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Abstract
Viral persistence following acute COVID infection is increasingly being reported
by patients and gradually being recognized as a medical syndrome. Like much
about COVID, this so-called Long COVID is perplexing. It is associated with
numerous symptoms, foremost among them profound fatigue, and often occurs in a
relapsing/remitting pattern. There is one “living” guideline for managing Long COVID
and even terminology and definitions of the syndrome are in flux. Long COVID occurs
in patients who have recovered from the acute infection and this may be viral persistence,
a form of autoimmunity, or the long-term results of organ damage sustained during the
acute infection. Symptoms have been reported up to six months after acute infection
with no clear association between the severity of the acute infection and the presence or
absence of Long COVID. The symptoms of the acute illness do not necessarily align with
the symptoms of Long COVID. Disruptions to the autonomic function in Long COVID
are particularly puzzling, including orthostatic intolerance syndrome (which may not
have occurred during the acute infection). Loss of the sense of smell and taste is one
symptom that appears common in both acute and Long COVID; on the other hand, fever
is more prevalent in acute than Long COVID. Research is urgently needed to better
understand Long COVID, for example: what is the role of elevated biomarkers such as
D-dimer and C-reactive protein in Long COVID? Is Long COVID one or more than one
syndrome? How can patients with Long COVID be appropriately treated?
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1. Introduction

Viral persistence is a well-known phenomenon and has
been observed in the relapsing/remitting symptoms of
the Chikungunya virus or the unrelenting and prolonged
symptoms of Ebola infection [1, 2]. Three main concepts
explain viral persistence: the virus sequestering in immune-
privileged sites, aberrant immune response, and autoimmunity
[3]. The emergence of persistent symptoms of the SARS-CoV-
2 infection, sometimes called “Long-haul COVID-19” or just
“Long COVID” is emerging as a secondary public health crisis
in the wake of the pandemic. Like other postviral syndromes,
Long COVID is frequently associated with chronic fatigue
and other conditions ranging from mild to debilitating [4].
Little is scientifically demonstrated about Long COVID

other than the fact that certain symptoms seem to persist in
a subset of those who survive acute COVID infection; these
symptoms may be the same, similar, or different from the
acute symptoms. Because of the novelty of this syndrome, the
evidence for Long COVID to date comes mainly in the form
of anecdotal reports and there is a paucity of solid research on

this condition [5]. Modern academic medicine values rigorous
clinical trials with results published in reputable peer-reviewed
journals by notable authorities above patient anecdotes shared
on social media, but the number of patients speaking out about
extended or unusual symptoms after acute infection could not
be long overlooked [6]. In fact, the first account of the main
50 symptoms associated with Long COVID came not from
physicians or scientists at all, but rather from a social media
community of acute COVID survivors whowere self-reporting
their experiences [7, 8]. This is an interesting novelty emerging
from the COVID pandemic and differentiating it from the
previous pandemic of the last century [9].
LongCOVIDposes formidable challenges to our already be-

leaguered healthcare system, because a subset of those infected
with COVID may experience symptoms after viral clearance
and the course and consequences of these symptoms is not
known. The goal of this study was to explore what is currently
known about Long COVID, what is speculated based on good
evidence, and what is not yet known. This is a narrative
rather than systematic review; there are few rigorous studies
on Long COVID. Indeed, in the summer of 2020, complaints
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from COVID survivors about persistent symptoms following
a negative COVID test were sometimes minimized or even
frankly disbelieved by the healthcare profession [10], perhaps
because clinicians were overwhelmed with caring for acute
patients.
There remains to date no universally recognized definition

of Long COVID [11]. The absence of a consensus definition
can lead to clinical confusion, which in turn can contribute to
the marginalization of patients, and thwart attempts to better
diagnose and treat Long COVID [12]. SARS-CoV-2 is a
novel zoonotic virus and, as such, persistent symptoms fol-
lowing the acute infection might more traditionally be called
“chronic COVID syndrome” [13]. Nevertheless, the term
Long COVID, largely introduced by laypeople, has found
acceptance in scientific and medical databases.

2. Methods

The authors searched the literature for keywords “Long
COVID”, “Long-haul COVID”, in January and February 2021
and evaluated that body of literature and its references. We
included articles that were peer-reviewed, written in English,
and described Long COVID. We excluded patient-written
content. Papers were evaluated by the authors and those with
a primary focus on the specific phenomenon of postviral
COVID symptoms (Long COVID) were included. In some
cases, definitive websites were searched as well and the
bibliographies of articles consulted. For this publication, the
syndrome will be called “Long COVID” although the terms
Long-haul COVID, Long COVID-19, and chronic COVID
are used in the literature and some sources use the lowercase,
that is, Long COVID.

3. Results

There were 69 results for Long COVID and 12 for Long-
haul COVID with some overlap. We found that terminology
remains to be better defined, that a long list of symptoms has
been explored as being associated with Long COVID, and its
epidemiology is still being defined. In fact, it may be that
there is more than one syndrome being called Long COVID
and immunobiography may be an important part of better
understanding the inherent plasticity of the immune system
with respect to viruses and other pathogens. It appears that
certain special populations may be more vulnerable to Long
COVID than others and guidelines are starting to address Long
COVID. Finally, the clinical considerations with respect to
Long COVID are presented. The body of literature on Long
COVID is not large but it is growing. Presented here is
what is currently known, what is suspected, and what remains
unknown.

3.1 Terminology

Terminology is further challenged by the fact that symptoms of
the persistent condition vary widely among patients, with some
reporting anxiety and brain fog, others respiratory conditions,
and still others persistent cardiovascular conditions. Many pa-
tients report multiple symptoms, which may not always match

their acute symptoms. In cases of other postviral syndromes,
for example viral hepatitis, the transition from the initial acute
infection to the more prolonged symptoms are generally de-
scribed as “acute” and “chronic” [13]. A temporal cutoff
has been proposed to separate acute from chronic COVID at
three weeks, based on observational data [13]. Other authors
have called this syndrome that occurs three weeks after acute
infection “post-acute COVID” or “post-COVID syndrome”,
which then transitions to “chronic COVID” at 12 weeks [14,
15]. For others, Long COVID is defined to occur in those who
have any COVID symptoms >28 days post-diagnosis of the
initial infection [11, 15]. The Centers for Disease Control and
Prevention (CDC) have proposed staging COVID infection
into three phases, with the acute phase defined by the period of
active viral replication, a post-acute hyperinflammatory phase
(defined as a positive antibody test two weeks after diagnosis),
and late sequelae or Long COVID after four weeks [16]. See
Table 1 (Ref. [16, 17]). The consumer press and social
media favor the patient-coined term Long COVID without
differentiating the three, four, or 12 week markers [14]. Since
our understanding of Long COVID is in its infancy and the
syndrome continues to surprise epidemiologists, it is perhaps
premature to arrive at hard definitions.

3.2 Epidemiology of Long COVID

For better or worse, social media has played and continues to
play a major role in the COVID pandemic, including in the
recognition of Long COVID as a genuine medical syndrome
[18]. Patient support groups such as WeAreBodyPolitic.com
and the Long COVID group on Facebook provided the first
patient self-reports of Long COVID and allowed these individ-
uals to share their stories outside the scrutiny of the medical
establishment. At the time of publication, Long COVID has
been discussed more on social media among patients and their
families than in the medical literature [7]. This does not mean
such social media reports should be discounted or reduced
to mere “anecdotal” stories from random patients. Indeed,
many descriptions of Long COVID on social media come
from healthcare professionals who became infected on the job
and have the medical expertise to describe their symptoms
accurately [7]. A Symptom Study app was developed in the
United Kingdom to crowd-source data about COVID-related
experiences directly from patients; this app became a source of
information about Long COVID as well. Information obtained
from almost 4 million individuals found that about 10% of
COVID patients experience symptoms that last three weeks
or longer [5]. Other studies have found the rate of persistent
symptoms to occur in much larger proportions of those who
have had acute COVID infections [19–23].
While men are at elevated risk for contracting the SARS-

CoV-2 infection, women appear to be at greater risk of devel-
oping Long COVID in the aftermath of the acute infection [24].
Patients with comorbidities, particularly obesity (body mass
index ≥30) and/or psychiatric disorders, are more likely to
have prolonged symptoms of COVID disease [17, 20]. There
have been no conclusive studies that can associate specific
symptoms of acute COVID with persistent symptoms of Long
COVID [25], nor can the severity of the acute infection be
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TABLE 1. The stages of infection with the SARS-CoV-2 virus as defined by the Centers for Disease Control and
Prevention (CDC) [16, 17]. Note that fatigue, a symptom of Long COVID frequently reported by patients, does not

appear on this guidance from the CDC.
Acute COVID Hyper inflammatory stage Long COVID

Description Active viral replication
Initial host response Dysregulated host response Uncertain, pathophysiological

pathways may be involved
Duration < 2 weeks 2–4 weeks > 4 weeks
Pathology Viral replication Immune response Unknown
Primary symptoms Fever, dry cough, dyspnea,

myalgia, anosmia, nausea, diarrhea
Gastrointestinal, cardiovascular,

respiratory, neurological,
musculoskeletal

Cardiovascular, pulmonary,
neurological, psychological

Diagnostic tools Viral test (PCR) Antigen testing None
PCR, polymerase chain reaction.

associated with the likelihood of developing Long COVID
[26].

3.3 Symptoms of Long COVID

Long COVID may be described as persistent symptoms in
patients who have recovered from acute SARS-CoV-2 infec-
tion, with the most frequently reported symptoms fatigue,
exercise intolerance, brain fog, cognitive deficits, disordered
sleep patterns, and a range of autonomic symptoms, such as
night sweats, gastroparesis, gastrointestinal disturbances, and
peripheral vasoconstriction [7]. This list is not exhaustive;
other frequently reported symptoms include dyspnea, joint
pain, chest pain, cough, and anosmia [19]. While chills and
fever associated with acute SARS-CoV-2 infection tend to
resolve with viral clearance, symptoms of fatigue and cough
were more likely to persist [20]. More symptoms of Long
COVID have also been described: myocarditis, pericardi-
tis, microvascular angina, cardiac arrhythmias including atrial
flutter, atrial fibrillation, and ventricular tachycardia, dysau-
tonomia (postural orthostatic tachycardic syndrome), mast cell
activation syndrome, interstitial lung disease, thromboembolic
conditions, myelopathy, neuropathy, neurodegenerative dis-
orders, renal impairment, hepatitis, abnormalities in liver en-
zymes, and dystonia [3]. Loss of the sense of smell and/or taste
is commonly reported as a symptom of both acute and Long
COVID [22, 27]. In addition, symptoms such as new-onset
diabetes, new-onset hypertension, new-onset thyroiditis, new-
onset allergies, and new-onset anaphylaxis have been reported
in the setting of acute infection, but it is not clear if these
symptoms persist after the acute infection resolves to become
part of the Long COVID syndrome [3]. Symptoms persisting
after acute infection are frequently reported andmay be present
for an extended period of time, see Table 2 (Ref. [19–23, 28]).
Certain symptoms are puzzling. For example, disruptions

in autonomic function have been reported subsequent to acute
COVID infection that result in orthostatic intolerance syn-
drome. It is not clear if this condition relates to a virus-
mediated attack or an attack mediated by the immune system
in the wake of COVID infection [14]. Indeed, symptoms such
as these that may occur subsequent to acute infection may
even be unrelated to the virus. Autonomic symptoms, such

as heart palpitations, tachycardia, dyspnea, syncope, and so
on have been reported among a case series of six patients in
early 2020 who were suspected to have had acute COVID (one
case was confirmed, five others has suspected COVID with
symptoms compatible with the disease) [14]. These early data
were gathered at a time when COVID testing was not widely
available. The six patients in this case series were all females
between the ages of 26 and 50 and all presented with ortho-
static intolerance with resting or postural hypotension and/or
tachycardia [14]. In a person with any sort of viral infection,
hypovolemia may occur, which can be further exacerbated
by prolonged bed rest and subsequent deconditioning. This
hypovolemic state can diminish cardiac output, reduce stroke
volume, interfere with the baroreflexes, and reduce the body’s
neurological sympathetic response [14].
The loss of the sense of smell is reported often in both acute

and Long COVID. It is intriguing that the anosmia associated
with acute COVID infection is usually not accompanied by
rhinitis [27, 29]. ACE2 receptors, the entry point for the
SARS-CoV-2 virus, are densely expressed in the nasal mucosa,
and anosmia was likewise common in patients suffering from
the Severe Acute Respiratory Syndrome (SARS) epidemic
more than a decade ago [30]. Initially, it had been sus-
pected that anosmia was indicative of central nervous system
involvement, but two factors point against this. First, most
acute COVID patients who experience anosmia recover their
sense of smell within a week or two after infection [31].
Second, central nervous system symptoms occur in far fewer
patients than anosmia [32], suggesting that they are unrelated.
The virus may instead target non-neuronal cells that express
ACE2 receptors, which would include the olfactory epithelium
sustentacular cells, microvillar cells, Bowman’s gland cells,
horizontal basal cells, and olfactory bulb pericytes, among
others [33]. The persistence of anosmia in some Long COVID
patients may be the result of slow recovery of these non-
neuronal cells.
Dermatological manifestations of COVID may occur in the

acute phase and can persist, but are less well described in the
literature. A case report of acute vasculitis in an 11-year-old
COVID patient reported erythematous lesions on the feet and
ulcerative lesions with dyschromia of the nails [34]. Other cu-
taneous symptomsmay include pernio, morbilliform, urticaria,
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TABLE 2. Studies following patients who survived acute SARS-CoV-2 infection and were interviewed about symptoms
show that persistent symptoms are pervasive and long lasting [19–23, 28].

Study Time elapsed since
acute infection

Fatigue Cough Dyspnea Other

Carfi 2020
143 hospitalized pt in Italy Mean 60 days 53% 15% 43% 55% had ≥ 3

symptoms and 44%
had reduced QoL

Huang 2021
1733 hospitalized COVID pt in China Median 186 days 63% had

fatigue and/or
muscle
weakness

NR NR 26% had problems
sleeping and 23%
had depression or

anxiety
Mandal 2020
384 hospitalized pt in UK Median 54 days 69% 34% 53% 15% depression

Moreno-Perez 2021
277 patients with acute COVID in Spain Mean 77 days 35% 21% 34% 51% still had

symptoms; 18% had
headaches

Petersen 2020
180 adults with COVID in Faroe Islands,
Denmark

Mean 125 days 24% of those
who were

symptomatic
in acute phase

NR NR 53% still had at ≥ 1
symptoms

Tenforde 2020
CDC Phone interview of 292 adults with
positive COVID test in the United States

Median 16 days
post-test

(Of those
with

symptoms)
35%

(Of those
with

symptoms)
43%

(Of those
with

symptoms)
29%

35% had not
recovered at time of
phone interview

NR, not reported; Pt, patients; QoL, quality of life.

papulo-squamous eruptions and chilblains [34]. A study of 163
acute COVID patients with dermatological symptoms reported
that 6.8% of acute COVID patients with pernio (“COVID
toes”) had pernio that lasted more than 60 days [35].

While fever is a hallmark symptom of acute COVID in-
fection, it seems to be rare in Long COVID [7]. However,
most other symptoms of acute COVID can also occur in Long
COVID. Long COVID often involves multiple symptoms; a
survey of 274 COVID patients reporting persisting symptoms,
found the median number of lingering symptoms was seven
[20].

Biomarkers for Long COVID have not yet been extensively
investigated. In a study of 384 hospitalized COVID Patients
in the United Kingdom followed for a median of 54 days
post-discharge, some patients exhibited elevated biomarkers.
Among the COVID patients who had abnormally elevated
D-dimer and C-reactive protein levels at hospital discharge,
30.1% and 9.5%, respectively, continued to have these el-
evated levels at follow-up four to six weeks post-discharge
[28]. A single-center study from London reported that 30%
of 229 patients hospitalized with acute COVID had elevated
D-dimer levels a median of 54 days after hospital discharge
[28]. The D-dimer score at hospital admission was recorded
for 176 COVID patients and had a median value of 785 and
an interquartile range of 510 to 1486. At predischarge, this
value was 878.5 (547.4–2522.5) and at follow-up four to six
weeks later, it was 384 (242–665). The meaning of these

D-dimer levels is not clear [28]. Upon hospital admission,
87% of this same cohort had a chest X-ray, of which 15%
were normal, 29% indeterminate, and 56% typical of COVID
patients. About two-thirds of patients received a chest X-ray
at follow-up, of which 62% were considered normal, 27%
showed improvement, 2% were unchanged, and 9% showed
significant deterioration. It is interesting, that of the patients
with a chest X-ray showing marked deterioration (n = 23), 9%
had had normal X-rays at admission, 48% had indeterminate
radiographic findings, and 43% had “typical COVID” chest
X-rays [28]. It is worth noting that more than half of those
with normal or indeterminate chest radiographs during acute
COVID showed deterioration at follow-up, suggesting that
Long COVID may be more dangerous than just lingering mild
symptoms.

Mental symptoms have also been reported. A frequent com-
plaint among Long COVID patients is brain fog, confusion,
changes in cognition, and loss of memory [36]. Patients also
reported emotional distress with Long COVID, manifesting
as fearfulness, worry about their health, concern that they
might never recover, all of which could be exacerbated by lack
of consistent Long COVID care or dismissal of their symp-
toms by healthcare professionals and family [36]. Anxiety
and depression are frequently reported with Long COVID but
it is not always clear if Long COVID sequelae, new-onset
conditions, or if the patient had pre-existing mental health
disorders or risk factors for psychological distress. After
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all, COVID infection is a distressing condition with many
unknowns and living in pandemic conditions for months on
end has been emotionally challenging for everyone, especially
for healthcare professionals and others on the frontlines of
care [37]. The sometimes-promoted view of COVID as a
dichotomous condition, that is, either one has it or one has
recovered, can further promote frustration and even anxiety
among those trying to navigate this novel syndrome [36].

3.4 Is Long COVID more than one syndrome?

Long COVID sometimes occurs as a prolonged illness where
acute infection transitions seamlessly to a long period, in
which a subset of the initial symptoms persist. For other
patients, LongCOVID is a relapsing/remitting conditionwhere
patients initially recover from acute illness, then report cyclic
recurrence of certain symptoms [7]. This distinction in natural
course may be important to understanding Long COVID. For
instance, it has been observed that patients who suffer from
moderate to severe or very severe acute COVID infections
may exhibit Long COVID in the form of prolonged symptoms,
while those who have mild cases of the acute infection are
more likely to develop the relapsing/remitting form of Long
COVID [16, 38]. Thus, Long COVID may exhibit as many as
three distinct and unrelated manifestations: persistent residual
symptoms of the acute infection, symptoms related to organ
dysfunction caused by the acute infection, and new symptoms
[26].
Patients with severe cases of COVID treated in intensive

care units (ICUs) may experience post-ICU syndrome—not
unique to COVID—but which may be confused with Long
COVID [17]. Patients with post-ICU syndrome may expe-
rience cognitive impairment, memory loss, shorter attention
span, deterioration of executive function, muscle weakness
or atrophy, joint contractures, diaphragmatic dysfunction, la-
ryngeal injury, dysphagia, dysphonia, anxiety, and depression
[39]. COVID patients in the ICU are exposed to conditions
that may exacerbate post-ICU syndrome, for example, they
may be isolated; have little to no contact with family and
friends; have less than usual access to clinicians and rehabil-
itation services due to hospital staffing constraints during the
pandemic; have been sedated or intubated; and lack adequate
information about this new and potentially fatal disease [40].
Post-ICU syndrome is persistent. In a study of 196 patients
who had been hospitalized in an ICU unit for acute respiratory
distress syndrome, at a median of 33 to 39 months after their
ICU stay, 52% reported continuous or recurring symptoms,
38% had prolonged anxiety, 32% had depression, and 23% had
symptoms akin to posttraumatic stress disorder [41, 42].
Persistent symptoms following viral infection are not unique

to COVID. For example, the Epstein-Barr and Guillain-Barré
viruses are associated with chronic symptoms [43] and the
mosquito-borne Chikungunya virus is likewise associated with
periodic recurrences of symptoms over months following the
initial illness [44]. Patients with SARS, a coronavirus dis-
ease caused by a virus similar to the SARS-CoV-2, have also
reported long-term symptoms that include fatigue, weakness,
musculoskeletal pain, depression, and poor sleep quality, in a
condition named Chronic Post-SARS Syndrome [45].

Organ damage may occur in acute COVID infections that
persists after viral clearance, including damage to the pul-
monary, cardiovascular, thromboembolic, neurological, and
renal systems [26]. While cardiac symptoms of acute COVID
infection are not frequently reported, a study of 100 COVID
patients using magnetic resonance imaging reported that 78%
of those who had recovered from the acute infection still had
some degree of cardiac involvement in the form of myocardial
inflammation, regional fibrosis, or pericardial enhancement;
in this study 67% of patients had no or only mild cardiac
symptoms during acute illness [46]. Further study is warranted
to determine whether those who have cardiac dysfunction
following acute COVID infection have pre-existing cardiac
conditions or risk factors for cardiovascular disease.
Acute COVID infection is associated with an elevated risk

for venous thromboembolism (VTE) [47] but the risk of VTE
in patients who recover from COVID is not known [48]. VTE
is not typically listed among the Long COVID symptoms but
should be considered in future studies.
Viral reinfection cannot be ruled out as a potential occur-

rence, particularly in patients with suppressed immune systems
[17]. A case study reports that a 57-year-old man with a
confirmed but asymptomatic case of COVID developed a mild
but symptomatic case of COVID about three months later. It
is not clear whether this was reinfection from a community-
based source, viral reinfection, or a delayed immune response
[49]. Cases of potential reinfection are rare but have been
reported; there is no strong evidence with respect to whether
a recovered COVID patient can become reinfected. In this
context, it is important to note that replication-competent virus
is rarely found in recovered COVID patients after 20 days on
onset of acute symptoms [50]. On the other hand, it has been
proposed that the virus may be able to sequester itself in so-
called “immunologically privileged locations”, from which it
is difficult for the body to remove the virus [26].
Fatigue is among the most frequently reported Long

COVID symptoms, but fatigue is a diffuse symptom with
multiple potential etiologies, including post viral fatigue,
which may occur after any number of viral infections and is
not unique to COVID [17, 51]. Myalgic encephalomyelitis
(ME) and chronic fatigue syndrome (CFS) are well-known
syndromes with an obscure etiology; many patients diagnosed
with ME/CFS had a viral infection prior to onset of symptoms
but this was not necessarily a COVID infection [7]. ME/CFS
includes symptoms of physical exhaustion, poor sleep,
depressed mood, memory deficits and “accelerated aging”
[17]. The fatigue may also be related to the Epstein-
Barré virus, a herpes virus which is associated with
relapsing/remitting patterns that seems to fit Long COVID
symptomology [17]. It is not clear if ME/CFS is a disease
or a constellation of symptoms, but it has transitioned from
being viewed as a biopsychosocial phenomenon to being
more widely recognized as a form of chronic illness [52].
The symptoms of ME/CFS and Long COVID overlap in
many cases, and it is not clear if they may be the same
condition in some patients or unrelated conditions despite
their symptomatic similarities.
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3.5 The role of immunobiography
Immunobiography describes a patient’s personal history of
pathogenic exposures and the presence of antigens, which
can influence that patient’s inflammatory response to other
stimuli [53, 54]. The plasticity of the immune system pre-
serves an individual record or biography of the individual’s
experiences and continuous adaptation to pathogens. Thus,
immunobiography can help explain the genetic contributions
to differences in immune systems and may explain sex-based
differences as well [53, 55]. Since the immune system under-
goes remodeling with advancing age, the aging body becomes
more and more vulnerable to infections, malignancies, and
autoimmune disorders [56]. For example, over time, the body
accumulates material produced by living organisms, including
cellular debris, metabolites, molecular aggregates from incom-
plete degradation of non-enzymatic reactions, and a variety of
other products known as “molecular garbage”, all of which
reduce the body’s ability to fight off new pathogens [57]. It
is not known if and to what extent immunobiography can help
differentiate those patients with acute COVID infection who
will go on to develop Long COVID versus those who will fully
recover in a short period of time.

3.6 Special populations and Long COVID
The term inflammaging (inflammation + aging) refers to
chronic subclinical systemic inflammation associated with
aging and can be assessed with specific biomarkers, such as C-
reactive protein, interleukin (IL)-6, IL-18, and tumor necrosis
factor [54, 55]. Inflammaging may be described as the chronic
condition that underlies the aging process [53]. The concept
of inflammaging may have profound ramifications for Long
COVID among geriatric COVID survivors, who may be
at elevated risk for morbidity, disability, frailty, and other
infections [55].
Chronic inflammation has been linked to many chronic

conditions including metabolic syndrome, type 2 diabetes mel-
litus, non-alcoholic fatty liver disease, cardiovascular diseases,
cancer, autoimmune disorders, neurodegenerative conditions,
and others [58]. With aging, a more complex, multisystem,
chronic inflammatory state may occur and factors such as
unhealthful diet, obesity, comorbidities, sedentary lifestyle,
stress, social isolation imposed by the pandemic, disordered
sleep, and mental health problems may exacerbate this age-
related condition [58].
Cellular senescence may contribute to the pathogenesis of

sustained chronic inflammation. Cellular senescence may oc-
cur for any number of reasons: genomic instability, metabolic
disorders, oxidative stress, energy crises, and others [54, 59].
Cellular senescence stops normal cell proliferation, resists
apoptosis, and can cause the massive release of senescence-
associated secretory phenotype (SASP) molecules, including
various cytokines, chemokines, and other molecular species
[55]. Because the SARS-CoV-2 may activate a powerful in-
flammatory response, it has been speculated that this “cytokine
storm”may cause an immune system paralysis of sorts, starting
with a hyperinflammatory phase followed by the compen-
satory anti-inflammatory response, leading to immunosuppres-
sion and increasing the patient’s vulnerability to secondary

infections and immunosenescence [55]. With immune system
paralysis, a patient may be in a hyperinflammatory state yet
lose the ability to react to a new inflammatory insult [55].
Cellular senescence of various tissue systems may launch a
vicious cycle where senescence results in SASP-related pro-
inflammatory factors leading to inflammation and triggering
more cellular senescence [55].
The trajectory of acute COVID seems to differ markedly

among pediatric, young adult, and geriatric patients with
children far less likely to experience severe symptoms than
adults and seniors. However, just as with adult patients, Long
COVID may occur in healthy children who do not experience
severe symptoms with acute COVID [60]. A case report
described five pediatric patients (80% female) between the
ages of 9 and 15 years (median 12) with diagnosed COVID
infections who had COVID symptoms that persisted between
six and eight months [60]. Twomonths after the initial onset of
acute COVID, all five children reported symptoms of fatigue,
dyspnea, chest pain, and palpitations. Three of the children
reported abdominal pain, memory loss, depression, cutaneous
symptoms, and myalgia. Two children had remitting fever,
problems sleeping, joint pain, diarrhea, and vomiting. One
child had problems with taste and smell for two months
after onset of acute COVID as well as poor appetite, chronic
coughing, and numbness. Four of the five children suffered
symptoms every day while one of the five had intermittent
symptoms characterized by “good days and bad days” [60].
Thus, Long COVID may affect pediatric patients.
Inequities in healthcare have been a hallmark of COVID

infections in many parts of the world and such disparities
may become evident with the emergence of Long COVID
syndrome. In addition to disadvantaged communities of mi-
nority populations and those of low socioeconomic status, it
may be that individuals with mental health disorders, learning
disabilities, or problems communicating (language barrier,
dementia) face unequal care and treatment [15].

4. Clinical implications of Long COVID

Long COVID is a perplexing and challenging condition and
patients who experience this syndrome often feel misunder-
stood, marginalized, and dismissed by the healthcare system.
Even when clinicians show support for these patients, there is
limited understanding of Long COVID, its natural course, and
appropriate therapies. While the public may have a reasonable
understanding of acute COVID, Long COVID is fraught with
so many unknowns that it can be extremely distressing to
patients trying to understand what is happening to them. For
clinicians, it is important to acknowledge the symptoms and
experiences of patients who suspect they have Long COVID,
and healthcare professionals may better avoid providing hasty
answers or dismissing their concerns entirely [36]. Indeed,
many patients report feeling stigmatized by family and the
medical profession for reporting Long COVID symptoms and
not simply “getting over” what should be a relatively mild
illness [61]. Since Long COVID is not experienced by all
COVID survivors, it is easy to think that the Long COVID
patients are exaggerating their complaints. While these pa-
tients may require both emotional support and validation, on
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the one hand, they also should get symptomatic treatment, on
the other hand [36]. Continuity of care and standards of care
are important and must be established rapidly, as patients at
this time with similar histories and symptoms may be treated
differently by different clinicians at the same center.
Clinicians must first differentiate between Long COVID

which can be managed with at-home care and relatively benign
interventions versus life-threatening illness. Following acute
COVID, some patients may develop potentially fatal cases of
pulmonary embolism, heart failure, lung fibrosis, stroke as
well as severe neurological impairment and mental breakdown
[62, 63]. Acute COVID disrupts the body’s immune and
endocrine systems, which can exacerbate comorbid conditions
and patients may have to deal with this long after the acute
COVID resolves. In this connection, it must be noted that not
all illnesses that develop in a patient following acute COVID
are necessarily Long COVID [62].
When treating a patient who may have Long COVID, it is

important to take a thorough history, including medications,
and prioritize patient symptoms. A social history may be im-
portant in this context, as extended periods of isolation, anxiety
about the pandemic, economic hardships, and bereavement are
important considerations that can worsen a patient’s mental
health. Biometric readings, such as oxygen saturation, are
crucial. Red flag symptoms include chest pain and profound
dyspnea. It may be appropriate in some patients to assess
exertional desaturation by having them walk around the room
for about 40 steps and testing oxygen saturation levels. Oxygen
saturation should be ≥95% and not drop by more than 3%
during exertion [62].
Depending on the patient, it may be helpful to have blood

tests. Patients with cardiac comorbidities or cardiac symp-
toms may benefit from an electrocardiograph. Patients with
chest pain or respiratory symptoms may benefit from a chest
radiograph [62]. Some patients may require at-home breathing
exercises, although more systematic and formal rehabilitation
services may be necessary for severe cases.
Patients whose primary symptom is fatigue and whose other

symptoms are relatively mild or manageable may respond well
to outpatient treatment. Nonsteroidal anti-inflammatory drugs
or acetaminophen may be appropriate for myalgia, headache,
pain control, and fever. Patients with known comorbidities,
such as diabetes, may be counseled to be strict in maintaining
their usual care. Mental health symptoms may be managed
in some cases by encouraging patients to get peer support,
sometimes available online, or re-establish social connections,
but formal psychological counseling may be necessary in other
cases [62].
The role of physical exercise and workouts in the treatment

of Long COVID is uncertain and controversial. Since many
Long COVID patients experience profound and overwhelming
fatigue along with limited aerobic capacity, some clinicians
have discouraged physical exertion while others think it is
worthwhile to rebuild physical condition. If patients decide to
exercise, they may be well advised to take things slowly, pace
themselves, and stop a workout if symptoms worsen [62].
Long COVID can be challenging for family and general

practice physicians to manage, and it has been recommended
that difficult, complex, or severe cases of Long COVID and

patients who do not exhibit clear improvement over time be
referred to specialists in Long COVID, who admittedly are few
[38]. Despite advances in acute COVID treatments and the
vaccine, it is not clear howLong COVIDwill continue to infect
the general population, whether people can be infected after
vaccination, and if the virus will mutate like influenza viruses.
As case numbers continue to mount, healthcare services will
have to deal with increasingly large numbers of Long COVID
cases [39]. See Table 3 (Ref. [64]).

4.1 Guidelines

The National Institute for Health and Care Excellence (NICE)
has published a “living guideline” to address the emerging con-
dition of Long COVID [15]. NICE guidelines recommend for
suspected cases of Long COVID blood tests (full blood count;
clotting profile; renal, liver, and thyroid functions; C-reactive
protein) as well as tests of cardiac and pulmonary function [15].
However, gastrointestinal, neurological, endocrine, and other
problems may also occur in Long COVID [15]. In some cases,
an appropriate diagnostic assessment of Long COVID requires
amultidisciplinary approach andmay requiremultidisciplinary
treatment and rehabilitation [15]. More guidance and aware-
ness are needed as patients with Long COVID report difficulty
in obtaining an accurate diagnosis, getting appropriate care,
and even finding healthcare professionals who show them
professional empathy [36].
Of course, any guidelines right now would be at best “living

documents”, subject to revision with lived clinical experience
[3]. Establishing consistent Long COVID terminology and
setting forth a comprehensive clinical description of the con-
dition is crucial, which may be premature at this point. The
guidelines should note the apparent relapsing-remitting nature
of the syndrome, at least in some cases. Furthermore, the
current emphasis on social support and cognitive behavioral
therapy sometimes observed may undermine the fact that Long
COVID appears to be a distinct pathological condition (ormore
than one), rather than the byproduct of mental stress [3].

5. Discussion

Healthcare professionals are only gradually coming to the
realization that Long COVID may represent the next major
wave of the pandemic. With few studies of the condition and
little solid scientific evidence from randomized clinical trials,
healthcare professionals, public health experts, and scientists
are grappling with a novel syndrome primarily through infor-
mation from anecdotal reporting. Certainly, serious study is
needed to better understand the nature, mechanisms, symp-
toms, and trajectory of Long COVID. Registries, observational
studies, clinical trials, case control studies, and case reports
are urgently needed. The use of data collection apps and other
novel methods may also be helpful, but do not replace the more
traditional role of clinical study.
Frontline healthcare professionals must be empathetic to

patients who describe post-infection symptoms of COVID and
take these reports seriously. While we currently do not have
reliable diagnostic or assessment tools for Long COVID, pa-
tients should not feel dismissed when they seek help. Clinical
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TABLE 3. A good rapport is important in navigating the terrain of this new Long COVID syndrome and there still
remain many unknowns [64].

Clinical approach Relevance Benefit
Listen to the patient Many Long COVID patients feel marginalized,

discounted, and even disbelieved, which exacer-
bates their distress and isolation

Patient self-reports are helping to define
this disease, so patients should be given the
opportunity to share their stories

Document symptoms Long COVID is an emerging disease and more
data are urgently needed

The more that is known about Long
COVID, the better treatments can be

Investigate low oxygen levels, heart
rate, and dyspnea in particular

These Long COVID symptoms can be particu-
larly dangerous

It may be important in some Long COVID
patients to triage symptoms and refer
certain patients for more urgent care

Do not confuse Long COVID with
ordinary anxiety

Physical symptoms are likely not secondary to
anxiety or depression in Long COVID

Anxiety and depression should be treated,
if appropriate, but not everyone who feels
anxious after recovering from COVID
necessarily has Long COVID

Monitor symptomatic fluctuations Long COVID may exhibit relapsing-remitting
patterns or changes of symptoms

Better knowledge of the syndrome may
improve care

Be alert for “red flags” Some Long COVID symptoms may be severe
and even potentially life threatening, such as
pulmonary embolism, stroke, myocarditis, and
others

Such patients should be receive emergency
care at once

Educate patients and their families A clinical teammember should be able to discuss
Long COVID with patients and their families

Patients should be reassured that these
are real symptoms and given appropriate
symptomatic support

Patients should be alerted to what symptoms
to look for and that relapsing/remitting patterns
may occur

Be aware of patients who do not
improve

Improvement with Long COVID may be slow
but patients should over the course of weeks and
months exhibit improvement

Patients who do not improve for many
weeks/months should be referred to Long
COVID specialists or COVID clinics

Treat symptoms as appropriate Long COVID may cause headache, myalgia,
respiratory problems, nausea, gastrointestinal
symptoms and so on

Symptomatic treatment is appropriate and
may help restore function

Encourage patients to rest and offer
strategies to help manage fatigue

Long COVID is frequently associated with
profound fatigue, which may be one of its more
enduring syndromes

Patients should be reassured that this is a
real symptom and that they may need lots
of extra rest to manage

definitions, better terminology, and diagnostic metrics are like-
wise urgently needed. Public health, payers, and government
authorities must be aware that some COVID patients will need
ongoing medical care, possibly rehabilitation, mental health
services, or other forms of support long after the acute infection
resolves [65].
Research is urgently needed to better define Long COVID,

in particular phenotypes of the syndrome, risk factors, prog-
nostic markers, natural history, diagnostic tools, and treatment
options [15]. Long COVID symptoms may occur weeks and
months after the acute infection and recovered COVID patients
who report with suspicious symptoms should be carefully
evaluated [52].
In an era that emphasizes the value of patient-centric

medicine, Long COVID may be a condition in which patients
were central to its identification, definition, and description.
It has been shown that the early 2020 definition of COVID
recovery needs to change from merely “a negative COVID

test” to freedom from COVID-related symptoms.
There are several limitations to this article. It is a narrative

review of a growing body of literature. Terminology issues
have hampered the study and evaluation of Long COVID. The
initial reports and interest in Long COVID emerged as a result
of self-reported patient experiences, which can be informative
but must always be reviewed with academic caution.

6. Conclusions

Long COVID is a real and, for some patients, debilitating
syndrome that occurs after viral clearance. Research is needed
to better understand this pathology and how to manage it
appropriately. With millions of people around the world hav-
ing survived acute COVID, it is likely that the Long COVID
syndrome will represent a major new wave of challenge to an
already beleaguered healthcare system. Diagnostic challenges
in Long COVID along with difficulties in treating it should
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not deter clinicians from recognizing this as a real syndrome
and treating patients who report these prolonged or perplexing
syndromes with professional empathy and respect.
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