM, 2023)
lifting; carrying; pushing/
pulling; climbing; low
work; understanding,
remembering, and applying
information; concentrating,
persisting, or maintaining
pace
Proprioception Standing, walking, lifting, = ® Diagnosis and None
and balance carrying, pushing/pulling, management of
disorders reaching, gross and fine balance vestibular
manipulation, foot/leg disorder (ASHA, 2016)
controls, climbing, low
work
Seizure Climbing; strenuous e AES clinical practice ~ 11.02

physical activity;
understanding,
remembering, and applying
information; concentrating,
persisting, or maintaining
pace

guideline development
manual (American
Epilepsy Society, 2019)
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ANNEX TABLE 3-3 Continued

Potential
Social Security
Potential Functional Selected Diagnostic and ~ Administration
Health Effects Limitations Management Guidelines  Listing
Transverse Sitting, standing, walking,  ® Transverse myelitis 11.08
myelitis or other  strenuous physical activity, (Simone and Emmady,
demyelinating lifting, carrying, pushing/ 2020
disease pulling, reaching, gross
and fine manipulation,
foot/leg controls, climbing,
low work, vision
Raynaud’s Fine manipulation e Raynaud’s 114.04
phenomenon
(NIAMSD, 2021)
Paresthesia Fine manipulation, foot/leg ¢ A comprehensive None
controls algorithm for
management of
neuropathic pain
(Bates et al., 2019)
Critical illness Standing, walking, e Critical illness None
myopathy and/or  strenuous physical activity, myopathy: Diagnostic
neuropathy lifting, carrying, pushing/ approach and
pulling, reaching, gross and resulting therapeutic
fine manipulation, foot/leg implications
controls, low work (Rodriguez et al.,

2022)

SOURCES: Melamed et al., 2023; Premraj et al., 2022; Xu et al., 2022; Zang et al., 2023.

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

130 LONG-TERM HEALTH EFFECTS OF COVID-19

ANNEX TABLE 3-4 Selected Special Senses and Speech Conditions
Associated with Long COVID

Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects Limitations Management Guidelines Listings
Anosmia/ N/A e Clinical diagnosis and current ~ None

dysnosmia management strategies for
olfactory dysfunction: A review
(Whitcroft and Hummel, 2019)

® Management of new onset loss
of sense of smell during the
COVID-19 pandemic - BRS
consensus guidelines (Hopkins
et al., 2021)

Dysgeusia (ENT Health, 2020) None

Clinical practice guidelines for
the assessment of uninvestigated
esophageal dysphagia (Liu et al.,
2018)

Dysarthria/  Speaking Guidelines of clinical practice ~ 2.09
dysphonia for the management of
swallowing disorders and recent
dysphonia in the context of the
COVID-19 pandemic (Mattei
et al., 2020)

Visual, ocular Near or far visual Clinical management guidelines 2.02, 2.03, 2.04
symptoms acuity, peripheral (The College of Optometrists,

(changes in vision 2022)

vision/dry eye)

Ageusia/ N/A
dysgeusia

Clinical practice guideline: 2.07
Tinnitus (Tunkel et al., 2014)

Tinnitus: Assessment and
management (NICE, 2020)

Hearing loss, tinnitus, and
dizziness in COVID-19: A
systematic review and meta-
analysis (Jafari et al., 2022)

Self-reported tinnitus and
vertigo or dizziness in a cohort
of adult long covid patients
(Degen et al., 2022)

Tinnitus Hearing

SOURCES: Melamed et al., 2023; Premraj et al., 2022; Xu et al., 2022.
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ANNEX TABLE 3-5 Selected Musculoskeletal Conditions Associated
with Long COVID

Potential
Social Security

Health Potential Functional Selected Diagnostic and Administration

Effects Limitations Management Guidelines Listing

Myopathy  Standing, walking, strenuous  ® Current classiciation None
physical activity, lifting, and mangement of
pushing/pulling, overhead inflammatory myopathies
reaching, gross and fine (Schmidt, 2018)
manipulation, climbing, low
work, vision

Muscle Standing, walking, strenuous ~ ® Muscle weakness in adults: None

weakness  physical activity, lifting, Evaluation and differential
pushing/pulling, reaching, diagnosis (Larson and
gross and fine manipulation, Wilbur, 2020)
climbing, low work ¢ Musculoskeletal

complications in long
COVID-19: A systematic
review (Swarnakar et al.,
2022)

Sarcopenia  Standing, walking, strenuous  ® International clinical None
physical activity, lifting, practice guidelines for
pushing/pulling, reaching, sarcopenia (ICFSR):
gross and fine manipulation, Screening, diagnosis and
climbing, low work management (Dent et al.,

2018

Myositis Standing, walking, strenuous  ® British society for 14.05
physical activity, lifting, rheumatology guideline on
pushing/pulling, reaching, management of paediatric,
gross and fine manipulation, adolescent and adult
climbing, low work patients with idiopathic

inflammatory myopathy
(Oldroyd et al., 2022)

Myalgia Standing, walking, strenuous ¢ Nonpharmacologic None
physical activity, lifting, and pharmacologic
pushing/pulling, reaching, management of acute
gross and fine manipulation, pain from non-low back,
climbing, low work musculoskeletal injuries in

adults: A clinical guideline
from the American
College of Physicians and
American Academy of
Family Physicians (Qaseem
et al., 2020)
continued
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ANNEX TABLE 3-5 Continued

Potential
Social Security
Health Potential Functional Selected Diagnostic and Administration
Effects Limitations Management Guidelines Listing
Arthralgia  Standing, walking, strenuous ~ ® 2019 American College of None
physical activity, lifting, Rheumatology/Arthritis
pushing/pulling, reaching, Foundation guideline
gross and fine manipulation, for the management of
climbing, low work osteoarthritis of the hand,

hip, and knee (Kolasinski
et al., 2020)

Arthritis Sitting, standing, walking, e American College of 14.09
strenuous physical activity, Rheumatology guideline
lifting, pushing/pulling, for the treatment of
reaching, gross and fine rheumatoid arthritis
manipulation, climbing, low (Fraenkel et al., 2021)
work

SOURCES: Swarnakar et al., 2022; Zang et al., 2023.

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

SELECTED LONG-TERM HEALTH EFFECTS

133

ANNEX TABLE 3-6 Selected Endocrine Conditions Associated with
Long COVID

Health Effects

Potential Functional
Limitations

Selected Diagnostic and
Management Guidelines

Potential
Social Security
Administration
Listing

Diabetes type 1

Diabetes type 2

Dyslipidemia

Standing; walking;
strenuous physical
activity; lifting; pushing/
pulling; reaching; gross
and fine manipulation;
climbing; low work;
vision; understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace

Standing; walking;
strenuous physical
activity; lifting; pushing/
pulling; reaching; gross
and fine manipulation;
climbing; low work;
vision; understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace

Vision

e Classification and diagnosis of
diabetes: Standards of care in
diabetes- 2023 (ElSayed et al.,
2023)

Classification and diagnosis of
diabetes: Standards of care in
diabetes- 2023 (ElSayed et al.,
2023)

American Heart Association/
American College of
Cardiology/American
Association of Cardiovascular
and Pulmonary Rehabilitation/
American Academy of

Physician Assistants/Association

of Black Cardiologists/

American College of Preventive

Medicine/American Diabetes

Association/American Geriatrics

Society/American Pharmacists
Association/American Society
for Preventative Cardiology/
National Lipid Association/
Preventive Cardiovascular
Nurses Association guideline
on the management of

blood cholesterol: A report
of the American College of
Cardiology/American Heart
Association task force on
clinical practice guidelines
(Grundy et al., 2019)
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under organ-
specific
listings)

None (diabetes
complications
are included
under organ-
specific
listings)
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ANNEX TABLE 3-6 Continued

Health Effects

Potential Functional
Limitations

Potential
Social Security
Administration
Listing

Selected Diagnostic and
Management Guidelines

Thyroid gland
disorders

Hypothalamic,
pituitary,
adrenal axis
dysfunction

Reproductive
hormone
dysfunction

Standing; walking;
strenuous physical
activity; lifting; pushing/
pulling; reaching; gross
and fine manipulation;
climbing; low work;
understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace;
problem solving;
interacting with others

Standing; walking;
strenuous physical
activity; lifting; pushing/
pulling; reaching; gross
and fine manipulation;
climbing; low work;
understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace;
problem solving;
interacting with others

Low testosterone:
Understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace;
problem solving

e Thyroid disease: Assessment None
and management (NICE,

2023a)

Diagnosis and treatment of None
primary adrenal insufficiency:

An Endocrine Society clinical

practice guideline (Bornstein et

al., 2016)

e Sex hormones in SARS-CoV-2  None
susceptibility: Key players or
confounders? (Lott et al., 2023)

SOURCES: Xie and Al-Aly, 2022; Xu et al., 2023; Zang et al., 2023.
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ANNEX TABLE 3-7 Selected Immune Conditions Associated with

Long COVID

Health Effects

Potential Functional
Limitations

Potential
Selected Diagnostic  Social Security
and Management Administration
Guidelines Listing

Mast cell activation
syndrome

Autoimmune
disorders (including
rheumatoid
arthritis, ankylosing
spondylitis,
systemic lupus
erythematosus,
myositis, systemic
sclerosis, Sjogren’s
syndrome, mixed
connective tissue
disease, and
inflammatory
bowel disease)

Strenuous physical activity;
low work; understanding,
remembering, and applying
information; concentrating,
persisting, or maintaining
pace; problem solving;
adapting or managing
oneself

Sitting; standing; walking;
strenuous physical activity;
lifting; carrying; pushing/
pulling; reaching; gross and
fine manipulation; foot/

leg controls; climbing;

low work; vision; hearing;
speaking; understanding,
remembering, and applying
information; concentrating,
persisting, or maintaining
pace, problem solving;
interacting with others;
adapting or managing
oneself

e Selecting the right None
criteria and proper
classification to
diagnose mast
cell activation
syndromes: A
critical review
(Giilen et al.,

2021)

® Diagnosis,
classification
and management
of mast cell
activation
syndromes
(MCAS) in the era
of personalized
medicine (Valent
et al., 2020)

Diagnostic testing
and interpretation
of tests for
autoimmunity
(Castro and
Gourley, 2010)

14.00D

NOTE: Myositis and rheumatoid arthritis are discussed in Annex Table 3-5 (musculoskeletal

conditions).

SOURCES: Chang et al., 2023; Lim et al., 2023; Sumantri and Rengganis, 2023; Weinstock

et al., 2021.
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ANNEX TABLE 3-8 Selected Gastrointestinal Conditions Associated
with Long COVID

Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects Limitations Management Guidelines Listing
Gastroesophageal N/A e American College of None
reflux and peptic Gastroenterology’s
ulcer disease gastroenterology
guidelines (American
College of
Gastroenterology, 2023)
Gastritis/enteritis Strenuous physical e American None
activity Gastroenterological
Association clinical
practice update on
the diagnosis and
management of atrophic
gastritis: Expert review
(Shah et al., 2021)
Ischemic colitis  Strenuous physical ® ACG clinical guideline: ~ None
activity Epidemiology, risk
factors, patterns of
presentation, diagnosis,
and management of
colon ischemia (CI)
(Brandt et al., 2015)
Irritable bowel  Strenuous physical e ACG clinical guideline: ~ None
syndrome/ activity; lifting; carrying; Management of irritable
motility disorders pushing/pulling; bowel syndrome (Lacy
reaching; gross and fine et al., 2021)
manipulation; foot/leg
controls; climbing; low
work; vision; hearing;
speaking; understanding,
remembering, and
applying information;
concentrating, persisting,
or maintaining pace;
problem solving;
interacting with others;
adapting or managing
oneself
Gut dysbiosis N/A N/A None
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Health Effects

Potential Functional
Limitations

Selected Diagnostic and
Management Guidelines

Potential
Social Security
Administration
Listing

Cholestasis

Chronic liver
disease

Cholangitis

N/A

Standing, walking,
strenuous physical activity

N/A

Guidelines for the
management of
cholestatic liver diseases
(2021) (Lu, 2022)

ACG clinical guideline:
Diagnosis and
management of biliary

strictures (Elmunzer
et al., 2023)

ACG clinical guideline:
Evaluation of abnormal
liver chemistries (Kwo
et al., 2017)

EASL clinical practice
guidelines: Management
of cholestatic liver
diseases (EASL, 2009)

EASL Clinical Practice
Guidelines for the
management of patients
with decompensated
cirrhosis (Angeli et al.,
2018)

Tokyo guidelines 2018:
Diagnostic criteria and
severity grading of acute
cholangitis (with videos)
(Kiriyama et al., 2018)
Primary biliary
cholangitis: 2021
practice guidance update
from the american
association for the study

of liver diseases (Lindor
et al., 2022)
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ANNEX TABLE 3-8 Continued

Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects Limitations Management Guidelines Listing

Pancreatitis N/A e American None
Gastroenterological
Association institute
guideline on initial
management of acute
pancreatitis (Crockett
et al., 2018)

American College

of Gastroenterology
guideline: Management
of acute pancreatitis
(Tenner et al., 2013)

Weight Strenuous physical N/A 5.08
loss due to activity

gastrointestinal

disease

Chronic Strenuous physical e Evaluation of acute None
abdominal pain  activity, overhead abdominal pain in
reaching adults (Cartwright and
Knudson, 2008)

e Rome IV criteria (Rome
Foundation, n.d.)

Nausea or Strenuous physical e AGA clinical practice None
vomiting activity, climbing update on management
of medically refractory
gastroparesis: Expert
review (Lacy et al.,
2022)

SOURCES: Xu et al., 2023; Zang et al., 2023.
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ANNEX TABLE 3-9 Selected Genitourinary Conditions Associated
with Long COVID

Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects  Limitations Management Guidelines Listing

Sexual N/A e Clinical practice None
dysfunction guidelines for
management of sexual
dysfunction (Avasthi
et al., 2017)

Dysmenorrhea/  Standing; walking; e Dysmenorrhea and None
menstrual strenuous physical activity; endometriosis in the
irregularities lifting; carrying; pushing/ adolescent — Committee

(with moderate  pulling; foot/leg controls; opinion number 760

to severe pain)  climbing; low work (ACOG, 2018)

e The initial management
of chronic pelvic pain:
Green top guideline 41
(RCOG, 2012)

Diagnosis and None
treatment of infertility

in men: AUA/ASRM

guideline part I

(Schlegel et al., 2020)

Orchitis/ Standing; walking; Sexually transmitted None
epididymitis strenuous physical activity; infections treatment
(with moderate lifting; carrying; pushing/ guidelines, 2021 (CDC,
to severe pain)  pulling; climbing; low 2021c¢)
work

Acute kidney N/A e Kidney Disease None
injury (<12 Improving Global

months) Outcomes (KDIGO)

clinical practice

guideline for acute

kidney injury (KDIGO,

2012)

KDIGO 2021 clinical

practice guideline for

the management of

glomerular diseases
(Rovin et al., 2021)

Oligospermia N/A

continued

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

140

LONG-TERM HEALTH EFFECTS OF COVID-19

ANNEX TABLE 3-9 Continued

Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects  Limitations Management Guidelines Listing
Chronic kidney = Standing; walking; e KDIGO clinical 6.05
disease strenuous physical activity; practice guideline for
(>12 months) lifting; carrying; pushing/ the evaluation and
pulling; reaching; fine management of chronic
manipulation; foot/leg kidney disease (KDIGO,
controls; climbing; low 2013)
work; understanding,
remembering, and applying
information; concentrating,
persisting, and maintaining
pace; problem solving
Overactive Sitting; standing; walking;  ® Diagnosis and None
bladder strenuous physical activity; treatment of overactive
syndrome lifting; carrying; pushing/ bladder (non-

pulling; climbing; low
work; concentrate, persist
or maintain pace; adapting
or managing oneself

neurogenic) in adults:
AUA/SUFU guideline
amendment 2019
(Lightner et al., 2019)

SOURCES: Bowe et al., 2021; Schiffl et al., 2023; Zang et al., 2023.
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ANNEX TABLE 3-10 Selected Skin Conditions Associated with

Long COVID
Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects Limitations Management Guidelines Listing
Hair loss N/A e Hair loss: Common None
causes and treatment
(Phillips et al., 2017)
e Guidelines for the
management of alopecia
areata (MacDonald Hull
et al., 2003)
Livedo N/A e Livedo reticularis and None
reticularis livedoid vasculopathy
(Primary Care
Dermatology Society,
2023)
e Livedo reticularis: An
update (Gibbs et al.,
2005)
Pernio Sitting, strenuous e Clinical characteristics, 8.05
physical activity, lifting, etiologic associations,
carrying, pushing/pulling, laboratory findings,
reaching, gross and fine treatment, and proposal
manipulation, foot/leg of diagnostic criteria of
controls, low work pernio (chilblains) in a
series of 104 patients at
mayo clinic, 2000 to 2011
(Cappel and Wetter, 2014)
Retiform Sitting, strenuous e Retiform purpura: A 8.05
purpura physical activity, lifting, diagnostic approach
carrying, pushing/pulling, (Georgesen et al., 2020)
reaching, gross and fine
manipulation, foot/leg
controls, low work
Chronic Sitting, strenuous e The diagnosis and None
urticaria physical activity, lifting, management of acute and

carrying, pushing/pulling,
reaching, gross and fine
manipulation, foot/leg
controls, low work

chronic urticaria: 2014
update (Bernstein et al.,
2014)

SOURCES: Grover et al., 2022; Zang et al., 2023.
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ANNEX TABLE 3-11 Selected Neuropsychiatric Conditions
Associated with Long COVID

Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects  Limitations Management Guidelines Listing
Loss of sexual ~ N/A ® Diagnostic and None
desire statistical manual of
mental disorders, fifth
edition, text revision
(DSM-5-TR) (APA,
2022)
Attention deficit/ Sitting; concentrating, e DSM-5-TR None
hyperactivity persisting, or maintaining
disorder pace; interacting with

others; adapting or
managing oneself

Anxiety/panic Speaking; concentrating, e DSM-5-TR (APA, 2022) 12.06
disorders persisting, or maintaining

pace; interacting with

others; adapting or

managing oneself

Depression Speaking; concentrating, e DSM-S5-TR (APA, 2022) 12.04
persisting, or maintaining
pace; interacting with
others; adapting or
managing oneself

Post-traumatic ~ Speaking; concentrating, e DSM-5-TR (APA, 2022) 12.15
stress disorder  persisting, or maintaining

pace; interacting with

others; adapting or

managing oneself

Psychotic Speaking; understanding, e DSM-5-TR (APA, 2022) 12.03
disorder remembering, and applying
information; concentrating,
persisting, or maintaining
pace; problem solving;
interacting with others;
adapting or managing
oneself
Stress Concentrating, persisting, e DSM-5-TR (APA, 2022) 12.06
or maintaining pace;
interacting with others;
adapting or managing
oneself
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ANNEX TABLE 3-11 Continued

Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects  Limitations Management Guidelines Listing

Adjustment Concentrating, persisting, e DSM-5-TR (APA, 2022) 12.15
disorder or maintaining pace;

interacting with others;

adapting or managing

oneself

Eating disorder Standing; strenuous e DSM-5-TR (APA, 2022) None
physical activity; climbing;
concentrating, persisting,
or maintaining pace;
interacting with others;
adapting or managing

oneself
Obsessive Concentrating, persisting, ~® DSM-5-TR (APA, 2022) None
compulsive or maintaining pace;
disorder interacting with others;
adapting or managing
oneself
Disordered sleep Understanding, e DSM-S5-TR (APA, 2022) None

remembering, and applying
information; concentrating,
persisting, or maintaining
pace; problem solving;
interacting with others;
adapting or managing
oneself

SOURCES: Cheng et al., 2023; Premraj et al., 2022; Xie et al., 2022; Zang et al., 2023.
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ANNEX TABLE 3-12 Multisystem Conditions Associated with

Long COVID
Potential
Social Security
Potential Functional Selected Diagnostic and Administration
Health Effects  Limitations Management Guidelines Listing
Chronic fatigue/ Walking; strenuous ® Multidisciplinary None
post-exertional  physical activity; lifting; collaborative consensus
malaise carrying; pushing/pulling; guidance statement
reaching; climbing; low on the assessment and
work; understanding, treatment of fatigue in
remembering, and applying post-acute sequelae of
information; adapting or SARS-CoV-2 infection
managing oneself (PASC) patients
(Herrera et al., 2021)
Myalgic Sitting; standing; walking;  ® Beyond myalgic None
encephalitis/ strenuous physical activity; encephalomyelitis/
chronic fatigue  lifting; carrying; pushing/ chronic fatigue
syndrome pulling; reaching; gross syndrome: Redefining
and fine manipulation; an illness (IOM, 2015)
foot/leg controls; climbing; Myalgic
low work; vision; hearing; encephalomyelitis/
speaking; understanding, chronic fatigue
remembering, and applying syndrome: Essentials
information; concentrating, of diagnosis and
persisting, or maintaining management (Bateman
pace; problem solving; etal., 2021)
interacting with others; .
adapting or managing * Myalgic .
oneself encephalomyelitis
(or encephalopathy)/
chronic fatigue
syndrome: Diagnosis
and management
(NICE, 2021c)
¢ Diagnosis and
management of myalgic
encephalomyelitis/
chronic fatigue
syndrome (Grach et al.,
2023)
Fever N/A e Fever (Mayo Clinic, None

2022)

SOURCE: Zang et al., 2023.
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ANNEX TABLE 3-13 Physical Activities; Vision, Hearing, and
Speech; and Mental Activities

Activity

Definition

Physical Activities

Sitting

Standing

Walking

Strenuous physical
activity

Lifting (floor
to waist and
overhead)

For the purpose of collecting occupational data, the U.S. Bureau
of Labor Statistics considers sitting to be present when any of the
following conditions exists:

e Workers remain in a seated position. This includes active sitting.
For example, bicyclists sit but push/pull with their feet/legs.

o Workers are lying down. This includes active lying down. For
example, a mechanic lying on a dolly working underneath a
vehicle is sitting.

o Workers may choose between sitting and standing for a given
task. For example, office workers can choose a standing desk.
(BLS, 2020, p. 112)

From a functional perspective, however, sitting as a physical activity
involves resting one’s lower body (buttocks) on a seat or the ground,
while maintaining one’s upper body (torso, neck, head) in an upright
position. In addition to strong neck, shoulder, and core muscles, sitting
requires balance and good proprioception. Although lying on a raised
surface (e.g., a bed) may be grouped with sitting, sitting is distinct
from lying down on the ground (e.g., lying on a dolly underneath a
vehicle), which this report groups under low work.

For the purpose of collecting occupational data, the Occupational
Requirements Survey distinguishes only between sitting (as defined
previously) and standing/walking defined as “whenever workers are

not sitting or lying down,” including “time spent stooping, crawling,
kneeling, crouching, or climbing” (BLS, 2020, p. 112). In other words, “a
worker is always either sitting or standing/walking” (BLS, 2020, p. 112).

From a functional perspective, standing is distinct from walking,
which in turn is distinct from low work (stooping, crawling, kneeling,
crouching), or climbing. For the purpose of this report, standing is
defined as being “in an upright position with all of [one’s] weight on
[one’s] feet” (Stand, n.d.).

Moving along on foot or advancing by steps, with one foot always on
the ground.

Distance (long or short) and surface type (uneven, rough) can affect an
individual’s ability to walk.

Strenuous physical activity captures activities that require exertion
and stamina—for example, running, jumping, swimming, throwing,
catching, and the like. It potentially includes all other physical
activities, in addition to running and other impact activities.

Use of upper and/or lower extremities to raise or lower an object from
one level to another, including upward pulling (BLS, 2020, p. 118).

continued
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ANNEX TABLE 3-13 Continued

Activity

Definition

Carrying

Pushing/pulling

Reaching

Overhead reaching

At/below the
shoulder reaching

Gross
manipulation

Fine manipulation

Foot/leg controls

Climbing

“Transporting an object, usually by holding it in the hands or arms, or
wearing it on the body, usually around the waist or upper torso” (BLS,
2020, p.118).

Carrying usually also requires the ability to stand, lift, and walk.

Use of upper and/or lower extremities to exert force upon an object
so that the object moves away from or toward the origin of the force
(BLS, 2020, p. 125).

“Extending the hand(s) and arm(s) in any direction, requiring the
straightening and extending of the arm(s) and elbow(s) and the
engagement of the shoulder(s)” (BLS, 2020, p. 130).

Reaching may require standing.

Extending the arm(s) with the hand(s) higher than the head and (1)
the elbow is bent and the angle at the shoulders is about 90 degrees
or more or (2) the elbow is extended and the angle at the shoulder is
about 120 degrees or more (BLS, 2020, p. 130).

Overhead reaching requires neck extension and may require standing.

Reaching that does not meet the threshold for overhead reaching
described above (BLS, 2020, p. 130).

At/below the shoulder reaching may require standing.

Gross manipulation involves “seizing, holding, grasping, turning, or
otherwise working with the hand(s). Fingers are involved only to
the extent that they are an extension of the hand to hold or operate
an object or tool, such as hammer” (BLS, 2020, p. 187). It includes
handling of large objects.

Fine manipulation involves “touching, picking, pinching, or otherwise
working primarily with fingers rather than with the whole hand or
arm” (BLS, 2020, p. 133). It includes writing, typing, or handling
small objects (fingering).

Refers to the “use of one or both feet or legs to move controls on
machinery or equipment. Controls include, but are not limited to,
pedals, buttons, levers, and cranks” (BLS, 2020, p. 133).

“The act of ascending or descending stairs, ramps, ladders, ropes or
scaffolding and similar structures using feet, legs, hands, and/or arms”
(BLS, 2020, p. 142).
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ANNEX TABLE 3-13 Continued

Activity

Definition

Low work

Low work is a group of activities that includes stooping, crouching,
kneeling, crawling, and lying on the ground.

Stooping is the act of “bending the body forward and down while
bending the spine at the waist 45 degrees or more either over
something below waist level or down towards an object on or near the
ground” (BLS, 2020, p. 193). Must be performed standing.

Crouching is “bending the body downward and forward by bending
the legs and spine” (BLS, 2020, p. 138).

Kneeling is “bending the legs at the knees to come to rest on the knee
or knees” (BLS, 2020, p. 139).

Crawling is “moving about on hands and knees or hands and feet”
(BLS, 2020, p. 139).

Lying on the ground includes the need to get down and up from the
ground (e.g., lying down on a trolley on the ground).

Clustering the low work activities is appropriate because one generally
has to be able to stoop, crouch, and kneel to be able to crawl. There
might be an occasion when someone only has to kneel momentarily
(e.g., to lift a child) that might be less difficult for some people, but
most of the difficulties are shared among these activities.

From a functional perspective, lying on the ground has more in
common with other low work activities in that it includes the need to
get up and down from the ground and potentially squirming around
to do work while on the ground. These are difficult tasks that are
equivalent to the other low work activities.

Vision, Hearing, and Speaking Activities

Near visual acuity

Far visual acuity

Peripheral vision

Hearing

Speaking

“Clarity of vision at approximately 20 inches or less, as when working
with small objects or reading small print” (BLS, 2020, p. 154),
including the use of a computer in support of a critical job function,
regardless of distance.

“Clarity of vision at a distance of 20 feet or more, involving the
ability to distinguish features of a person or objects at a distance”
(BLS, 2020, p. 154).

“What is seen above, below, to the left or right by the eye while
staring straight ahead” (BLS, 2020, p. 154).

“Ability to hear, understand, and distinguish speech and/or other
sounds” (BLS, 2020, p. 149). Includes hearing in-person one-on-one
and group or conference communication; telephones and similar
devices, such as radios, walkie-talkies, intercoms, and public address
systems; and other such sounds as machinery alarms and equipment
sounds. Passing a hearing test may be required for certain jobs.

“Expressing or exchanging ideas by means of the spoken word to
impart oral information to clients or the public and to convey detailed

spoken instructions to other workers accurately, loudly, or quickly”
(BLS, 2020, p. 149).

continued
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ANNEX TABLE 3-13 Continued

Activity

Definition

Mental Activities

Understand,
remember, and
apply information

Concentrate,
persist, or
maintain pace

Problem solve

Interact with
others

Adapt or manage
oneself

The abilities to learn, recall, and use (apply) information (SSA, n.d.-a,

n.d.-b).

The abilities to focus attention on work/school activities and stay on
task at a sustained rate (SSA, n.d.-a, n.d.-b).

“Analyze issues and make decisions that have a moderate to
significant level of difficulty (e.g., the full extent of issues may not be
readily apparent and requires independent judgment and research or
investigation). The defining characteristics of problem solving are that
there is no obvious, immediate solution to a problem or issue, and the
worker must identify and weigh alternatives to arrive at a solution”
(BLS, 2020, p. 99).

The abilities to relate to and work with supervisors, coworkers, the
public, teachers, peers, and others—for example,

cooperating with others; asking for help when needed; handling
conflicts with others; stating [one’s] point of view; initiating

or sustaining conversation; understanding and responding to
social cues (physical, verbal, emotional); responding to requests,
suggestions, criticism, correction, and challenges; and keeping
social interactions free of excessive irritability, sensitivity,
argumentativeness, or suspiciousness. (SSA, n.d.-a; see also SSA,

n.d.-b)

The abilities to “regulate emotions, control behavior, and maintain
well-being” in a work or school setting—for example,

responding to demands; adapting to changes; managing [one’s]
psychologically based symptoms; distinguishing between acceptable
and unacceptable work performance; setting realistic goals; making
plans for [oneself] independently of others; maintaining personal
hygiene and [appropriate attire]; and being aware of normal hazards
and taking appropriate precautions. (SSA, n.d.-a; see also SSA,
n.d.-b)

SOURCES: BLS, 2020; SSA, n.d.-a, n.d.-b; table reprinted from NASEM, 2022, p. 197.
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Global Functioning in Long COVID

For many individuals, the effects of SARS-CoV-2 infection persist well
beyond the acute phase and can result in considerable disability. A 2-year
prospective cohort study of 548 individuals meeting the World Health
Organization’s definition of Post—-COVID-19 Condition found that at the
end of the 23-month follow-up period, only 7.6 percent of the subjects
(38 percent hospitalized) had recovered (Mateu et al., 2023). The U.S.
Household Pulse Survey revealed that 26.4 percent of adults with Long
COVID experienced substantial activity limitations (Ford et al., 2023).
Similarly, the Public Health Agency of Canada reported that 21.3 percent
of adults with the condition “often” or “always” experienced substantial
activity limitations (Public Health Agency of Canada, 2023), and the UK
Office for National Statistics reported that 20 percent indicated their daily
activity performance had been “limited a lot” (Rea et al., 2023). Addition-
ally, a study of U.S. veterans (older, male population) followed for 2 years
found that Long COVID contributed 80.4 disability-adjusted life years
(DALYs) per 1,000 persons, compared with 50 and 52 DALYs for cancer
and heart disease, respectively (Bowe et al., 2023).

This chapter provides an overview of the literature on patterns and
trends of work- or school-related functional changes associated with Long
COVID in adults and children. The chapter addresses global functioning,
meaning an individual’s overall ability to function, in people with Long
COVID. The committee reviewed prospective cohort studies that followed
Long COVID patients and assessed their functioning for 6 months or more.

149
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For less well-studied topics, cohorts followed for a shorter duration and
cross-sectional studies were also reviewed (the committee did not conduct
a systematic review; see Appendix A for the literature search strategy).
Functional disability post-COVID-19 has been characterized as inability
to return to work, poor quality of life, diminished ability to perform activi-
ties of daily living (ADLs), decreased physical and cognitive function, and
overall disability (Ahmad et al., 2023; J. Becker et al., 2021; Frontera et al.,
2022, 2021; Ghossein-Doha et al., 2022; Hartung et al., 2022; Rass et al.,
2022). The committee notes that outcomes differ for people hospitalized
for COVID-19 and those with milder cases; those with more severe initial
infection who were admitted to the intensive care unit (ICU) may have dif-
ferent outcomes still. Thus, this chapter groups studies by nonhospitalized,
hospitalized, and ICU patients. The committee notes that it recognizes the
need to separate the effects of hospitalization or critical illness from effects
unique to COVID-19, as their recovery trajectories and pathophysiologies
may differ. The chapter also provides a table of selected assessment mea-
sures used to quantify the impact of Long COVID, sections on unique con-
siderations for children and other special populations with Long COVID,
and a summary of how rehabilitation can affect functioning in individuals
with the condition.

LONG-TERM FUNCTIONAL OUTCOMES IN
PATIENTS NOT HOSPITALIZED FOR COVID-19

Although severe initial infection with SARS-CoV-2 is one of the stron-
gest predictors of poor long-term functional outcomes, individuals with
mild initial illness make up the great majority of the population with
long-term functional impairments, simply because of their greater num-
bers relative to those with severe infection (Ahmad et al., 2023; Banic et
al., 2022; Hodgson et al., 2021). A large Scottish population-based study,
for example, found that 5 percent of those with mild COVID-19 had not
recovered at least 6 months following infection, compared with 16 percent
of those who required hospitalization—a ratio of approximately 1:3 (Hastie
et al., 2022). Other studies have found a similar degree of increased risk
among those hospitalized for COVID-19 (Jassat et al., 2023). However,
the proportion of people not hospitalized for acute SARS-CoV-2 infection
compared with those hospitalized is approximately 95-98:1, dwarfing the
increased risk of Long COVID conveyed by hospitalization (Angulo et al.,
2021; Mahajan et al., 2021; Menachemi et al., 2021). Thus, consideration
of functional impairment from Long COVID must include those with mild
initial illness.

Symptom burden is closely associated with functional impairment, with
numerous studies demonstrating a correlation between an increased number
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and severity of long-term symptoms and decreased quality of life, physical
functioning, and ability to work (Bahmer et al., 2022; Cazé et al., 2023;
Chatys-Bogacka et al., 2022; Dennis et al., 2021, 2023; Graham et al.,
2021; Gutiérrez-Canales et al., 2022; Han et al., 2022; Hastie et al., 2022;
Hossain et al., 2021; Kenny et al., 2022; O’Kelly et al., 2022; Perlis et al.,
2023; Seeflle et al., 2022). People not hospitalized for COVID-19 are less
likely to experience severe organ dysfunction (e.g., kidney failure requir-
ing dialysis, disabling stroke, or measurable reduction in lung function)
compared with those initially hospitalized. In one study of 337 patients,
for example, 20 percent of individuals initially hospitalized had reduced
diffusing capacity of the lungs for carbon monoxide (DLCO) after 3-6
months compared with only 4 percent of those not requiring hospitalization
(Bjorsell et al., 2023). Instead, the population with mild initial illness more
typically experiences long-term symptoms such as fatigue, sleep distur-
bance, brain fog, headaches, and muscle pains. Breathlessness is common,
often despite the lack of measurable abnormalities in lung function (Bahmer
et al., 2022; Bjorsell et al., 2023; Dennis et al., 2021; Graham et al., 2021;
Gutiérrez-Canales et al., 2022; Hossain et al., 2021; Y. Kim et al., 2022;
Perez Giraldo et al., 2023; Seefle et al., 2022).

Long-term loss of smell or taste is particularly disproportionate in the
population with mild infection compared with those hospitalized (Graham
et al., 2021; Hossain et al., 2021; Perez Giraldo et al., 2023). While some-
times dismissed as a minor impairment, loss of smell or taste can have
important functional consequences and decrease quality of life. In a study
of 322 people with COVID-19-related olfactory loss, 96 percent reported
at least one quality-of-life impact, including reduced enjoyment of food
(87 percent) and reduced enjoyment of life (56 percent) (Coelho et al., 2021).
More than 57 percent reported at least one safety-related event, such as
inability to smell smoke (45 percent), burning food (28 percent), ingesting
spoiled food (15 percent), and being unable to detect a gas leak (7 percent).
Moreover, loss of olfactory function may correlate with other neurological
abnormalities (Coelho et al., 2021). A study of 23 patients with persistent
olfactory dysfunction found that the degree of that sensory loss was corre-
lated with impaired visuospatial memory and executive function (Muccioli
et al., 2023).

Risk Factors

Risk factors for long-term symptoms in the nonhospitalized population
are similar to those for the hospitalized population. They include female
sex, lack of vaccination against SARS-CoV-2, baseline disability or comor-
bidities, and smoking (Ayoubkhani et al., 2022; Bjorsell et al., 2023; Dennis
et al., 2023; Gutiérrez-Canales et al., 2022; Jassat et al., 2023; Y. Kim et al.,
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2022; Mateu et al., 2023; Mohamed Hussein et al., 2021; Tanguay et al.,
2023). People with elevated heart rate at 3 months are more likely still to
have symptoms at 1 year (O’Kelly et al., 2022). Some work suggests that
people suffering specific symptoms in the acute phase are more likely to
suffer those symptoms long term (Golla et al., 2023; Tanguay et al., 2023;
Thronicke et al., 2022). In contrast with hospitalized patients, however,
older age is less consistently a risk factor for Long COVID symptoms in the
nonhospitalized population. Some studies have found higher rates of Long
COVID in older nonhospitalized patients compared with younger patients
(Y. Kim et al., 2022). However, a study of 2,198 people in Bangladesh
found that Long COVID was associated with younger age, while two stud-
ies collectively involving 427 people in the United Kingdom and Germany,
mostly with mild disease, found that cognitive dysfunction and dyspnea
were more common in younger than in older patients (Dennis et al., 2023;
Hossain et al., 2021; Seefslle et al., 2022). Other studies similarly have
found dyspnea to be more common in people <60 years of age compared
with those that are older (Bjorsell et al., 2023). Finally, a study of 1,173
nonhospitalized patients in Canada found that age was not a significant
predictor of the development of Long COVID, whereas older age was a
predictor among hospitalized patients (Tanguay et al., 2023). Additionally,
environmental exposures including certain air pollutants and toxicants have
been found to be associated with increased risk of Long COVID, though
data vary regionally (Zhang et al., 2023).

Recovery Trajectories

Many nonhospitalized people with persistent symptoms following acute
SARS-CoV-2 infection improve over time. In one study of 331 people with per-
sistent symptoms at about 6 months following infection, symptom prevalence
was found to be reduced at 1 year: fatigue decreased from 98 to 64 percent,
myalgia from 89 to 35 percent, shortness of breath from 90 to 47 percent,
headache from 85 to 34 percent, chest pain from 81 to 38 percent, fever from
73 to 2 percent, cough from 75 to 11 percent, and sore throat from 71 to
11 percent (Dennis et al., 2023). However, only 18 percent had fully recovered
by 1 year (Dennis et al., 2023). Similarly, a study of 96 people with symptoms
at 5 months found that only 22 percent had fully recovered by 1 year (SeefSle
et al., 2022). Another study found that approximately one-quarter of those
who initially lost the sense of smell or taste had not regained those functions
by 1 year (Fortunato et al., 2022), and in another study, objective measures
of lung function were found to improve only slightly between 3 months and
1 year after mild infection (Lenoir et al., 2023). In the NIH RECOVER study,
approximately two-thirds of 409 adults who met criteria for persistent symp-
toms at 6 months still met those criteria at 9 months (Thaweethai et al., 2023).
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Among those who do not improve, most remain stable, but some
worsen. In one study, for example, 13 percent of Long COVID patients who
had mild initial disease experienced worsening quality of life scores between
3 and 12 months following infection (Tanguay et al., 2023). A survey of
4,510 U.S. adults found that Long COVID patients with disabilities were
not significantly more likely to experience long-term symptoms compared
with respondents without disabilities (adjusted odds ratio [aOR]=1.65
[0.78-3.50]) (Miller et al., 2023). Seeking health care for reported symp-
toms was higher among respondents with disabilities (40 percent) than
among those without disabilities (18%) (Miller et al., 2023).

LONG-TERM FUNCTIONAL OUTCOMES IN
PATIENTS HOSPITALIZED FOR COVID-19

Functional disability is highly prevalent in individuals surviving hos-
pitalization for COVID-19. In the majority of the studies summarized
here, hospitalization for COVID-19 is defined as a hospital stay with a
symptomatic PCR-confirmed COVID-19 test. A few studies define it as
discharge from the hospital with a diagnosis of confirmed or suspected
COVID-19. One prospective longitudinal study of adults hospitalized for
COVID-19 in 44 hospitals across the United States found that approxi-
mately 75 percent of survivors experienced cardiopulmonary, financial,
and functional problems 6 months after hospitalization (Admon et al.,
2023). Other cohort studies have similarly suggested that approximately
50-87 percent of patients hospitalized for COVID-19 may continue to
experience functional disability through 6- to 12-month follow-up periods
(D’Ettorre et al., 2022; S. Kim et al., 2022; McAuley et al., 2023; Menges
et al., 2021; Rass et al., 2022; Sahanic et al., 2023; Schlemmer et al., 2023;
Shirakawa et al., 2023; Sonnweber et al., 2022; Steinbeis et al., 2022;
Taboada et al., 2022; Valdes et al., 2022; Weber et al., 2022).

Emerging evidence indicates that once established, symptoms can persist
even longer than 1 year. In a prospective study, 54 percent of 1,359 hospital-
ized patients in China still had at least one symptom at 3 years postinfec-
tion, and 13 percent of those who were employed prior to infection were
still unable to work after 3 years (Zhang et al., 2024). The high symptom
burden of Long COVID is particularly contributory (Kersten et al., 2022).
One study found that 44 percent of patients hospitalized for COVID-19
reported three or more persistent symptoms at 6 months follow-up, and that
disability was widespread across all areas of functioning in these patients
(Hodgson et al., 2021). This finding is echoed across studies, encompass-
ing significant decreases in health-related quality of life, significant physi-
cal limitations, impairing fatigue, difficulties performing ADLs, changes
in occupation, and cognitive impairment (C. Becker et al., 2021; J. Becker
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et al., 2021; Bellan et al., 2022; Daher et al., 2020; Damanti et al., 2022;
Evans et al., 2021; Miskowiak et al., 2023; Stavem et al., 2022).

Risk Factors

COVID-19 severity is among the greatest risk factors for poor functional
outcomes following recovery from acute infection (Ahmad et al., 2023;
Banic et al., 2022; Hodgson et al., 2021). Studies have shown that patients
hospitalized for COVID-19 are more likely to have more severe symptoms
and worse functional outcomes on average compared with those who were
not hospitalized (Bjorsell et al., 2023; Jassat et al., 2023; Krysa et al., 2023;
Niedziela et al., 2022; Xie et al., 2022; Xu et al., 2022). In a cross-sectional
study conducted in Alberta, Canada, that included 330 respondents, Krysa
and colleagues (2023) found that twice as many previously hospitalized
than nonhospitalized patients reported Long COVID symptoms (49 per-
cent vs. 26 percent), and about four times as many hospitalized patients
were unable to return to work (19 percent vs. 5 percent). In addition, in
a U. S. Department of Veterans Affairs (VA) cohort of more than 150,000
individuals, Xie and colleagues (2022) and Xu and colleagues (2022) found
that, compared with those who were not hospitalized, those who were
hospitalized experienced approximately twice as great an excess burden of
neurological outcomes and more than four times greater excess burden of
cardiovascular outcomes at 12 months.

While severity of acute COVID-19 has been found consistently to be
a strong risk factor for Long COVID and associated sequelae, individu-
als who experience mild SARS-CoV-2 infection can still develop Long
COVID. Baseline demographic factors, including female gender, older age,
obesity, and baseline disability, have also been identified as risk factors
for functional disability (Asadi-Pooya et al., 2021; Damanti et al., 2022;
Ferndndez-De-Las-Pefias et al., 2022). Additionally, neurological compli-
cations, psychological morbidity (e.g., depression, anxiety, posttraumatic
stress disorder), and psychosocial stressors (e.g., financial insecurity, food
insecurity, death of close contact, new disability) have been found to
confer risk for poor functional outcomes (Claflin et al., 2021; Frontera
et al., 2021, 2022; McAuley et al., 2023; Sahanic et al., 2023; Sonnweber
et al., 2022).

Recovery Trajectories

With respect to recovery trajectories, only a few studies have exam-
ined the functional disability burden of Long COVID longitudinally. Such
studies have found that approximately half of patients hospitalized for
severe COVID-19 may recover, whereas others may remain with persistent
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functional impairment at 12 months and beyond (Huang et al., 2021). One
study found that among those reporting difficulty managing occupational
or school responsibilities at 4 months, half continued to report difficulty
at 2 years follow-up (Wahlgren et al., 2023). Another study found that
approximately 47 percent of participants (n = 825) had at least one new
impairment in ADLs or instrumental ADLs (IADLs) at 6 months follow-
ing acute infection—a decrease from the reported 55 percent of patients
reporting such impairments at 1 month (Admon et al., 2023). Approxi-
mately 26 percent of participants reported three or more new ADL or TADL
impairments at 6 months (Admon et al., 2023).

Overall, these findings suggest that functional recovery is limited for
patients hospitalized for COVID-19 (Admon et al., 2023; Wahlgren et al.,
2023). Among those who do not recover by 6 months following acute infec-
tion, recovery appears to plateau between 6 and 12 months (Fernandez-
de-Las-Penas et al., 2023; Sahanic et al., 2023; Schlemmer et al., 2023;
Steinbeis et al., 2022; Zhang et al., 2024). In the above-referenced study of
1,359 patients from China, the proportion with any post-COVID symptom
at 3 years (54 percent) was nearly identical to that at 2 years (55 percent)
(Zhang et al., 2024). Factors associated with not recovering included female
sex, middle/older ages, two or more comorbidities, and more severe ini-
tial infection (Ahmad et al., 2023; Banic et al., 2022; Evans et al., 2021;
Hodgson et al., 2021; Qin et al., 2023; Sahanic et al., 2023).

Given the relatively brief time since the onset of the pandemic, the
long-term trajectories for recovery remain unclear. Extrapolating from
other research areas and critical illnesses (e.g., post-intensive care syndrome
[PICS]; acute respiratory distress syndrome), the likelihood of long-term
functional recovery may be limited in a subset of individuals. Studies
of PICS and acute respiratory distress syndrome have found that many
affected individuals experience persistent functional disability up to 5 years
later (Herridge et al., 2011; Hodgson et al., 2021). Research is needed to
answer question about variations in functional status or long-term effects
in people hospitalized for COVID-19 based on different viral variants and
vaccination status. However, studies have shown that even for the milder
Omicron variant, rates of COVID-19 hospitalization have remained high,
and vaccination and patient immune status have been the greatest predic-
tors of poor health outcomes (Nevejan et al., 2022).

LONG-TERM FUNCTIONAL OUTCOMES IN PATIENTS
RECEIVING INTENSIVE CARE FOR COVID-19

PICS, a term used to describe new or worsening health impairments
across physical, mental, cognitive, or social domains of health in survivors
of critical illnesses that required hospitalization in an ICU, is a useful rubric
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for understanding the long-term functional outcomes in individuals with
COVID-19 who were treated in ICUs (Needham et al., 2012). However,
most of the studies examining long-term outcomes in COVID-19 survivors
treated in the ICU are small case series or single-center inception cohort
studies (Erber et al., 2021; Fischer et al., 2022; Gonzalez et al., 2022;
Nufiez-Seisdedos et al., 2022; Sassi et al., 2022). Since most people who
survive the discharge from the ICU spend a significant time after discharge
in hospital wards, disentangling post-ICU from posthospital effects is chal-
lenging (Admon et al., 2023a; Iwashyna et al., 2021). Other methodological
challenges to interpreting the literature on long-term outcomes after ICU
treatment for COVID-19 include (1) a high degree of patient heterogene-
ity in many of the studies; (2) the absence of pre-ICU functional status in
most studies; (3) variation in mortality in the months following hospital
discharge, which can impact the estimates of impairments, particularly
when the follow-up time is long; and (4) loss to follow-up (whether due
to severe symptoms or impairments or to functional recovery), which can
contribute to the study population’s not being representative of the popula-
tion of interest (Murphy et al., 2018).

Compared with COVID-19 survivors who were hospitalized but not
treated in the ICU, COVID-19 ICU survivors have been shown to have
higher rates of cardiovascular outcomes (Xie et al., 2022), neuromuscular
weakness (Nufiez-Seisdedos et al., 2022), abnormalities in pulmonary func-
tion (Erber et al., 2021; Schlemmer et al., 2023), mood disorders (Portacci
et al., 2022), posttraumatic stress symptoms (Neville et al., 2022), and
dysphagia (Sassi et al., 2022). In the above-cited VA cohort of more than
150,000 individuals with COVID-19, approximately twice as many ICU
patients experienced cardiovascular outcomes compared with patients hos-
pitalized but not admitted to the ICU (Xie et al., 2022). In a small cohort
of 70 adult survivors, ICU-acquired neuromuscular weakness and gait
dependence at hospital discharge were present in 31 percent and 54 percent,
respectively (Nufiez-Seisdedos et al., 2022). In a Spanish cohort of 97 adults
treated for COVID-19 in the ICU, Gonzalez and colleagues found that
about 60 percent of survivors reported either cognitive concerns, severe
dyspnea, or fatigue at 12 months after hospital discharge, and that a high
proportion of these survivors were also diagnosed with new medical con-
ditions during the follow-up period (Gonzalez et al., 2022). In a French
cohort of 41 adult COVID-19 ICU survivors who underwent a neurological
consultation 4 months following ICU discharge, ICU-acquired weakness
was present in 16 percent, depression or anxiety in 26 percent, and post-
traumatic stress symptoms in 7 percent (Jaquet et al., 2022). In a Dutch
cohort of 96 adult survivors of severe COVID-19, 30 percent met criteria
for objective cognitive impairment 6 months after ICU discharge based
on abnormalities in two or more neuropsychological tests, and 20 percent
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reported subjective cognitive concerns; there was no strong correlation
between the subjective concerns and the objective cognitive impairment
(Duindam et al., 2022). In a U.S. cohort of 132 ICU COVID-19 survivors
from two academic institutions who were assessed at 6 months after hos-
pital discharge, levels of anxiety, depression, fatigue, sleep disturbance,
social activity participation, pain interference, and cognitive function were
not significantly different from those found in the general U.S. population,
but physical function was worse among the ICU survivors than in the
average U.S. adult population (Neville et al., 2022). This study found that
about 24 percent of the COVID-19 ICU survivors reported very low health
status, as reflected by a health utility score <0.2 (Neville et al., 2022). In
a large sample of more than 2,590 critically ill adult COVID-19 survivors
who were eligible for follow-up at 180 days after hospital discharge, 1
in 3 reported at least moderate disability that persisted at 6 months after
hospital discharge, and 37.9 percent reported moderate, severe, or complete
disability (Higgins et al., 2023).

Risk Factors

Few risk factors have been elucidated by the studies examining health
impairments in ICU-hospitalized COVID-19 survivors. Demographic fac-
tors such as older age and more comorbidities have been associated with
a higher risk of neuromuscular weakness (Nufez-Seisdedos et al., 2022).
Older age, the need for invasive mechanical ventilation, and/or longer
stays in the hospital or ICU are factors associated with lower quality life
or a higher risk of disability in the months after hospital discharge (Jaquet
et al., 2022). Rapid resolution of both lung injury and multiorgan dysfunc-
tion have been found to be associated with better functional status 1 year
after hospital discharge. Individuals who had low health status at 6 months
after discharge were more likely to require supplemental oxygen, to have
been rehospitalized, and to need informal caregivers (Neville et al., 2022).
Risk factors for persistent postintubation dysphagia at hospital discharge
include older age, greater severity of illness upon ICU admission, presence
of neurological comorbidities, type 2 diabetes mellitus, and severe swallow-
ing impairment shortly after extubation (Sassi et al., 2022). In one study,
women were more likely than men to report subjective cognitive concerns,
and type 2 diabetes was associated with objective cognitive impairment
(Duindam et al., 2022).

Recovery Trajectories

Few studies have examined recovery trajectories in COVID-19 sur-
vivors beyond 1 year after ICU treatment. Information on the long-term
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outcomes in populations with acute respiratory distress syndrome from
before COVID-19 indicates that physical, mental, and cognitive impair-
ments improve steadily during the first year following hospital discharge
but can persist for up to 5 years. Recent data from a cohort of 428 critically
ill COVID-19 survivors through 1 year suggest that many of the health
impairments peak in prevalence around 3 months after hospital discharge
but persist in a minority of patients even at 1 year after discharge (Taniguchi
et al., 2023). In a Danish cohort of about 200 ICU survivors, the prevalence
of cognitive impairment decreased from 26 percent at 6 months after ICU
admission to 17 percent at 12 months after admission. The prevalence of
frailty and fatigue was similar at both time points (Weihe et al., 2022).

LONG-TERM FUNCTIONAL OUTCOMES IN
CHILDREN AND ADOLESCENTS WITH COVID-19

Limited data are available on long-term outcomes in children and
adolescents with Long COVID. Even though most children and adolescents
experience a mild acute COVID-19 illness, Long COVID can occur in chil-
dren with or without hospitalization (Fink et al., 2021; Jamaica Balderas
et al., 2023; see Chapter 3). Some youth with persistent symptoms experi-
ence difficulties that affect their quality of life (Fink et al., 2021) and result
in more school absences (Kikkenborg Berg et al., 2022). Risk factors for
the development of Long COVID include acute-phase hospitalization, pre-
existing comorbidity, re-infection, and infection with pre-Omicron variants
(Morello et al., 2023; Osmanov et al., 2022; Pazukhina et al., 2022; Pinto
Pereira et al., 2023). Common symptoms of Long COVID in children and
adolescents include tiredness, sleep difficulties, shortness of breath, and
headaches (Pinto Pereira et al., 2023).

One study in a pediatric Long COVID clinic found that 60 percent
of children with a mean age of 12 years reported functional impairment,
which was assessed by self-report anywhere between 1 and 7 months after
SARS-CoV-2 infection (Ashkenazi-Hoffnung et al., 2021). In this study,
only 12 percent of the children were hospitalized during the acute phase of
illness (Ashkenazi-Hoffnung et al., 2021). A more recent cohort study inves-
tigated symptom trajectory at 3, 6, 12, and 18 months after SARS-CoV-2
infection (Morello et al., 2023). In this study, 23 percent of children with
a median age of 7.5 years met the definition of Long COVID, defined as
symptoms persisting for at least 3 months after initial infection, symptoms
having a negative impact on daily life, and other possible diagnoses being
excluded (Morello et al., 2023). Of those with Long COVID, 48 percent
remained symptomatic at 6 months, 13 percent at 12 months, and 5 percent
(1 in 20) at 18 months after infection (Morello et al., 2023). A study con-
ducted in the UK that included 20,202 11-to-17-year-olds found that at the
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12-month follow-up, 24 percent of those who were reinfected compared to
10 percent of those who had no later infection experienced 5-plus symp-
toms (Pinto Pereira et al., 2023). A Canadian cohort study at 14 pediatric
emergency departments studied long-term effects of COVID-19 in younger
children (ages 0.9 to 5.0 years, median age 2.0 years). They found that in
this population of young children, out of over 5,000 participants, only 10
children at the 6-month follow-up and 8 children at the 12-month follow-
up had Long COVID-related symptoms (Dun-Dery et al., 2023).

Importantly, severity of symptoms and functional impairment from
Long COVID symptoms were not correlated with traditional clinical testing
(e.g., lung ultrasound, standard systolic and diastolic function on echocar-
diogram) (Ashkenazi-Hoffnung et al., 2021; Grager et al., 2023; Sabatino
et al., 2022). However, one study found persistent subclinical changes in
systolic cardiac impairment approximately 5 months after acute SARS-
CoV-2 infection that was worse in children who were infected in the second
wave versus the first wave of infections (Sabatino et al., 2022). This subtle
impairment in myocardial function (with findings still within the “normal”
range) was worse in children who recovered during the second compared
with the first wave (i.e., those who had the alpha variant rather than the
original strain), although functional impact and cardiopulmonary symp-
toms were not assessed in this cohort (Sabatino et al., 2022).

At this time, there is a dearth of prospective and cross-sectional studies
on the prevalence, risk factors, and time course and pattern of Long COVID
in children and adolescents. It is also important to note that in pediatrics,
because of typical development, the baseline for comparison is constantly
changing. Additionally, the duration of symptoms (e.g., 1 or 3 months) can
feel very different to and have a greater impact on children and adolescents
compared with adults. Overall, more research is needed to identify the long-
term functional implications of Long COVID in pediatric populations, to
whom information from adult studies may not be directly applicable.

LONG-TERM FUNCTIONAL OUTCOMES IN OTHER
SELECTED POPULATIONS WITH COVID-19

Functional impacts from Long COVID vary among individuals, and
there is no standardized approach for evaluation and treatment. Some
populations that may disproportionally experience greater severity and
prevalence of COVID-19 and of long-term symptoms after infection include
but are not limited to racial and ethnic minorities, women (pregnant and
nonpregnant), and individuals with disabilities (CDC, 2022). These differ-
ences in severity and prevalence could be due to a wide range of social or
biopsychological factors, such as poor access to health care, repeat infec-
tions from workplaces, and higher rates of comorbidities (Jolley et al.,
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2022; Mora et al., 2023). Although racial and ethnic minority populations
experience greater severity of disease and complications from COVID-19,
more data are needed on how race/ethnicity and other social factors impact
the risk of long-term functional impairment after infection (Jolley et al.,
2022; Khullar et al., 2023). Importantly, the same marginalized popula-
tions that are disproportionally impacted by higher rates of infection and
severity of illness from COVID-19—racial and ethnic minorities, women,
children, and individuals with disabilities—have also been shown to be at
risk for less access to rehabilitation care (N. Katz et al., 2023). The combi-
nation of increased risk for and/or severity of COVID-19 and poor access
to rehabilitation care may well translate into inequities in the severity and
duration of Long COVID.

Data gathered by the Centers for Disease Control and Prevention (CDC)
using household survey methods suggest that LGBTQIA persons may have
higher rates of Long COVID, and may have distinct health issues in addition
to experiencing challenges in accessing care during the pandemic (Jarrett
et al.,, 2021; NCHS, 2023), Pregnant women can have more severe COVID-
19 and may experience fatigue related to both pregnancy and Long COVID
(Lassi et al., 2021). Considerations required for this at-risk population
include diagnostic testing without radiation exposure; exercise prescriptions
that may be limited by large girth, back pain, or preeclampsia; and return
to work with appropriate accommodations. Individuals with versus those
without disabilities have a higher fatality rate from COVID-19, a finding
suggesting that impaired cognitive and physical function may be associated
with COVID-19 mortality (Katz et al., 2023). Even before the COVID-19
pandemic, persons with disabilities already had reduced access to health
care, resources, and social services (Lebrasseur et al., 2021). Stereotypes and
biases toward these individuals can further lead to their disparate treatment
(Fuentes et al., 2021). When appropriate, clinicians need to advocate for
persons with disabilities to obtain appropriate therapy, accommodations
(per the Americans with Disabilities Act and the Rehabilitations Act), home
health aides, and/or medical equipment. Additionally, one study among
farmworkers in California showed that a significant proportion experienced
Long COVID and associated persistent symptoms, limiting their ability to
continue working (Mora et al., 2023). Finally, though not a population of
interest to SSA, it is worth mentioning that nursing home residents tend to
experience modest declines in cognition after COVID-19 infection and may
need more help with activities of daily living than their peers who were not
infected. One study of nursing home residents aged 80 years or older found
that most residents experienced improved functional status and cognition
within one year after their illness (Harris, 2024).

Overall, research is limited on functional impacts and impairments from
Long COVID affecting specific populations. A comprehensive approach to
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addressing the varying and unique needs of these populations is critical for
the achievement of health equity.

EFFECTS OF REHABILITATION ON FUNCTIONAL
TRAJECTORIES IN INDIVIDUALS WITH LONG COVID

Rehabilitation can be helpful in improving functional outcomes, as has
been demonstrated in a variety of health conditions. In the rehabilitation
literature, measuring function involves a variety of components, including
cardiovascular and pulmonary fitness, muscle strength, coordination, cog-
nitive function, and quality of life. The specific benefits of rehabilitation
in individuals with Long COVID may vary depending on the individual’s
symptoms and severity of disease, but small studies consistently show
improvements in physical function, fatigue, dyspnea, and quality of life
(Calvo-Paniagua et al., 2022; de la Plaza San Frutos et al., 2023; Gloeckl
et al., 2021; Nopp et al., 2022; Ostrowska et al., 2023; Parker et al., 2023;
Spielmanns et al., 2023).

A recent systematic review and meta-analysis by Pouliopoulou and
colleagues (2023) analyzed 14 randomized clinical trials involving 1,244
patients with Long COVID. The authors found improvements in functional
exercise capacity, yet there was significant uncertainty regarding the prob-
ability of experiencing exercise-induced adverse events during rehabilita-
tion. Additionally, studies have shown that the benefits of rehabilitation for
people with Long COVID are greater for those who are younger and who
have had Long COVID for a shorter period of time (Nopp et al., 2022;
Ostrowska et al., 2023). However, people who have had Long COVID for
a longer period of time may still benefit from an individualized, targeted
rehabilitation program that monitors for any post-exertional symptom
exacerbation. It is important to note that these studies are relatively small,
and more research is needed to confirm their findings. Given the multidisci-
plinary nature of human function, the variables measured in studies of reha-
bilitation of persons with Long COVID may not provide a comprehensive
understanding of their true functional capacity. Furthermore, the variables
used to look at function in these studies need to be interpreted cautiously
and alongside other variables that capture the multidisciplinary nature of
functional capacity and quality of life.

At the beginning of the pandemic, health care systems recognized the
urgent need for specialized rehabilitation programs to aid individuals in
their recovery from COVID-19. Several types of rehabilitation programs
have been used for recovering individuals (Table 4-1). The early reliance
on evidence from post—intensive care syndrome rehabilitation was a prag-
matic approach, given the similarities in the clinical trajectories of severe
COVID-19 cases and patients with other critical illnesses. These established
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TABLE 4-1 Types of Rehabilitation Programs Used in
Long COVID Recovery

Type of therapy Description

Physical Therapy Addresses physical symptoms and uses
personalized exercise programs

Occupational Therapy Addresses challenges in activities of daily
living and can develop strategies and
accommodations to manage these tasks

Speech and Language Pathology Addresses speech, swallow, and cognitive
impairments

Pulmonary rehabilitation Aims to improve respiratory function and
endurance

Neurocognitive rehabilitation Manages and improves cognitive function

Pacing Program that instructs in a phased pacing

protocol to decrease post-exertional
symptom exacerbation.

Cardiac Rehabilitation Monitored multi-phase program to improve
cardiovascular health

Autonomic conditioning therapy Adapted program to manage autonomic
dysregulation

Multidisciplinary rehabilitation programs Comprehensive rehabilitation program
involving a team of professions working
together

NOTE: Many professionals from different backgrounds can provide the forms of
rehabilitation listed.
SOURCE: Carda et al., 2020b.

strategies targeted respiratory, muscular, and neurological impairments that
arise from prolonged hospitalization. Moreover, insights gleaned from past
pandemics informed the design of those rehabilitation programs, aiding in
the anticipation of potential long-term sequelae that Long COVID survivors
might face (Carda et al., 2020a,b). Rehabilitation programs have evolved
over time as more data have become available on the unique effects of
COVID-19 on various populations.

Recommendations on the safe provision of rehabilitation for persons
with Long COVID have been published (DeMars et al., 2023). The World
Health Organization has created a Living Guideline for the Clinical Manage-
ment of COVID-19 with up-to-date recommendations for clinical manage-
ment, which includes a section on rehabilitation for patients with COVID-19
(WHO, 2023). Regardless of disease severity, individuals with COVID-19
can present with persistent symptoms and functional decline. The guideline
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provides suggestions across the continuum of care for persons with COVID-
19 from the ICU to the outpatient setting for persons with persistent symp-
toms. Additionally, authors from the National Institute for Occupational
Safety and Health published best practices for handling return to work
in Long COVID patients (Howard et al., 2024). The guidelines suggest
that returning to work too early may result in health deterioration, and a
gradual return to work plan may be advised, especially in cases involving
post-exertional malaise. They also address the importance of communica-
tion among affected workers and their employers and health care providers,
as well as the potential role of workplace accommodations in facilitating
return to work.

Research on the long-term effects of COVID-19 and the most effective
rehabilitation approaches is incomplete, and limited understanding of the
impacts of Long COVID rehabilitation is limited. Because some patients
report post-exertional symptom exacerbation following physical exertion
or have a phenotype of Long COVID consistent with myalgic encephalomy-
elitis/chronic fatigue syndrome (ME/CFS) (see Chapter 5), clearer guidelines
are needed on safe rehabilitation for these individuals (Appelman et al.,
2024). There is no one-size-fits-all approach to rehabilitation, and each
individual will need a program tailored to their complex needs.

ASSESSING GLOBAL FUNCTIONING

Table 4-2 provides an overview of selected assessments that can be used
to quantify the functional impacts of Long COVID. The assessments in the
table can contribute to an overall picture of individuals’ functioning, but
given the heterogeneity of Long COVID, there are no gold standard tests
specific for this population. The assessments are divided into domains of
functioning, including full-body functioning, work-related functioning, pain,
fatigue, and cognitive functioning. The assessments in the table include both
performance-based and self-report measures and are just examples of ones
that might be reported in the medical record. Performance-based measures
assess the individual’s ability to perform specific tasks, such as walking or
climbing stairs, while self-report measures ask the individual to rate their
symptoms and how those symptoms affect their daily life. Of note, these
selected assessments are commonly used to assess disability based on specific
complaints; however, the three newer, more unique symptoms described
earlier in Chapter 3 (chronic fatigue and post-exertional malaise, post—
COVID-19 cognitive impairment, and autonomic dysfunction) may not be
adequately captured with these assessments. There also may be wide day-
to-date variability in performance on these tests, which may make using the
tests to assess disability challenging. More research is needed to develop and
validate additional disability and functioning assessments for Long COVID.

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

164 LONG-TERM HEALTH EFFECTS OF COVID-19

TABLE 4-2 Global Functioning Associated with Long COVID

Domain Selected Assessments

Full-Body functioning,  Performance-based measures:
walking, standing e Bruininks-Oseretsky Test of Motor Proficiency, 2" Edition
(physical) (BOT-2)* (Bruininks and Bruininks, 2005)
[pediatric population]
e Bruininks Motor Ability Test (BMAT)* (Bruininks and
Bruininks, 2012) [adult version of BOT-2]
e Functional capacity evaluation (Chen, 2007; Fore et al., 2015;
Genovese and Galper, 2009; Jahn et al., 2004; Kuijer et al.,
2012; Soer et al., 2008)

e Exercise testing to include aerobic capacity and neuromuscular
performance (Liguori and American College of Sports
Medicine, 2021)
6-minute walk test
10-meter walk test (Physiopedia, n.d.)

Functional Gait Assessment

Sensory Organization Test (Shirley Ryan Ability Lab, 2013e)
30-second, 5x, or 10x sit-to-stand test (Shirley Ryan Ability
Lab, 2013a)

e Romberg (Shirley Ryan Ability Lab, 2013d)

Self-reported measures:

e Composite Autonomic Symptom Score-31 (COMPASS-31)
(Sletten et al., 2012)

e Lower extremity Functional Scale
(LEES) (Shirley Ryan Ability Lab, 2013b)

e Foot and Ankle Ability Measures (FAAM) (Shirley Ryan
Ability Lab, 2015)

e The Activities-specific Balance Confidence (ABC) Scale (Powell
and Myers, 1995)

e Patient-Reported Outcomes Measurement Information System
(PROMIS)—Physical Function (HealthMeasures, 2020)

Work-related Performance-based measures:
functioning, activities of ® ADL Profile (head injury and stroke) (Dutil et al., 1990)
daily living (ADLs), and e ADL-Focused Occupations-Based
instrumental activities of ~ Neurobehavioral Evaluation (Gardarsdottir and Kaplan, 2002)
daily living (IADLs) e Assessment of Motor and Processing Skills [adult and pediatric
populations] (Fisher and James, 2012; Shirley Ryan Ability
Lab, 2019)
e Bay Area Functional Performance Evaluation
(Houston et al., 1989)
Executive Function Performance Test (Baum et al., 2008)
Functional Independence Measure (Ottenbacher et al., 1996)
Katz ADL Scale (elderly and chronically ill)
(Katz, 1983; Katz and Akpom, 1976)
e Kohlman Evaluation of Living Skills
(IADLs—psychiatric geriatric) (Burnett et al., 2009;
Kohlman-Thomson, 1992)

Observation and interview-based measures:
e Performance Assessment of Self-Care Skills
(Chisholm et al., 2014)
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TABLE 4-2 Continued

Domain Selected Assessments
Self-reported measures:
e Work Disability Functional Assessment Battery (WD-FAB)
Physical Function (Meterko et al., 2015; Meterko et al., 2019)
e Work Ability (Illmaren, 2007; Tuomi et al., 1998)
e Sheehan Disability Scale (Sheehan, 1983)
e Barthel Index (Quinn et al., 2011)
e Frenchay Activities Index (IADLs) (Schuling et al., 1993)
e The Lawton IADL Scale (Graf, 2008)
e Manual Ability Measure (neurological and musculoskeletal
conditions) (Chen and Bode, 2010)
Caregiver-reported measures:
e Cleveland Scale of Activities of Daily Living (dementia)
(Patterson and Mack, 2001)
Pain Self-reported measures:
e Visual Analog Scale (VAS) for Pain (Bijur et al., 2001)
e Numeric Rating Scale (NRS) for Pain (Shirley Ryan Ability
Lab, 2013c¢)
o PROMIS—Pain Interference Instruments (HealthMeasures,
2021)
¢ Functional Disability Inventory (Claar and Walker, 2006;
Walker and Greene, 1991) [pediatric population]
Fatigue Performance-based measures:

e Polysomnography

e Exercise testing to include aerobic capacity and neuromuscular
performance (Liguori and American College of Sports
Medicine, 2021)

Self-reported measures:

Brief Fatigue Inventory [BFI]

Fatigue Severity Scale [FSS]

Fatigue Symptom Inventory

Multidimensional Assessment of Fatigue

Fatigue Impact Scale (modified)

Multidimensional Fatigue Symptom Inventory
Multidimensional Fatigue Symptom Inventory Short Form
Profile of Mood States-Brief,

PedsQL Multidimensional Fatigue Scale [pediatric and young
adult population]

Multi-Dimensional Fatigue Scale

Profile of Fatigue

Functional Assessment Chronic Illness

Therapy Checklist Individual Strength

Patient-Reported Outcomes Measurement Information System
— Fatigue

Pittsburgh Sleep Quality Assessment (Buysse et al., 1989)
VAS to Evaluate Fatigue Severity

PROMIS—Fatigue (Shirley Ryan Lab, 2018)

continued
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TABLE 4-2 Continued

Domain

Selected Assessments

Cognitive dysfunction

Attention and Working Memory

o Weschler Adult Intelligence Scale-IV (WAIS-1V)
Digit Span

e Continuous Performance Test-3 (CPT-3)

¢ Digit Vigilance Test

e Paced Auditory Serial Addition Test (PASAT)

Processing Speed

e Trail Making Test- Part A

e Symbol Digit Modalities Test
e WAIS-IV Coding

Executive Functioning
e Trail Making Test- Part B
e Wisconsin Card Sorting Test-64 (WCST-64)
e Stroop Color and Word Test
e Delis-Kaplan Executive Function System (DKEFES)
Tower Test
e Self-reported:
o Frontal Systems Behavior Scale (FrSBe)
o Behavior Rating Inventory of Executive Functioning
(BRIEF)
e PROMIS Short Form v2.0—Cognitive Function

Language

e Controlled Oral Word Association Test (COWAT) or
DKEFS Verbal Fluency

e Multilingual Naming Test or Boston Naming Test

Memory
e Verbal:
o California Verbal Learning Test-II (CVLT-II)
o Hopkins Verbal Learning Test-Revised (HVLT-R)
o Rey Auditory Verbal Learning Test (RAVLT)
e Nonverbal:
o Brief Visual Memory Test-Revised (BVMT-R)

Visuospatial Ability
e Judgment of Line Orientation
e Rey-Osterrieth Complex Figure Test

Estimated Premorbid Ability

e Wide Range Achievement Test-4 (WRAT-4) Reading
subtest

e Test of Premorbid Functioning (TOPF)

NOTES: *Multi-dimensional assessment: Balance, coordination, dexterity, functional mobility,
gait, strength, upper-extremity, function, vestibular.
SOURCES: Hodgson et al., 2021; Raj et al., 2018.
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SUMMARY AND CONCLUSIONS

For many individuals, the effects of SARS-CoV-2 infection persist well
beyond resolution of the acute infection and can result in significant dis-
ability. Functional disability associated with Long COVID has been char-
acterized as inability to return to work, poor quality of life, diminished
ability to perform ADLs, decreased physical and cognitive function, and
overall disability. Severity of acute COVID-19 is a major risk factor for poor
functional outcomes. By the committee’s best estimate, people hospitalized
for COVID-19 are two to three times more likely to have higher rates of
Long COVID and more severe disease and to experience longer disease
duration compared with nonhospitalized people. In addition, those whose
severe COVID-19 required life support treatments in the ICU may be twice
as likely to experience the aforementioned outcomes compared with those
hospitalized without such intensive treatment. However, even people with
mild initial illness can experience long-term functional impairments. In fact,
those with mild initial illness make up the great majority of the population
with long-term functional impairments simply because there are many times
more people with mild than with severe initial infection. Increased number
and severity of long-term symptoms correlates with decreased quality of life,
physical functioning, and ability to work or perform in school. Other risk
factors for poor functional outcomes include female sex, lack of vaccination
against SARS-CoV-2, baseline disability or comorbidities, and smoking.

Data on recovery trajectories are rapidly evolving, and recovery is
heterogenous. Initial data suggest that people with persistent Long COVID
symptoms generally improve over time, although preliminary studies sug-
gest that recovery can plateau between 6 and 12 months after acute infec-
tion. More information on recovery trajectories at 1 year or longer may
become available in the next few years.

Long COVID in children and adolescents is a poorly understood condi-
tion. While most children recover from COVID-19 with no long-term prob-
lems, some may experience persistent symptoms that can affect their quality
of life and result in more school absences. Risk factors for Long COVID in
children include acute-phase hospitalization, preexisting comorbidity, being
infected with pre-Omicron variants, and older age. More research is needed
to identify the long-term functional implications of Long COVID for chil-
dren, as information from adult studies may not be directly applicable to
the pediatric population.

Rehabilitation can improve functional outcomes in people with Long
COVID, regardless of the severity of disease or duration of symptoms,
although the benefits are greater for people who are younger and who have
had Long COVID for a shorter period of time. It is important to choose the
right type of rehabilitation for the individual. Access to rehabilitation can
be difficult, and there are often long waitlists.
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Chronic Conditions Similar
to Long COVID

While Long COVID has recently garnered significant attention because
of its wide-ranging effects on a considerable portion of the global population,
infection-associated chronic conditions (IACCs) are not a new phenomenon.
Additionally, Long COVID shares many features with other complex mul-
tisystem chronic conditions, including myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS) and fibromyalgia (FM). This chapter focuses on
Long COVID’s similarities with those two conditions, which are requested
in the committee’s statement of task. The committee also reviewed Long
COVID’s similarities with other conditions, including postural orthostatic
tachycardia syndrome (POTS), posttreatment Lyme disease, and hypermo-
bile Ehlers-Danlos syndrome, and data on those similarities are included
where available; however, the research here is limited. A discussion of auto-
nomic dysfunction, including POTS, is provided in Chapter 3.

SARS-CoV-2 is the viral trigger for Long COVID. It is also hypothesized
to be one potential viral trigger for ME/CFS and FM. Other mechanistic
links have been suggested among these conditions, including abnormalities
involving the immune system, central and autonomic nervous systems, car-
diopulmonary system, gut microbiome, and energy metabolism. Addition-
ally, given their common symptoms, treatments for ME/CFS and FM can
help inform treatment for Long COVID. Beginning with a review of ME/
CFS and FM and their shared symptoms with Long COVID, this chapter
explores the parallels among those disorders, including a review of the
common potential mechanisms of action, testing procedures, prognosis and
progression, and management and treatment.
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CASE DEFINITIONS AND EPIDEMIOLOGY

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome

ME/CES is a severe systemic illness with symptoms based predominantly
on neurological, immunological, and endocrinological dysfunction (Carruthers
et al., 2011). The Institute of Medicine’s (IOM’s) diagnostic criteria for adults
and children with ME/CFS are the most widely used (IOM, 2015). According
to the IOM, ME/CFS is diagnosed when a patient meets the following criteria:
a new-onset substantial activity impairment lasting at least 6 months, post-
exertional malaise, and unrefreshing sleep, in addition to cognitive impairment
or orthostatic intolerance. In addition to the IOM criteria, there exist more
than 20 clinical case definitions for ME/CFS (Brurberg et al., 2014), presenting
a challenge in standardization and comparison across research studies.

It is estimated that 17-24 million people globally have ME/CFS (Lim et al.,
2020a). Prevalence estimates for the United States range from 0.2 percent
to 1.3 percent (Lim et al., 2020a; Vahratian et al., 2023). ME/CFS is more
prevalent among women than men (Wessely, 1995), and peak ages of onset
are during adolescence and ages 30-50 years (Bakken et al., 2014). Data on
ME/CEFS in children and adolescents are sparse; however, pediatric popu-
lations are generally considered to have a better recovery prognosis than
adults (Moore et al., 2021; Rowe et al., 2017).

Diagnosis of ME/CEFS is difficult due to limited knowledge about the
pathomechanism of ME/CFS and lack of a consensus biomarker. In addi-
tion to being an obstacle to accurate diagnosis, poor knowledge of ME/CFS
is detrimental to efficient patient care. In an early publication, estimates
of misdiagnosis are reported to be as high as 84-91 percent as a result of
physician misinformation (Solomon and Reeves, 2004), while other authors
have reported that 71 percent of patients needed to see four or more physi-
cians to receive a diagnosis (Tidmore et al., 2015).

The percentage of patients with Long COVID that meet criteria for ME/
CFS varies in the literature. An overview of the literature shows that on aver-
age, 40-70 percent of Long COVID patients meet the criteria for ME/CFS
(Bonilla et al., 2023; Jason and Islam, 2022; Kedor et al., 2022; Mancini
et al., 2021; Twomey et al., 2022). In contrast, Gonzalez-Hermosillo and
colleagues (2021) found that only 13 percent of Long COVID patients met
the criteria for ME/CFS, and AlMuhaissen and colleagues (2023) found an
overlap of 8.1 percent. These differences could be due to the varied case
definitions for both Long COVID and ME/CFS.

Fibromyalgia

FM is characterized by chronic and widespread musculoskeletal pain,
accompanied by fatigue and sleep disturbances (Bhargava and Hurley, 2023;
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Hauser et al., 2015; Sarzi-Puttini et al., 2020). Patients with FM present with
a range of other clinical symptoms, including cognitive dysfunction, anxiety
or mood disturbances, and variable gastrointestinal symptoms (Fialho et al.,
2023). Pain and stiffness are usually found in the muscles of the neck, shoul-
ders, back, hips, arms, and legs. In addition to fatigue and sleep disturbances,
other signs and symptoms include headaches, and fatigue (Bhargava and
Hurley, 2023). FM impacts approximately 2 percent of the U.S. adult popu-
lation (CDC, 2022). The rates of FM increase with age between 20 and 535,
with dominance in middle-aged and older women, although the condition can
occur in anyone, including children (Brill et al., 2012; Lindell et al., 2000).
Diagnoses of FM may involve dynamic evoked pain assessments with
neuroimaging (Boquete et al., 2022; de la Coba et al., 2022; Mosch et al.,
2023). Several of the features leading to diagnosis of FM are also present in
other rheumatologic diseases, such as connective tissue disorders, ankylosing
spondylitis, and spondylarthritis. Other researchers have investigated the
differentiation of FM from other chronic pain disorders or ME/CFS. The dis-
tinct symptoms of FM are persistent deep aching within the body, poor bal-
ance, environmental sensitivity, tenderness to touch, and pain after exercise
(Bennett et al., 2022). Studies show that up to 39 percent of people with Long
COVID also meet the 2011 criteria for FM (Plaut, 2023; Ursini et al., 2021).

SHARED SYMPTOMS AND FUNCTIONAL IMPLICATIONS

Shared Symptoms

Systemic postinfectious syndromes share several symptom profiles, includ-
ing post-exertional malaise, chronic fatigue, impaired concentration and
memory, pain, and sleep disturbances (Jason et al., 2023). Interestingly, the
IOM (2015) core criteria for ME/CFS noted above are also core symptoms
of Long COVID, as described in Chapter 3 of this report. One key differ-
ence is that for an ME/CFS diagnosis, symptoms must be present for at least
6 months, whereas for Long COVID, the timeframe varies in the literature
from 2 to 6 months. A systematic review comparing clinical presentation
and symptoms for ME/CFS and Long COVID found that only 3 of 21 Long
COVID studies assessed patients who had had symptoms for at least 6 months
(Wong and Weitzer, 2021). The authors compared the 21 selected studies with
ME/CEFS case definitions and found that of 29 ME/CFS symptoms, 25 were
reported in at least one Long COVID study. Fatigue, reduced daily activity, and
post-exertional malaise were reported in multiple studies, with fatigue appear-
ing in 12 of the 21 reviewed. Komaroff and Lipkin (2023) provide a helpful
table summarizing the overlap in clinical presentation between Long COVID
and ME/CFS, based on the work of Wong and Weitzer (2021). The committee
adapted this table to include symptoms of FM (Table 5-1).
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TABLE 5-1 Overlap in Common Symptoms among Long COVID,
ME/CFS, and Fibromyalgia

Long COVID ME/CFS Fibromyalgia

Common Symptoms

Post-exertional malaise

Chronic fatigue

Orthostatic intolerance

Cognitive impairment

Pain/Lower Threshold for Pain

Sleep disturbances

Neurosensory, perceptual, and motor disturbances

Muscle abnormalities

D D N N N N N N NN
AN

Sensitivity to food, medications, and odors
Altered smell/taste

Palpitations or cardiovascular conditions
Breathlessness

Gastrointestinal and genitourinary issues

Loss of thermostatic stability

A N N YN N N N N N N N RN

NN SN N SN
N

Anxiety and depression

\

Hair loss

NOTE: This is a list of common symptoms and is not intended to be a diagnostic tool. Not all
people with Long COVID, ME/CFS, and fibromyalgia will have the checked symptoms. Ad-
ditionally, the symptoms listed may present in individuals who do not have those conditions.
SOURCES: AMA, 2023; American College of Rheumatology, 2024; Bhargava and Hurley,
2023; Cabrera Martimbianco et al., 2021; Carruthers et al., 2011; Komaroff and Lipkin,
2023; Raveendran et al., 2021; Sukocheva et al., 2021; WHO, 2020; Wong and Weitzer, 2021.

Functional Implications

People with Long COVID, ME/CFS, and FM have decreased quality of
life, including reduced physical and cognitive capacity, impairment in work
performance, and reduced participation in society. In a study by Haider
and colleagues (2023), individuals with Long COVID, ME/CFS, and FM
reported a similar impact on physical and cognitive function; however,
individuals with Long COVID versus those with the other two conditions
reported lower pain and fatigue. Other studies suggest that the functional
impairment in people with ME/CFS may be greater than in those with
Long COVID (Komaroff and Lipkin, 2023). A comorbid diagnosis of Long
COVID with ME/CFS and/or FM further exacerbated pain, fatigue, and psy-
chological domains compared with Long COVID alone (Haider et al., 2023).
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FIGURE 5-1 36-Item Short Form Survey (SF-36) and World Health Organization
Disability Assessment Schedule (WHODAS) scores among ME/CFS, Long COVID
and control populations

NOTES: (A) Line graph representing median and 95% confidence interval (CI) of
SF-36v2 domains. (B) Line graph representing median and 95% CI of WHODAS
2.0 domains. Abbreviations: BP = bodily pain; CO = cognition; GA = getting along;
GH = general health perceptions; HC = healthy control; LA1 = life activities 1;
ME/CFS = myalgic encephalomyelitis/chronic fatigue syndrome; MH = general
mental health; MO = mobility; PA = participation; PCC = post-COVID-19 condi-
tion; PF = physical functioning; RE = role limitations due to personal or emotional
problems; RP = role limitations due to physical health Problems; SC = self-care;
SF = social functioning; SF-36v2 = 36-Item Short-Form Health Survey (version 2);
VIT = vitality; WHODAS = 2.0 World Health Organization Disability Assessment
Schedule (version 2). ***p<0.001 ****p<0.0001

SOURCE: Based on data published in Weigel et al., 2023.

Data currently under review show that ME/CFS and Long COVID cohorts
do not differ significantly in any domain of quality of life using either the
36-Item Short Form Survey (SF-36) or the World Health Organization Dis-
ability Assessment Schedule (WHODAS) (Figure 5-1), the Hospital Anxiety
and Depression Scale (HADS), or the Modified Fatigue Impact Scale (MFIS).
For all three chronic conditions, symptoms are cyclic, with some relatively
“good” days and frequent “bad” days. Some people with the conditions are
able to perform their responsibilities at home and work, while others are
bedridden and unable to work (Komaroff and Lipkin, 2023).

COMMON MECHANISMS OF ACTION

The COVID-19 pandemic has generated interest in virally associated
fatigue syndromes, though not all fatigue syndromes result from viral
pandemics. The Epstein-Barr virus (EBV) is the most common cause of
infectious mononucleosis and has been the most researched source of post-
viral fatigue. There is evidence indicating the onset of ME/CFS following
viral infections such as EBV, Q fever, influenza, and other coronaviruses
(Sasso et al., 2022). In 2003, 4 years following an outbreak of severe acute
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respiratory syndrome (SARS) caused by SARS-CoV-1, one study found that
40.3 percent of patients reported persistent chronic fatigue, 27.1 percent
of whom qualified for a diagnosis of ME/CFS (Lam et al., 2009). Although
SARS-CoV-2 infection has received attention as a potential infectious trig-
ger for ME/CFS (Sasso et al., 2022), additional research is needed to con-
firm this hypothesis. Indeed, the underlying pathomechanism of ME/CFS
also remains unknown because of the multitude of symptoms, including
cognitive, endocrine, gastrointestinal, and cardiovascular dysfunction.

FM is a complex disease with uncertain etiology and pathophysiology;
however, symptom worsening has been reported following infectious trig-
gers, including SARS-CoV-2 (Attal et al., 2021; Clauw et al., 2020; Fialho
et al., 2023). Approximately 30 percent of individuals with FM report
physical or psychological triggers prior to disease onset (Fitzcharles et al.,
2021). Viral infections linked with FM include hepatitis C virus, HIV, par-
vovirus, and EBV (Buskila et al., 2008). Lyme disease also has overlapping
features with FM, contributing to diagnostic confusion.

The significant overlap in clinical presentation between Long COVID
and ME/CFS and FM raises the question of common mechanisms that could
be involved in the pathogenesis of these conditions and offers the potential
to use past clinical and biomedical research to accelerate the understand-
ing of pathomechanisms specific to Long COVID. This section provides an
overview of the potential overlapping pathomechanisms for which there
is published evidence, summarized in Table 5-2. It should be noted that
the discussion here focuses on biological mechanisms of action, given the
available literature. As described in Chapter 1, the Internal Classification
of Functioning, Disability, and Health (ICF) framework developed by the
World Health Organization provides a comprehensive perspective that
includes not only biological conditions but also the impact of these condi-
tions on an individual’s functioning in various aspects of life. In addition
to biological mechanisms, illness and disability are mediated by stress and
stress response, behaviors and social forces, and environmental factors.

Immune Dysregulation

The underlying pathomechanism of Long COVID is not yet clear. How-
ever, varying degrees of immune dysregulation have been reported in Long
COVID patients (Gottschalk et al., 2023). Similarly, immune dysregulation
is commonly reported in ME/CFS and FM (Brenu et al., 2011; Hardcastle
et al., 2015a; Klimas and Koneru, 2007; Klimas et al., 1990; Ojo-Amaize
et al., 1994), with noted abnormalities in cytokines (Broderick et al., 2010;
Corbitt et al., 2019; Fletcher et al., 2009), lymphocyte subsets (Curriu et al.,
2013; Huth et al., 2014; Rivas et al., 2018), and cytotoxic function (Brenu
etal.,2011; Hardcastle et al., 2015b; Huth et al., 2016; Klimas et al., 1990;
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TABLE 5-2 Summary of Potential Biological Mechanisms of Long
COVID, Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CFS), and Fibromyalgia (FM)

Long

Postinfectious onset COVID ME/CFS FM
Immune Innate immune exhaustion v v
dysregulation Cytokine dysregulation v v

Autoantibodies v 4 Y
Neurological Neuroinflammation v v
disturbances Reduced cerebral blood flow v v

Impaired functional connectivity v v

Abnormal brain metabolites v v v

Changes in brain region volumes v v
Cardiovascular Orthostatic intolerance v v
disturbances Endothelial dysfunction v/ v/

Coagulopathies v
Gastrointestinal ~ Dysbiosis v v v
disturbances Gut-immune-brain axis v v/
Metabolic and Mitochondrial dysfunction 4 v
mitochondrial Mitochondrial metabolite abnormalities v/ v/
dysfunction

Down-regulation of the hypothalamic-
pituitary-adrenal axis

SOURCES: Augustin et al., 2021; Bakken et al., 2014; Bhargava and Hurley, 2023; Cao, 2020;
Carruthers et al., 2011; Cervia et al., 2022; de Miranda et al., 2022; Demitrack et al., 1991;
Farhadian et al., 2023; Garg et al., 2021b; Guasp et al., 2022; Jason et al., 2009; Komaroff
and Lipkin, 2023; Lindell et al., 2000; NICE, 2020; Ram-Mohan et al., 2022; Raveendran
et al., 2021; Srikanth et al., 2023; Su et al., 2022; Sukocheva et al., 2021; Tay et al., 2020;
Urhan et al., 2022; Wessely, 1995; Yelin et al., 2022.

Ojo-Amaize et al., 1994; Whiteside and Friberg, 1998), with the caveat that
many of those markers are not very specific, and proper measurement of
some poses technical challenges. Dysregulation of innate immune responses
has been reported in some patients with Long COVID, ME/CFS, and FM, as
well as hypermobile Ehlers-Danlos Syndrome (Bagga and Bouchard, 2014;
Jukema et al., 2022; Mohandas et al., 2023; Wirth and Lohn, 2023).
Immune dysregulation tends to pair closely with cytokine dysregulation
(Freidin et al., 2023; Prompetchara et al., 2020). Indeed, severe acute SARS-
CoV-2 infection is associated with a well-described cytokine storm, charac-
terized by elevated levels of proinflammatory cytokines (McGonagle et al.,
2020; Prompetchara et al., 2020). In a similar fashion, multisystem inflam-
matory syndrome in children (MIS-C) can be seen 2-8 weeks after acute
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SARS-CoV-2 infection, requiring anti-inflammatory agents for treatment
(CDC, 2023; Consiglio et al., 2020; Gruber et al., 2023; Vella et al., 2021).
Notably, aberrations in cytokines reported in ME/CFS and FM are equivo-
cal (Corbitt et al., 2019). Finally, while autoantibodies have been reported
in acute COVID-19, ME/CFS, and FM, the underlying autoimmunity pri-
mary pathomechanism does not currently meet the classification criteria for
autoimmune diseases, although it does open a theoretical field of potential
therapeutic options if proven to have a relevant role in the pathophysiology
of those entities (Akbari et al., 2023; Arthur et al., 2021; Casciola-Rosen
et al., 2022; Freitag et al., 2021; Hallmann et al., 2023; Malkova and
Shoenfeld, 2023; Marshall-Gradisnik et al., 2015; Rodriguez-Perez et al.,
2021; Vojdani et al., 2023; Wallukat et al., 2021).

Neurological Disturbances

Neurological and cognitive disturbances are reported in individuals
with Long COVID, ME/CFS, and FM. Neuroinflammation has been sug-
gested in Long COVID and ME/CFS (Tate et al., 2022). Supporting this
hypothesis, microglial activation has been reported in Long COVID and
ME/CFS (Fernindez-Castafieda et al., 2022; Nakatomi et al., 2020; Tomo
et al., 2022). Other neurological mechanisms include reduced cerebral
blood flow (Barnden et al., 2016, 2019; Campen et al., 2022; Davis et al.,
2023; Gay et al., 2015; Monje and Iwasaki, 2022; Shungu et al., 2012;
Thapaliya et al., 2020, 2022) and anatomical and/or connectivity changes
(Douaud et al., 2022; Monje and Iwasaki, 2022; Morris and Maes, 2013);
however, findings are inconsistent, and there is no overlap in anatomical
brain region changes between the two disorders. Changes in brain metabo-
lites have been reported in Long COVID, ME/CFS, and FM (Baraniuk
et al., 2004; Deters et al., 2023; Martinez-Lavin and Miguel-Alvarez, 2023;
Martini et al., 2022; Mueller et al., 2020; Puri et al., 2002; Russell et al.,
1992). Overall, there are inconsistencies in research findings across various
measures, and further comprehensive studies are required to elucidate the
role of neurological disturbances in the pathomechanism of Long COVID.

Cardiovascular Damage

Cardiovascular disturbances, including endothelial dysfunction
(Scherbakov et al., 2020; Xu et al., 2023b), coagulation issues (Nunes et al.,
2023; Patell et al., 2020; Roberts et al., 2020), and orthostatic intolerance,
are reported in Long COVID, MFE/CFS, and FM (Gyongyosi et al., 2023), and
are quoted globally in the majority of chronic inflammatory diseases. Indi-
viduals with ME/CFS have reduced total blood volume, plasma volume, and
red blood cell volume compared with control groups (Hurwitz et al., 2009).
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Similarly, patients with ME/CFS and FM and some patients with Long
COVID have impaired autonomic and cardiovascular responses to pos-
tural challenges that reduce autonomic flexibility and adaptability to
situational demands.

Gastrointestinal Manifestations

Gastrointestinal manifestations are commonly reported in Long COVID
and ME/CFS, and FM is associated with concurrent diagnosis of irritable
bowel disorders. Changes resulting in gut dysbiosis, defined by an imbal-
ance in the gut microbiome, are associated with recovery from COVID-19
(D’Amico et al., 2020; Tian et al., 2021). A pro-inflammatory gut micro-
biome has been documented in some patients with Long COVID and ME/
CFS. This is hypothesized to allow microbial antigens (including endotox-
ins) to breach the gut-blood barrier, potentially contributing to inflamma-
tion at different systemic levels (Giloteaux et al., 2016; Guo et al., 2023;
Haran et al., 2021; Liu et al., 2022; Nagy-Szakal et al., 2017; Xiong et al.,
2023; Yeoh et al., 2021).

Metabolic

Energy insufficiency increased reactive oxygen species (ROS), and mito-
chondrial dysfunction are features that may be shared in patients with Long
COVID, ME/CFS, and FM. Identified phenomena also include the down-
regulation of the hypothalamic-pituitary-adrenal axis (Urhan et al., 2022;
Demitrack et al., 1991). While mitochondrial dysfunction may correlate
with severity of SARS-CoV-2 infection (Ganji and Reddy, 2021; Holder
and Reddy, 2021), findings in Long COVID and ME/CFS are equivocal
and require further investigation to confirm commonalities and differences
(Domingo et al., 2021; Fukuda et al., 2016; Guarnieri et al., 2023; Holden
et al., 2020; Missailidis et al., 2020; Sweetman et al., 2020). Studies have
shown increased risk of diabetes mellitus, hyperlipidemia, and kidney dis-
ease in the post-acute phase of SARS-CoV-2 infection (Bowe et al., 2021;
Xie and Al-Aly, 2022; Xu et al., 2023a). Although the evidence base is less
well developed, similar metabolic abnormalities have also been reported in
ME/CFS and FM.

Gene Structure and Expression

Variations in gene structure and gene expression have been reported in
Long COVID, ME/CFS and FM. Thus far, published genome-wide associa-
tion studies (GWAS) have involved small numbers of patients; predictably,
given the sample sizes, no risk loci have been identified or validated for
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either ME/CFS or Long COVID (Lammi at al., 2023; Li et al, 2021; Pairo-
Castineira et al, 2021; Thibord et al, 2022). However, in both ME/CFS
and FM, a recent publication employing combinatorial analysis reported
potentially significant associations involving genes involved in the response
to infection, mitochondrial function, and autoimmunity (Das et al., 2022).
Attempts to replicate this potentially important result in different and larger
groups of patients are underway.

Studies of gene expression have primarily analyzed levels of microRNAs
(miRNAs). Different studies involving different tissues have identified dif-
ferent miRNAs that distinguish people with ME/CFS and Long COVID
from healthy control subjects. One would not expect the same miRNAs to
be identified in every study. Instead, one would expect the miRNAs identi-
fied by different studies to act on genes involved in the same underlying
physiological processes. Indeed, a recent published pathway analysis finds
that the different miRNAs identified in these different studies, in fact,
control the expression of genes involved in the same physiologic processes
(Kaczmarek, 2023). Other epigenetic phenomena, like DNA methylation,
that have been postulated as having impact in acute COVID infection may
also have an impact in the pathophysiology of Long COVID or other post-
viral syndromes, and research is ongoing (Balnis et al., 2022).

There currently is no specific diagnostic test for Long COVID, ME/
CFS, or FM. Diagnosis can involve the following laboratory tests and self-
report questionnaires, as well as elimination of other potential causes of
the patient’s symptoms.

Initial Laboratory Tests

Clinical criteria for ME/CFS can be used as a guide for laboratory
testing in patients presenting with suspected Long COVID, which then
can be used to exclude other diagnoses that are similar or that may
copresent. The 2021 National Institute for Health and Care Excellence
(NICE) guidelines for ME/CFS suggest testing for white blood cell count,
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), presence
of human immunodeficiency virus (HIV), blood urea nitrogen (BUN),
creatine and electrolytes, blood glucose, calcium and phosphorus, thyroid-
stimulating hormone (TSH), alkaline phosphatase, and aspartate and
alanine aminotransferases, as well as total protein, albumin, and globulin
(NICE, 2021). Elevated ferritin levels have been reported in female par-
ticipants meeting criteria for ME/CFS compared with female participants
not meeting those criteria, while ferritin levels are often low in individu-
als with Long COVID with or without true anemia (Dignass et al., 2018;
Lechuga et al., 2023; Ruscitti et al., 2023; Yamamoto et al., 2023). Addi-
tionally, iron deficiency and anemia of chronic disease are very common
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in people with fatigue-related illnesses. Emerging evidence requires further
validation with objective analysis of study limitations (Dignass et al.,
2018; Lechuga et al., 2023). Additional testing such as sleep studies and
exercise testing (including VO,max) may be needed to address specific
symptoms, often performed in consultation with a specialist (CDC, 2021;
Lim et al., 2020b).

Symptom Inventory Questionnaires

Jason and colleagues (2023) suggest that one of the challenges in diag-
nosing ME/CFS accurately and reliably is the use of ambiguous questions
or psychometrically invalid questionnaires. The NICE guidelines recom-
mend the use of a screening questionnaire during the initial consultation
to capture the patient’s symptoms, in addition to clinical assessment. Con-
current with laboratory-based testing, a symptom inventory questionnaire
can be used to determine the severity and frequency of a symptom, as well
as whether a symptom is preexisting (same vs. worsened), new since acute
COVID-19 infection and stable/improving, or new since acute infection
and worsening. Symptom inventory questionnaires are used to diagnose
and research ME/CFS. For example, the DePaul Symptom Questionnaire
(DSQ), consisting of 54 questions assessing key symptoms of ME/CFS
(such as fatigue; post-exertional malaise; sleep, pain, and cognitive distur-
bances; autonomic dysfunction; and immune dysregulation) (Bedree et al.,
2019; Jason and Sunnquist, 2018). Indeed, the DSQ has since been used
for research on Long COVID (Jason et al., 2021; Oliveira et al., 2023),
although it does not incorporate all symptoms of Long COVID because of
minimal differences in symptomology between ME/CFS and Long COVID
(for example, hair loss). Other symptom inventory questionnaires used to
evaluate health effects of these chronic conditions include the 31-question
Composite Autonomic Symptom Score (COMPASS 31) for autonomic dys-
function and the Patient-Reported Outcomes Measurement Information
System (PROMIS) for cognitive function (Larsen et al., 2022; Weerahandi
et al., 2021).

Symptom inventory questionnaires for cognitive concerns are an inte-
gral part of a comprehensive cognitive assessment, as they capture the
impact of cognitive symptoms on patients’ daily functioning. While such
symptom inventories have not been validated specifically for patients with
Long COVID, measures such as the Patient’s Assessment of Own Func-
tioning Inventory (PAOFI), Cognitive Failures Questionnaire (CFQ), and
Everyday Cognition Scale (ECog) have excellent psychometric properties
and are known as reliable tools for the detection of self-reported cogni-
tive impairment in a variety of conditions and with diverse populations
(Broadbent et al., 1982; Tomaszewski Farias et al., 2011).
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PROGNOSIS AND PROGRESSION

ME/CEFS is a chronic debilitating multisystem condition with poor
prognosis for complete recovery. Recovery trajectories vary widely across
studies, although most conclude that the prognosis is unfavorable. Studies
have found that 0-8 percent of patients recover fully, while 17-64 percent
experience some improvement (Ghali et al., 2022). There is a severity
spectrum for ME/CFS, which is relative to the patient’s premorbid activ-
ity level. Patients with mild ME/CFS report a reduction from preillness
activity of approximately 50 percent, including reduced ability to maintain
employment and interpersonal relationships (Pendergrast et al., 2016).
A moderate case of ME/CFS is associated with a significant reduction in
activity, restricted mobility, and inability to perform activities of daily living
consistently. Generally, patients classified as having moderate ME/CFS are
restricted to home (Pendergrast et al., 2016). A person with a severe case of
ME/CEFS is typically bedbound and will be dependent on mobility aids and
a caregiver (Pendergrast et al., 2016). Approximately 25 percent of ME/CFS
cases are considered severe (Pendergrast et al., 2016). Studies have identified
a worse prognosis in ME/CFS patients with comorbid Long COVID or FM
(Ghali et al., 2022; Komaroff and Lipkin, 2023).

Limited research on FM outcomes has suggested that patients rarely
achieve remission, although some may experience improvement or waxing
and waning of symptoms over time (Schaefer et al., 2016). In general, it can
be said that FM is a chronic condition that does not significantly improve
or worsen, although longitudinal data are sparse and heterogeneous. One
study on established FM patients (median disease duration of 7.8 years
at the beginning of the study) found that functional disability worsened
over the 7-year study period, while pain, fatigue, sleep disturbances, anxi-
ety, and depression remained unchanged (Wolfe et al., 1997). In another
study conducted in the United States that followed patients for 10 years,
two-thirds of patients indicated that their symptoms were a little to a lot
better, 10 percent reported no change, and a quarter reported they were a
little or a lot worse at the end of the study period (Kennedy and Felson,
1996). Another study in the United States followed FM patients for 2 years
and found that patients reported high levels of burden at both time points,
with few significant changes over time. Outcomes varied among patients
and were better among those whose pain improved (Schaefer et al., 2016).

As discussed in Chapter 4 of this report, preliminary studies suggest that
many people with persistent Long COVID symptoms improve over time, and
recovery can plateau 6-12 months after acute infection. Disease severity,
functional disability, and duration vary, with severity of acute COVID-19
being a major risk factor for poor functional outcomes, although such out-
comes can be experienced even by those with mild initial illness.
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Some studies have compared the prognosis and progression of Long
COVID and ME/CFS. In general, it appears that Long COVID (especially
Long COVID that does not meet criteria for ME/CFS) has a better prognosis
than ME/CFS (Oliveira et al., 2023). Like ME/CFS, Long COVID appears
to be a chronic illness, with few patients achieving full remission (Wong and
Weitzer, 2021), though the chronicity and duration of full recovery for patients
with Long COVID are currently unknown (Oliveira et al., 2023). Studies
comparing Long COVID and ME/CFS have several limitations, however. First,
Long COVID is a new disease, so that study participants are usually newly
diagnosed, while ME/CFS study participants often have had the condition
for a longer time and so are less likely to improve. Additionally, to qualify
for a diagnosis of ME/CFS, symptoms need to be ongoing for 6 months or
more, whereas the criteria for Long COVID vary in the literature from 2 to
6 months. Thus, the two conditions are difficult to compare. At this time, the
committee did not identify any studies comparing the prognosis and progres-
sion of Long COVID and FM.

For all three conditions, comorbid medical illnesses tend to worsen the
overall course of the condition as it progresses. Additionally, Long COVID
may be a trigger for ME/CFS and FM, and it may exacerbate the symptoms
of people already living with fatigue or chronic pain (Fialho et al., 2023).

TREATMENT AND MANAGEMENT

The CDC “Post-COVID Conditions: Information for Healthcare Pro-
viders” page suggests symptom management approaches for Long COVID
that have been helpful for disorders such as ME/CFS, FM, posttreatment
Lyme disease, dysautonomia, and mast cell activation syndrome (CDC, 2024).
Indeed, the goal of treatment and management for Long COVID and similar
infection-associated chronic conditions is to optimize function and quality of
life. These conditions represent many potentially overlapping entities, with
different biological causes, risk factors, and outcomes. Different treatment
approaches are needed for different individuals depending on their symptoms.
This section provides an overview of nonpharmacological management and
pharmacological treatments in clinical trial.

Nonpharmacological Management and Treatments

Pacing

Pacing refers to a self-management strategy whereby individuals alternate
activities with small, interspersed rest intervals. Successful pacing is believed
to be a beneficial treatment for ME/CFS according to NICE, the CDC and the
National Institutes of Health (NIH). Pacing is accompanied by the concept
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of an energy envelope. In the case of ME/CFS, an energy envelope provides
people with a strategy for managing their exertional tolerance, especially in
activities of daily living. The size of the energy envelope is defined by the
varying day-to-day tolerance and resources of patients; exceeding the energy
envelope may result in worsening or exacerbation of symptoms. Pacing
provides an approach to reduce the burden of fatigue and post-exertional
malaise when accompanied by assistive devices and flexibility in approaching
activities of daily living or employment/school (Friedberg et al., 2020; NICE,
2021; Smith et al., 2015). Wearable technologies may be used to provide
just-in-time assessments of physiological exertion (Clague-Baker et al., 2023).

Environmental Control

Patients who report sensitivities to light, noise, odors, are often diag-
nosed with comorbid multiple chemical sensitivities. Therefore, it is perti-
nent to limit the impact of these sensory triggers by (1) removing perfume
and chemicals from the environment, and (2) using eye masks and ear plugs.
Environmental control provides an effective technique for improving sleep
hygiene and lessening the burden of sleep disturbances.

Mobility Support

Depending on the severity of illness, occupation therapy referrals for
home adaption may be essential to incorporate the use of aids that can
improve quality of life. Such aids may include (1) disability parking permits,
(2) wheelchairs or motorized scooters and appropriate home modifications,
and (3) shower chairs and handrails. Additionally, alternative forms of pain
management accompanied by physical therapy (within the energy envelope
of the patient) may support patient mobility.

Multidisciplinary Care and Rebabilitation

Multidisciplinary care comprises the primary physician, appropriate
medical and surgical and allied health professionals, and the patient advo-
cacy community. A systematic review of nonpharmacological treatments
in post-viral syndromes (including Long COVID) suggested interventions
using Pilates exercises, resistance exercise, telerehabilitation, neuromodula-
tion, and music therapy (Chandan et al., 2023). According to the NICE
guidelines, recommendations for health care planning include the following:

e  Self-management advice
- Self-management and monitoring of symptoms
—  Support groups and forums
- Housing, employment, financial, and other supports
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e Support from integrated coordinated primary care, community,
rehabilitation, and mental health services
*  Multidisciplinary assessment

Patients with neuromuscular weakness can benefit from physical reha-
bilitation. It has been hypothesized that standardized exercise testing for
cardiorespiratory fitness after recovery from acute COVID-19 can be used to
improve the understanding of Long COVID. However, the use of graded exer-
cise therapy (GET) requires caution in the treatment of ME/CFS because of
the potential for iatrogenic harm. There is widespread and valid concern that
exercise programs, even graded, may result in deterioration of the patient’s
condition given the underlying pathology of disease and the potential to
trigger post-exertional malaise and exacerbate symptoms following activity
(Tuller and Vink, 2023). It is important at this time to highlight the lessons
that can be learned from ME/CFS regarding this need for caution in the use
of GET (Torjesen, 2020; Tuller and Vink, 2023; Twisk and Maes, 2009).

Psychosocial Support

Chronic conditions pose a significant burden with respect to psycho-
logical health. Protocols for cognitive-behavioral therapy (CBT) or mindful-
ness are not standardized for the treatment of Long COVID, ME/CFES, or
FM (Friedberg, 2016; O’Dowd et al., 2006; Worm-Smeitink et al., 2016).
CBT and mindfulness are the most widely studied psychological interven-
tions for managing pain. Changes in different brain regions observed after
CBT include grey matter volume, activation/deactivation, and intrinsic con-
nectivity. CBT involves cognitive and emotional regulation, with the dorso-
lateral prefrontal cortex, orbitofrontal cortex, right ventrolateral prefrontal
cortex, posterior cingulate cortex, and amygdala being key regions. After
CBT, the brain shows stronger top-down pain control, cognitive reassessment,
and altered perception of stimulus signals (Arroyo-Fernandez et al., 2022).
Research is currently ongoing on the effectiveness of CBT (NCT05676047,
NCT05597722, NCT05731570) or forms of cognitive rehabilitation in Long
COVID, including behavioral amygdala-insula retraining (NCT05851846),
sound mindfulness strategies (NCT05848401), mind—body reprocessing ther-
apy (NCT05703074 & NCT05422924), behavioral and coping coaching
(NCT05752331 & NCT05453201), and mindfulness (NCT05566379 &
NCT05422924).

Diet Modulation

Symptoms akin to food intolerances and irritable bowel syndrome are
reported in people with Long COVID, MFE/CFS, and FM (Weigel et al., 2022).
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The NICE guidelines encourage referral for dietic assessment and creation
of a management plan by a dietitian (NICE, 2020, 2021). Lifestyle interven-
tions and dietary supplementation in Long COVID are to be investigated
(NCT05836402 & NCT05705648).

Endothelial Modulation

Both Long COVID and ME/CFS have demonstrated and been charac-
terized by endothelial dysfunction (Haffke et al., 2022; McLaughlin et al.,
2023; Varga et al., 2020). Enhanced external counterpulsation (EECP) is
a Food and Drug Administration (FDA)-approved, noninvasive treatment
for refractory angina and ischemic heart failure that has been effective for
symptoms associated with heart disease such as chest pain, shortness of
breath, and fatigue. A handful of studies have been published showing the
benefit of EECP in Long COVID (Dayrit et al., 2021; Sathyamoorthy et al.,
2022; Wu et al., 2023). ClinicalTrials.gov also reports an EECP study under
way (NCT05668039).

Pharmacological Treatments

Currently, no standardized FDA-approved treatments are available for
Long COVID, ME/CFS, or FM (Jason et al., 2023). Recently updated NICE
guidelines for ME/CFS highlight that agents currently prescribed to treat
cognitive impairment, fatigue, and sleep disturbances are of low qual-
ity and efficacy. Those treatments include, for cognitive disturbances and
fatigue, modafinil, amantadine, and methylphenidate (Garg et al., 2021a;
Pliszka, 2022; Randall et al., 20035), and for sleep disturbances, trazadone,
low-dose tricyclic antidepressants, and cyclobenzaprine (Calandre et al.,
2011; Clemons et al., 2011; Morillas-Arques et al., 2010). Treatment of
chronic pain in ME/CFS follows the guidelines for the treatment of FM,
and includes duloxetine, pregabalin, amitriptyline. ClinicalTrials.gov lists
clinical trials evaluating the efficacy of various treatments for Long COVID,
ME/CFS, and FM aimed at addressing the underlying disease and disease-
associated manifestations. As of December 2023, the database included a
total of 18 completed and ongoing clinical trials in Phase III or IV for ME/
CFS, 124 for FM, and 30 for Long COVID. The limited overlap in treatment
trials among the three conditions is discussed in this section.

Rintatolimod, also known as ampligen, has received attention as a
potential treatment for ME/CFS and Long COVID because of its immuno-
modulatory and antiviral activities as a toll-like receptor 3 (TLR-3) agonist
(Mitchell, 2016; Strayer et al., 2020). Trials have shown that it increases
exercise tolerance and decreases drug dependence in patients with ME/CFS
(Mitchell, 2016; Strayer et al., 2020). Given concerns about toxicity, how-
ever, rintatolimod is approved only for the treatment of severe ME/CFS in
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Argentina. It is included within the AMP-511 Expanded Access Program in
the United States, but of note was rejected for approval by the FDA in 2009
for an indication of ME/CFS. The reason it was not approved, according to
the FDA, was that the two randomized controlled trials “did not provide
credible evidence of efficacy,” and there were “clinical, statistical, clinical
pharmacology, nonclinical, product quality, and facilities inspections defi-
ciencies” (Castro-Marrero et al., 2017). Given the overlap with ME/CFS,
including similar potential mechanisms of action, the efficacy of rintatolimod
is under investigation in people with Long COVID (NCT05592418).

Metformin, an insulin response enhancer, is being investigated for
use in Long COVID, ME/CFS, and FM (NCT06147050, NCT06128967,
NCT05900466). Bramante and colleagues found that the incidence of Long
COVID was reduced by 42 percent with metformin treatment (Bramante et
al., 2022). Previous research has suggested the potential benefit of metfor-
min in improving bioenergetic profiles in patients with FM (Alcocer-Gémez
et al., 2013).

Immunomodulation is a treatment trial target for Long COVID, ME/
CFS, and FM, and given their shared potential mechanism of action.
Intravenous administration of immunoglobin shows efficacy in some auto-
immune conditions and is used at a higher dose for anti-inflammatory
effects (which also leads to increased side effect potential). It has been inves-
tigated for use in ME/CFS; however, it is no longer recommended for ME/
CFS under the NICE guidelines published in 2021 because of inconsistent
findings (NICE, 2021).

In general, pharmacological treatments for Long COVID, ME/CFS, and
FM are not yet effective, and management of these conditions involves pri-
marily the symptom management and functional improvement techniques
described in the previous section.

SUMMARY AND CONCLUSIONS

Long COVID shares many features with other complex multisystem
conditions. This review focused on similarities with ME/CFS and FM.
Other less researched similar conditions include, but are not limited to,
POTS, posttreatment Lyme disease, and hypermobile Ehlers-Danlos syn-
drome. More research is needed to understand infection-associated
chronic illnesses.

The mechanism of action for these conditions remains unclear, and fur-
ther investigation is needed. Current theories for potential shared mechanisms
of action supported by published literature include immune dysregulation
(including dysregulation of innate immune responses, cytokine dysregula-
tion, or mast cell activation); neurological disturbances (neuroinflammation
has been suggested in ME/CFS and Long COVID); cardiovascular damage
(endothelial dysfunction, coagulation issues, and orthostatic intolerance have
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been reported in some patients with Long COVID, ME/CFS, and FM); gas-
trointestinal symptoms (due to gut microbiome dysbiosis); metabolic issues
(energy insufficiency, reactive oxygen species production, and mitochondrial
dysfunction are shared features in Long COVID, ME/CFS, and FM); and
genetic variations.

There is currently no specific laboratory-based diagnostic test for Long
COVID or ME/CFS. Rather, diagnosis is a process of exclusion and con-
sideration of other potential causes of the patient’s symptoms. Secondary
testing should be at the discretion of the attending physician. The NICE
guidelines recommend the use of a screening questionnaire during the ini-
tial consultation to capture the patient’s symptoms, in addition to clinical
assessment. Concurrent with laboratory-based testing, a symptom inventory
questionnaire can be used to determine the severity and frequency of a
symptom, as well as to determine whether a symptom is preexisting (same
vs. worsened), new since acute SARS-CoV-2 infection and stable/improving,
or new since acute infection and worsening. Symptom inventory question-
naires are used to diagnose and research ME/CFS.

Studies have compared the prognosis and progression of Long COVID
and ME/CFS. It appears that in general, Long COVID (especially for Long
COVID that does not meet ME/CFS criteria) has a better prognosis than
ME/CFS, with some manifestations of Long COVID being similar to those
of ME/CFS. Like ME/CFS, Long COVID appears to be a chronic illness,
with few patients achieving full remission. Studies comparing Long COVID
and ME/CFS have several limitations, however. First, Long COVID is a
new disease, so that Long COVID study participants are usually newly
diagnosed, while ME/CFS study participants often have had the condition
for a longer time and so are less likely to improve. Additionally, to qualify
for a diagnosis of ME/CFS, symptoms need to be ongoing for 6 months
or more, whereas the criteria for Long COVID vary in the literature from
2 to 6 months. Thus, the two conditions are difficult to compare. The full
recovery duration for Long COVID patients remains uncertain, but early
diagnosis and treatment may help prevent progression to chronic conditions
such as ME/CFS and FM.

Currently there are no FDA approved drugs or evidence-based treatments
for Long COVID, ME/CFS, or FM. The primary approach to managing the
three conditions involves the use of techniques, such as pacing and rehabili-
tation, to manage symptoms and improve functional ability. However, this
approach is complicated by multisystem clinical presentation, and treatment
approaches may need to be tailored to the individual. Numerous random-
ized controlled trials are currently under way to determine the efficacy of
a number of identified pharmacological agents; however, limited data have
been published, and these trials have yet to be finalized. Moreover, the use of
some pharmacological agents is not supported by current research because of
the limited understanding of the pathomechanism of Long COVID.
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Overall Conclusions

This chapter presents nine conclusions derived by the committee from
evidence presented throughout the report. This chapter does not include ref-
erences. Citations to support the text and conclusions herein are provided
in previous chapters of the report.

DIAGNOSIS OF LONG COVID

Long COVID is associated with a wide range of new or worsening
health conditions and encompasses more than 200 symptoms involving
nearly every organ system. There currently are no consensus-based diagnos-
tic criteria for the condition; criteria for diagnosis are evolving as experi-
ence and research findings develop. Diagnosis of Long COVID is generally
based on a known or presumed history of acute SARS-CoV-2 infection (as
indicated by a positive viral test or patient self-report; as of this writing, no
diagnostic test for Long COVID is available), the presence of Long COVID
health effects and symptoms, and consideration of other conditions and
etiologies that could be causing the symptoms.

Testing to diagnose acute SARS-CoV-2 infection, as well as testing
capacity and behaviors, has changed dramatically over the course of the
COVD-19 pandemic. Testing was constrained during the early phase of
the pandemic, although it subsequently became increasingly available, and
the introduction of at-home testing meant that many people may not have
reported their positive results to health care systems. As a result of these two
drivers, many individuals infected with SARS-CoV-2 never received formal
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documentation of their diagnosis. Sole reliance on a documented history of
SARS-CoV-2 infection when diagnosing Long COVID will miss these indi-
viduals. Therefore, the presence of signs and symptoms and self-reported
prior infection are generally considered sufficient to establish a diagnosis
of SARS-CoV-2 infection. Continued research on and discussion of Long
COVID will help inform a case definition and standardized diagnosis.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

1. Long COVID is a complex chronic condition caused by SARS-CoV-2
infection that affects multiple body systems. Because of wide variability
in testing practices over the course of the pandemic, many people expe-
riencing Long COVID have not received a formal diagnosis of prior
SARS-Co V-2 infection. A positive test for SARS-CoV-2 is not necessary
to consider a diagnosis of Long COVID.

EPIDEMIOLOGY

Long COVID can impact people across the lifespan, from children to
older adults, as well as across sex, gender, racial, ethnic, and other demo-
graphic groups. Women are twice as likely as men to experience Long
COVID. Population surveys suggest that, as noted above, in 2022, the over-
all prevalence of Long COVID was around 3.4 percent in U.S. adults and
0.5 percent in children. Estimates of the prevalence of specific long-term
health effects of SARS-CoV-2 vary in the literature. This variation reflects the
dynamic nature of the pandemic itself, as the virus has evolved and spawned
many variants and subvariants (likely with different propensities to cause
Long COVID), as well as the introduction of vaccines and treatments for
acute infection (e.g., antivirals, steroids), both of which have been shown to
reduce the risk of long-term health effects. Variation in incidence and preva-
lence estimates also stem from the heterogeneity of study designs, including
choice of control groups, methods used to account for the effect of baseline
health, specification of outcomes, and other methodological differences.

In addition, the broad multisystem nature of Long COVID and the fact
that the associated health effects are expressed differently by age group and
sex and by baseline health compound the challenge of identifying and quan-
tifying affected populations. Symptoms of SARS-CoV-2 infection range in
severity from mild to severe, and the literature suggests that the severity of
acute SARS-CoV-2 infection is a risk factor for Long COVID. For example,
a large Scottish population-based study found that 5 percent of those with
mild infection had not recovered at least 6 months following infection,
compared with 16 percent of those who required hospitalization—a ratio
of approximately 1:3.
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Based on its review of the literature, the committee reached the follow-
ing conclusion:

2. The risk of Long COVID increases with the severity of acute infec-
tion. By the committee’s best estimate, people whose infection was suf-
ficiently severe to necessitate hospitalization are 2-3 times more likely
to experience Long COVID than are those who were not hospitalized,
and among those who were hospitalized, individuals requiring life
support in the intensive care unit may be twice as likely to experience
Long COVID. However, people with mild disease can also develop
Long COVID, and given the much higher number of people with mild
versus severe disease, they make up the great majority of people with
Long COVID.

HEALTH EFFECTS

Long COVID is associated with hundreds of symptoms and new or
worsening health effects that manifest in many different body systems. In
keeping with the three domains of functioning in the International Clas-
sification of Functioning, Disability and Health model of disability, health
effects experienced in Long COVID may manifest as impairments in body
structures and physical and psychological functions, with resulting activity
limitations and restrictions on participation. Evidence on clustering of the
post-acute and long-term health effects of SARS-CoV-2 infection remains
inconsistent across studies. Consensus is needed on terms, definitions, and
methodological approaches for generating better-quality and more consis-
tent evidence.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

3. Long COVID is associated with a wide range of new or worsening
health conditions impacting multiple organ systems. Long COVID can
cause more than 200 symptoms and affects each person differently.
Attempts to cluster symptoms have yielded heterogeneous results.

FUNCTIONAL IMPACT AND RISK FACTORS

Some of the symptoms and health effects associated with Long COVID
can be severe enough to interfere with an individual’s day-to-day functioning,
including participation in work and school activities. Functional disability
associated with Long COVID has been characterized as the inability to
return to work, poor quality of life, diminished ability to perform activities of
daily living, decreased physical and cognitive function, and overall disability.
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The severity of acute COVID-19 is a major risk factor for poor functional
outcomes, but even people with mild initial illness can experience long-term
functional impairments. Increased number and severity of long-term symp-
toms correlate with decreased quality of life, physical functioning, and ability
to work or perform in school. Other risk factors for poor functional out-
comes include female sex, lack of vaccination against SARS-CoV-2, baseline
disability or comorbidities, and smoking.

There is some overlap between SSA’s current Listing of Impairments
(Listings) and health effects associated with Long COVID, such as impaired
lung and heart function. However, it is likely that most individuals with Long
COVID applying for Social Security disability benefits will do so based on
health effects not covered in the Listings. Three frequently reported health
effects that can significantly interfere with the ability to perform work or
school activities and may not be captured in the SSA Listings are chronic
fatigue and post-exertional malaise, post-COVID-19 cognitive impairment,
and autonomic dysfunction, all of which can be difficult to assess clinically
in terms of their severity and effects on a person’s functioning.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

4. Long COVID can result in the inability to return to work (or school
for children and adolescents), poor quality of life, diminished ability to
perform activities of daily living, and decreased physical and cognitive
function for 6 months to 2 years or longer after the resolution of acute
infection with SARS-CoV-2. Increased number and severity of long-
term health effects correlates with decreased quality of life, physical
and mental functioning, and ability to participate in work and school.
Health effects that may not be captured in SSA’s Listing of Impairments
yet may significantly affect an individual’s ability to participate in work
or school include, but are not limited to, post-exertional malaise and
chronic fatigue, post-COVID-19 cognitive impairment, and autonomic
dysfunction.

LONG COVID IN CHILDREN AND ADOLESCENTS

While there are various definitions of children, adolescents, and young
people, for the purposes of this report, “children” or “pediatrics” refers to
the entire pediatric age range and “adolescents” to children at the older
end of the spectrum (i.e., ages ~11 to 18 years). Even though most children
experience mild acute COVID-19 illness, they can experience Long COVID
regardless of the severity of their acute infection. As with adults, they may
experience health effects across many body systems. Commonly reported
symptoms include fatigue, weakness, headache, sleep disturbance, muscle
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and joint pain, respiratory problems, palpitations, altered sense of smell
or taste, dizziness, and dysautonomia. Although pediatric presentations
and intervention options may overlap with those in adults—particularly
among adolescents, who may be more likely than children to mimic the
adult presentation and trajectory—pediatric management of Long COVID
entails specific considerations related to developmental age and/or dis-
abilities and history gathering. In general, children have fewer preexisting
chronic health conditions compared with adults; thus, long COVID may
represent a substantial change from their baseline, particularly for those
that were previously healthy.

Limited data are available on long-term outcomes in children. Some
youth with persistent symptoms experience difficulties that affect their
quality of life and result in increased school absences, as well as decreased
participation and performance in school, sports, and other activities. Risk
factors for the development of Long COVID include acute-phase hospi-
talization, preexisting comorbidity, and infection with pre-Omicron vari-
ants. Most children with Long COVID recover slowly over time, but not
all. In one prospective cohort study of 1,243 children (ages 4-10) with
Long COVID, for example, 48 percent remained symptomatic at 6 months,
13 percent at 12 months, and 5 percent at 18 months after infection. Impor-
tantly, severity of symptoms and functional impairment from Long COVID
symptoms were not correlated with traditional clinical testing (e.g., lung
ultrasound, standard systolic and diastolic function on echocardiogram).

It is important to note that in pediatrics, because of typical develop-
ment, the baseline for performance of skills is constantly changing, espe-
cially among young children. This can make deviations in their performance
during Long COVID challenging to assess, and there may be a delay in
recognition of any deviations (e.g., lack of developing a skill at the appro-
priate age). Additionally, the duration of symptoms (e.g., 1 or 3 months) can
feel very different to and have a greater impact on children compared with
adults. Currently, there is a dearth of prospective and cross-sectional studies
on the prevalence, risk factors, and time course and pattern of Long COVID
in children. More research is needed to identify the long-term functional
implications of Long COVID in children, because information from adult
studies may not be directly applicable to the pediatric population.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

5. Although the large majority of children recover fully from SARS-CoV-2
infection, some develop Long COVID and experience persistent or
intermittent symptoms that can reduce their quality of life and result
in increased school absences as well as decreased participation and per-
formance in school, sports, and other activities. Overall, the trajectory
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for recovery is better among children compared with adults. More
research is needed to understand the long-term functional implications
of Long COVID in children, as information from adult studies may not
be directly applicable.

DISEASE MANAGEMENT

Currently there are no Food and Drug Administration (FDA)-approved
drugs or disease-modifying treatments for Long COVID. As with other
complex multisystem conditions, management of Long COVID relies on
techniques for controlling symptoms and improving functional ability, such
as pacing (i.e., balancing periods of activity and rest in daily life), mobility
support, social support, diet modulation, pharmacological treatment of
secondary health effects, cognitive-behavioral therapy, and rehabilitation.
Management often requires a multidisciplinary team. Because of the mul-
tisystem nature of the condition, different approaches may be needed to
address the variety of clinical presentations and environmental factors (e.g.,
living situation, work requirements, family support) among individuals.
Numerous randomized controlled trials are currently being undertaken to
determine the efficacy of a number of identified pharmacological agents;
however, limited data have been published, and trials are yet to be finalized.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

6. There currently is no curative treatment for Long COVID itself. Man-
agement of the condition is based on current knowledge about treating
the associated health effects and other sequelae. As with other complex
multisystem chromic conditions, treatment focuses on symptom man-
agement and optimization of function and quality of life.

DISEASE COURSE AND PROGNOSIS

Recovery from Long COVID varies among individuals, and data on
recovery trajectories are rapidly evolving. Initial data suggest that peo-
ple with persistent Long COVID symptoms generally improve over time,
although preliminary studies suggest that recovery can plateau 6—12 months
after acute infection. Studies have shown that only 18-22 percent of those
who have persistent symptoms at 5-6 months following infection have fully
recovered by 1 year. Among those who do not improve, most remain stable,
but some worsen. More information on recovery trajectories at 1 year or
longer may become available in the next few years. Rehabilitation and
symptom management, including pacing, may improve function in some
people with Long COVID, regardless of the severity of disease or duration
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of symptoms, although the benefits are greater for those who are younger
and who have had Long COVID for a shorter period of time.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

7. Recovery from Long COVID varies among individuals, and data on
recovery trajectories are rapidly evolving. There is some evidence that
many people with persistent Long COVID symptoms at 3 months
following acute infection, including children and adolescents, have
improved by 12 months. Data for durations longer than 12 months
are limited, but preliminary data suggest that recovery may plateau or
progress at a slower rate after 12 months.

HEALTH EQUITY

The burden of seeking care and finding adequate services for Long
COVID is challenging and can impact the potential for recovery. Patients
with Long COVID may encounter skepticism about their symptoms when
they present in medical settings, which discourages care seeking. This is
particularly true for individuals disadvantaged by their social or economic
status, geographic location, or environment, and can result in preventable
disparities in the burden of disease and opportunities to achieve optimal
health. Disadvantaged groups include members of some racial and ethnic
minorities, people with disabilities, women, LGBTQI+ (lesbian, gay, bisex-
ual, transgender, queer, intersex, or other) individuals, people with limited
English proficiency, and others.

Individuals with Long COVID have increased health care utilization
and financial burden, which may be exacerbated if they are unable to work
to gain income and or receive health insurance coverage. Members of dis-
advantaged groups, especially early in the pandemic, were more likely to
contract SARS-CoV-2, more likely to be hospitalized with acute COVID-19,
more likely to have adverse clinical outcomes, and less likely to be vac-
cinated, potentially increasing their risk of developing Long COVID. In
addition, these groups are more likely to be uninsured or underinsured.
Even for those with insurance coverage, some of the services that have been
shown to improve function may not be covered by their benefits. Moreover,
the availability of specialized Long COVID services is limited, and capacity
does not match the demand for rehabilitation specialists. Limited transpor-
tation, distance from clinics, and the inability to take time away from work
or school are known barriers to care. The availability issue is particularly
problematic for individuals living in medically underserved areas.

Information about COVID is rapidly evolving, and this dynamic
nature of the science may contribute to some patient hesitancy regarding
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prophylactic and therapeutic management for acute infection or Long
COVID. Low levels of health literacy may also place some individuals at
increased risk for misinformation, which may prevent them from fully tak-
ing advantage of health care resources to protect and improve their health.
Low health literacy may also impact individual self-management of the
symptoms and conditions associated with Long COVID.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

8. Social determinants of health, such as socioeconomic status, geographic
location, health literacy, and race and ethnicity, affect access to health
care. With respect to acute SARS-CoV-2 infection and Long COVID,
adverse social determinants of health have contributed to disparities in
access to SARS-CoV-2 testing; vaccination; and therapeutics, includ-
ing treatments for acute infection and specialized rehabilitation clinics
for Long COVID. In addition, the demand for specialty care exceeds
capacity, resulting in waitlists for the receipt of services.

SIMILAR CHRONIC CONDITIONS

Long COVID shares many features with other complex multisystem
conditions, including myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS), fibromyalgia, and postural orthostatic tachycardia syndrome
(POTS). The mechanism of action for infection-associated chronic illnesses
remains unclear, and further investigation is needed. Current theories
regarding potential mechanisms of action include viral persistence, immune
dysregulation (including cytokine dysregulation or mast cell activation),
neurological disturbances (e.g., neuroinflammation), cardiovascular damage
(e.g., endothelial dysfunction, coagulation issues, orthostatic intolerance),
gastrointestinal dysfunction (e.g., secondary to gut microbiome dysbiosis),
metabolic issues (energy insufficiency, reactive oxygen species production,
mitochrondrial dysfunction), and genetic variations.

Currently, there are no specific laboratory-based diagnostic tests for
Long COVID or ME/CFS, and diagnosis involves consideration of other
potential causes of the symptoms. In general, Long COVID (especially that
which does not meet criteria for ME/CFS) has a better prognosis than ME/
CFS. Some manifestations of Long COVID are similar to those of ME/CFS,
and like ME/CFS, Long COVID appears to be a chronic illness, with few
patients achieving full remission. Studies comparing Long COVID and ME/
CFS have several limitations, however. Because Long COVID is a new dis-
ease, study participants are usually newly diagnosed, while ME/CFS study
participants often have had the condition for longer and so are less likely
to improve. Moreover, the definition of ME/CFS requires that symptoms
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be ongoing for 6 months or more, whereas the duration criteria for Long
COVID vary in the literature from 2 to 6 months, making the two condi-
tions difficult to compare.

Based on its review of the literature, the committee reached the follow-
ing conclusion:

9. Complex, infection-associated chronic conditions affecting multiple
body systems are not new, and Long COVID shares many features
with such conditions as myalgic encephalomyelitis/chronic fatigue syn-
drome, fibromyalgia, and postural orthostatic tachycardia syndrome.
Current theories about the pathophysiology of these conditions include
immune dysregulation, neurological disturbances, cardiovascular dam-
age, gastrointestinal dysfunction, metabolic issues, and mitochondrial
dysfunction. More research is needed to understand the natural history
and management of complex multisystem chronic conditions, including
Long COVID.
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Appendix A

Public Meeting Agendas

COMMITTEE ON THE LONG-TERM HEALTH EFFECTS
STEMMING FROM COVID-19 AND IMPLICATIONS
FOR THE SOCIAL SECURITY ADMINSTRATION

The Keck Center, 500 Fifth Street, NW
Washington, DC 20001

MEETING 1

JANUARY 26, 2023
VIRTUAL

3:05 p.m. Welcome and Introductions
Paul Volberding, Committee Chair
Steve Rollins, Acting Associate Commissioner, U.S. Social
Security Administration (SSA)

3:15 p.m. Social Security Administration Overview

Vincent Nibali, Policy Analyst, Office of Medical Policy &

Office of Disability Policy

® Provide an overview of SSA and its mission/goals/processes

e Explanation of interest in Long COVID and how it
applies to their work

e Explanation of the Statement of Task and key elements of
interest to SSA

2258
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3:40 p.m.

4:30 p.m.

1:00 p.m.

1:05 p.m.

2:00 p.m.

3:00 p.m.

LONG-TERM HEALTH EFFECTS OF COVID-19

Questions and Discussion
Committee Members and SSA Staff

Adjourn Public Session

The Keck Center, 500 Fifth Street, NW
Washington, DC 20001

MEETING 2

FEBRUARY 12, 2023
KECK 100

Welcome
Paul Volberding, Committee Chair

Long COVID: Overview of the course of disease and
demographics

David Putrino, Director of Rehabilitation Innovation, Icahn
School of Medicine at Mount Sinai

Current practices in defining and diagnosing Long COVID
Director, Translational Neuroscience Center at National
Institute of Neurological Disorders and Stroke

Adjourn Public Session

University of California, San Francisco Medical Center at Mission Bay

12:00 p.m.

12:05 p.m.

550 16™ Street, San Francisco, CA

MEETING 3

MAY 9, 2023
MISSION HALL, ROOM 2105

Welcome and Opening Remarks
Paul Volberding, Committee Chair

Immunology of Long COVID

Akiko Iwasaki, Sterling Professor of Immunobiology and
Professor of Dermatology and of Molecular, Cellular, and
Developmental Biology and of Epidemiology (Microbial
Diseases) at Yale School of Medicine; Investigator, Howard
Hughes Medical Institute
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12:45 p.m. Long COVID and ME/CFS share both symptoms and
underlying biological abnormalities
Anthony Komaroff, Steven P. Simcox/Patrick A. Clifford/
James H. Higby Professor of Medicine at Harvard Medical
School, Senior physician at Brigham and Women’s Hospital
in Boston

1:30 p.m. BREAK

1:45 p.m.  Epigenetic Diagnosis and the Human “Flight Data Recorder”
Eric Van Gieson, Senior Advisor at The Conafay Group,
Chief Executive Officer at Severn Innovations

2:30 p.m.  Closing Remarks

Paul Volberding, Committee Chair
2:35 p.m.  Adjourn Public Session

The National Academy of Sciences
2101 Constitution Ave NW
Washington, DC 20418

MEETING 4

JULY 24, 2023
NAS BOARD ROOM

9:30 a.m.  Welcome and Opening Remarks
Paul Volberding, Committee Chair
9:35 a.m.  Patient experience and follow-up
Lucas Denault, Long COVID Patient
Karin Denault, Parent and Caregiver
10:00 a.m. Long COVID in children and adolescents
Alexandra Yonts, Director, Post COVID Program and
Infectious Diseases Specialist, Children’s National Hospital
10:45 a.m. Underserved populations and Long COVID
Angela Meriquez Viazquez, MSW, Long COVID Patient and
Policy Director, The Children’s Partnership
11:30 a.m. Presentation to NASEM Committee on the Long-Term
Health Effects Stemming from COVID-19 and Implications
for the Social Security Administration
Robert Holman, Medical Director, District of Columbia
Fire and Emergency Medical Services Department
12:15 p.m. Closing Remarks
Paul Volberding, Committee Chair

12:20 p.m. Adjourn Public Session
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Literature Search Strategies

Long-Term Health Effects Stemming from COVID-19 and Implications
for the Social Security Administration—Function Literature Search

Date of Search: 6/12/2023

Request: Functional changes due to Long COVID

Search Parameters:

Date: 2020—Present

Geographic Focus: All

Language: English

Databases: PubMed, Embase (Ovid) and Scopus

Article Type: Prospective cohort studies. If not many, include cross-sectional
studies

Database Searches:
PubMed

(“Post-Acute  COVID-19 Syndrome”[Mesh] or Post-Acute-COVID-19-
Syndrome[tiab] or Post-Acute-COVID-19-Syndromes|tiab] or Long-Haul-
COVID-19[tiab] or COVID-19-Long-Haul[tiab] or Long-Haul-COVID-19|tiab]
or Post-Acute-COVID-19-Syndrome][tiab] or Long-COVID|tiab] or Post-Acute-
Sequelae-of-SARS-CoV-2-Infection[tiab] or Post-Acute-Sequelae-of-SARS-
CoV-2-Infection[tiab] or Post-COVID-Conditions[tiab] or Post-COVID-
Conditions[tiab] or Post-COVID-Condition[tiab] or Long-Haul-COVID|tiab]
or COVID-Long-Haul[tiab] or Long-Haul-COVID|tiab] or long-covid|tiab]

229
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or pediatric-long-covid[tiab] or pediatric-PASC[tiab] or COVID-19/
complications[Mesh]) AND (Employment{Mesh] or Unemployment[Mesh]
or Quality of Life[Mesh] or “Functional Status”[Mesh] or “Disability
Evaluation”[Mesh] or “International Classification of Functioning, Disability
and Health”[Mesh] or “Return to Work”[Mesh] or “Return to School”[Mesh]
or “Occupational Health”[Mesh] or functional[tiab] or employment][tiab] or
unemployment|tiab] or life quality[tiab] or “quality of life”[tiab] or return
to work][tiab] or return to school[tiab] or trajectory recovery[tiab]) AND
(“Prospective Studies”[Mesh] or prospective study(tiab] or prospective
studies|tiab] or prospective cohort[tiab] or “Cross-Sectional Studies”[Mesh]
or cross-sectional[tiab])

Language: English
Results: 262 results

Embase (Ovid)

Embase <1980 to 2023 Week 23>
1 *coronavirus disease 2019/co [Complication] 314

2 long covid/ or (Post-Acute-COVID-19-Syndrome or COVID-19- 6377
Syndrome-Post-Acute or Post-Acute-COVID-19-Syndromes or Long-
Haul-COVID-19 or COVID-19-Long-Haul or Long-Haul-COVID-19 or
Post-Acute-COVID-19-Syndrome or Post-Acute-COVID-19-Syndrome
or Long-COVID or Post-Acute-Sequelae-of-SARS-CoV-2-Infection

or Post-Acute-Sequelae-of-SARS-CoV-2-Infection or Post-COVID-
Conditions or Post-COVID-Conditions or Post-COVID-Condition

or Long-Haul-COVID or COVID-Long-Haul or Long-Haul-COVID

or long-covid or chronic-COVID-syndrome or chronic-COVID-19 or
COVID-long-hauler or COVID-19-long-hauler or long-haul-COVID

or long-hauler-COVID or post-COVID-19-fatigue or post-COVID-19-
neurological-syndrome or post-COVID-19-syndrome or post-COVID-
fatigue or post-COVID-impairment or post-COVID-syndrome or
post-acute-COVID-syndrome or post-acute-COVID-19 or post-acute-
COVID-19-fatigue or post-acute-COVID-19-neurological-syndrome

or pediatric-long-covid or pediatric-PASC or long-covid-in-children or
((late-sequelae or long-term-sequelae) adj4 covid)).ti,ab,kw.

lor2 6685

4 exp employment/ or exp unemployment/ or exp functional status/ or 3011277
exp functional assessment/ or exp disability assessment/ or exp return
to work/ or exp return to school/ or exp “quality of life”/ or exp
occupational health/ or (employment or unemployment or functional or
disability-assessment™ or disability-evaluation® or return-to-school or
return-to-work or life-quality or quality-of-life or occupational-health
or trajectory-recovery).ti,ab,kw.

5 3and 4 1422
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6 exp prospective study/ or (prospective-stud* or prospective cohort). 1014974
ti,ab,kw.

7 Sand 6 201
limit 7 to english language 196

9 exp cross-sectional study/ or cross-sectional.ti,ab,kw. 805834

10 |S5and?9 162

11 | limit 10 to english language 161

Scopus:

TITLE-ABS-KEY((Post-Acute-COVID-19-Syndrome or COVID-19-Syndrome-
Post-Acute or Post-Acute-COVID-19-Syndromes or Long-Haul-
COVID-19 or COVID-19-Long-Haul or Long-Haul-COVID-19 or
Post-Acute-COVID-19-Syndrome or Post-Acute-COVID-19-Syndrome or
Long-COVID or Post-Acute-Sequelae-of-SARS-CoV-2-Infection or Post-
Acute-Sequelae-of-SARS-CoV-2-Infection or Post-COVID-Conditions
or Post-COVID-Conditions or Post-COVID-Condition or Long-Haul-
COVID or COVID-Long-Haul or Long-Haul-COVID or long-covid or
chronic-COVID-syndrome or chronic-COVID-19 or COVID-long-hauler
or COVID-19-long-hauler or long-haul-COVID or long-hauler-COVID or
post-COVID-19-fatigue or post-COVID-19-neurological-syndrome or post-
COVID-19-syndrome or post-COVID-fatigue or post-COVID-impairment
or post-COVID-syndrome or post-acute-COVID-syndrome or post-acute-
COVID-19 or post-acute-COVID-19-fatigue or post-acute-COVID-19-
neurological-syndrome or pediatric-long-covid or pediatric-PASC or
long-covid-in-children) AND (employment or unemployment or functional
or disability-assessment™ or disability-evaluation® or return-to-school or
return-to-work or life-quality or quality-of-life or occupational-health
or trajectory-recovery) AND (cross-section® or prospective-stud® or
prospective-cohort™))

Language: English

Results: 274

6/13/23—Title Screening

196 papers included

Inclusion and Exclusion Criteria:
e Inclusion:

o prospective cohort
o exposure: covid
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o outcomes: function, disability, quality of life
o follow-up: 6 months +
o population: children and working-age adults
e Exclusion:
o ICU outcomes with short-term followup
o pharmaceutical safety and treatment efficacy
o elderly/geriatric population
o in-hospital complications
e Included as potentially relevant:
o ICUl/intubation/ventilation outcomes with 6+ month followup
o Shorter followup but relevant functional outcomes
o Long covid in patients with specific conditions
o Changes in function after rehab

6/20/23—Final Papers Included in Report Divided into Categories After
Abstract Screening:

Children: 7

Hospital: 57

ICU: 13

Non-hospital: 51

Rehab: 14

Long-Term Health Effects Stemming from COVID-19 and Implications
for the Social Security Administration—Health Effects Literature Search

Date of search: June 14, 2023

Search Parameters:

Date: 2020—Present

Geographic Focus: All

Language: English

Databases: PubMed, Embase (Ovid) and Scopus

Article Type: Exclude case studies—focus on large cohort studies

Database Searches:

PubMed

(“Post-Acute COVID-19 Syndrome”[Mesh] or Post-Acute-COVID-19-
Syndrome[tiab] or Post-Acute-COVID-19-Syndromes[tiab] or Long-Haul-
COVID-19[tiab] or COVID-19-Long-Haul[tiab] or Long-Haul-COVID-19

[tiab] or Post-Acute-COVID-19-Syndrome|[tiab] or Long-COVID|tiab] or
Post-Acute-Sequelae-of-SARS-CoV-2-Infection[tiab] or Post-Acute-Sequelae-
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0of-SARS-CoV-2-Infection[tiab] or Post-COVID-Conditions[tiab] or Post-
COVID-Conditions[tiab] or Post-COVID-Condition[tiab] or Long-Haul-
COVID[tiab] or COVID-Long-Haul[tiab] or Long-Haul-COVID[tiab] or
long-covid[tiab] or pediatric-long-covid[tiab] or pediatric-PASC|[tiab] or
COVID-19/complications|[Mesh]) AND (symptom*[tiab] or outcome*|[tiab]
or clinical-feature*[tiab]) AND (persist*[tiab] or clinical-sequelae[tiab] or
evolution[tiab]) AND (“Cohort Studies”[Mesh] or cohort*[tiab] or ret-
rospective stud*[tiab] or multicenter stud*[tiab]) NOT “Case Reports”
[Publication Type]

Language: English
Results: 556

Embase (Ovid)

Embase {1980 to 2023 Week 23}

1 *coronavirus disease 2019/co [Complication] 314

2 long covid/ or (Post-Acute-COVID-19-Syndrome or COVID-19- 6377
Syndrome-Post-Acute or Post-Acute-COVID-19-Syndromes or Long-
Haul-COVID-19 or COVID-19-Long-Haul or Long-Haul-COVID-19 or
Post-Acute-COVID-19-Syndrome or Post-Acute-COVID-19-Syndrome
or Long-COVID or Post-Acute-Sequelae-of-SARS-CoV-2-Infection

or Post-Acute-Sequelae-of-SARS-CoV-2-Infection or Post-COVID-
Conditions or Post-COVID-Conditions or Post-COVID-Condition

or Long-Haul-COVID or COVID-Long-Haul or Long-Haul-COVID

or long-covid or chronic-COVID-syndrome or chronic-COVID-19 or
COVID-long-hauler or COVID-19-long-hauler or long-haul-COVID

or long-hauler-COVID or post-COVID-19-fatigue or post-COVID-19-
neurological-syndrome or post-COVID-19-syndrome or post-COVID-
fatigue or post-COVID-impairment or post-COVID-syndrome or
post-acute-COVID-syndrome or post-acute-COVID-19 or post-acute-
COVID-19-fatigue or post-acute-COVID-19-neurological-syndrome

or pediatric-long-covid or pediatric-PASC or long-covid-in-children or
((late-sequelae or long-term-sequelae) adj4 covid)).ti,ab,kw.

3 lor2 6685

4 (symptom* or outcome* or clinical-feature* or condition*).ti,ab,kw. 7813432
S (persist* or clinical-sequelae or evolution).ti,ab,kw. 1230131
6 exp cohort analysis/ or cohort*.ti,ab,kw. 1678149
7 exp case study/ 99189

8 3and 4 and 5 and 6 495

9 8 not 7 491

10 | limit 9 to english language 489
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Scopus:

TITLE-ABS-KEY((Post-Acute-COVID-19-Syndrome or COVID-19-Syndrome-
Post-Acute or Post-Acute-COVID-19-Syndromes or Long-Haul-COVID-19
or COVID-19-Long-Haul or Long-Haul-COVID-19 or Post-Acute-COVID-19-
Syndrome or Post-Acute-COVID-19-Syndrome or Long-COVID or Post-Acute-
Sequelae-of-SARS-CoV-2-Infection or Post-Acute-Sequelae-of-SARS-CoV-2-
Infection or Post-COVID-Conditions or Post-COVID-Conditions or Post-
COVID-Condition or Long-Haul-COVID or COVID-Long-Haul or Long-Haul-
COVID or long-covid or chronic-COVID-syndrome or chronic-COVID-19 or
COVID-long-hauler or COVID-19-long-hauler or long-haul-COVID or long-
hauler-COVID or post-COVID-19-fatigue or post-COVID-19-neurological-
syndrome or post-COVID-19-syndrome or post-COVID-fatigue or post-COVID-
impairment or post-COVID-syndrome or post-acute-COVID-syndrome
or post-acute-COVID-19 or post-acute-COVID-19-fatigue or post-acute-
COVID-19-neurological-syndrome or pediatric-long-covid or pediatric-PASC
or long-covid-in-children) AND (symptom* or outcome® or clinical-feature*
or condition*) AND (persist* or evolution or clinical-sequelae) AND (cohort™))

Language: English

Results: 358
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Biographical Sketches of
Committee Members

Paul A. Volberding, M.D. (Chair), is a retired professor of medicine and pre-
vious director of the AIDS Research Institute at the University of California,
San Francisco. Trained in medical oncology, he became involved in the
early AIDS epidemic in San Francisco and has experience in clinical and
translational research in antiviral therapeutics. Dr. Volberding is a member
of the National Academy of Medicine, a fellow of the American Associa-
tion for the Advancement of Science, a master of the American College of
Physicians, and a fellow of the Infectious Diseases Society of America. He
is editor-in-chief of the Journal of Acquired Immune Deficiency Syndromes
and Current HIV/AIDS Reports. Dr. Volberding currently serves on the
National Academies of Sciences, Engineering, and Medicine’s Standing
Committee of Medical and Vocational Experts for the Social Security
Administration’s Disability Programs and has chaired numerous National
Academies committees, including several for the Social Security Adminis-
tration, most recently, the Committee on Selected Heritable Disorders of
Connective Tissue and Disability. He received his medical degree from the
University of Minnesota and completed his residency at the University of
Utah in internal medicine and his fellowship in medical oncology at the
University of California, San Francisco.

Ziyad Al-Aly, M.D., is director of the Clinical Epidemiology Center and
Chief of Research and Education Service at the U.S. Department of Veter-
ans Affairs (VA) St. Louis Healthcare System. He is a clinical epidemiolo-
gist at Washington University in St. Louis. He led work that provided the
first systematic characterization of the post-acute sequelae of SARS-CoV-2
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infection and, subsequently, the characterization of the increased risks of
cardiovascular disease, neurologic disorders, diabetes, and kidney disease
following SARS-CoV-2 infection. His lab also produced evidence character-
izing the effects of vaccines on Long COVID, the health consequences of
repeated infections with SARS-CoV-2, and the effect of antivirals on the
short- and long-term outcomes of SARS-CoV-2 infection. His research inter-
ests include pharmacoepidemiology, environmental epidemiology, global
health, and most recently short- and long-term effects of COVID-19 on
health outcomes. In his work on COVID-19, Dr. Al-Aly regularly interacts
with pharmaceutical companies in an uncompensated capacity, including
ongoing, informal discussions with Pfizer about the VA’s work on antivirals
and Long COVID and previous ad hoc paid consultations for Gilead and
Tonix. His work is published in several major journals, highly cited, and
frequently featured in scientific and mainstream media outlets. Dr Al-Aly
serves on the editorial board of several major journals. He has also testified
before the U.S. Senate as an expert witness on Long COVID. Dr. Al-Aly
obtained his medical degree from the American University of Beirut and
completed his postgraduate medical education at St. Louis University and
Washington University in St. Louis.

Jacqueline Becker, Ph.D., is a licensed clinical neuropsychologist, assistant
professor of medicine, and researcher in the Division of General Internal
Medicine at the Icahn School of Medicine at Mount Sinai. Dr. Becker is
multiple principal investigator of the National Institutes of Health’s (NIH’s)
RECOVER-Neuro, a multisite randomized controlled trial to treat cognitive
dysfunction post COVID-19. She is principal investigator of an Alzheimer’s
Association/National Academy of Neuropsychology award investigating the
neuropsychological effects of COVID-19 in older adults from populations
with health disparities. She is co-investigator of various Long COVID initia-
tives, such as an Agency for Healthcare Research and Quality—sponsored
project integrating primary and Long COVID care to improve outcomes
for minoritized adults in New York City and a NIH/National Institute of
Neurological Disorders and Stroke award to identify the long-term neu-
rological effects of COVID-19 using 7 Tesla multimodal neuroimaging.
Dr. Becker is co-chair of the International Neuropsychological Society’s
NeuroCOVID-19 SIG [special interest group], joining efforts to harmonize
global data on post-COVID cognitive sequelae. Her research focuses on the
bidirectional impact of cognitive impairment in chronic medical diseases,
particularly in underserved minority populations. She completed her doc-
toral training at Fordham University in New York, her residency at Harvard
Medical School/Massachusetts General Hospital, and then a 2-year clinical
neuropsychology postdoctoral fellowship in the Department of Neurology
at Northwell Health.
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Alfred O. Berg, M.D., M.P.H,, is professor and chair emeritus of the Depart-
ment of Family Medicine at the University of Washington in Seattle. He has
served on many national expert panels to assess evidence and provide clini-
cal guidance, including serving as chair of the U.S. Preventive Services Task
Force and committees convened by the Agency for Healthcare Research
and Quality, the Centers for Disease Control and Prevention, the National
Institutes of Health, the Patient-Centered Outcomes Research Institute, and
the American Medical Association. Dr. Berg was elected to the National
Academy of Medicine in 1996 and has participated in more than a dozen
committees convened by the National Academies of Sciences, Engineering,
and Medicine, including serving as chair of committees on post-traumatic
stress disorder, formaldehyde toxicity, genetic testing, and standards for sys-
tematic reviews. He has also served on the Board of Population Health, and
as reviewer, monitor, and coordinator for the National Research Council.
Dr. Berg received the Thomas W. Johnson Award for career contributions
to family medicine education from the American Academy of Family Physi-
cians; the F. Marian Bishop Leadership Award from the Society of Teachers
of Family Medicine Foundation; and the Curtis Hames Research Award,
family medicine’s highest research honor. He earned his medical degree at
Washington University in St. Louis and his master of public health at the
University of Washington in Seattle.

Andrew B. Bindman, M.D., is executive vice president and chief medical
officer for Kaiser Permanente. He is also Kaiser Permanente’s executive
sponsor for the Kaiser Permanente Bernard J. Tyson School of Medicine.
Dr. Bindman served as director of the Agency for Healthcare Research and
Quality in 2016-2017. Prior to joining Kaiser Permanente, he spent more
than 30 years on the faculty at the University of California, San Francisco
(UCSF), where he practiced and taught clinical medicine while conduct-
ing research on health access and outcomes that resulted in more than
200 published scientific articles. Dr. Bindman is an elected member of the
National Academy of Medicine, where he serves on the Board for Health
Care Services and chairs a series of workshops on diagnostic excellence.
He is a board-certified general internist, and he completed his residency in
internal medicine at UCSFE. He was Robert Wood Johnson Foundation Clin-
ical Scholar at Stanford University. Dr. Bindman is a graduate of Harvard
College and the Mount Sinai School of Medicine.

Aluko A. Hope, M.D., M.S.C.E., is associate professor in the Department of
Medicine at Oregon Health & Science University (OHSU), where he works
as an intensivist in the Medical Intensive Care Unit and serves as medical
director of OHSU’ Long COVID program. Previously, Dr. Hope worked
for 11 years at Albert Einstein College of Medicine, where he was founding
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director of the COVID-19 Recovery Engagement clinic. His research, which
receives funding from the National Heart, Lung, and Blood Institute, seeks
to improve the long-term outcomes of adult survivors of acute illnesses
such as pneumonia, acute respiratory distress syndrome, and sepsis. His
postgraduate training was in primary care internal medicine at Columbia
University Medical Center, followed by training in pulmonary and critical
care medicine at Mount Sinai Hospital and Montefiore Medical Center,
with a focus on integrating palliative care and geriatric principles into the
critical care setting. As a graduate of the Montefiore-Einstein Certificate
Program in Bioethics and Medical Humanities, Dr. Hope has also developed
and facilitated postgraduate courses to teach empathic communication
skills to learners at all levels. He graduated from Vassar College with a B.A.
in biology and Hispanic studies and earned his medical degree and master’s
degree in clinical epidemiology from the University of Pennsylvania School
of Medicine.

Leora I. Horwitz, M.D., is director of the Center for Healthcare Innova-
tion and Delivery Science at New York University (NYU) Langone Health,
director of the Division of Healthcare Delivery Science in the Department
of Population Health at NYU School of Medicine, tenured professor of
population health and of medicine, and a practicing internist. Dr. Horwitz
was on faculty at Yale University for 7 years before moving to NYU in
2014. Her work focuses on improving the safety and quality of health care
delivery. She is currently co—principal investigator of the Clinical Science
Core for the National Institutes of Health’s RECOVER Initiative to study
post-acute sequelae of SARS-CoV-2, responsible for the adult cohort study,
from which publications on Long COVID are forthcoming. Dr. Horwitz
also conducts federally funded research on value in health care; has devel-
oped quality measures for the Centers for Medicare & Medicaid Services;
and co-directs a T32 training program in population health and health care
delivery. She was named an emerging leader by the National Academy of
Medicine and is an elected fellow of the American Society of Clinical Inves-
tigation. Dr. Horwitz received her undergraduate degree in social studies
from Harvard and her medical degree from Harvard Medical School. She
then completed residency and chief residency in internal medicine at Mount
Sinai Hospital in New York and the Robert Wood Johnson Clinical Scholars
Program at Yale University.

Clarion E. Johnson, M.D., is vice chair of the Yale School of Public Health
and is a national associate of the National Research Council. Formerly, he
was global medical director at ExxonMobil. Dr. Johnson is on the advisory
board at the Center for Work, Health, & Well-being and the Harvard T. H.
Chan School of Public Health. He is board-certified in internal medicine,
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cardiology, and occupational medicine. In 2012, Dr. Johnson received the
Society of Petroleum Engineers Award for Health, Safety, Security, Environ-
ment and Social Responsibility. He is also the recipient of a French Army
Medal for the antimalaria project Tetrapole. Dr. Johnson is a member of the
National Academies of Sciences, Engineering, and Medicine Standing Com-
mittee of Medical and Vocational Experts for the Social Security Admin-
istration’s Disability Programs and has served on a number of National
Academies committees, including as co-chair of the planning committee for
Public-Private Partnership Responses to COVID-19 and Future Pandemics:
A Workshop and co-chair of the Forum on Public-Private Partnerships for
Global Health and Safety. He is a graduate of Sarah Lawrence College and
has received an Outstanding Alumni Award.

Barbara L. Kornblau, J.D., O.T.R./L., FAOTA, DASPE, CCM, CDMS, is a
retired professor and program director of Idaho State University’s Occupa-
tional Therapy Program. She has served as a consultant on disability access
and disability employment and policy issues for the American Association
on Health and Disability, the United Spinal Association, and the Coalition
for Disability Health Equity. As an occupational therapist, Dr. Kornblau has
consulted with employers, developers, and local governments on Americans
with Disabilities Act (ADA) accessibility. As an attorney, she has litigated
cases under ADA, in employment discrimination, state and local govern-
ment services, and health care services. Dr. Kornblau is past president of the
American Occupational Therapy Association and a former Robert Wood
Johnson Health Policy fellow in the U.S. Senate, where she worked on
disability issues. She has also served as a government relations and health
policy consultant to Special Olympics International. She is recognized as an
expert in disability policy, return-to-work issues, assistive technology, and
reasonable accommodations under the ADA and the Rehabilitation Act.
Dr. Kornblau previously served on two National Academies’ committees
for the Social Security Administration, including the Committee on Selected
Heritable Disorders of Connective Tissue and Disability. She received a J.D.
from the University of Miami and an occupational therapy degree from the
University of Wisconsin—-Madison.

Joao Pedro Matias Lopes, M.D., is assistant professor at Case Western
Reserve University and an attending physician in the Division of Allergy,
Immunology, and Rheumatology at University Hospitals (UH) Rainbow
and Babies Hospital, UH Cleveland Medical Center, in Cleveland, Ohio.
His primary clinical and research interest is in immunology, particularly in
the area of inborn errors of immunity, including participation in projects to
identify the impact of COVID-19 infection in patients with inborn errors
of immunity and the pathogenesis of prolonged COVID-19 symptoms.
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Dr. Lopes earned his medical degree from Nova Medical School in Lisbon,
Portugal, and then completed an internal medicine residency at University
Hospitals, Case Western Reserve University, followed by an allergy and
immunology fellowship at the Icahn School of Medicine at Mount Sinai in
New York City.

Laura A. Malone, M.D., Ph.D., is pediatric neurologist and director of the
Pediatric Post COVID-19 Rehabilitation Clinic at the Kennedy Krieger
Institute in Baltimore, Maryland. She is also a physician scientist in the Cen-
ter for Movement Studies and assistant professor of neurology and physical
medicine and rehabilitation at The Johns Hopkins University School of
Medicine. Dr. Malone addresses the pediatric neurology needs of children
with post-acute/Long COVID syndromes and is actively engaged in research
to improve outcomes for children after COVID-19. Her research interests
also include neurorehabilitation and improving outcomes after neurological
injury. Dr. Malone has contributed to national and international programs
and guidance regarding pediatric Long COVID, including serving as lead
author on the American Academy of Physical Medicine and Rehabilitation’s
Post-Acute Sequelae of SARS-CoV-2 (PASC) Infection Collaborative guid-
ance statement on the assessment and treatment of PASC in children and
adolescents. She has also served on the expert panel for the World Health
Organization’s Post COVID-19 Condition Case Definition for Children
and Young People and on the planning committee for Long-Term Health
Effects Stemming from COVID-19 and Implications for the Social Security
Administration workshop organized by the National Academies of Sciences,
Engineering, and Medicine. Dr. Malone is a member of the International
Pediatric Rehabilitation Collaborative, the Child Neurology Society, and
numerous other professional societies related to neurological rehabilitation.
Dr. Malone has a Ph.D. in biomedical engineering from The Johns Hopkins
University School of Medicine, where she studied gait rehabilitation and
motor control after brain injury. She earned her medical degree from The
University of North Carolina at Chapel Hill and completed her residency in
pediatrics and pediatric neurology at The Johns Hopkins Hospital.

Louise Elaine Vaz, M.D., M.P.H., is associate professor of pediatrics in the
Department of Infectious Diseases at Oregon Health & Science Univer-
sity. She is also medical director of complex outpatient antibiotic therapy,
allowing children to transition from hospital to home to complete their
antibiotics for severe infections. Dr. Vaz maintains memberships with the
Infectious Diseases Society of America and the Pediatric Infectious Diseases
Society. Her research is in optimization of care transitions and the effect of
disparities and social vulnerability on health outcomes. Dr. Vaz has taken
care of acute COVID, multisystem inflammatory syndrome in children,
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as well as Long COVID pediatric patients. In late 2020, she led efforts to
create a multidisciplinary clinic to care for children with Long COVID in
Oregon and southwest Washington state. From January 2021 to May 2022,
Dr. Vaz saw children in a joint visit with Long COVID pediatric physical
therapists and led a dynamic team that included multiple subspecialists in
nearly every pediatric subspecialty to help address the diverse effects of
Long COVID in children. In May 2022, she transitioned out of the clinical
role and focused efforts on large education initiatives to clinicians, school
administrators, and nurses. In 2021, Dr. Vaz was invited to co-chair the
American Academy of Physical Medicine and Rehabilitation (AAPM&R)
national workgroup on pediatric Long COVID and is coauthor on the
AAPM&R’s Post-Acute Sequelae of SARS-CoV-2 (PASC) Infection Col-
laborative guidance statement on the assessment and treatment of PASC
in children and adolescents. Dr. Vaz graduated from Vanderbilt School of
Medicine and completed her residency in pediatrics at the Seattle Children’s
Hospital/University of Washington. She completed dual pediatric infectious
disease and health services research fellowships at Boston Children’s Hos-

pital and holds a master’s degree in clinical effectiveness from the Harvard
School of Public Health.

Monica Verduzco-Gutierrez, M.D., is an academic physiatrist and profes-
sor and chair of the Department of Rehabilitation Medicine at the Joe R.
and Teresa Lozano Long School of Medicine at The University of Texas
Health Science Center at San Antonio. She also is currently clinical chief
of physical medicine and rehabilitation at the University Hospital Sys-
tem and medical director of critical illness recovery and neurorehabilita-
tion at Warm Springs Rehabilitation Hospitals in San Antonio. Previously,
Dr. Verduzco-Gutierrez served as medical director of the Brain Injury and
Stroke Program at TIRR Memorial Hermann in Houston, Texas. Her area
of clinical expertise is traumatic brain injury, stroke rehabilitation, interven-
tional spasticity management, and now post-acute sequelae of SARS-CoV-2.
She is currently directing a COVID-19 recovery clinic, the first in South
Texas, which aligns with her mission to increase access to interdisciplinary
care, optimize function, and improve quality of life for survivors with Long
COVID. She is a co—principal investigator at one of the National Institutes
of Health’s RECOVER Initiative sites and received an Agency for Health-
care Research and Quality grant to expand access to Long COVID care.
Dr. Verduzco-Gutierrez is coauthor on all eight of the current published
guidance statements by the American Academy of Physical Medicine and
Rehabilitation’s (AAPM&R’s) Multi-Disciplinary Post-Acute Sequelae of
SARS-CoV-2 Infection Collaborative. She is also associate editor of the
American Journal of PM&R. Dr. Verduzco-Gutierrez has current consul-
tancies with AbbVie, Merz, Ipsen, Revance, and Piramal, related to her

PREPUBLICATION COPY—Uncorrected Proofs


http://nap.nationalacademies.org/27756

242 LONG TERM HEALTH EFFECTS OF COVID-19

work in interventional spasticity management, and a past consultancy
with ReNeuron and Medtronic. She previously had a consultancy with
Moderna for education on vaccinations and with Pfizer related to her work
in migraines. She also is an uncompensated consultant to AstraZeneca,
addressing outcomes data for patients with cancer and immunodeficiencies
and with GSK addressing outcomes of persons with meningococcal dis-
ease. Dr. Verduzco-Gutierrez has testified twice before Congress on issues
pertaining to Long COVID. She has received the Top 25 Women in Health-
care Award from the National Diversity Council and Healthcare Diversity
Council and the Distinguished Member Award from AAPM&R.

Sarah Wulf Hanson, Ph.D., M.P.H., is lead research scientist of global
health metrics at the Institute for Health Metrics and Evaluation at the
University of Washington in Seattle. She has more than a decade of experi-
ence estimating the burden of disease for several diseases, conditions, and
risk factors in the Global Burden of Disease (GBD) study. In her current
role, she is working to estimate the health burden of Long COVID and to
improve GBD methods and stability of nonfatal burden estimates over time.
Dr. Wulf Hanson received a B.S. in bioengineering from Rice University and
both an M.P.H. and Ph.D. in global health metrics from the University of
Washington in Seattle.
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