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As the coronavirus disease 2019 (COVID-19) pandemic has progressed, a large volume of literature has developed delineating the clinical
manifestations of acute infection. Recent reports have also started to describe persistent symptoms extending beyond the period of initial
illness or hospitalization. Anecdotes of different signs and symptoms occurring after acute infection have also arisen in the lay press. Here
we describe the current existing medical literature on the emerging concept of postacute COVID-19 and suggest an approach to classifying
different manifestations of the syndrome. We also review long-term clinical manifestations observed in patients who recovered from in-
fection due to other epidemic coronaviruses and briefly discuss potential mechanisms driving the phenomenon of postacute COVID-19.
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Coronavirus disease 2019 (COVID-19) remains the major in-
fectious disease concern of 2020. Acute infection due to se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
can present as a spectrum of illness, ranging from asympto-
matic infection to critical life-threatening disease [1]. Recently,
clinicians have begun to observe prolonged sequelae of acute
COVID-19. The purpose of this review is to describe the extant
knowledge about the postacute phase of COVID-19. Because
the United States and the world continue to experience substan-
tial numbers of new COVID-19 cases daily, fully understanding
postacute COVID-19 manifestations will be vital to providing
long-term, evidence-based care for patients who recover from
the infection.

OVERVIEW OF COVID-19 DEFINITIONS

For acute COVID-19, the widely accepted categorization for
disease severity that currently exists was first published by the
US National Institutes of Health in July 2020 [1]. Categories of
acute COVID-19 include asymptomatic, mild, moderate, se-
vere, and critical disease. Currently, there is no universally ac-
cepted time period that defines the beginning of the postacute
period. Greenhalgh et al. propose that the postacute period
for COVID-19 starts 3 weeks after symptom onset; they go
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on to define “chronic COVID-19” as persistent symptoma-
tology extending beyond 12 weeks after initial symptoms [2].
This is a practical and useful clinical definition. First, from a
clinical perspective, because the majority of infections due to
SARS-CoV-2 are asymptomatic or mild, 3 weeks is a reasonable
time frame to define recovery from a viral respiratory illness.
Second, replication-competent virus has not been recovered
after 10 days following symptom onset in mild to moderate
cases or after 20 days even in severe or critical illness—hence,
the clinical definition is congruent with the virological data [3].
Third, the median duration of polymerase chain reaction (PCR)
positivity in symptomatic patients is 24 days [4], and the mean
duration among asymptomatic patients is 24.5 days [5]. One
specific modification we propose to the definitions as outlined
by Greenhalgh et al. is that for patients who remain hospitalized
at 3 weeks after symptom onset, the postacute period start when
the patient is discharged from inpatient acute care.

Currently, the medical literature on the topic of postacute
COVID-19 includes reports of subjective postacute symptoms in
patients who recovered from a wide spectrum of acute COVID-19,
including mild infection through critical illness. The literature also
describes various findings of objective organ pathology following
acute infection. Therefore, to standardize our current under-
standing of postacute COVID-19, we propose dividing postacute
manifestations into 3 categories, as represented in Figure 1: (1) re-
sidual symptoms that persist after recovery from acute infection;
(2) organ dysfunction that persists after initial recovery; and (3)
new symptoms or syndromes that develop after initial asymp-
tomatic or mild infection. It is important to note that the first 2
categories outlined are not necessarily mutually exclusive. For ex-
ample, dysfunction from 1 or multiple organ systems might result
in certain symptoms patients experience; pulmonary pathology
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Progression of acute SARS-CoV-2 infection to postacute COVID-19. The figure shows the various forms of progression fo acute SARS-CoV-2 infection (classified

using NIH symptom severity criteria [1]) to the proposed categories of postacute COVID-19, which include (1) persistent symptoms; (2) organ dysfunction; and (3) MIS. There
is likely a relationship between organ dysfunction and persistent symptoms that is not yet completely understood. Abbreviations: COVID-19, coronavirus disease 2019; MIS,
multisystem inflammatory syndrome; NIH, National Institutes of Health; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

leading to persistent dyspnea or cough would be a prime example
of this type of interplay.

PERSISTENT SYMPTOMS IN SEVERE COVID-19

It appears that fatigue is one of the most frequently reported
symptoms that patients experience after recovery from acute
SARS-CoV-2 infection. Carfi et al. report persistent symptoms
in 143 patients evaluated after hospitalization due to COVID-
19 (Table 1) [6]. All patients in this study were PCR-negative
in the follow-up period. They note that 87% of patients had at
least 1 persistent symptom at a mean of 60 days after symptom
onset, with the most common symptoms being fatigue (53.1%),
dyspnea (43.4%), and arthralgias (27.3%). Importantly, a ma-
jority of those with persistent symptoms, 55%, had 3 or more
symptoms, while 32% had 1 or 2 symptoms, suggesting a high
overall symptom burden.

Another survey study from the United Kingdom evaluated
100 patients with COVID-19 at a mean of 48 days after hos-
pital discharge [7]. The survey was conducted by telephone
using a standardized screening tool administered to all parti-
cipants. Out of 100 surveyed patients, 32 had required admis-
sion to the intensive care unit (ICU). The median age among
patients admitted to a general hospital ward was 70.5 years,
while in the ICU population it was 58.5 years. A slight majority
of patients, 54%, were male. New fatigue was more common
among patients admitted to the ICU (72%) than ward patients
(60%). Although mild in severity, new or worsened breathless-
ness was more common among ICU patients (66%) than ward
patients (43%). Almost half of patients admitted to the ICU also
reported symptoms of post-traumatic stress disorder (PTSD).
Finally, new or worsened concentration problems were reported
by 16% of ward patients and 34% of ICU patients. A summary
of these findings is included in Table 1.

In another single-center study from France, Garrigues et al.
performed telephone surveys of 120 hospitalized patients (96

in general hospital wards; 24 in the ICU) at a mean follow-up
(range) of 110.9 (100-121) days after admission [8]. The most
frequently reported symptoms in this study were fatigue (55%),
dyspnea (42%), loss of memory (34%), concentration issues
(28%), and sleep disorders (30.8%). There was no statistically
significant difference in symptomatology between patients ad-
mitted to the ICU and those admitted to general wards.

PERSISTENT SYMPTOMS IN MILD COVID-19

Postacute symptomatology does not appear to occur only
in those recovering from more severe forms of COVID-19.
A report published by the Centers for Disease Control and
Prevention (CDC) described persistent symptoms in patients
with predominantly mild COVID-19 [9]. This study included
274 patients from around the United States who underwent
SARS-CoV-2 testing either in the emergency department or
outpatient clinics. Study participants were contacted by tele-
phone at a median of 16 days following testing and underwent
an interview using a standardized questionnaire. The median
age of 274 respondents was 42.5 years, and a slight majority
(52%) were female. Out of 270 patients for whom data were
available, the most commonly reported persistent symptoms
at the time of telephone interview were cough (43%), fatigue
(35%), and dyspnea (29%). A total of 95 (35%) patients reported
not having returned to their baseline state of health. There was
also a statistically significant association between the presence
of underlying chronic medical conditions and not returning to
baseline state of health, with 28% of those with 0 to 1 chronic
condition reporting this, 46% of those with 2 chronic condi-
tions, and 57% among those with 3 or more chronic conditions
(P =.003). Other risk factors for not having returned to usual
state of health included obesity (adjusted odds ratio [aOR],
2.31) and presence of an underlying psychiatric condition
(aOR, 2.32). It should be noted that 19 of 262 patients (7%) in
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Table 1. Summary of Publications Describing Residual and Persistent Symptoms of COVID-19

Study Mean

Author,? Publication Date No. of Patients Median Age of Follow-up Patient Location® and Reported

Country Included Patients Included, y Males, % Time, d Symptoms, %

Carfi, July 9° Italy [6] 143 56.5 63 60.3° Outpatient®
Fatigue 53.1
Dyspnea 43.4
Arthralgias 273

Halpin, July 30° 100 Ward 70.5 Ward 51.5 48 Ward

UK [7] (Ward 68; ICU 58.5 ICU 59.4 New fatigue? 60.3

ICus2) Breathlessness® 42.6
PTSD? 235
Concentration & memory 33.8
deficits
Speech & swallow deficits" 426
ICU

New fatigue® 72
Breathlessness® 65.6
PTSD? 46.9
Concentration & memory 53.1
deficits
Speech & swallow deficits" 68.7

Tenforde, July 24° 274 42.5 48 14-21' ED or outpatient clinics

USA [9] Cough 43
Fatigue 35
Dyspnea 29

Garrigues, August 21°¢ 120 Ward 64.1 Ward 58.3 110.9 Ward

France [8] (Ward 96; ICU 59.6 ICU 79.2

ICU 24)

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit; ward, general medical ward.

°First author.

®Patient location at the time study data were collected.
Publication year 2020.

9Follow-up in days since initial symptoms.

°Patients previously hospitalized for COVID-19.
‘Follow-up in days since hospital discharge.

9Symptom reported for any severity.

"Symptoms include difficulty swallowing, communicating, laryngeal sensitivity, and voice change.

'Days from test date.

'Follow-up in days since hospital admission.

this study for whom data were available reported being hospi-
talized after initial testing.

PROLONGED ORGAN DYSFUNCTION

Along with symptomatology, the myriad effects of acute
COVID-19 on different organ systems have been well described
[10]. The persistence of organ dysfunction beyond the acute
phase is now also beginning to be reported.

Pulmonary Sequelae

In the acute phase of infection with SARS-CoV-2, classifying
disease severity relies predominantly on pulmonary pathology.
A report of 72 314 patients from China noted that severe in-
fection occurred in 10123 (14%) patients and critical illness in
3616 (5%) [11]. Acute respiratory distress syndrome (ARDS) is
another clinical manifestation of severe or critical COVID-19.

In one of the first reports describing 138 hospitalized patients
from Wuhan, China, ARDS occurred in 27 patients (19.6%)
[12].

Regarding the postacute period, in a study of 110 hospital-
ized patients with acute COVID-19, pulmonary function tests
(PFTs) were performed either on the day of hospital discharge
or 1 day prior [13]. This testing noted abnormalities in the
diffusing capacity of the lung for carbon monoxide (DLCO),
with 51/110 patients (47.2%) having <80% of predicted ca-
pacity. Reduction in DLCO was more frequently seen among
patients who had experienced more severe disease. A total of
30.4%, 42.4%, and 84.2% among those with mild illness, pneu-
monia, and severe pneumonia, respectively, had impairment
in DLCO (P < .05). A description of patients’ symptomatology
was not provided in this study to correlate with objective find-
ings. Additionally, a separate study of 13 patients with PFTs
performed after clinical recovery from COVID-19 (on the day

Review of Postacute COVID-19 « OFID « 3



before hospital discharge) and at 6 weeks postdischarge showed
arestrictive pattern in 10 of 13 patients with improvement after
6 weeks [14]. However, forced vital capacity was still lower than
the lower limit of normal at 6 weeks postdischarge.

Cardiac Sequelae

In the previously discussed early report of 138 hospitalized
patients from Wuhan, China, cardiac manifestations were de-
scribed in acute COVID-19, with acute cardiac injury occurring
in 10 patients (7.2%), shock in 12 patients (8.7%), and arrhyth-
mias in 23 patients (16.7%) [12]. The median hypersensitive
troponin I (normal range <26.2 pg/mL) was 6.4 pg/mL in all
hospitalized patients and 11.0 pg/mL in ICU patients.

With respect to postacute cardiac manifestations, in a
matched prospective cohort study of cardiac magnetic reso-
nance (CMR) imaging from Germany, Puntmann et al. assessed
100 patients with recently recovered COVID-19 (classified as
a minimum of 2 weeks from original diagnosis with resolu-
tion of respiratory symptoms and negative PCR testing) [15].
The median time from COVID-19 diagnosis to CMR evalua-
tion (range) was 71 (64-92) days. Compared with risk factor-
matched control patients, participants who had recovered from
COVID-19 had lower left ventricular ejection fraction (57%
compared with 62%; P < .001) and were more likely to have de-
tectable high-sensitive troponin T (>3 pg/mL; 71% compared
with 31%; P < .001). Irrespective of preexisting conditions, 78%
of recently recovered COVID-19 patients had ongoing cardiac
involvement noted on CMR, such as myocardial inflammation,
regional scarring, and pericardial enhancement. The majority
of patients in this study had asymptomatic (n = 18) or mild to
moderate (n = 49) symptoms, while the remaining one-third
required hospitalization. Of note, 36 (36%) patients reported
ongoing shortness of breath and general exhaustion at the
time of evaluation, with 25 noting symptoms during less-than-
ordinary daily activity. Four of these 25 (16%) patients had been
previously hospitalized. It is difficult to know, however, whether
these subjective symptoms were due to cardiac abnormalities or
concomitant pulmonary pathology.

Thromboembolic Sequelae

Acute SARS-CoV-2 infection, especially in its severe form, has
been shown to be associated with an increased risk for venous
thromboembolism (VTE) [16]. The long-term risk of VTE,
based on current knowledge, is less well defined. A retrospec-
tive observational cohort study of 163 patients, of whom 42
(26%) required ICU admission, had a 30-day postdischarge
cumulative incidence of VTE of 0.6% (95% CI, 0.2%-4.6%)
[17]. The cumulative incidence of all thrombosis (including
pulmonary embolism, left ventricular thrombus, central ret-
inal artery occlusion, thrombosis of arterio-venous dialysis
fistula, and ischemic stroke) was 2.5% (95% CI, 0.8%-7.6%).
The 30-day cumulative rates of major bleeding and clinically

relevant nonmajor bleeding (using the International Society of
Thrombosis and Haemostasis definitions for these conditions
[18]) were 0.7% and 2.9%, respectively. These rates are com-
parable to the postdischarge hospital-acquired VTE (HA-VTE)
and bleeding rates, 0.3%-2.5% and 0.7%-2.0%, respectively,
that have been observed in patients with comparable forms of
non-COVID-19 acute medical illness [17, 19, 20].

In another study of 102 patients, Engelen et al. report a low
rate of VTE (<1%) at a mean of 44 days after hospitalization due
to COVID-19 [21]. This finding is consistent with a large review
of HA-VTE in patients with COVID-19 discharged from King’s
College Hospital in the United Kingdom [22]. HA-VTE in this
study was defined as VTE diagnosed in the hospital at least 48
hours after admission, or postoperatively, and occurring up to
90 days postdischarge. A total of 1877 patients discharged after
hospitalization for COVID-19 were included in the analysis.
There were 84 HA-VTE episodes that occurred during the study
period. Overall, 9/84 (11%) occurred after discharge, at a me-
dian of 8 days. Therefore, the authors calculated the frequency
of discharged patients who developed HA-VTE to be 4.8 per
1000 discharges. By comparison, the rate was found to be 3.1
per 1000 discharges in 2019, which occurred within 42 days of
discharge. The odds ratio of HA-VTE associated with COVID-
19 compared with rates observed in 2019 before COVID-19 was
1.6 (95% CI, 0.8-3.1) and was not statistically significant.

Neurologic Sequelae

The susceptibility of certain tissues and organ systems to SARS-
CoV 2 might result in other postacute COVID-19 symptoms
that have yet to be described. For example, SARS-CoV-2 exhibits
neurotropic properties, and ~36% of patients with COVID-19
develop neurologic signs and symptoms, such as headaches, en-
cephalopathy, and paresthesias [23]. Cases of confirmed SARS-
CoV-2 viral encephalitis have also been documented [23, 24].
It is conceivable that there may be long-term persistent effects
on the nervous system because of these acute manifestations.
However, such information has not yet been reported in the
medical literature.

Renal Sequelae

Acute kidney injury (AKI) has been well described as a po-
tential complication in patients hospitalized due to severe
COVID-19, with rates in the United States as high as 37%-
40% [25, 26]. Less is known regarding long-term recovery
of kidney function after the acute period. Ng et al. report
outcomes in 9657 patients admitted with COVID-19 during
March and April 2020 [27]. They found that AKI, both with
and without need for renal replacement therapy (RRT), was
significantly associated with risk of death. They also note
that among the 108 patients with AKI who did require RRT
and survived, 33 (31%) patients remained on dialysis at the
time of discharge, suggesting prolonged kidney dysfunction
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despite resolution of acute COVID-19 infection. Among pa-
tients with AKI who did not require RRT, a substantial pro-
portion (36.9%) continued to have kidney dysfunction at
the time of hospital discharge. In the pre-COVID-19 era,
hospital-associated AKI was shown to be associated with
increased mortality and increased risk of de novo chronic
kidney disease [28].

Potential Rehabilitation Requirements

In the previously described UK study that surveyed 100 patients
with COVID-19 at a mean of 48 days after hospital discharge,
speech, swallow, and nutritional needs were also assessed [7].
Dysphagia was observed in 12.5% (4 of 32 patients) of ICU pa-
tients compared with 5.9% (4 of 68 patients) of ward patients,
laryngeal sensitivity in 25% of ICU patients compared with
11.8% of ward patients, and voice changes in 25% of ICU pa-
tients compared with 17.6% of ward patients. Overall, the full
extent and implications of COVID-19 from the standpoint of
long-term physical, occupational, and speech therapy remain
uncertain. A consensus statement regarding rehabilitation has
been put forth by an expert panel from the Defense Medical
Rehabilitation Centre in the United Kingdom. After review of
the available literature at the time, including about the other ep-
idemic coronaviruses SARS-CoV and Middle East respiratory
syndrome coronavirus (MERS-CoV), a recommendation was
made for consideration of cardiac and pulmonary rehabilita-
tion programs for patients who recover from COVID-19 [29].

POSTACUTE COVID-19-RELATED CLINICAL
SYNDROMES

A unique aspect of SARS-CoV-2 infection that has been re-
ported is a condition termed multisystem inflammatory syn-
drome (MIS). Initially described in children and adolescents,
MIS-C is thought to occur many weeks after initial mild or
asymptomatic SARS-CoV-2 infection [30]. Thus, MIS-C can be
thought of as part of the range of clinical situations that can po-
tentially occur in the postinfectious or postacute period.

In April 2020, an initial report described an inflammatory
condition resembling Kawasaki disease (KD) in 8 children [31].
Since then, numerous reports of children with the condition
have appeared in the literature [30, 32-34]. The working case
definition for MIS-C as put forth by the CDC has multiple com-
ponents: (1) age <21 years with fever, laboratory findings of in-
flammation, and severe illness affecting multiple organ systems;
(2) no alternative diagnosis; and (3) evidence of SARS-CoV-2
infection as demonstrated by molecular, serological, or antigen
testing (or exposure to a suspected or confirmed COVID-19
case within the 4 weeks before presentation) [35].

In the largest series to date describing MIS-C in 570 patients
across the United States, approximately three-quarters had se-
rological evidence of SARS-CoV-2 infection; slightly less than
half had a negative PCR test for SARS-CoV-2 [36]. Additionally,

among 147 patients with a positive PCR test but without posi-
tive serology, 137 actually had unknown serological test results.
These data strongly suggest that MIS-C is an inflammatory
condition with overlap with KD that most often occurs in the
postinfectious period.

Recently, a detailed report from the CDC described MIS
occurring in 16 adult patients as opposed to children and ado-
lescents [37]. In the 11 patients in whom SARS-CoV-2 anti-
bodies were checked, all 11 had positive serology. Also, 6 of 16
patients had negative PCR test results. These findings suggest
that MIS-A is also a postacute or postinfectious phenomenon.

POSTACUTE CLINICAL SYNDROMES IN OTHER
EPIDEMIC CORONAVIRUSES

Postacute symptoms have been observed in a variety of infec-
tions, such as Epstein-Barr virus, dengue fever, tick-borne en-
cephalitis, influenza, West Nile virus, Chikungunya, Zika virus,
and Ross River virus, among others [38]. With regard to epi-
demic coronaviruses specifically, Tansey et al. assessed health
outcomes in patients who had recovered from SARS-CoV up to
1 year after discharge and found that more than half of patients
were continuing to experience fatigue and sleep disturbances
[39]. Another 4-year follow-up study of SARS-CoV patients
found that almost 50% still suffered from chronic fatigue, and
over one-quarter qualified for a diagnosis of myalgia enceph-
alitis/chronic fatigue syndrome (ME/CFS) [40]. In 2015, the
National Academy of Medicine published proposed diagnostic
criteria for ME/CFS [41]. Summarizing, these criteria state that
a patient diagnosed with ME/CFS should have the following
clinical findings: (1) substantial impairment in the ability to en-
gage in pre-illness activities for more than 6 months, along with
profound fatigue not alleviated by rest; (2) postexertional ma-
laise; and (3) unrefreshing sleep. Additionally, patients meeting
criteria for ME/CFS should also have either cognitive impair-
ment or orthostatic intolerance.

Prolonged organ dysfunction has also been observed in pa-
tients who recovered from SARS-CoV and MERS-CoV. Ahmed
et al. performed a comprehensive review and meta-analysis of
long-term clinical outcomes in survivors of SARS-CoV and
MERS-CoV after hospitalization and admission to ICU [42].
They found that a reduction in DLCO was present in 11%-45%
of patients at 12 months. Approximately one-third of patients
also had persistent symptoms of PTSD, depression, and anxiety
beyond 6 months following recovery.

In addition to being associated with pulmonary com-
plications, MERS-CoV 1is also believed to be potentially
neuroinvasive. A study by Kim et al. showed that ~20% of
patients with MERS developed delayed neurological symp-
toms 2-3 weeks after typical respiratory symptoms [23, 43].
Neurological findings included encephalopathy, paralysis, is-
chemic stroke, Guillain-Barre syndrome, and neuropathy [23].
Ultimately, our understanding of prolonged manifestations of
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different infectious diseases will likely become more robust with
ongoing study of postacute COVID-19.

POTENTIAL MECHANISMS OF POSTACUTE
COVID-19

Considering the broad spectrum of clinical presentation of
COVID-19, the etiology of postacute COVID-19 symptoms is
likely multifactorial. For example, in SARS-CoV, the virus's po-
tential for direct neuro-invasion was thought to lead to persistent
neuropsychiatric sequelae [44]. Other proposed mechanisms for
persistent sequelae of SARS-CoV and SARS-CoV-2 infections
include the well-described virus-induced “cytokine storm” and
dysregulated immune response [45]. Additionally, it is important
to note that replication-competent virus is rarely recovered be-
yond 20 days after symptom onset [3]; this suggests that persistent
symptoms are driven primarily by immunological phenomena.
Another possibility is that lingering virus continues to be present
in immunologically privileged sites within the body, where it
can be difficult for the immune system to eradicate. Finally, in a
postmortem study of histologic features of peripheral lung tissue,
features of severe endothelial injury along with diffuse throm-
bosis with microangiopathy were observed [46]. Therefore, en-
dothelial injury and ongoing dysfunction might also play a role in
postacute symptomatology and organ dysfunction.

Post-ICU syndrome, another well-described condition that
includes symptoms of persistent cognitive dysfunction, ac-
quired weakness, fatigue, dyspnea, and intrusive memories
after hospital discharge, might also be a contributing factor for
patients with postacute COVID-19 symptoms whose hospital-
ization included ICU care [47]. Much remains to be learned
about the interplay of all these potential factors and their rela-
tive contribution to persistent symptoms and organ dysfunction
following acute COVID-19. The immunological origins of MIS
are also a subject of ongoing research.

CONCLUSIONS

Overall, the available data suggest that a subset of patients who
recover from acute SARS-CoV-2 infection will have longer-
term sequelae from the disease, due to persistent symptoma-
tology or prolonged organ dysfunction, or potentially through
the development of new syndromes, such as MIS, that occur
after initial asymptomatic or mild infection.

The full spectrum of the duration and severity of postacute
COVID-19 is currently unknown. It is quite possible that with
the significant number of patients who have already contracted
COVID-19 and ongoing disease transmission, postacute COVID-
19 symptomatology and organ dysfunction could be an important
area of resource utilization in the future. In the rapidly evolving era
of the COVID-19 pandemic, consensus is also needed regarding
how to classify manifestations in the postacute period. Here, we
have reviewed the existing literature on postacute COVID-19

symptomatology, prolonged organ dysfunction, and the likely
postinfectious inflammatory condition MIS, a rare complication
of acute SARS-CoV-2 infection. Additionally, we have proposed
a potential approach to categorizing postacute COVID-19 into
these 3 domains (Figure 1), recognizing the potential interplay
between organ pathology and symptomatology. The overall prev-
alence of postacute COVID-19 symptoms and its association with
prolonged organ dysfunction remain unclear. Further studies are
needed to better understand postacute COVID-19 and to help in-
form the multidisciplinary approach that will likely be needed to
diagnose and treat this heterogeneous condition.
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