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HIGHLIGHTS

o Long-term manifestation of PASC are experienced by 33% to 98% of patients who have recovered from initial COVID-19
illness.

e This review summarizes and synthesizes the emerging evidence about multisystem manifestations of PASC.

e Evidence points to disproportionate impact on racial/ethnic minorities, older patients, patients with preexisting
conditions, and rural residents.

e Continued research is needed to better understand, anticipate, and mitigate the long-term effects of PASC on individual

and population health.

SUMMARY

The vast majority of patients (>99%) with severe acute respiratory syndrome coronavirus 2 survive immediate infection
but remain at risk for persistent and/or delayed multisystem. This review of published reports through May 31, 2021,
found that manifestations of postacute sequelae of severe acute respiratory syndrome coronavirus 2 infection (PASC)
affect between 33% and 98% of coronavirus disease 2019 survivors and comprise a wide range of symptoms and
complications in the pulmonary, cardiovascular, neurologic, psychiatric, gastrointestinal, renal, endocrine, and muscu-
loskeletal systems in both adult and pediatric populations. Additional complications are likely to emerge and be identified
over time. Although data on PASC risk factors and vulnerable populations are scarce, evidence points to a dispropor-
tionate impact on racial/ethnic minorities, older patients, patients with preexisting conditions, and rural residents.
Concerted efforts by researchers, health systems, public health agencies, payers, and governments are urgently needed
to better understand and mitigate the long-term effects of PASC on individual and population health.
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oronavirus disease-2019 (COVID-19), caused

by severe acute respiratory syndrome-coro-

navirus-2 (SARS-CoV-2) infection, has
created unprecedented challenges for public health
and health care infrastructures around the world. As
of June 18, 2021, there have been more than 177
million cases of COVID-19 worldwide, including 33
million in the United States, resulting in more than
3.8 million deaths globally and 600,000 deaths in
the United States (1). Despite ongoing vaccination ef-
forts, COVID-19 continues to spread around the
world, driven by emergent variant strains and relaxa-
tion of prevention/mitigation strategies (2,3). With
>99% of patients surviving the acute infectious
period (4) and data on the long-term sequelae of
COVID-19 disease beginning to emerge, there is an ur-
gent need to better understand the lasting effects of
COVID-19 on survivors (5). These long-term complica-
tions, collectively referred to as the postacute
sequelae of severe acute respiratory syndrome coro-
navirus 2 infection (PASC) (6) and more colloquially
as “long COVID” or “long haulers,” span multiple sys-
tems and may have significant effects on health,
function status, and quality of life.

In this review, we summarize and synthesize the
emerging evidence about symptoms and conditions
comprising PASC, characterize what is known about
the frequency and timing of their occurrence, and
seek to identify individuals at highest risk. In the
context of constrained resources and structural dis-
parities within the US health care system, this review
has several key objectives. First, it will help patients,
clinicians, and health systems understand the
epidemiology of PASC to inform timely evidence-
based screening, diagnosis, and treatment and
anticipate the resources required to care for patients
with increasing burden of chronic health conditions.
Second, it will be informative for payers as they
anticipate resource use, costs of care, and consider
optimal disease management, risk mitigation, and
payment models. Lastly, it may help federal and state
governments and public health agencies to coordi-
nate their responses and ameliorate disparities in
health care access, utilization, and health outcomes.

METHODS

We conducted a comprehensive database search for
studies published between December 1, 2019, and
March 4, 2021, excluding animal and in vitro studies.
During the revision process, we conducted a second
scan for pertinent published reports published
through May 31, 2021. Searched databases included
Ovid MEDLINE and Epub Ahead of Print, In-Process
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and Other Non-Indexed Citations and Daily,
Ovid Embase, Ovid Cochrane Central Register
of Controlled Trials, Ovid Cochrane Database
of Systematic Reviews, and Scopus.

The search strategy was designed and
conducted by an experienced librarian
(L.C.H.) with input from the study’s principal
investigators (D.H.J. and R.G.M.). We focused
exclusively on PASC, defined as any symp-
toms that began or persisted after 28 days of
laboratory-confirmed COVID-19. Controlled
vocabulary supplemented with key words
was used to search for studies describing
long-term complications of COVID-19. The
full search strategy is available in the
Supplemental Appendix. Ethical approval
was not obtained because this review did not
involve human subjects research.

The initial search identified 3,142 unique

papers. These were screened using title and abstract
information by 2 investigators (D.H.J. and R.G.M.),
resulting in 293 papers reviewed in full length by the
study team (D.H.J., D.J.R., and B.J.G.). The study
team reviewed the papers for any symptoms that
persisted or may persist after 28 days of laboratory-
confirmed or suspected COVID-19 case and also
made note of any case studies reporting on fewer
than 5 participants. The study team excluded non-
English papers. After comprehensive review, 143 pa-
pers were deemed relevant. PASC complications were
summarized by body system. Data on at-risk pop-
ulations (defined by age, sex, race/ethnicity, income,
or geography) was abstracted when available.

RESULTS

Data on PASC is continuing to emerge and reflects
complications and symptoms experienced by patients
up to approximately 1 year of observation following
first COVID-19 infection. There was marked hetero-
geneity among studies in terms of time frame and
duration of observation, definitions of complications,
and means of their ascertainment, precluding data
synthesis and estimation of the incidence of reported
complications. Most recent estimates of symptom
burden obtained using a mobile application available
to patients in the United Kingdom, United States, and
Sweden suggest that up to 13% of patients who
recovered from acute COVID-19 disease experience
persistent symptoms 1 to 2 months after initial diag-
nosis, 4.5% are symptomatic for longer than
2 months, and 2.6% have symptoms lasting 3 months
or longer (7). Other studies reported similar findings:
33% to 98% of patients can experience at least 1 new

ABBREVIATIONS
AND ACRONYMS

ACE2 = angiotensin-
converting enzyme 2

AKI = acute kidney injury

COVID-19 = coronavirus
disease-2019

PASC = postacute sequelae of
severe acute respiratory
syndrome coronavirus 2
infection

PIMS = pediatric inflammatory
multisystem syndrome

POTS = postural tachycardia
syndrome

RRT = renal replacement
therapy

SARS-CoV-2 = severe acute
respiratory syndrome-
coronavirus-2
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or persistent symptom months after recovery from
the acute infection (8-10). The most commonly re-
ported symptoms are fatigue (28.3%-98%), headache
(91.2%), dyspnea (13.5%-88%), cough (10%-13%),
chest pain (5%-42.7%), anxiety/depression (14.6%-
23%), and olfactory/gustatory deficits (13.1%-67.5%)
(7-19). Other symptoms are reported less frequently,
including palpitations/tachycardia (11.2%) (7,9,12),
concentration or memory deficits (23%) (9,20),
tinnitus or earache (3.6%) (9), and sensory neuropa-
thy (2.0%) (7). Most symptoms are more frequently
reported by women and older individuals (7).

In the following sections, we summarize the most
frequently reported complications and disorders
described in the published reports as persisting or
developing at least 4 weeks (28 days) after initial
diagnosis of the acute COVID-19 infection. Compli-
cations are organized by body system, though most
patients experience more than 1 manifestation of
PASC. The Central Illustration provides a graphical
summary of PASC manifestations. It is likely that new
long-term sequelae will emerge in the coming years,
calling for continued vigilance, close monitoring, and
longitudinal tracking of patients who survived both
symptomatic and asymptomatic infections with
COVID-19.

PULMONARY COMPLICATIONS. Persistent dyspnea
is among the most common symptoms reported by
patients recovering from COVID-19, is experienced
by up to 88% of survivors, and can take 3 months
or longer to resolve (8, 10,11,13-16). Several studies
have identified radiographic evidence of interstitial
infiltrates, and pulmonary function tests demon-
strate restrictive functional deficits that persist
months after recovery from acute COVID-19 disease.
In a comprehensive evaluation of patients after se-
vere (requiring hospitalization) COVID-19 6 months
after the initial infection, 22% to 56% of patients
had persistent oxygen diffusion abnormalities on
pulmonary function testing that corresponded to
pulmonary interstitial changes (eg, ground glass
opacities and irregular pleural lines) on chest
computed tomography (9). Persistent hypoxia may
also occur, with 6.6% of patients (32 of 488) hos-
pitalized with COVID-19 in 1 study reporting oxygen
use 60 days after discharge (10). Other studies
found that up to 55% of patients with severe
COVID-19 requiring hospitalization have evidence of
ground glass opacities and 39.6% have evidence of
fibrous stripes 1 week after discharge (21), which
may persist long term. Three months after
discharge, evidence of fibrosis can be detected on
chest computed tomography of 25% to 65% of pa-
tients, depending on the severity of the initial
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disease, especially for those who required mechan-
ical ventilation (22,23). Pulmonary function tests
also reveal restrictive lung disease with diminished
inspiratory and forced vital capacities (24,25). In 1
study, 81% and 24.1% of patients with COVID-19
who underwent pulmonary function testing
2 weeks after discharge had diminished inspiratory
and forced vital capacities, respectively (25). This
diminished performance was also observed in a
study of patients with COVID-19 reassessed 1 month
after symptom onset, where at least 50% of patients
had abnormal pulmonary function tests (26).
Additional research is needed to better understand
the etiology and natural history of patient-reported
dyspnea, as well as how to provide symptom relief
and improve patients’ functional capacity and quality
of life. It is likely that dyspnea stems from a combi-
nation of pulmonary, cardiac, and neuromuscular
pathology, as symptom burden often does not
consistently correlate with objective radiographic or
pulmonary function deficits (9,27). Indeed, whereas
in most studies objective measures of pulmonary
function and radiographic abnormalities returned to
normal within 48 days of initial infection, patients
frequently continued to endorse dyspnea (33%),
cough (33%), and fatigue (45%), suggesting multifac-
torial impairment that warrants closer examination
and patient follow-up (21,28,29). Interventions such
as pulmonary rehabilitation have been suggested to
improve symptom burden in patients experiencing
PASC-related dyspnea (30,31).
CARDIOVASCULAR COMPLICATIONS. The
commonly endorsed cardiovascular symptoms that
persist after recovery from COVID-19 are dyspnea
(reported by up to 88% of patients and discussed in
the preceding text) (8,10,11,13-16), chest pain (re-
ported by up to 43%) (8-12,16), and tachycardia/pal-
pitations (reported by up to 11%) (7,9,12). Although
self-limited for some, the time frame to symptom
resolution for others remains unknown because many

most

patients described in the published reports were still
symptomatic at the time of ascertainment up to
6 months after the initial infection (9).

Some cardiac symptoms appear to be driven, at
least in part, by myocardial injury. Myocarditis is a
known complication of many acute viral infections
and can range from fulminant heart failure and
cardiogenic shock to minimal symptoms with gradual
complete functional and structural resolution (32).
Concerns about myocardial injury were raised by
early case reports and studies demonstrating mild left
ventricular dysfunction in up to 78% of patients
recovered from acute COVID-19 (33,34). However,
recent evidence suggests that this may not be as



JACC: BASIC TO TRANSLATIONAL SCIENCE VOL. 6, NO. 9/10, 2021
SEPTEMBER/OCTOBER 2021:796-811

Jiang et al.
Postacute Sequelae of SARS-CoV-2 Infection

799

Neurologic

e Olfactory deficits

e Gustatory deficits

e Headache

e Cognitive impairment

¢ Retinopathy (possible)

Cardiac/cardiovascular

* Dyspnea

* Tachycardia/palpitations

» Myocarditis

e Cerebrovascular
disease

e Postural tachycardia
syndrome (POTS)

Gastrointestinal

e Loss of appetite

e Acid reflux

e Diarrhea & vomiting

e Abdominal distension &
pain

* Possible change in gut
microbiome

® Hearing loss/earache/tinnitus

CENTRAL ILLUSTRATION Multi-System Manifestation of PASC
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Psychiatric/mental health ,;‘11 ’j; { A
e Insomnia ‘ B\ l
e Post traumatic \ N 45\);
7 stress disorder eyl
L * Depression
e Anxiety

» Obsessive compulsive syndromes
e Secondary emotional stresses
(financial, social isolation, etc.)

Pulmonary
e Dyspnea
e Cough
e Pulmonary
fibrosis
e Impaired pulmonary function
® Pulmonary hypertension

Other complications

e Chronic fatigue

e Kidney injury/chronic
kidney disease

¢ Hyperglycemia/diabetes

e Pediatric inflammatory
multisystemic syndrome

e Skin rash

e Hair loss
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Postacute sequelae of severe acute respiratory syndrome coronavirus 2 infection (PASC) is an emerging multisystemic condition that manifests subsequent to an acute
infection of severe acute respiratory syndrome-coronavirus-2. Conditions and symptoms characterized in the published reports and developing or persisting beyond
28 days of the initial coronavirus disease-2019 are summarized in this figure by body systems. POTS = postural tachycardia syndrome.

common as was previously thought. A prospective
case control study that followed 149 patients for
6 months after mild COVID-19 infection did not find
evidence of excess cardiovascular risk in COVID-19
survivors than in patients who had no history of the
disease (35). However, these patients had mild
COVID-19 infection, and myocardial injury may
manifest after more severe disease; additional studies
will be needed to better delineate the association

between COVID-19 infection and long-term myocar-
dial dysfunction.

Other studies have raised the possibility of cardiac
injury associated with strenuous physical activity
among COVID-19 survivors. In a study of 789 athletes
in major North American professional sports leagues
(58.3% with symptomatic COVID-19 illness, 41.7%
asymptomatic or mildly symptomatic) who under-
went cardiac testing prior to resuming play, 3.8% had
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abnormal cardiac testing (0.8% had elevated troponin
levels, 1.3% had abnormal electrocardiogram, and
2.5% had abnormal echocardiogram findings) and
0.6% had cardiac magnetic resonance evidence of
myocarditis (36). Other studies found similar rates of
myocarditis or other serious cardiovascular compli-
cations among recovering athletes (37,38). Myocardial
injury may persist for at least 2 months after
COVID-19 diagnosis, although not necessarily
meeting all diagnostic criteria for myocarditis
(33,34,39). It will be important to monitor the natural
history of any identified myocardial dysfunction
closely. Nevertheless, current evidence from other
viral myocarditis suggests that patients who have
recovered from acute COVID-19 infection may be at
increased risk for cardiac injury on returning to
strenuous physical activity and several groups have
provided guidance on safe return to play for both
professional and recreational athletes (40-43).

The combination of several commonly reported
PASC symptoms (eg, dyspnea, palpitations, chest
discomfort) in conjunction with orthostatic tachy-
cardia may be a manifestation of postural tachy-
cardia syndrome (POTS) (44). Several case studies
have linked new diagnoses of POTS with prior
COVID-19 infection (45-47), and additional surveil-
lance will be necessary to characterize the frequency
and persistence of these symptoms. Whether and
how COVID-19 infection directly causes POTS is still
unknown.

Acute complications experienced during COVID-19
infection can lead to long-term cardiovascular and
cerebrovascular morbidity and related disability
among survivors. Up to 25% of patients experience an
acute coronary artery disease event during the acute
illness and may face increased risk of ischemic car-
diomyopathy and heart failure in the long term.
Similarly, approximately 5% of patients with COVID-
19 experience acute stroke (48-51) and may develop
prolonged or permanent neurological deficits as a
result. Finally, thromboembolic events during acute
illness can lead to persistent pathology after recovery
from COVID-19 and the acute thrombotic event. In a
retrospective study of patients hospitalized with
COVID-19, 2.5% of patients followed for up to 30 days
after discharge experienced some form of thrombotic
event (segmental pulmonary embolism, intracardiac
thrombus, thrombosed arteriovenous fistula, and/or
ischemic stroke) (52). The incidence of venous
thromboembolism is 0.48% to 0.6% (52,53) and is
most likely in patients who had required intensive
care unit-level care (53). Thromboembolic events in
COVID-19 survivors outside of the acute infectious
period have not been reported. Further follow-up will
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be needed to gauge the prevalence and severity of
postthrombotic complications including chronic
thromboembolic pulmonary hypertension, which can
present with persistent or progressive dyspnea typi-
cally 3 months to 2 years after initial diagnosis.

NEUROLOGIC COMPLICATIONS. Sensory dysfunction.
Olfactory and gustatory deficits are among the most
prevalent and specific symptoms of COVID-19 infec-
tion (11,54), potentially caused by cross-reactivity of
SARS-CoV-2 with the angiotensin-converting enzyme
2 (ACE2) receptor resulting in disruption of the ol-
factory epithelium (55,56). There is marked hetero-
geneity among studies in the modality and timing of
olfactory and gustatory dysfunction ascertainment,
with 4% to 53% of patients reporting symptoms that
persist beyond 4 weeks of acute infection (56-63).
Deficits can occur together or in isolation. Some of
the clinical heterogeneity among patients may be
explained by different variants of SARS-CoV-2 (64)
and ACE2 sequence variant between European and
Asian populations (65). Patients with underlying
cardiovascular disease appear to have a higher risk
of persistent olfactory and gustatory deficits (63),
though the association between olfactory and gus-
tatory dysfunction and multimorbidity in general
has not been examined.

To prevent long-term morbidity from olfactory and
gustatory deficits, some have suggested olfactory
training, which has small to moderate benefit but
minimal risk of harm (66). Oral but not topical ste-
roids were demonstrated to improve olfactory func-
tion, but usage should be delayed until day 20 to
reduce risks of long-term morbidity (67).

Less frequently reported sensory deficits include
hearing loss, earache, and tinnitus. A Manchester,
United Kingdom, study reported that 13.2% of 138
patients hospitalized with severe COVID-19 experi-
enced change in hearing and/or tinnitus 8 weeks after
discharge (68). Men, older patients, and patients with
comorbidities were most frequently affected. There is
also evidence of ophthalmologic complications, spe-
cifically alterations in retinal microvasculature that
may predispose patients to longer-term retinal
vascular complications (69). Whether patients who
are already at increased risk for retinal disease, such
as those with diabetes, are more severely affected is
unknown, but these patients may benefit from closer
monitoring.

Headache. Headache, particularly with migraine-
like features, is another frequent characteristic of
PASC. It is hypothesized to be driven by localized
cytokine-driven neuroinflammation (70-76) or direct
viral invasion of cerebral circulation through the
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ACE2 receptor in the meningeal endothelium, trig-
gering trigeminovascular neuron sensitization (77).
Trigeminovascular sensitization may also be precipi-
tated by systemic inflammation and the resultant in-
flammatory peptides that stimulate trigeminal
terminals (77). Headache persisting more than
4 weeks after the initial infection is frequently re-
ported, though precise estimates vary widely among
studies. Overall, between 17% and 91% of patients
report headaches, with up to 25% experiencing
migraine-like severe pain (7,14,15,77-79). There does
not appear to be a correlation between the severity of
the initial COVID-19 infection and the likelihood or
severity of headache (77). Headaches are reported
more frequently by younger patients, women, and
patients with prior history of headache disorders (77).
Cognitive impairment. Persistent cognitive decline
is a potential complication of any critical illness (80).
Cognitive deficits among COVID-19 survivors, collo-
quially described as “brain fog,” may manifest as
perceived difficulties in concentration, memory,
receptive language, and/or executive functioning
(81). In 1 study, up to 21% of patients aged =40 years
who tested positive for SARS-CoV-2 endorse cognitive
impairment after 6 months of follow-up and found
that those who tested positive for SARS-CoV-2 were
18x more likely to experience cognitive decline
(9,13,20).

Several proposed mechanisms may underlie the
neurocognitive deficits that arise during and after
COVID-19 infection. SARS-CoV-2 may accelerate
neuroinflammatory responses, synaptic pruning, and
neuronal loss, which are the structural basis of Alz-
heimer’s disease (82). The expression of ACE2 in
glutamatergic and GABAergic neurons are additional
potential pathways by which SARS-CoV-2 may disrupt
neurotransmitter balance, promote loss of neurons,
and damage cerebral tissue (83-85). Some studies
have also suggested that olfactory and gustatory
deficits may indicate neuroinflammation induced by
COVID-19, which may herald deeper neurodegenera-
tive diseases such as parkinsonism, as up to 90% of
patients with early Parkinson disease exhibit sensory
deficits (86). This reinforces the importance of long-
term surveillance of COVID-19 survivors for sequelae
that may emerge years or decades later, including
Parkinson disease and Alzheimer disease.

Other neuropathic symptoms. Symptoms sugges-
tive of peripheral neuropathy such as numbness,
tingling, and a pins-and-needles sensation affect 2%
of COVID-19 survivors (11). In 1 report, a previously
healthy 46-year-old man developed bilateral leg pain
and hypoesthesia 53 days after COVID-19 infection
(87). The patient experienced painful sensory
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symptoms followed by precipitous lower motor
neuron weakness affecting all limbs, face, and respi-
ratory muscles (87). However, with a single reported
event, it remains unclear whether it is etiologically
related to COVID-19. Neuroinflammation (88) and
demyelination induced by SARS-CoV-2 in the brain
and spinal cord (89) have similarities to those
observed in multiple sclerosis (90) and may explain
some patient-reported neuropathic symptoms.
Whether COVID-19 increases the risk of subsequent
multiple sclerosis or other central or peripheral ner-
vous system disorders remains to be seen.

PSYCHIATRIC COMPLICATIONS. Psychiatric compli-
cations, including posttraumatic stress disorder, anx-
iety, depression, insomnia, and obsessive-compulsive
symptoms are reported by 35% to 56% of patients who
have recovered from COVID-19 (79,91,92). In a study of
62,354 patients diagnosed with COVID-19, psychiatric
assessment conducted between 14 and 90 days after
initial diagnosis detected mental illness in 5.8% of
survivors, nearly double the rate among survivors of
other infections such as influenza (2.5%-3.4%) (92).
Patients with prior history of mental health condi-
tions, younger patients, and women are most likely to
experience new psychiatric symptoms (91). Patients
with severe COVID-19 are also more likely to experi-
ence these complications, with 1 study reporting new
mental health symptoms in 56% of patients who were
previously hospitalized (91). These are likely conser-
vative underestimates, as psychiatric symptoms
related to PASC may be misattributed to isolated anx-
iety, depression, adjustment disorder, or other mental
health conditions and thus may be difficult to distin-
guish from PASC symptoms.

In addition, the COVID-19 pandemic has had sub-
stantial indirect effects on the mental health of pa-
tients, caregivers, and society. Stresses incurred by
job loss (93), financial instability (94-98), social
isolation (98), and fear of contracting the infection
(99) were felt acutely and will have lasting effects. In
the United States, as in many countries around the
world, stressors related to COVID-19 are likely to be
compounded by social unrest (100,101), reinforcing
the importance of engaging and supporting the most
vulnerable members of society (102,103). The impacts
of concurrent civil unrest and the COVID-19 pandemic
were examined in Hong Kong, where stress from so-
cial unrest and COVID-19 was positively correlated
with the prevalence of anxiety and depression (104).
When comparing people with high levels of stress
secondary to unrest and COVID-19 to people with low
levels of stress secondary to unrest and low COVID-19
stress, there is a higher prevalence of anxiety
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(adjusted odds ratio = 13.1) and depression (adjusted
odds ratio =3.4) among those reporting higher levels
of stress, particularly among individuals of lower so-
cioeconomic status (104).

GASTROINTESTINAL COMPLICATIONS. Up to 44% of
patients hospitalized for COVID-19 reported gastro-
intestinal symptoms 90 days after discharge (105).
The most common gastrointestinal symptoms recor-
ded are loss of appetite (8%-24%), nausea (18%), acid
reflux (18%), and diarrhea (5%-15%). Other persistent
symptoms include abdominal distension (14%),
belching (10%), vomiting (9%), abdominal pain (7%),
and bloody stools (2%) (9,105). Some symptoms, such
as loss of appetite, diarrhea, and vomiting persisted
6 months after discharge (9). Persistent gastrointes-
tinal symptoms may be driven by longer presence of
the virus in the gut, with studies demonstrating
detectible SARS-CoV-2 RNA in fecal material for a
mean duration of 28 days after symptom onset and
persisting a mean of 11 days after a negative respira-
tory test (81,106,107). Other studies suggest that
COVID-19 alters the gut microbiome by increasing
opportunistic infectious organisms and depletion of
beneficial organisms (81,108,109). More studies of the
long-term effects of COVID-19 on the gastrointestinal
system are needed to better understand the patho-
genesis, epidemiology, and natural history of
emerging gastrointestinal complications.

KIDNEY COMPLICATIONS. Acute kidney injury (AKI)
is a common complication of acute COVID-19 disease
(110,111), affecting up to 36.6% of patients who were
hospitalized (112). In another studies, 22.4% of pa-
tients who were hospitalized developed stage 2 AKI,
33.1% developed stage 3 AKI, and 14.3% (of all patients)
required renal replacement therapy (RRT) (112). Kid-
ney function does recover among most survivors, even
among those with stage 3 AKI (113,114), but the long-
term effects on kidney function and risk of future
chronic kidney disease are not known. Patients at
highest risk for AKI are older, Black, and have diabetes
and/or hypertension (112,115). These are the same
populations at highest risk for severe COVID-19 and
chronic kidney disease, reinforcing the importance of
closely monitoring kidney function and developing
interventions to prevent the progression of AKI to
more severe chronic kidney disease. Among patients
requiring RRT in the hospital, 20% to 34% remain
dependent on RRT after hospital discharge,and among
those still alive more than 60 days after discharge,
56.5% remained RRT-dependent (115,116). Thus, pa-
tients with history of AKI during acute COVID-19 may
benefit from close monitoring of their kidney function
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and proactive engagement to reduce exposure to
nephrotoxins and other risk factors for progressive
chronic kidney disease.

ENDOCRINE COMPLICATIONS. Not only is diabetes
mellitus a major risk factor for severe COVID-19 dis-
ease and mortality (117), but also acute COVID-19
infection can cause hyperglycemia and new onset
diabetes among patients without preexisting history
of the disease (118). The ACE2 receptor is strongly
expressed in pancreatic endocrine tissue (119), pre-
disposing patients to islet cell injury and diabetes,
though not acute pancreatitis. New onset insulin-
requiring diabetes in patients with COVID-19 has
been reported in multiple studies and appears to
persist after recovery from acute infection (118,120-
123). Patients may present with severe hyperglyce-
mia, including hyperosmolarity or ketoacidosis, or
with milder hyperglycemia (124-127). Patients with
more severe manifestations of acute COVID-19 appear
to be at higher risk, with noted correlation between
hypoxia and hyperglycemia among hospitalized pa-
tients without preexisting diabetes and prior to
administration of glucocorticoid therapy (128). The
natural history of COVID-19-induced diabetes, and
optimal ways to treat these patients, will need to
be determined.

COVID-19 survivors may also experience detri-
mental effects on bone and muscle health. Steroid
therapy, critical illness, and decreased mobility all
contribute to bone loss (129) and sarcopenia (130).
These effects would be most pronounced in older,
frailer patients who may therefore benefit from close
monitoring of their functional status, fall risk, and
osteoporosis/bone health.

MUSCULOSKELETAL AND OTHER SYSTEMIC COM-
PLICATIONS. Chronic fatigue is the most common
symptom that persists long after recovery from acute
COVID-19, reported by nearly all survivors (up to
97.7% in 1 population-based study) (7). Symptoms
frequently last 60 to 70 days after initial diagnosis or
even longer (8,131,132). Most patients experiencing
fatigue also endorse other symptoms, including dys-
pnea, joint pain, and chest pain. Fatigue has been
reported in children (133) as well as adults and is more
common in women and patients with underlying
history of depression or anxiety (131). The persistence
and severity of fatigue does not appear to be related
to the severity of acute COVID-19 disease, with no
apparent correlation with need for hospitalization,
supplemental oxygen use, intensive care unit-level
care, or any laboratory markers of inflammation
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(131). Some studies have suggested that chronic fa-
tigue associated with PASC may be caused by
myalgia encephalomyelitis/chronic fatigue syndrome
(134-136). However, not enough data have been
collected to make a clear determination of the rates,
timing, or persistence of myalgia encephalomyelitis/
chronic fatigue syndrome and its etiologic association
with COVID-19.

Dermatological complications are reported starting

some 7.9 days after initial diagnosis and can last more
than 6 months (9,137). The most common symptoms
are hair loss, reported in up to 25% of survivors (9,15),
and skin rash (ie, hives, pernio lesions, “COVID toes,”
chilblains), reported in up to 7% (9,138). Although
these symptoms generally appear to dissipate over
time, there are reports of lasting beyond 6 months
after acute infection (9).
PEDIATRIC CONSIDERATIONS. PASC is observed in
children as well as in adults, though it does not
appear to be as prevalent (133,139). The most common
symptoms are insomnia (18.6%), fatigue (10.9%),
muscle pain (10.1%), headache (10.1%), and lack of
concentration (10.1%) (139). These symptoms were
reported in children who were either asymptomatic
or symptomatic with COVID-19. In a study of children
who had tested positive for SARS-CoV-2 at least
30 days before, 66% of 30 patients had at least 1
symptom between 60 and 120 days after their initial
infection and 27% of 68% had symptoms 120 days and
beyond (139).

Children are also at risk for pediatric inflammatory
multisystem syndrome (PIMS), also known as multi-
system inflammatory syndrome in children, a
Kawasaki-like disease with toxic shock syndrome and
myocarditis (140-144). Symptoms can begin days to
weeks after recovery from acute infection, with re-
ports of fatigue, fever, gastrointestinal symptoms (ie,
abdominal pain, diarrhea, vomiting), dyspnea, head-
ache, Kawasaki-like disease, and toxic shock syn-
drome (144,145). One study found that 2.3% of
children with COVID-19 also had PIMS (139), and
another has found a 30-fold increase in PIMS during
the COVID-19 pandemic (141). A recent meta-analysis
found that 91% of those with COVID-19-associated
PIMS eventually recover, and 3.5% die (146). In
contrast to traditional Kawasaki disease, patients
with PIMS are often older and present with predom-
inantly gastrointestinal symptoms, meningeal signs,
myocarditis, and elevated ferritin levels (146). PIMS
has been described more frequently among patients
of Afro-Caribbean descent, with no cases detected in
Asian countries yet, even though that is where Ka-
wasaki disease is most commonly reported (147).
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DISCUSSION

As of July 22, 2021, more than 1 in 10 Americans is a
survivor of COVID-19 and is therefore at risk for a
wide range of symptoms and disorders that are direct
consequence of the acute infection. Manifestations of
PASC are heterogenous and evolving and it will be
important for health systems, researchers, and public
health agencies to closely monitor the history of
COVID-19 survivorship in diverse populations to
ensure complete and accurate understanding of this
highly prevalent condition. It is also essential to
identify patients and populations most susceptible to
PASC, characterize the different phenotypes of PASC
symptom burden and pathophysiology, and ensure
that the health care system, payers, and public health
agencies can adequately care for people experiencing
long-term morbidity and disability caused by this
disease.

While there is substantial heterogeneity within and
across studies, older patients and women appear to
be more frequently and severely affected than
younger patients and men. Individuals with preex-
isting health conditions also have an increased risk of
PASC. Although it is too early to establish a causal link
between PASC and preexisting conditions, patients
with serious or multiple chronic health conditions are
more likely to experience severe COVID-19, which, in
turn increases their risk for many PASC symptoms,
particularly for cardiac and pulmonary symptoms
(9,13,148). Many of these patients are already clini-
cally complex and therefore may require additional
support from multidisciplinary and multispecialty
clinical teams to support the additional disease
burden and functional impairments posed by PASC.

Racial and ethnic minorities are disproportionately
affected by COVID-19 and thus are at highest risk for
PASC-related morbidity, disability, and mortality
(149). Communities of color are more likely to be
exposed to COVID-19, more likely to be not receive
COVID-19 diagnoses, more likely to experience
severe illness, and more likely to ultimately die from
COVID-19 (150-155). This heightened risk stems from
multiple structural, socioeconomic, and individual-
level factors (156). Non-White Americans more
frequently live in densely populated urban areas, are
part of multigenerational households, rely on public
transportation, and work in professions unamenable
to remote work and without options for paid sick
leave (100,157-170). Patients who belong to a racial/
ethnic minority have higher prevalence of chronic
health conditions that predispose them to severe
COVID-19 (eg, diabetes)

obesity, hypertension,
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(171,172) and face multiple barriers to health care
including lack of insurance, language, competing fa-
milial/financial commitments, discrimination, and
distrust of medical institutions (173,174). Whereas
contemporary evidence has not explicitly assessed
racial/ethnic disparities in PASC incidence and
severity, the same structural barriers to health that
result in higher incidence and severity of acute
COVID-19 are likely to exacerbate PASC-related
morbidity and mortality. It will therefore be impor-
tant for future studies of PASC to specifically examine
the impacts on racial/ethnic minorities as well as
other disadvantaged groups such as rural pop-
ulations; individuals who are lesbian, gay, bisexual,
transgender, questioning (queer), and others; and
people with disabilities. Similarly, as health and
public health systems respond to the emerging
epidemic of PASC complications, we need to be
mindful to eliminate, not perpetuate, the inequities
exposed by acute COVID-19 disease.

Rural residents may also be at increased risk for
PASC. The population-adjusted rate of COVID-19 is
higher in rural than urban areas (175,176). Several
factors predispose rural populations to COVID-19,
including lower rates of compliance with social
distancing and masking guidelines (177-179) and
employment in industries unamenable to telework
(ie, agriculture, manufacturing, service industries)
(180,181). Rural residents also have a higher preva-
lence of chronic health conditions that put them at
risk for severe COVID-19 and, indirectly, PASC. The
population-level impact of PASC in rural areas may be
substantial, as rural areas often lack access to primary
and specialty care that may be necessary to meet the
demand posed by PASC-exacerbated multimorbidity
and clinical complexity (182,183). Although we have
outlined those populations who are more likely to be
susceptible to PASC, it is noted that PASC can occur in
patients who have received COVID-19 diagnoses,
regardless of initial disease severity. Figure 1 sum-
marizes those who are at heightened risk of PASC.

As evidence regarding the multisystemic nature of
PASC is starting to emerge, more research is needed
capture the fullimpact of PASC. In particular, there are
scarce data about the long-term persistent complica-
tions in the endocrine (outside of diabetes), gyneco-
logic, obstetric, and rheumatologic systems. Some
case reports on potential sexual dysfunction (eg,
erectile dysfunction, anorgasmia) have been reported,
but there is yet to be conclusive data on whether these
conditions persist more than 4 weeks (184,185).
Emerging data regarding POTS, myalgia encephalo-
myelitis/chronic fatigue syndrome, gastrointestinal
complications, and others will need to be
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substantiated with greater follow-up of patients over
time. We anticipate that information about complica-
tions in these systems will emerge over time, under-
scoring the importance of COVID-19 registries and
other population-based surveillance infrastructures.

For example, based on published reports from the
2003 SARS pandemic, thyroid axis dysregulation may
be a long-term feature of COVID-19 disease (186). In a
study of 61 SARS survivors, 6.7% had persistent new
onset of biochemical hypothyroidism requiring
replacement therapy 3 months after recovery of the
acute infection (187). The majority of these patients
(75%) had central hypothyroidism, reflecting
hypothalamic-pituitary dysfunction, whereas 25%
had primary hypothyroidism with evidence of un-
derlying autoimmunity, potentially suggesting higher
risk for patients with autoimmune thyroid disease.
Hypothalamic-pituitary  dysfunction can also
contribute to adrenal insufficiency. Both primary and
central adrenal insufficiency in patients with SARS
have been described and may affect patients with
SARS-CoV-2 as well (186). Central adrenal insuffi-
ciency may also be worsened by glucocorticoid ther-
apy received for the treatment of severe COVID-19
disease. Impacts of COVID-19 on the hypothalamic-
pituitary axis have not yet been examined but need
to be considered when caring for patients who have
recovered from COVID-19.

DIAGNOSIS AND MANAGEMENT OF PASC. PASC is a
multisystemic disease, and all health care providers
need to be aware of its potential manifestations and
effects on the health and well-being of their patients.
Multidisciplinary long COVID clinics are being
increasingly introduced by academic medical centers
around the country (188-194), building on models of
cancer survivorship programs. In most areas of the
country, however, such programs will not be avail-
able and primary care providers do and will continue
to play a central role in the diagnosis and manage-
ment of PASC and ensuring that all patients have
equitable access to timely, evidence-based care (195).
Because data on PASC is only beginning to emerge,
we recommend all survivors of COVID-19 establish
care with a primary care provider and seek timely
consultation for any new or persistent symptoms.
Several professional societies have issued guidance
related to the diagnosis and management of PASC and
its heterogeneous manifestations. These societies
include the American Autonomic Society (196), Infec-
tious Diseases Society of America (197), and the United
Kingdom’s National Health Service (198), British
Thoracic Society (199), and National Institute for
Health and Care Excellence (200). They recommend
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FIGURE 1 Patients at Highest Risk for PASC

Racial and Ethnic Minorities

* Increased risk for exposure & severe manifestation
of COVID-19

* Socioeconomic factors prevent proper self-
isolation

* Less access to primary and specialty care
* Distrust of medical institutions

* Higher rate of pre-existing conditions

* Multimorbidity

Clinical Complexity

* Pre-existing conditions (obesity, diabetes,
heart/lung disease, etc.)

* Multimorbidity

* Severe COVID-19 manifestation

* Prior mental health history

* Women

DRIVERS OF INCREASED SUSCEPTIBILTIY

* Multimorbidity

Rural Residents

* Older population

* Multimorbidity

Older Population

* Increased risk for severe COVID-19
« Higher rate of pre-existing conditions

* Increased risk for exposure to COVID-19
* Decreased healthcare infrastructure

« Higher rate of pre-existing conditions

Whereas data on risk factors for postacute sequelae of severe acute respiratory syndrome coronavirus 2 infection (PASC) are scarce, early published reports suggests
several clinical and sociodemographic risk factors. COVID-19 = coronavirus disease-2019.

timely follow-up appointments, especially for pa-
tients with severe COVID-19 manifestation, providing/
offering rehabilitation services, managing workloads,
and working across specialties to ensure resource
availability. We anticipate that these guidelines will
continue to evolve as more evidence emerges, and
additional guidelines will be developed to address
other commonly occurring PASC complications.
Although there is insufficient data to recommend
an optimal time frame for evaluation, it is reasonable
to assess patients at least 4 weeks after initial recov-
ery to screen for symptoms and conditions associated
with PASC and determine an individualized care plan.
For young and otherwise healthy patients, the initial
encounter can be a telephone or virtual touchpoint
with the primary care team to identify whether any
symptoms are present that may benefit from an
evaluation. However, older patients, patients with
chronic health conditions, and patients who required
emergency department- or hospital-level care for
COVID-19 should be directly evaluated by a health
care provider because of the high probability that
some symptoms associated with PASC will be present.
Patients who had a complicated course of illness

should have close outpatient follow-up scheduled at
the time of discharge and be seen sooner than
1 month after recovery.

At the time of the initial appointment,
recommend that all patients be screened for

we

depression, anxiety, and functional
impairment (ie, limitations in activities of daily
living and instrumental activities of daily living).
For other PASC complications, current published
reports suggests that diagnostic testing be informed
by the patient’s symptoms, though this recommen-
dation will likely change as more data emerge and
clinical practice guidelines are developed. Patients
endorsing dyspnea should be screened for anemia
(complete blood count), kidney and/or liver
dysfunction (complete metabolic panel, including

insomnia,

albumin), hypothyroidism (thyroid stimulating hor-
mone and free thyroxine). Patients with dyspnea
should also be screened for cardiovascular disease,
myocardial injury, and heart failure (12-lead elec-
trocardiogram, chest x-ray, brain natriuretic pep-
tide, and troponin). Additional testing, such as
chest computed tomography, echocardiogram, pul-
monary function testing, cardiac stress testing, and
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others would be informed by these preliminary re-
sults. Importantly, this care needs to be covered by
health insurance akin to other preventive services,
ideally with no cost-sharing obligations to the pa-
tient that would hinder timely access to care.
POTENTIAL MITIGATION STRATEGIES. Reassuringly,
several recent reports described improvements in
PASC symptoms after receiving either the Pfizer-
BioNTech or Oxford-AstraZeneca COVID-19 vaccine
(201,202). Although more population-based research
will be necessary to verify these findings, this can
strengthen public health campaigns encouraging
vaccination. At the time of manuscript submission,
nearly 176 million Americans (53% of the population)
have received at least 1 dose of any COVID-19 vaccine
and over 148 million (45% of the population) have
been fully vaccinated (203). Vaccination rates are
lower among some subgroups already at high risk for
both COVID-19 infection and PASC, specifically racial/
ethnic minorities and rural residents (204-206), such
that greater attention needs to be paid to improving
access to vaccination in these communities. This can
be achieved through targeted culturally adapted
outreach efforts and mobile vaccination clinics,
which can double as screening and education centers
about PASC.

Public and private payers have an opportunity to
help prevent PASC, mitigate its effects, and help un-
derstand its burden. To prevent PASC, payers can
ensure timely access to medical care for patients with
and recovering from acute COVID-19 by encouraging
and eliminating/reducing out-of-pocket cost-sharing
for primary, specialty, and rehabilitation care for
COVID-19 and subsequent recovery. To mitigate PASC
effects, payers can improve access to essential ser-
vices such as physical therapy, mental health coun-
seling, and care management (207). Because payers
are uniquely informed about the services and di-
agnoses patients receive (because they pay for them),
they can directly reach out to patients and their
health care providers about the need for postrecovery
general health exams and cover them at no cost to
patients. Importantly, PASC should not be considered
a preexisting condition for the purpose of health in-
surance coverage or cost decisions. Early diagnosis
and management of PASC complications is likely to be
cost-effective in the long term, though research about
optimal monitoring, diagnosis, and management of
PASC is urgently needed. Payers can maintain regis-
tries of enrollees with PASC and the diagnoses for
which they seek care, as this can help delineate the
epidemiology of PASC across diverse populations and
identify any rare conditions that may develop as part
of PASC now and in the future (208).
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Federal and local governments need to prepare for
the long-term medical and fiscal impacts of PASC
on the health care and public health systems as well
as the general productivity of upcoming generations.
Federal and state governments must work with hos-
pitals and health systems to train and allocate medi-
cal staff and other resources to plan for the increased
demand for screening and management. This is
especially important for rural and socioeconomically
deprived areas, where access to medical care may be
limited.

CONCLUSIONS

Although the end of the COVID-19 pandemic may be
in sight with successful vaccination efforts, the fight
against its long-term complications is just beginning.
PASC affects children and adults irrespective of the
severity of the COVID-19 infection itself, though it is
more common among patients with more severe
COVID-19. It can cause a wide range of complications
in the pulmonary, cardiovascular, neurologic, psy-
chiatric, gastrointestinal, renal, endocrine, and
musculoskeletal systems that may persist months or
years beyond the initial infection. Racial and ethnic
minorities, rural residents, older patients, and pa-
tients with preexisting conditions may be more likely
to develop PASC, though more population-level data
on PASC are urgently needed. A concerted approach
between health care systems, payers, public health
agencies, and governments will be necessary to un-
derstand, prevent, and mitigate the long-term impact
of PASC on the nation’s health.
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