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a b s t r a c t

Background and aims: Long COVID is the collective term to denote persistence of symptoms in those who
have recovered from SARS-CoV-2 infection.
Methods: WE searched the pubmed and scopus databases for original articles and reviews. Based on the
search result, in this review article we are analyzing various aspects of Long COVID.
Results: Fatigue, cough, chest tightness, breathlessness, palpitations, myalgia and difficulty to focus are
symptoms reported in long COVID. It could be related to organ damage, post viral syndrome, post-critical
care syndrome and others. Clinical evaluation should focus on identifying the pathophysiology, followed
by appropriate remedial measures. In people with symptoms suggestive of long COVID but without
known history of previous SARS-CoV-2 infection, serology may help confirm the diagnosis.
Conclusions: This review will helps the clinicians to manage various aspects of Long COVID.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

SARS-CoV-2 infection (COVID-19) is a major pandemic resulting
in substantial mortality and morbidity worldwide. Of the in-
dividuals affected, about 80% had mild to moderate disease and
among those with severe disease, 5% develop critical illness [1]. A
few of those who recovered from COVID-19 develop persistent or
new symptoms lasting weeks or months; this is called “long
COVID”, “Long Haulers” or “Post COVID syndrome.”

1.1. Acute COVID

Those infected with SARS-CoV-2 virus commonly develop
symptoms 4e5 days after exposure. Acute COVID symptoms
include fever, throat pain, cough, muscle or body aches, loss of taste
or smell and diarrhea. A study from England, Wales and Scotland
identified three clusters of symptoms during acute illness [2]. They
are.

� respiratory symptom cluster: with cough, sputum, shortness of
breath, and fever;
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� musculoskeletal symptom cluster: with myalgia, joint pain,
headache, and fatigue

� enteric symptom cluster: with abdominal pain, vomiting, and
diarrhea

COVID Symptom Study group identified six clusters of symp-
toms [3]. They are:

� “Flu-like” with no feverdheadache, loss of smell, muscle pains,
cough, sore throat, chest pain, no fever

� “Flu-like” with feverdheadache, loss of smell, cough, sore
throat, hoarseness, fever, loss of appetite

� Gastrointestinaldheadache, loss of smell, loss of appetite,
diarrhea, sore throat, chest pain, no cough

� Severe level one, fatiguedheadache, loss of smell, cough, fever,
hoarseness, chest pain, fatigue

� Severe level two, confusiondheadache, loss of smell, loss of
appetite, cough, fever, hoarseness, sore throat, chest pain, fa-
tigue, confusion, muscle pain

� Severe level three, abdominal and respiratorydheadache, loss
of smell, loss of appetite, cough, fever, hoarseness, sore throat,
chest pain, fatigue, confusion, muscle pain, shortness of breath,
diarrhea, abdominal pain

Recovery from mild SARS-CoV-2 infection commonly occurs
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within 7e10 days after the onset of symptoms in mild disease; it
could take 3e6 weeks in severe/critical illness [4]. However,
continued follow up of patients who recovered from COVID-19
showed that one or more symptoms persist in a substantial per-
centage of people, even weeks or months after COVID-19.

1.2. “Long COVID”

The term long COVID was first used by Perego in social media to
denote persistence of symptoms weeks or months after initial
SARS-CoV-2 infection and the term ‘long haulers’ was used by
Watson and by Yong [5e7].

“Long COVID” is a term used to describe presence of various
symptoms, even weeks or months after acquiring SARS-CoV-2
infection irrespective of the viral status [8]. It is also called “post-
COVID syndrome”. It can be continuous or relapsing and remitting
in nature [9]. There can be the persistence of one or more symp-
toms of acute COVID, or appearance of new symptoms. Majority of
people with post-COVID syndrome are PCR negative, indicating
microbiological recovery. In other words, post COVID syndrome is
the time lag between the microbiological recovery and clinical re-
covery [10]. Majority of those with long COVID show biochemical
and radiological recovery. Depending upon the duration of symp-
toms, post COVID or Long COVID can be divided into two stages-
post acute COVID where symptoms extend beyond 3 weeks, but
less than 12 weeks, and chronic COVID where symptoms extend
beyond 12 weeks [11]. (Fig. 1).

Thus, among people infected with SARS-CoV-2 the presence of
one or more symptoms (continuous or relapsing and remitting;
new or same symptoms of acute COVID) even after the expected
period of clinical recovery, irrespective of the underlying mecha-
nism, is defined as post COVID syndrome or Long COVID.

There are several challenges in the diagnosis of long COVID. The
time taken for the clinical recovery varies depending upon the
severity of illness; while associated complications make it difficult
to define the cut-off time for the diagnosis. A significant proportion
of SARS-CoV-2 infected individuals are asymptomatic, and many
individuals would not have undergone any test to confirm SARS-
CoV-2 infection. If these individuals develop multiple symptoms
subsequently, making a diagnosis of long COVID without a pre-
ceding evidence of SARS-CoV-2 infection is challenging. The testing
policy varies in different countries and it is a common practice
during a pandemic to diagnose clinically based on symptoms
without any confirmatory tests. Therefore, persistence of
Fig. 1. Classification
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symptoms in thosewho had never checked for COVID is a challenge
[12]. Similarly, residual symptoms in those checked negative for
COVID (false negative as testing may be done too early or too late in
the disease course) may also add to diagnostic dilemma [13].
Antibody response to infection also varies and about 20% does not
seroconvert. Antibody level may decrease over time challenging the
retrospective diagnosis of recent SARS-CoV-2 infection [14,15].

1.3. “Long COVID”-real world scenario

A report from Italy found that 87% of people recovered and
discharged from hospitals showed persistence of at least one
symptom even at 60 days [16]. Of these 32% had one or two
symptoms, where as 55% had three or more. Fever or features of
acute illness was not seen in these patients. The commonly re-
ported problems were fatigue (53.1%), worsened quality of life
(44.1%), dyspnoea (43.4%), joint pain, (27.3%) and chest pain (21.7%).
Cough, skin rashes, palpitations, headache, diarrhea, and ‘pins and
needles’ sensationwere the other symptoms reported. Patients also
reported inability to do routine daily activities, in addition to
mental health issues such as anxiety, depression and post-
traumatic stress disorder.

Another study found that COVID-19 patients discharged from
hospital experience breathlessness and excessive fatigue even at 3
months [17].

The prevalence of residual symptoms is about 35% in patients
treated for COVID-19 on outpatient basis, but around 87% among
cohorts of hospitalized patients [16,18].

The percentage of people, who failed to return to their job at
14e21 days after becoming COVID positive, was 35% according to
one survey [18]. It is more common in older age groups (26% in
18e34 years, 32% in 35e49 years and 47% in 50 years and above),
and among those with co morbidities (28% with nil or one co-
morbidity, 46% with two and 57% with three or more co morbid-
ities). Obesity (BMI>30) and presence of psychiatric conditions
(anxiety disorder, depression, posttraumatic stress disorder, para-
noia, obsessive-compulsive disorder and schizophrenia) are asso-
ciated with greater than two-fold odds of not returning to job by
14e21 days after a positive result [18]. Fever and chills present in
the acute stage of infection resolved in 97% and 96% of individuals
respectively. But cough, fatigue and shortness of breath did not
resolve in 43%, 35% and 29% of patients during interview. Loss of
taste and loss of smell took longer duration for resolution (8 days).
As per a recent meta analysis the 5 most commonmanifestations of
of long COVID.
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Long COVID-19 were fatigue (58%), headache (44%), attention dis-
order (27%), hair loss (25%), dyspnea (24%) [19].

Among patients admitted to critical care unit who were on
ventilator for a prolonged time, residual symptoms are common.
However, COVID patients who had mild disease also report not
regaining their pre-COVID health status, effectively questioning the
terminology of “mild” disease.
1.4. Risk factors for long COVID

Follow up of patients recovered from COVID identified a few
factors which are commonly associated with development of long
COVID. The risk of long COVID is twice common in women
compared to men [9]. Increasing age is also a risk factor and it is
found that patients with long COVID are around four years older
than those without [9]. Presence of more than 5 symptoms in the
acute stage of illness is associated with increased risk of developing
long COVID [20]. Symptoms most commonly associated with long
COVID include fatigue, headache, dyspnea, hoarse voice and
myalgia [20]. Presence of co morbidities also increases the risk of
developing post COVID syndrome. Even those with mild symptoms
at initial presentation were noted to develop long COVID.
1.5. Pathophysiology of “Long COVID”

The exact mechanism behind the persistence of symptoms has
to be identified. Reason for the persistence of symptoms can be the
sequelae of organ damage, varying extent of injury (organ damage)
and varying time required for the recovery of each organ system,
persistence of chronic inflammation (convalescent phase) or im-
mune response/auto antibody generation, rare persistence of virus
in the body, nonspecific effect of hospitalization, sequelae of critical
illness, post-intensive care syndrome, complications related to
corona infection or complications related to co morbidities or
adverse effects of medications used [21,22].(Fig. 2) Persistence of
infection can be due to persistent viremia in people with altered
immunity, re-infection or relapse [23e25]. Deconditioning, psy-
chological issues like post-traumatic stress also contribute to
Fig. 2. Various pathophysiological
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symptoms [26e28]. The social and financial impact of COVID-19
also contributes to post COVID issues including psychological is-
sues. Differentiating residual symptoms from re-infection is
important in the public health perspective. Persistently elevated
inflammatory markers point towards chronic persistence of
inflammation. It is helpful to remember that in any patient, mul-
tiple mechanisms may contribute to long COVID symptoms.
1.6. Common symptoms in “Long COVID”

Common symptoms in people with “Long COVID” are profound
fatigue, breathlessness, cough, chest pain, palpitations, headache,
joint pain, myalgia and weakness, insomnia, pins and needles,
diarrhea, rash or hair loss, impaired balance and gait, neuro-
cognitive issues including memory and concentration problems
and worsened quality of life. In people with “Long COVID” one or
more symptoms may be present.

Researchers identified twomain patterns of symptoms in people
with long COVID: they are 1) fatigue, headache and upper respi-
ratory complaints (shortness of breath, sore throat, persistent
cough and loss of smell) and 2) multi-system complaints including
ongoing fever and gastroenterological symptoms [20]. Survivor
Corps report shows that 26.5% of people with Long COVID experi-
enced painful symptoms [27-PP45] [29]. In patients with long
COVID some of the symptoms are first reported 3e4weeks after the
onset of acute symptoms [20].

Profound fatigue is a common problem and one study showed
that at 10weeks of follow up after SARS-CoV-2 infection;more than
50% of people were suffering from fatigue. Therewas no association
between development of fatigue, COVID-19 severity and level of
inflammatory markers. Female sex and diagnosis of depression/
anxiety is more common in those with fatigue [30]. Post viral fa-
tigues are commonly reported in people with viral infections like
EBV, Ebola, influenza, SARS and MERS. In the absence of any other
reason, if fatigue persists for 6 months or longer it is called chronic
fatigue syndrome. Up to 40% of patients who recovered from SARS
of 2003 have chronic fatigue. The presence of chronic oxidative and
nitrosative stress, low-grade inflammation and impaired heat
mechanism of “Long COVID”.
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shock protein production were among the proposed mechanisms
for muscle fatigue. Profound fatigue is a challenge not only to the
patient but also the healthcare provider, as there are no objective
methods to diagnose it with certainty. Disruption of trust in the
doctor-patient relationship can occur in such settings [31].

Infection with SARS-CoV-2 can leads to various pulmonary
complications like chronic cough, fibrotic lung disease (post-COVID
fibrosis or post-ARDS fibrosis), bronchiectasis, and pulmonary
vascular disease [32]. Chronic shortness of breath could be the
result of residual pulmonary involvement, which is known to clear
slowly with time. Unfortunately, many asymptomatic patients with
COVD-19 have significant lung involvement, as shown on CT scans.
COVID-19 may lead to pulmonary fibrosis, which can result in
persistence of dyspnea and need for supplementary oxygen.

Common cardiac issues in patients from COVID 19 include labile
heart rate and blood pressure responses to activity, myocarditis and
pericarditis, impaired myocardial flow reserve from micro vascular
injury, myocardial infarction, cardiac failure, life-threatening ar-
rhythmias and sudden cardiac death. Coronary artery aneurysm,
aortic aneurysm, accelerated atherosclerosis, venous and arterial
thromboembolic disease including life threatening pulmonary
embolism can also occur [33]. Several of these may manifest as
Long-COVID after recovery from acute illness.

Presence of SARS-CoV-2 in CSF shows its neuro-invasive fea-
tures and there is possible disruption to micro-structural and
functional brain integrity in patients recovered from COVID-19
[34,35]. Headache, tremor, problem with attention and concentra-
tion; cognitive blunting (“brain fog”), dysfunction in the peripheral
nerves; and mental health problems like anxiety, depression and
PTSD are common in people with long COVID. Neuropsychiatric
manifestations of COVID-19 have been documented in a British
study. Stroke and altered mental status were the commonest
among this group. Multiple psychiatric symptoms stemming from
encephalopathy or encephalitis and primary psychiatric diagnoses,
were noted commonly in young patients [36]. Acquired focal or
multifocal peripheral nerve injury (PNI) was noticed in those who
received prone ventilation for COVID related ARDS [37]. Critical
illness and prolonged mechanical ventilation due to any cause can
results in ICU-acquired weakness, deconditioning, myopathies,
neuropathies and delirium.

Post COVID inflammation can result in various symptoms. In-
flammatory arthralgia has to be differentiated from other similar
conditions like Rheumatoid arthritis and SLE [38]. Severe infection
with SARS-CoV-2 can results in autoreactivity against a variety of
self-antigens [39]. COVID-19 associated coagulopathy (CAC) can
results in both arterial and venous thrombosis [40].

1.7. Approach to patients with long COVID

Detailed history and clinical examination help with the diag-
nosis in people with recent SARS-CoV-2 infection. In patients with
symptoms suggestive of long COVID, without previous evidence of
SARS-CoV-2 infection, demonstration of antibody positivity helps
to confirm the diagnosis. However, antibody levels are known to
drop with time; therefore a negative serology test does not rule out
a past SARS-CoV-2 infection. In such scenario diagnosis of long
COVID can be challenging. Raveendran’s criteria for the diagnosis of
long COVID-19, helps to categorise as confirmed, probable, possible
or doubtful long COVID-19 syndrome [12]. Majority of the people
with long COVID does not require extensive evaluation. In-
vestigations may be directed by symptoms.

Clinical evaluation of patients presenting with long COVID starts
with documentation of the existing problem-its improvement or
deterioration, and also documentation of new problems, if any
(Fig. 3).
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Long COVID can be divided into different categories depending
upon the predominant residual symptoms as post COVID cardio-
respiratory syndrome, post COVID fatigue syndrome and post
COVID neuro-psychiatric syndrome [13,41,42]. (See Table 1). Cate-
gorization of symptoms according to the organ system involved
will help to identify the etiology. For example, in people with
breathlessness, evaluation mainly focuses on cardiac and respira-
tory system involvement. Severe fatigue necessitates ruling out
common causes like anemia, hyperglycemia, electrolyte imbalance
and hypothyroidism, depending upon the clinical scenario. Any
new onset symptoms after recovery from COVID-19 should be
properly addressed to rule out life threatening complications such
as pneumothorax, pulmonary embolism, coronary artery disease
and stroke (see Table 1).

During each visit, the overall improvement in symptoms can be
assessed by using score of 0e10, where 0 represents no improve-
ment, and 10 represents complete recovery. In patients with mul-
tiple symptoms, each symptom can be documented using a similar
score. Overall functional status improvement and overall
improvement in mental wellbeing can also be represented by a
score of 0e10 (see Table 2). Appearance of new symptoms can also
be assessed by a score of 0e10, with a prefix of “N" to indicate new
symptoms. Enquiring about the patient’s health and functional
status before SARS-CoV-2 infection helps to understand the impact
of long COVID.

1.8. Management of patients with long COVID

Treatment of people with long COVID requires a multi-
disciplinary approach including evaluation, symptomatic treat-
ment, treatment of underlying problems, physiotherapy, occupa-
tional therapy and psychological support [11]. Minor symptoms like
cough, pain, myalgia can be treated symptomatically with para-
cetamol, cough suppressants and oral antibiotics (if secondary
bacterial infection is suspected). Etiology behind the symptoms, if
any, like pulmonary embolism, cerebrovascular accident, coronary
artery disease, has to be treated as per the standard protocol. Chest
physiotherapy and neuro rehabilitation is important in patients
with pulmonary and neuromuscular sequelae. Since it is a new
disease, the knowledge regarding long term effects and treatment
options is still evolving. Worsening of underlying co-morbidities
like diabetes, hypertension and cardiovascular illness could occur
in people after SARS-CoV-2 infection, requiring optimization of
treatment.

The ideal frequency and duration of follow up is also not clearly
defined. In people with COVID-19 interstitial pneumonia, in the
first 12 months, 7 interactions with healthcare professionals (4
face-to-face) are recommended, alongside 4 HRCTs, 4 6MWT, 4
blood tests (including blood count and metabolic panel) and 2
SARS-CoV-2-IgG tests [43]. In our experience, majority of people
with mild-moderate symptoms and those who show improvement
in symptoms can be followed up with online or telephonic
consultation, with fewer face-to-face interactions. Those with se-
vere symptoms and progressive worsening need frequent in-
person review. Those developing acute worsening of symptoms
or acute onset of new symptoms should be advised to report the
emergency department immediately. Frequency of follow up has to
be individualized according to patient’s clinical profile.

Chronic persistence of symptoms in people with SARS-CoV-2
infection has significant social and economic impact. As the dis-
ease continues to spread, more people may need health care sup-
port in the near future, which could overburden the health care
system. Clear guidelines regarding management of long COVID-19
will help clear the confusion among health care providers. Long
term follow up of COVID recovered patients will throw more light



Fig. 3. Approach to patients with Long COVID.

Table 1
Post COVID syndrome categories.

Post COVID syndrome Predominant clinical features Remarks

Post COVID fatigue syndrome Profound fatigue Rule out causes like anaemia, hypothyroidism, electrolyte imbalance
Post COVID cardio-respiratory

syndrome
Cough, low grade fever, shortness of breath, chest pain, Sudden increase in dyspnoea can be due to tension pneumothorax,

pulmonary embolism, coronary artery disease or heart failure in
patients recovered from COVID-19

Post COVID neuro-psychiatric
syndrome

Headaches, anosmia, neurocognitive difficulties, insomnia,
depression and other mental health conditions

In patients with acute onset neurological symptoms consider vasculitis,
thrombosis or demyelination. Post COVID psychological issues have to
be addressed properly.

Post COVID gastro-intestinal
syndrome

Abdominal discomfort, diarrhea, constipation, vomiting, GI symptoms can be a sequelae of the disease. Various drugs used
during acute COVID, especially lopinavir/ritonavir produces GI
symptoms

Post COVID hepato-biliary
syndrome

Nausea, jaundice, deranged LFT Drugs used in the treatment of COVID-19 like remdesivir, favipiravir,
lopinavir/ritonavir and tocilizumab can cause hepatic impairment.

Post COVID musculo-skeletal
syndrome

Muscle pains and weakness, arthralgia May be due to disease, prolonged ICU care, neurological problems,
myopathy or electrolyte imbalance. Usually subside during follow up.
Inflammatory arthralgia has to be differentiated from other causes like
RA, SLE

Post COVID thromboembolic
syndrome

Depending upon the vascular territory of involvement
breathlessness in PE, chest pain in CAD and limb weakness
and neurological deficit in CVA

Early diagnosis and treatment is life saving. Follow the standard
treatment protocol.

Post COVID multisystem
inflammatory syndrome/post
COVID autoimmune syndrome

Fever, gastrointestinal symptoms, rash, chest pain,
palpitations

Elevated levels of markers of inflammation.

Post COVID genito-urinary
symptoms

Proteinuria, haematuria, development of kidney injury Endothelial dysfunction, coagulopathy, complement activation, direct
effect of virus on kidney, sepsis and multi-organ dysfunction contribute
to the development

Post COVID dermatological
syndrome

Vesicular, maculopapular, urticarial, or chilblain-like lesions
on the extremities (COVID toe)
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into “long COVID” and its management [44].
2. Conclusion

Persistence of various symptoms in people who recovered from
COVID-19 (collectively called Long COVID) is a major health issue
873
worldwide. It could be due to various mechanisms such as post-
intensive care syndrome, post-viral fatigue syndrome, permanent
organ damage or others. Proper clinical evaluation will help iden-
tify the etiology, and to customize treatment. As the disease is new,
it is too early to know the true long-term outlook.



Table 2
Post COVID status assessment scale.
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