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Long COVID: “And the fire rages on”
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ABSTRACT

follow-up data of COVID-19 survivors.

post-COVID syndrome

With the increasing cohort of COVID-19 survivors worldwide, we now realize the proportionate rise in post-COVID-19
syndrome. In this review article, we try to define, summarize, and classify this syndrome systematically. This would help
clinicians to identify and manage this condition more efficiently. We propose a tool kit that might be useful in recording
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INTRODUCTION

The first case of COVID-19 in India was reported on January
31, 2020. Since then, most of the resources (financial,
political, medical research, health infrastructure, etc.,)
have been primarily focused on arresting the spread
of the disease and treating patients with the disease,
i.e. interventions at primary and secondary care level.
With these strategies, India has presently achieved
over 90% recovery.[!! 9.5 million cases recovered out of 10
million reported as of December 19, 2020.%! However as
the cohort of survivors expands, it is now being realized
that a parallel epidemic of the post-COVID syndrome/long
COVID is emerging. This can be regarded as a syndrome
encompassing the chronic noncommunicable, often
debilitating sequelae of COVID-19. The available literature
suggests that up to 88% of COVID-19 survivors may have
this syndrome. Understanding the causes, natural history,
and how best to intervene are all crucial to the management
of the syndrome and will help the health-care system gear
up to provide tertiary prevention that may be needed as
a consequence.
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WHAT IS POST-COVID SYNDROME?

It can be defined as a constellation of symptoms due to the
involvement of various body systems in COVID patients
after the active phase of the disease has settled.

A postviral syndrome after a respiratory viral infection
has been reported during previous pandemics. However,
unlike the present pandemic, its burden on community
health was not large enough to draw attention. The
magnitude of such postviral complications was highlighted
in one of the longest follow-up studies in 71 health-care
workers (HCWs) affected during the first severe
acute respiratory syndrome-coronavirus (SARS-CoV)
pandemic.®! These patients were followed for 15 years
to observe the incidence of pulmonary and systemic
complications. Residual radiological changes were seen in
around 9% of the patients, a majority of which improved
in a year and remained static thereafter. Pulmonary
dysfunction was seen in around 36% of patients, while
necrosis of the femoral head was seen in 32% of the
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survivors due to the use of high-dose steroids. Similarly,
the incidence of pulmonary fibrosis was reported to be
38%-50% post-SARS CoV-1, 33% with MERS (Middle
East Respiratory Syndrome), 10% with swine flu (H1N1),
and 19% with avian flu (H7N9). However, the progression
of pulmonary fibrosis was relatively uncommon with
SARS, H1N1, and H7N9 whereas 13% progression was
reported with host mass pulmonary fibrosis.!**! The
post-COVID syndrome encompasses multiple organ
systems. A summary of the organ systems involved can be
found in Table 1. The discussion will focus on the various
organ systems, clinical manifestations, and sequelae that
have been reported in the past year of the pandemic.

PULMONARY SEQUELAE

Pulmonary sequelae of COVID-19 include persistent
symptoms, residual radiographic changes, and impairment
in pulmonary function.

Persistent symptoms

In a study done in Italy, 143 COVID-19 survivors were
followed up for an average of 2 months. It was found that
close to 43% of these patients had persistent dyspnea, which
after fatigue (reported by 53% of these patients), was the
most common persisting symptom.® Similar results were
replicated in various studies which observed survivors for
4 weeks—3 months. This duration of symptom persistence
is greater than what has been reported among those who
recover from community-acquired pneumonia.[®"

Table 1: Summary of post-COVID sequelae

Pulmonary sequelae
Persistent dyspnea
Chronic cough and nonspecific chest pain
Persistent radiographic changes (mainly GGOs and fibrosis)
Pulmonary function impairment (mainly DL,
Neuromuscular sequelae
Headache, myalgia, and fatigue (most common)
Anosmia
Ageusia
Hot flushes
Neurofocal deficit postischemic stroke
Meningoencephalitis, acute necrotizing encephalopathy, acute disseminated
encephalomyelitis, Guillain-Barre syndrome, and acute flaccid
paralysis (scattered case reports)
Neuropsychiatric sequelae
Anxiety
Posttraumatic stress disorder
Depression
Brain fog, delirium, and hallucinations
Cardiovascular and metabolic sequelae
Arrhythmia
Venous-thromboembolism
Dyslipidemia and impaired glucose tolerance
Gastrointestinal, hepatic, and renal sequelae
Anorexia, diarrhea, and nausea/vomiting
Persistent viral shedding
Transaminitis
Increased fecal calprotectin
Acute kidney injury and chronic kidney diseases

CO)

GGOs: Ground-glass opacities, DL : Diffusion capacity of the lung
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Residual radiographic abnormalities

In a retrospective multicenter study from China,
55 COVID-19 survivors were followed for 3-month
postdischarge. This study reported radiographic
abnormalities in about 71% of individuals."!! There
have been case reports of new-onset bronchiectasis and
organizing pneumonia among COVID-19 survivors.['>13

Residual pulmonary dysfunction

In another cross-sectional analysis, done in 110 COVID
survivors, an abnormal diffusion capacity of the
lung (DL,) was reported in 47% of individuals."" There
was a decline in DL_, even when adjusted for alveolar
volume (DL /V,), suggesting that the loss of diffusion
capacity was out of proportion to the loss of vital capacity.
Systemic corticosteroids used in moderate-severe
COVID-19 pneumonia are known to cause muscle atrophy.
Besides, infection with SARS-CoV-2 is now recognized
as an independent cause of respiratory muscle strength
impairment. In a Chinese study, 49.1% and 22.8% had
P, max and P, max values <80% of the predicted value
independent of the use of corticosteroids.!*”

These findings suggest that a large proportion of recovered
COVID-19 patients will need pulmonary rehabilitation
and close follow-up.!"® The posthospitalization COVID-19
study (PHOSP-COVID) conducted by a consortium
of leading researchers and clinicians from across the
UK is recruiting patients to create an evidence base
for long COVID. COVID-19 survivors with a residual
pulmonary impairment will be followed up for at least
36 months to assess the clinical course of the disease.!®
Table 2 below summarizes the key studies done among
post-COVID-19 patients.[®17-21

CARDIOVASCULAR SEQUELAE

The incidence of myocardial injury during active
COVID-19 infection has been reported to be 14%-
19%.122%] Various mechanisms have been postulated
such as direct myocardial injury, downregulation of
angiotensin-converting enzyme 2 (ACE2) receptors severe
inflammation, and hypoxic damage secondary to severe
SARS-CoV-2 pneumonia.®?*? However, such post-COVID
myocardial dysfunction does not appear to be limited to
severely infected patients. A cohort of 100 individuals
who had recovered from COVID-19 was followed at
University Hospital Frankfurt in Germany.?®! Most of these
patients (67%) were presymptomatic and were treated at
home, and none of them had a history of previous cardiac
illness. At an average of 71 days, the incidence of cardiac
anomalies as evident on cardiac magnetic resonance
imaging was 78%, while active myocardial inflammation
was present in 60% of the patients. Arrhythmias have also
been reported and are a cause of concern.

Metabolic abnormalities dyslipidemia and impaired
glucose metabolism are relatively common months after
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Table 2: Summary of key studies on post-COVID syndrome

Study Sample size  Follow-up Fatigue (%) Dyspnea Cough Chest Number of patients Remark

period (%) (%) pain with at least one

(days) (%) symptom (%)
Carfi et al., 2020”) 143 (included 60 53 43 18 21 87 (123) Fatigue most common symptom

critical patients)
Carvalho-Schneider 150 noncritical 60 40 (52) 30 (39) - 16 (9) 66 (86) Anosmia/ageusia: 59%
etal., 202107 patients
Garrigues et al., 120 (included 24 110 55 (66) 42 (50) 16(20) 11(13) - Fatigue most common symptom
202018 ICU) 30% sleep disorder 34%
memory loss

Halpin et al., 100 (included 32 Up-to 70 72 and 60 (ICU and 65 and 30 and - - Incidence of PTSD was twice in
202001 ICU) non-ICU group) 42 15 ICU patients (50%)
Tenforde et al., 274 (out patients) Up-to 41 35 29 43 - 65 93% of this patients were
20202% nonhospitalized
Huang et al., 1733 (included 186 63 26 5 76 Fatigue most common symptom
202121 critical patients)

ICU: Intensive care unit, PTSD: Posttraumatic stress disorder

discharge, caused by direct effects of disease and adverse
effects of corticosteroids used during treatment.

Hypercoagulability is well recognized in
COVID-19 patients.’”? A serum d-dimer level has been
identified as one of the important predictors of adverse
outcomes among hospitalized patients with COVID-19.[¢!
SARS-CoV-2-induced coagulopathy is postulated to be due
to ACE2 receptor-mediated endotheliitis, hypoxia-induced
lung injury, cytokine-mediated hemophagocytic
lymphohistiocytosis-like syndrome,* and neutrophil
extracellular trap.® These pathophysiological changes
can have long-term implications in COVID-19 survivors.
Around 60% of recovered patients are at high risk of
developing venous thromboembolic events (VTEs)
up to 90 days after discharge,*” odds ratio (OR) of
hospital-associated — VTE within 42-day postdischarge
has been reported as high as 1.6, while the incidence of
symptomatic VTEs can be as high as 0.6%.%%! The current
guidelines recommend continuing thromboprophylaxis up
to 45 after discharge.*

NEUROPSYCHIATRIC SEQUELAE

The uncertainty and unpredictability in the natural
history of the disease, discrimination and stigmatization
associated with the diagnosis, adverse effects of social
isolation, and influence of an atmosphere of fear created
by lockdowns and reporting of the illness in the media
have possibly contributed to an increase in the incidence
of psychiatric illness among COVID survivors.*3%! The
burden of corticosteroid-induced neuropsychiatric
effects in the current pandemic has not been quantified.
The previous SARS epidemic resulted in an incidence
as high as 0.7%.5) HCWs have been at a high risk of
developing psychiatric illnesses. The burden of psychiatric
illness on HCW was studied in a systematic review and
meta-analysis, which included 13 cross-sectional studies
comprising 33,062 HCW with post-COVID status. It found
that incident anxiety, depression, and posttraumatic
stress disorder were reported in up to 20%-25% HCWs,
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with the highest prevalence among females and nursing
staff.” In a survey led by a patient on a digital platform,
a significant proportion of individuals who had recovered
from COVID had persistent symptoms, which were
independent of the severity of the illness.*® Symptoms
reported included “brain fog,” hallucinations, delirium,
short-term memory loss, and strange vibration sense.
The pathophysiology of these symptoms remained
unexplained. There are various postulated mechanisms
proposed to explain these symptoms, one of which has
been offered by Akiko Iwasaki, an immunologist at Yale.[%
According to this postulate, a patient may have latent virus
or fragments of its genetic material in various body tissues
postrecovery. These latent particles may cause a persistent
immune activation, or an immunological reactivation
responsible for the symptoms. Another postulate by David
Putrino, Director of rehabilitation innovation at Mount
Sinai suggests that patients with long COVID develop
neurological dysautonomia, which could affect up to 15%
of all COVID-19 survivors.*”! However, these hypotheses
are still to be validated by studies.

NEUROLOGICAL SEQUELAE

Post-COVID-19 neurological syndrome encompasses
all the neurological disorders that are observed in
the convalescence phase of COVID-19 infection.
Neurotropism of coronaviruses has been previously
demonstrated in various studies.**?l The clinical features
associated with novel coronavirus-19 infection are
consistent with the previous observation that such viruses
have a broad spectrum of neurological presentations.
Headaches, anosmia, meningoencephalitis, acute
ischemic stroke, several post/para-infectious syndromes,
and psychiatric disorder are neurotropic symptoms
independent of primary respiratory pathophysiology.*
The most common proposed mode of central nervous
system penetration is through the olfactory bulb during
the early stages and through blood during the phase
of viremia.l*l Persistent anosmia is one of the most
common post-COVID symptoms which is caused by the
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injury to the olfactory bulb, rich in ACE2 receptor, the
binding site of the virus. Various hypotheses have been
postulated to explain the pathophysiology of neurological
injury, most of them emphasizing the hypercoagulable
state in COVID-19 patients, which increases the risk
of acute ischemic stroke. In addition, in some of the
animal model studies done in past, coronaviruses
have been demonstrated to cause demyelination
postintracerebral administration.“” The phenomenon of
molecular mimicry between coronaviruses and myelin
sheath!*647l can cause T-cell-mediated cross-reactivity,
and subsequent autoimmune disease, even after viral
clearance. A follow-up study was conducted among 2113
COVID-19 recovered patients, most of whom (2001 out of
2113) were not hospitalized and were mildly symptomatic.
After an average of 71 days from illness onset, the
incidence of self-reported headache was 76%, muscular
pain 64%, ageusia 42%, anosmia 40%, and hot flushes in
25% of patients.!'”! Apart from these manifestations, case
reports are highlighting severe and morbid neurological
outcomes in COVID patients such as meningoencephalitis,
acute necrotizing encephalopathy, acute disseminated
encephalomyelitis, and acute flaccid paralysis.*! More
recently neurologists in the city of Mumbai have reported
24 cases of Guillain-Barre syndrome and few cases of
Bell’s palsy in COVID survivors.**%9 This disturbing
observation is still to be evaluated for its temporal and
causal relationship with active COVID-19 infection.
The presentation of COVID-19 with cerebrovascular
accidents has been described fairly commonly,®* and
the consequent residual neurodeficits and psychological
effects of such loss of function would also be part of the
sequelae of the disease that we are likely to face often.

GASTROINTESTINAL AND HEPATIC
SEQUELAE

Coronaviruses affecting the gastrointestinal (GI) tract
are common. In the studies, evaluating the incidence of
GI symptoms in MERS-CoV-infected patients, diarrhea
was reported in 12%-23%, vomiting in 21%-33%, and
abdominal pain in 27%-40% of patients.?%% In a recent
meta-analysis including 4243 COVID patients from 60
studies, the pooled prevalence of GI symptoms was 17.6%.
Anorexia was the most common symptom followed by
nausea/vomiting and diarrhea. Stool samples were positive
for viral RNA in 48% of patients of which one-third of
the samples were collected after respiratory samples
were tested negative.’¥ This persistence of fecal viral
shedding in COVID patients has been correlated with high
levels of fecal calprotectin (up to 80% of patients with
GI symptoms) caused by injury to GI epithelium which
is rich in ACE2 receptor.”® Similarly, liver injury among
COVID-19 patients with GI symptoms can be as high as
17%.% These patients may have a high risk for an adverse
disease outcome and are not eligible for the administration
of remdesvir, which is the only antiviral drug with some
evidence on efficacy against COVID-19.55”!
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RENAL SEQUELAE

In a recent meta-analysis, the pooled estimate of the
prevalence of acute kidney injury (AKI) in patients with
severe COVID-19 was 28%.5¢! The development of AKI
is an indicator for a high mortality OR of death being
as high as 9%.5% The estimated OR for the incidence
of AKI in deceased versus survivor COVID-19 patients
is 15.4.°% Renal disease related to COVID-19 can also
manifest up to 6-month postdischarge in patients who
had no kidney injury during the active phase of viral
infection. In a cohort study that followed up, 1733
COVID-19 patients for an average of 186-day postdischarge
found 107 patients with no AKI, and normal estimated
glomerular filtration rate (eGFR) during the acute phase
had eGFR <90 mL/min/1-73 m? at follow-up.?Y Autopsy
studies have concluded that acute tubular necrosis is
the most common mode of renal injury followed by
nonspecific infiltration.®* The proposed mechanisms
for the development of AKI in COVID patients are
hypoxemia and hypercapnia, hypotension, endothelitis,
rhabdomyolysis, and direct viral injury.

TREATMENT

Suggesting treatment for long COVID in the absence
of understanding the natural history of the disease
would be unscientific, and patients should be enrolled
in clinical trials when feasible. For example, the role
of antifibrotic medications for post-COVID fibrosis is
being investigated.l®” Screening for (and consequently
treating) underlying cardiac and lung disease, metabolic
abnormalities, vitamin deficiencies, electrolyte imbalances,
hormonal dysregulation would all be part of optimizing
the recovery process.

Physiotherapy, including pulmonary rehabilitation!®?
when indicated, along with dietary modifications
should not be ignored. In the absence of any large trials
for pulmonary rehabilitation for post-COVID states, it
would be prudent to follow the guidelines for pulmonary
rehabilitation in other lung diseases that manifest with
fibrotic interstitial.®*%! The principles of rehabilitation
would include exercise training (both resistance and
aerobic), energy conservation techniques, dietary and
lifestyle changes, with a structured approach to ensure
adherence and incremental gains. Facilitating smoking
cessation, screening for obstructive sleep apnea, and
treating it would also be part of rehabilitating individuals
for long COVID.

THE WAY FORWARD

Several lacunae in the knowledge and understanding of
long COVID still exist: we do not yet know whether long
COVID manifestations are attributable to the virus or a
dysregulated immune system. The long-term trajectory of
these effects remains unknown, as does the probability of
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success of interventions attempting to alter the course. The
first step toward understanding any disease is collecting
data to understand the natural history of the disease and
attempting to understand predictors of severity. With
this aim, all recovered patients must be followed up after
their initial illness, and protocols for doing so have been
published.!566-8 Follow-up can be virtual on a digital
platform or in-person as per the social restrictions and
patient’s comfort. We propose a simple and comprehensive
tool kit [Table 3] for post-COVID-19 follow-up assessment.
Such a toolkit is intended to be a framework to cover the
most commonly reported symptoms. However, one may
need to add more questions to cover other domains (such
as sleep) or may need to contextualize this to the local
lexicon (“weakness” vs. “fatigue” vs. “lack of energy” vs.
“feeling low”).

CONCLUSION

A review of the available literature makes it evident that
of those who survived COVID-19 illness; a significant
proportion (nearly 60%-80%) is likely to experience a
post-COVID syndrome up to 6 months after the active
infective illness. Despite SARS-CoV-2 predominantly
being a respiratory pathogen and COVID-19 a respiratory
pandemic, post-COVID effects among survivors encompass
a broad spectrum. This spectrum includes pulmonary,
cardiovascular, neuromuscular, neuropsychiatric systems,
and some yet-understood atypical features. It is also
important for clinicians to keep in mind that the severity
and duration of post-COVID symptoms may not necessarily
correlate with the severity of the acute COVID illness.

Individuals who present with features of long COVID must
be followed up closely and enrolled in longitudinal studies

Table 3: Toolkit for follow-up of COVID-19 patients

History of COVID illness
WHO severity of infection (mild, moderate, or severe)
Total hospital stay (including ward stay and intensive care unit)
Maximum oxygen required and mode of delivery
Dose and days corticosteroid steroid administered
Other treatment received
Any other complications
Status at discharge
Questionnaire for follow-up at 1* month
mMRC dyspnea grading
PCFSI®4
HADS!¢!
History suggestive of any persistent or new symptoms such as fever,
fatigue, cough, palpitations
Investigations for follow-up at 1* month
Resting oxygen saturation, 6-min walk test
Spirometry, single-breath diffusion capacity, lung volumes
Comprehensive metabolic panel, D-dimer, NT-pro-BNP, electrocardiogram
SARS-CoV-2 antibody
Chest HRCT

NT-pro-BNP: N-Terminal proB-type natriuretic peptide, PCFS:
Post-COVID-19 functional status, HADS: Hospital Anxiety and
Depression Scale, mMRC: Modified medical research council, HRCT:
High-resolution computed tomography, SARS-CoV-2: Severe acute
respiratory syndrome coronavirus 2
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so that we can better comprehend the disease and conduct
research on potential therapies to its natural history.
Toolkits, which cover the commonly reported symptoms,
and can be modified to local contexts could be invaluable.

As the number of patients with the disease continues
to rise, we must do our best to not only just focus on
hospitalizations and treatment but also focus on an
increasingly reported incidence of long COVID.
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