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Abstract: COVID-19 is an ongoing pandemic with many challenges that are now extending to its
intriguing long-term sequel. ‘Long-COVID-19' is a term given to the lingering or protracted illness
that patients of COVID-19 continue to experience even in their post-recovery phase. It is also being
called ‘post-acute COVID-19’, ‘ongoing symptomatic COVID-19’, ‘chronic COVID-19’, ‘post
COVID-19 syndrome’, and ‘long-haul COVID-19'. Fatigue, dyspnea, cough, headache, brain fog,
anosmia, and dysgeusia are common symptoms seen in Long-COVID-19, but more varied and
debilitating injuries involving pulmonary, cardiovascular, cutaneous, musculoskeletal and neurop-
sychiatric systems are also being reported. With the data on Long-COVID-19 still emerging, the
present review aims to highlight its epidemiology, protean clinical manifestations, risk predictors,
and management strategies. With the re-emergence of new waves of SARS-CoV-2 infection, Long-
COVID-19 is expected to produce another public health crisis on the heels of current pandemic.
Thus, it becomes imperative to emphasize this condition and disseminate its awareness to medical
professionals, patients, the public, and policymakers alike to prepare and augment health care
facilities for continued surveillance of these patients. Further research comprising cataloging of
symptoms, longer-ranging observational studies, and clinical trials are necessary to evaluate long-
term consequences of COVID-19, and it warrants setting-up of dedicated, post-COVID care, multi-
disciplinary clinics, and rehabilitation centers.

Keywords: ongoing symptomatic COVID-19, post-COVID-19 syndrome, chronic COVID,
Long-COVID-19, post-COVID, Long-COVID

Introduction
Corona Virus Disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is emerging out to be a pandemic full of mysteries, where
understanding its pathogenesis is one task; and as the time is passing by, the post COVID-
19 complications being unveiled are the next level challenge.'* According to the World
Health Organization (WHO), almost 80-85% of COVID-19 infections are mild or
asymptomatic and resolve completely like any other uncomplicated seasonal flu, 10—
15% are severe illness requiring hospitalization/oxygen supplementation, and about 5%
are critical illness requiring intensive care and mechanical ventilation.® Generally, the
majority of the patients show complete recovery within 3—4 weeks of COVID-19
infection, but few patients continue to experience its lingering effects and develop
protracted illness/medical complications that can have lasting health problems.

Itis called ‘Long-COVID-19' - aterm first used by a patient Elisa Perego from Italy, as
a hashtag on Twitter in May 2020 while describing her own experience with continuing
symptoms of COVID-19 even after recovery. However, it has moved through various
social media to formal clinical experts and policymakers and has gained reasonable
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consistency. Recent joint guidelines proposed by the National
Institute for Health and Care Excellence (NICE), the Scottish
Intercollegiate Guidelines Network (SIGN), and the Royal
College of General Practitioners (RCGP) have divided
COVID-19 infection into 3 phases — ‘Acute COVID-19’
(signs and symptoms of COVID-19 infection up to 4 weeks),
‘ongoing symptomatic COVID-19" (from 4 weeks up to 12
weeks), and ‘post-COVID-19 syndrome’ (when signs and
symptoms continue beyond 12 weeks)." The term ‘Long-
COVID-19' is given to the signs and symptoms that continue
or develop after the ‘acute COVID-19’ phase and include both
‘ongoing symptomatic COVID-19" and ‘post COVID-19
syndrome’.* The ‘chronic COVID’ and ‘long-haul COVID’
are the other names used to describe the sequel of COVID-
19.>7 But, these terms are limited only to describe the clinical
stages of recovery and are unrelated to the underlying active
illness or infectivity. It is also unclear whether these represent
a new syndrome specific to COVID-19 or any overlap with
post-viral syndrome or post-intensive care syndrome (PICS) in
some patients.

It is currently estimated that approximately 3.3 million
people worldwide have succumbed to COVID-19 while
140 million people have “recovered”,® but whether these
patients have “truly recovered” remains evasive. Fatigue, dys-
pnea, cough, anosmia, brain fog, and dysgeusia are the most
common symptoms encountered in Long-COVID-19, but
organ-system-specific injuries involving pulmonary, cardio-
vascular, cutaneous, and neuropsychiatric system have also
been reported. However, the limited data on patient follow-
up make it difficult to precisely measure the long-term debil-
itating health and economic consequences of COVID-19.
There is no wide awareness of the Long-COVID-19 case
scenarios even among the healthcare workers. Thus, it
becomes imperative to emphasize this emerging clinical entity
and disseminate its awareness to the medical professionals,
patients, public, and policymakers alike; and prepare and aug-
ment the healthcare facilities to address the footprints marked
by this disease in recovered subjects.

An extensive review of the available literature was done
using different databases, including Google Scholar, PubMed,
Web of science, bioRxiv, medRxiv, and ResearchGate, refer-
ences from relevant articles, and internet sources (WHO
reports) till 25th April 2021. Search terms included Long-
COVID-19, post-COVID, chronic COVID, post-COVID syn-
drome and long-haul COVID, viral illness following COVID-
19, post-COVID illness, COVID recovery, predictors of Long-
COVID-19. A total of 212 articles out of 5846 screened manu-
scripts were utilized for this comprehensive review. Most of

the studies evaluated specific symptoms based on previously
applied questionnaire/surveys in patients recovered from
COVID-19 and included admixture of both hospitalized and
non-hospitalized patients of mild, moderate and severe
COVID-19. Based on the current scientific evidence, the pre-
sent article comprehensively reviews the epidemiology, etio-
pathogenesis, clinical manifestations, predictors, and
management strategies in COVID-19 survivors in their con-
valescent/recovery phase. We have also shared the clinical
images of patients with Long-COVID-19 from our personal
experience with COVID-19 in the two apex, tertiary care
medical institutes of India having fully dedicated COVID-19
hospital wings. Informed written consent from the patients was

obtained.

Epidemiology of Long-COVID-19

There is lack of systematic reporting of the long-term conse-
quences of COVID-19 with data still emerging and availability
of only few early studies on the subject. The nascent data from
the subjects with COVID-19 related cardiac and neurological
ailments; and the past epidemic/pandemic experience with
respiratory illnesses due to other viral infections hint at the
potential persistence of the symptoms with delayed return to
the baseline health status. In a recent systematic review and
meta-analysis, 80% (CI 65-92) patients with a confirmed
COVID-19 diagnosis are reported to continue having at least
one symptom beyond two weeks following acute infection.”

A pilot study from India reported an average time for
COVID-19 recovery as 25 days after onset of disease in adult
subjects, and there was no significant difference noted between
gender and across different age groups for recovery time.'
Two recent prospective studies reported persistence of symp-
toms in 32% of the outpatient COVID-19 subjects from Swiss
(n=669), and 83% of hospitalized COVID-19 subjects from
Italy (n=143).""'* The office for National Statistics, the UK-
based survey, reported the prevalence of Long-COVID-19
symptoms of 1 in 5 COVID positive subjects for five weeks
or longer, and 1 in 10 COVID positive subjects for 12 weeks or
longer."® Fatigue (11.5%), cough (11.4%), and headache
(10.1%) are the common symptoms reported in the survey.
Additionally, it also revealed the increased incidence of meta-
bolic and medical (cardiovascular, renal, and hepatic condi-
tions) diseases in hospitalized COVID-19 subjects compared
with demographic and clinical profile matched other
subjects.”?

Interestingly, Long-COVID-19 symptoms are infrequently
seen in children as compared to adults aged more than 40 years.
There was no statistically significant association found among
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the different adult age groups/race of the subjects with the
manifestations of Long-COVID-19.'>'*"'° The early follow-
up studies up to 3 months of acute illness revealed dyspnea and
fatigue as major symptom profiles; while a longer follow-up
study at seven months reported fatigue (78%), post-exertional
malaise (72%), and cognitive dysfunction (55%) as most fre-
quent Long-COVID-19 symptoms in that order.'>'*"* Davis
et al also reported the compromised quality of life in people at
seven months following acute illness; and reported that 45.2%
of subjects required reduced workload compared to their pre-
illness state, while 22.3% of the subjects had still not returned
for work.'” However, the majority of these survey-based stu-

dies done to evaluate the demographic and clinical features in

the follow-up cohorts of the Long-COVID-19 subjects have
reported major participation from the females, western people,
and those with high education and higher socioeconomic class.

Lopez-Leon et al reported 55 long-term effects associated
with COVID-19 in their recent systematic review and meta-
analysis of 21 studies consisting of 47,910 patients of Long-
COVID-19.” They found that fatigue (58%), headache (44%),
attention disorder (27%), hair loss (25%) and dyspnea (24%)
were the 5 most common persistent symptoms in patients
recovering from COVID-19
frequency.” There was female predilection for fatigue, post-

in decreasing order of

activity polypnea, and alopecia symptoms. However, no other

symptoms revealed any gender association in this meta-

Table | Summary of Demographic and Clinical Features from the Follow-Up Studies of Long-COVID-19 Subjects

Study Characteristics | Carfi Goértz YM) | Garrigues Xiong Dennis Carvalho- Davis HE
Aetal'? | etal't E et al.'® et al.'® etal'’ Schneider et al.'® | et al'®
Sample size (number) 143 2113 120 538 201 130 3,762
Age (Yrs.) 56.5 47 632 NR 44 NR NR
Gender (M:F) (number) | 90: 53 310: 1803 75: 45 245: 293 61: 140 82: 48 718:2961
Co-morbidities (number | 124 820 82 177 100 44 NR
of ailments)
Follow-up period (Days) | 60 (After 79 (After 110.9 (After 90 (After 140 (After | 60 (After onset) >80 (After
onset) onset) admission) discharge) onset) onset)
Persisted symptoms
Dyspnea 43.4% 89.5% 41.7% NR 87.1% 7.7% 37.9%
Fatigue 53.1% 94.9% 55% 28.3% 98% NR 77.7%
Anosmia NR 39.7% 13.3% NR N/A 22.7% 25.2%
Dysgeusia NR 42.3% 10.8% NR N/A 22.7% (Combined)
Chest pain 21.7% N/A 10.8% 12.3% 73.1% 13.1% 32.9%
Cough NR 68.1% 16.7% 7.1% 73.6% NR 20.1%
Cognitive impairment/ NR N/A 61% NR NR NR NR
Brain fog
Anxiety NR NR NR 6.5% NR NR NR
Joint pain 27.3% 38.2% NR 7.6% 78.1% 16.3% NR
Hair loss NR NR 20% 28.6% NR NR NR
Skin problems NR NR NR NR NR 11.5% NR
Diarrhea NR 41.1% NR NR 59.2% 33.3% NR
Palpitation NR 54.9% NR 11.2% NR NR 40.1%
Sleep disorders NR NR 30.8% NR NR NR NR
Abbreviation: NR, not reported.
International Journal of General Medicine 2021:14 htps: 2493
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analysis.” Table 1 enlists the demographic and clinical features
of Long-COVID-19 reported in various studies.

Etiopathogenesis of Long-COVID-19

with Newer Insights

The understanding of the pathophysiology of Long-COVID
-19 is important to predict, prevent and treat long-term con-
sequences of COVID-19. The etiology of Long-COVID-19
seems to be a continuum of the disease pathogenesis of acute
illness. To understand this continuity, it is important to first
know how COVID-19 affects the various organ systems in its
acute phase. SARS-CoV-2 has a special affinity for angioten-
sin-converting enzyme-2 (ACE-2) receptors found in abun-
dance in organs such as lungs, liver, kidneys, and blood
vessels. The virus primarily affects the respiratory system,
and after reaching the lung alveoli, it attaches and penetrates
the host cell, particularly type II pneumocytes, and starts
damaging the alveoli. It erodes into the capillary endothelium,

causing endotheliitis and leads to the formation of

microthrombi; >

then enters the blood vessels and may dis-
seminate in the whole body. The virus also stimulates the
inflammatory milieu in the body, causing significant release
of cytokines and chemokines leading to cytokine storm in
severe cases. A few authors have opined about association of
mast cell activation syndrome and resultant cytokine storm
with Long-COVID-19.?' The resultant organ damage caused
by such excessive inflammatory response takes much longer
to recover and is responsible for the symptoms of Long-
COVID-19.%° The underlying vasculitic patho-mechanism is
also supported by observations in a prospective study with
FDG-PET/CT reporting higher target-to-blood pool ratio at
aorto-iliac arterial tree in Long-COVID-19 subjects as com-
pared to the control group.*

There is a possibility that the virus may be entering into
vessels in the nose or throat itself in its earliest phase, consider-
ing anosmia and dysgeusia are experienced in the initial phase
of the illness, and injury to the olfactory bulb has even been
demonstrated on MRI."**** In some individuals, these injuries
may take much longer to heal resulting in continuation of its
symptoms even in post-recovery phase. Another important
mechanism of extrapulmonary manifestations in COVID-19
is the formation of antigen-antibody complexes by the second
or third week when the humoral immunity gets activated.*
The role of autoimmunity secondary to viral infections is
a well-known phenomenon and organ damage in COVID-19
appears to be largely immune-mediated, similar to other auto-
immune diseases.”® %’ Garg et al postulated occurrence of

antigen-antibody reactions in COVID-19 and predicted it to
be occlusive and propagative injuries;' which also explains
why some patients continue to suffer from varied and debilitat-
ing symptoms for many months after infection.

A study from China on COVID-19 patients admitted in
ICU documented anti—52 kDa Ro/SSA (Sjogren’s-syndrome-
related antigen A), anti—60 kDa Ro/SSA, and ANA (antinuc-
lear antibodies) in 20%, 25%, and 50% of patients,
respectively.’’ These autoantibodies aggravate the ongoing
insult in pulmonary tissues. They can be responsible for pul-
monary fibrosis, and other long-term post-COVID conse-
quences occurring in a few patients.’’ US-based health
researchers have reported the immune dysregulation behind
the prothrombotic state and its related conditions in COVID-19
subjects.’*** Though the exact etiology of Long-COVID-19 is
still unclear, it appears secondary to endotheliopathy, hypoxe-
mic injuries, antigen-antibody reactions, or aberrant immune
response.

Reactivation or reinfection of the SARS CoV-2 is another
concern in the follow-up period, with few such cases being
reported lately.**>> While its possible mechanisms are still
under investigation; one explanation could be that neutralizing
antibodies in individuals recovered from SARS-CoV-2 infec-
tion start waning within 2-3 months after infection.’® This
observation suggests that some of the Long-COVID-19 sub-
jects can still be the carriers of the virus and may require an
additional round of virus detection, thereby necessitating the
need for close monitoring and follow-up of such patients.
Serial antibody determination and evidence of active viral
replication might be used to provide additional support and to
further characterize SARS-CoV-2 reinfections.*

Manifestations of Long-COVID-19

With the COVID-19 pandemic raging across the world,
many recovered patients continue to suffer the lingering
effects of the infection, including respiratory, cardiac,
cutaneous, and nervous system impairment. Persistence
of the physical symptoms seen in acute viral illness is
the most common manifestation of Long-COVID-19.
Sometimes, a flare-up of the neuropsychiatric symptoms
or appearance of new psychiatric symptoms is reported in
16-18% patients of Long-COVID-19, especially those
who had critical illness or ICU admission.*’
COVID-19 subjects with persistent
reported poor quality of life and impaired functionality in

Long-
symptoms have
40% of the hospitalized patients even 60 days following
discharge.”® The common clinical manifestations encoun-
tered in Long-COVID-19 are illustrated in Figure 1.
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Long-COVID-19 : Common Manifestations
NEUROLOGIC ( ) PSYCHIATRIC
Brain Fog - MOST COMMON Depression & MOST
Persistent Loss of Smell/Taste Post Traumatic Stress Disorder COMMON

Encephalopathy & Stroke

PULMONARY

Dyspnea & Cough - MOST COMMON
Chest Pain
Post-COVID ILD

CUTANEQUS

Erythematous Rash MOST
Urticarial Rash COMMON
Persistent COVID Toes

Anxiety
Social Isolation

CARDIO-VASCULAR

Palpitations - MOST COMMON
Myocarditis & Pericarditis
Heart Failure

GENERAL

Fatigue & Myalgia - MOST COMMON
Joint Pains

Peripheral Neuropathy

Peripheral Limb Ischemia

Figure | A pictorial illustration of the common clinical manifestations observed in Long-COVID-19.

General Manifestations

These are non-specific but often experienced persistent symp-
toms of COVID-19, even by patients with a milder form of the
disease. Persistence of some of the acute illness physical
symptoms,
malaise, chest pain, and cough, are the most common mani-
festation of the Long-COVID-19."*'*'  An online-
questionnaire-based study on 2113 post-COVID-19 patients

including dyspnea, fatigue, post-exertional

reported only 0.7% of symptom-free subjects at 79 days after
acute COVID-19 pneumonia.'* It also reported fatigue (87%)
and dyspnea (71%) as the most prevalent symptoms at 79 days
after onset of acute illness.'* A survey-based study consisting
of post-discharged hospitalized subjects (n=143) found fatigue
(53%), dyspnea (43%), loss of memory (34%), sleep disorders
(30.8%), impairment of concentration (28%), and joint pain
(27%) as the frequently reported persistent symptoms at 110
days after discharge from the hospital.'®> The other cardiopul-
musculoskeletal,

monary, gastrointestinal, and

neuropsychiatric symptoms are reported in the multiple studies
during the post-recovery phase between 60 to 180 days.'®"”
Davis et al also revealed the probability of having prolonged
symptoms of moderate, severe, and very severe category noted
in 36.6%, 14.5%, and 5.2% of the Long-COVID-19 patients
six months after the onset of acute illness. Further, it also stated
that fatigue, dyspnea, and cognitive abnormalities (brain fog)
as the major debilitating manifestations leading to the
decreased quality of life.'” A meta-analysis by Lopez-Leon
also reported the derangement of laboratory parameters like
D-dimer and N-terminal pro-brain natriuretic peptide (NT-
proBNP) in 20%, C-reactive protein (CRP) in 11%, serum
ferritin in 8%, procalcitonin in 4% and interleukin-6 (IL-6) in
3% of Long-COVID-19 patients.”

Pulmonary Manifestations
The respiratory system is the most common organ-system
affected by the SARS-CoV-2, and cough and dyspnea are

International Journal of General Medicine 2021:14
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the most frequent pulmonary complaints reported by the
Long-COVID-19 subjects. However, the most worrisome
health concern is the development of post-COVID-19
interstitial lung disease (PC-ILD) in few patients. These
patients can present with persistent hypoxia and abnormal
pulmonary function tests. CT chest is an invaluable diag-
nostic tool in these patients which can show a sequel of
organizing pneumonia or features of lung fibrosis mani-
festing as persistent ground-glass opacities (GGOs) and
reticulations, traction bronchiectasis/bronchiolectasis, and
rarely honeycombing®® (Figures 2 and 3). A meta-analysis
by Garg et al has shown GGOs and consolidation as the
most common CT findings in acute COVID-19, the persis-
tence of which has been reported by several authors at the
time of discharge/during follow-up.***' The direct viral
injury to the respiratory epithelia, complicated by the
cytokine storm and pulmonary prothrombotic events,
leads to lung injury and its sequel following an acute
viral illness. Also, hyperbaric oxygen therapy, ventilator-
induced injury, hospital-acquired infection and super-
added, or reactivation of the systemic infections are the
significant factors associated with the persistence or emer-
gence of the new pulmonary manifestations in follow-up
period.** In a cohort of 61 patients, Chun et al showed that

immuno-fibrotic markers such as lipocalin-2, hepatocyte
growth factor and matrix metalloproteinase-7 were higher
in ICU patients and showed inverse relationship with the
lung function tests.*?

Wang et al reported the clearance of lung abnormalities on
CT scan only in 4/70 subjects at the time of discharge, and the
remaining 66/70 subjects showed residual findings. Persistent
ground-glass abnormalities were reported in 60% of
patients.***! Mo et al reported pulmonary function assessment
on 110 discharged subjects. The abnormal diffusion capacity of
the lung for carbon monoxide (DLCO) was seen in 47.2% of
patients and reduced total lung capacity (TLC) in 25% of the
subjects. The DLCO reduction was in a linear relationship with
the increasing severity of the illness.** In another study, the
pulmonary function assessment revealed abnormal results in
14 (25.4%) subjects, with impaired DLCO, FVC, FEV1, and
TLC in 9 (16.3%), 6 (10.9), 6 (10.9), and 4 (7.2%) of the
recovered subjects, respectively.*’

Cardiac Manifestations

It is a well-recognized fact that COVID-19 affects the
cardiovascular system, and post-recovery can lead to myo-
carditis (Figure 4), acute/decompensated heart failure,
acute and

syndrome, arrhythmias,

coronary

Figure 2 A 45-year-old male, a reformed smoker, and occasional alcohol consumer with sequel of COVID-19 pneumonia. The baseline CT chest at the time of admission,
axial image (A) showing peripheral areas of consolidation (black arrows) with surrounding ground glass opacities (GGOs) in bilateral upper lobes. He had persistent cough
even at the time of discharge, and follow-up CT chest (6 weeks after discharge), axial image (B) showing resolution in peripheral consolidation, but persistent area of

interstitial thickening (black arrows) in bilateral lungs.
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Figure 3 A 48-year-old male who was hospitalized for COVID-19 pneumonia, presents with persistent dyspnea and fatigue after 8 weeks of discharge. High resolution
computed tomography (HRCT) chest, axial (A) and coronal (B) reformatted images, showing bilateral peripheral areas of ground glass opacity (GGO) (black arrows) and
interstitial thickening (right > left) with traction bronchiectasis (red arrows) in right middle and lower lobe.

Figure 4 Cardiac MRI images in a 45-year-old female patient with Long-COVID-19 myocarditis, at 5 weeks after discharge from hospital: (A) fat saturated T2- weighted
image in short axis view at basal left ventricle (LV) shows normal myocardial signal intensity, suggesting absence of edema. (B) Late gadolinium enhancement (LGE) PSIR
sequence in short axis view done at |5 minutes post contrast shows presence of linear LGE in anteroseptal segment of the basal LV (white arrows), denoting presence of
fibrosis, likely sequel of myocardial injury due to the prior COVID infection.
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thromboembolic events in subjects with and without pre-
existing cardiovascular disease.*® Sudden cardiac arrest
has also been reported in few patients recovered from
COVID-19. The predominant underlying mechanism of
cardiac injury in acute COVID-19 is mainly by an indirect
advanced systemic inflammation, endotheliitis, and type-II
myocardial infarction due to hypoxia.*”* The same
ongoing smouldering inflammation is thought to be
responsible for the resultant cardiac manifestations of
Long-COVID-19.

Huang L and colleagues reported the abnormal cardiac
MRI findings in the cohort of recovered, moderate to
severely ill COVID-19 subjects (n=26), who had initial
cardiac symptoms.>® Cardiac MR was done at a median
interval of 47 days from the onset of cardiac symptoms.
Findings included abnormal signal changes on STIR
sequence and late gadolinium enhancement (LGE) sugges-
tive of edema and myocardial fibrosis/scarring, respec-
tively; seen in 58% of the subjects. The basal and mid,
inferior, and inferolateral segments were the common sites
of LGE reported in the study.”

Another prospective study conducted by the German
radiologists on the Long-COVID-19 cohort (n=100)
included patients recovered from home (67%) as well as
hospitalization (33%) with a median duration of 71 days
after COVID-19 diagnosis.”' It revealed abnormal cardiac
MR in 78% of subjects, including reduced left ventricular
ejection fraction, LGE, pericardial enhancement, and
raised myocardial native T1 and T2 values. The raised
myocardial native T1 value (n=73), raised myocardial
native T2 value (n=60), myocardial LGE (n=32), or
pericardial enhancement (n=22) findings are noted in
decreasing order of frequency.”' Another cardiac MR
study, done on COVID-19 recovered, competitive athletes
(n= 26), revealed myocarditis (high T2 value and LGE)
and patchy LGE - as an isolated finding (fibrosis) in 15%
and 30.8% of the subjects, respectively, with a total 45.8%
of subjects with abnormality.’®> Autonomic dysfunction
causing resting tachycardia in Long-COVID-19 has also
been described by a case series.” The exact pathogenesis
is unknown currently, and authors recommended prompt
recognition and supportive care for long haulers with
autonomic dysfunction.”

Cutaneous Manifestations

The skin is an open window to look into the body’s internal
environment, and cutaneous manifestations can give an
important clue to the sequel of COVID-19. An international

registry for COVID-19 dermatological manifestations has
reported various COVID-19 related skin manifestations
including morbilliform rashes, urticarial eruptions, and
papulo-squamous lesions.>* It has been found that urticarial
and morbilliform rashes are short lasting, whereas the pernio
(6.8%) and livedo-reticularis lasted for more than 60 days.>
Altered microangiopathy of peripheral arterial system sup-
plying hands, foot, and digits is believed to be associated
with chilblain-like lesions (pernio) in Long-COVID-19; and
a few authors have advocated for a research evaluating the
nailfold capillaroscopy of COVID toes to understand the
altered microvascular hemodynamics.®> The drug-related
dermatological eruptions cannot be overlooked while eval-
uating Long-COVID-19 subjects, and sometimes, even the
previously existent dermatosis can also get complicated™®
(Figure 5).

Neurological Manifestations

The neurological manifestations are seen in half of the
hospitalized patients, with a higher proportion of reported
complications in critically ill subjects, often seen to persist
in the post-recovery phase. These can vary from mild
symptoms like headache, myalgia, weakness, vertigo, che-
mosensory dysfunction (anosmia/ageusia); to more serious
complications like seizures, encephalopathy, and stroke.’’
Brain fog is another common manifestation of Long-
COVID-19, an umbrella term used to describe the constel-
lation of cognitive function impairment such as confusion,
and inability to
concentrate.'”> It is thought to be secondary to the SARS-

short-term memory loss, dizziness,
CoV-2 causing hypoxia and mitochondrial dysfunction that
leads to microstructural brain damage and resultant symp-
toms of brain fog.>®

A multicenter European study has revealed residual
olfactory and gustatory dysfunction in 53.9 and 22.5% of
the recovered subjects, respectively, and 23.6% of the
exhibited both
impairment.>® A recent study has revealed cerebral (invol-

subjects olfactory and gustatory
ving the olfactory cortices, insulae, and hippocampi)
microstructural changes in COVID-19 recovered subjects
at three months of follow-up using the diffusion tensor
imaging (DTI) technique.®® Encephalopathy, agitation and
corticospinal tract signs are another persistent finding seen
in Long-COVID-19, however, at present, it is difficult to
ascertain whether these are secondary to COVID-19
related damage or just a sequel of critical illness.®' The
other critical illness-related neurological manifestations
such as hypoxic white matter injury and cerebral
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Figure 5 Cutaneous manifestations of Long-COVID-19 in different patients after varying duration of initial diagnosis: (A) hemorrhagic guttate psoriatic lesions on the back
in previously known psoriasis patient (5 weeks after symptom onset) (B) retiform maculopapular itchy rash on the trunk (10 weeks after disease onset) (C) persistent,
asymptomatic COVID toe (12 weeks after initial diagnosis) (D) erythema multiforme lesions on the right foot (6 weeks following symptom onset).

Figure 6 53-year male patient with history of COVID-19 induced ARDS and prolonged ICU stay. Follow-up (12 weeks after discharge) MRI brain for altered sensorium
shows presence of multiple microbleeds on SWI images seen as multiple hypointense foci (white arrows) predominantly at grey-white matter junction (A) and corpus
callosum (B) likely suggestive of critical iliness induced microbleeds.
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microbleeds are also not uncommon in COVID-19 survi-
vors (Figure 6).

Neuropsychiatric Manifestations

The impaired cognition, attention, concentration, and sleep
are the commonly reported neuropsychiatric manifesta-
tions in the post-recovery phase of COVID-19. The causes
of neuropsychiatric consequences of post-COVID-19
infection are multifactorial - effects of encephalitis/cere-
bral hypoxia, medical interventions, physical isolation,
psycho-social impact, and social stigma, to name a few.®>
The hyper-inflammatory status associated with the SARS
CoV-2 infection (high levels of CRP, IL-6, and ferritin) is
another important factor predisposing to psychiatric mor-
bidities like depression.®® The true incidence/prevalence of
the mental, emotional, and behavioral abnormalities in
Long-COVID-19 subjects is yet to be explored. The neu-
ropsychiatric literature on survivors of critical illness has
unmasked the prevalence of post-traumatic stress disorder
(PTSD), anxiety, and depressive symptoms in 34%, 34%,
and 29% of the subjects, respectively.®*®® Hopkins and
colleagues reported impaired attention span, mental pro-
cessing speed, concentration, and memory at one-year
following the post-acute respiratory syndrome.®” In
another study, one-third of the patients (15/45) with severe
COVID-19 pneumonia showed dysexecutive syndrome,
including the features of inattention, poorly organized
motor tasks, and disorientation.®!

Miscellaneous Manifestations
The endocrinological, prothrombotic, retinal, and neuro-
muscular complications are lately being reported in
Long-COVID-19 subjects. Sansone et al have revealed
the long-term concerns of male sexual and reproductive
health (erectile dysfunction) in COVID-19 survivors.®®
Though its exact cause is not yet elucidated, the impaired
cardiovascular and pulmonary hemodynamics, endothe-
lial dysfunction, psychological factors, and subclinical
hypogonadism are the suspected reasons behind the
onset of erectile dysfunction.®®

A few recent studies have also reported acute limb
ischemia, renal artery thrombosis, retinitis, and optic neur-
itis in COVID-19 subjects and its survivors.®””’! The
reported neuromuscular complications like peripheral
nerve injuries are predominantly idiopathic, though these
can be secondary to the underlying systemic disease/
immune dysregulation, direct neural-invasion, or some-
times even related to the hospital-care (like prone

positioning to treat ARDS).”> MRI and high-resolution
sonographic evaluation of the affected peripheral nerve is
suggested, guiding the appropriate treatment and rehabili-
tative therapy in such individuals.”?

Predictors of Long-COVID-19

At this stage of the pandemic, the researchers are steering
towards understanding the long tail of recovery and post-
recovery phase of the COVID-19. The currently available
data is sparse to analyze the predictors of Long-COVID-19
development, as the studies addressing the post-recovery
phase are limited in number, with the majority of them
being survey-based analysis. Various factors such as lan-
guage, sociodemographic variations, and lack of aware-
ness about the follow-up study apps can hinder factors
from accurately analyzing the natural course of Long-
COVID-19. The initial reports from China, with acute
COVID-19 illness data, have described a high case fatality
rate in hospitalized subjects with advanced age (>70
years), with a critical illness (severity), and in patients
with underlying co-morbid conditions (including cardio-
vascular disease, diabetes, respiratory ailments, cancer).73
Smoking, chronic alcoholism, and patients with prolonged
ICU stay/mechanical ventilation are the other factors
reported to be associated with Long-COVID-19.7* Recent
studies are unveiling the underlying altered immune
mechanisms for development and progression of
COVID-19 illness. Altered distribution of the ACE-2 and
CD 147 related genes are reported from subjects with
asthma, obesity, chronic obstructive pulmonary disease
(COPD), hypertension, smoking and male gender in rela-
tion to development of severe COVID-19 illness.”>’®
More recently studies have made a striking revelation
that even the non-hospitalized subjects with mild acute
illness and without any significant co-morbidities are also
experiencing prolonged symptoms and multi-organ
derangement following acute COVID-19."7”” The various
risk predictors have been summarized in Figure 7.

Age and Gender

People of all ages are affected by the SARS-CoV-2 virus;
however, several cohorts have reported that the hospitaliza-
tion rate of COVID-19 increased with advancing age, with
a rate of 4% for subjects of 50-59-years versus 18% for
those above 80-years of age and these patients are at an
increased risk of developing symptoms of Long-COVID
-19.7%7 A primitive study targeting the subjects with mild
illness (non-hospitalized) revealed a significant proportion
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Figure 7 A pictorial demonstration of the various risk factors which when present, make the patients of COVID-19 more susceptible to develop Long-COVID-19.

(47%) of subjects with age above 50 years, not returning to
their usual health than 26% of subjects between age 18-34
years.®® Another study, by Sudre et al reported a rise in the
prevalence of Long-COVID-19 from 10% of subjects in the
age group of 18-49 years to 22% in those aged above 70
years.®! Tt also revealed that the slightly high proportion
(15%) of Long-COVID-19 in middle-aged females (50—60
years) as compared to the male population (10%); however,
such a gender-related variance is not observed in the subjects
with age more than 70 years.®'

Underlying Co-Morbidities

Based on the analysis of 300,000 COVID-19 subjects, a US
study reported 12 times higher mortality among the subjects
with co-morbid conditions compared to those with no co-
morbidities.*> Tenforde et al have confirmed that subjects
with three or more co-morbidities (including psychiatric
conditions and obesity) are associated with more than two-
fold odds of not returning to the basal health status.®

Another UK-based study on Long-COVID-19 subjects
revealed that the underlying co-morbidities like asthma and
obesity are associated with the Long-COVID-19 symptoms
across all age groups. The association of cardiopulmonary
diseases with the development of Long-COVID-19 was seen
in elderly individuals aged more than 70 years.®'

Initial Symptoms of the Patients

Few researchers have explored the predictors of Long-
COVID-19 based on the symptoms seen during the early
phase of the illness. Sudre et al have reported that indivi-
duals with more than five symptoms within the first week
of presentation were at high risk for development of Long-
COVID-19; and found it as the single, strongest predictive
factor within gender and across all age groups.’’ On
further analysis of odds ratio (OR) for each individual;
the five most common early symptoms experienced during
the first week of acute illness in these patients were fatigue
(OR=2.83), headache (OR=2.62), dyspnea (OR=2.36),
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hoarseness of voice (OR=2.33) and myalgia (OR=2.22).%"
Additionally, it also revealed that the ongoing fever, loss
of smell, multi-organ involvement, and underlying cardio-
pulmonary co-morbidity in the older age group should be
taken as “red flag” signs.®’

Abnormal Laboratory Results

The deranged blood indices (lymphopenia, neutrophil-
lymphocyte ratio, thrombocytopenia, coagulation profile)
and raised liver enzymes, inflammatory markers (eg, CRP,
ferritin, IL-6), LDH, d-dimer, troponin, and creatine phos-
phokinase are associated with the worst outcomes in hos-
pitalized subjects.®*** Whether these abnormalities have
a direct pathogenetic relationship with the occurrence of
the Long-COVID-19 or whether these are just markers of
a severely acute phase illness is not yet known.
A prospective study by Spoto et al has revealed that
(MR-proADM) s
another important marker to predict disease severity and

mid-regional  proAdrenomedullin
patients with its value >2 nmol/l are associated with higher
mortality risk related to a multiorgan dysfunction
syndrome.®> Some of the previous reports on lung injury
(MERS-CoV related) have shown an increased risk of
fibrosis in subjects with raised LDH.*® There is evidence
of persistent lymphopenia, high d-dimer values, and ele-
vated C reactive protein (CRP) in 7.1%, 30.1%, and 9.5%
of Long-COVID-19 subjects. However, overall an improv-
ing trend of abnormal parameters was observed in Long-
COVID-19 subjects compared to the initial acute phase
laboratory derangement.*> In another study, more than
10% of the Long-COVID-19 subjects showed high alanine
transferase, lactate dehydrogenase, and mean corpuscular
hemoglobin concentration.'”

Disease Severity, Length of ICU-Stay and

Assisted Ventilation

Though Long-COVID-19 symptoms are seen in subjects
with mild acute illness, those with severe illness and
requiring critical care show exaggerated predisposition
for Long-COVID-19 illness. Often the severe and criti-
cally ill COVID-19 subjects require ICU admission and
mechanical ventilation. The disease severity and asso-
ciated co-morbid conditions determine the length of hos-
pital stay and prolonged manifestations related to it.
Previous studies have shown increasing evidence of pul-
monary fibrosis and sequel secondary to ARDS.*’
Prolonged critical illnesses are also associated with

protracted symptoms and abnormalities, including fatigue,
anemia, sarcopenia, and neuropsychiatric abnormalities.®’
A recent study also reported the prolonged duration of
hospital stay and higher intensive care admission fre-
quency among the Long-COVID-19 subjects with evi-
dence of fibrosis on CT chest imaging.®® This patient
group also needed pulsed steroid therapy and antiviral
therapy for a longer duration.®” In some instances, super-
added fungal or bacterial pulmonary infection is also asso-
ciated with significantly prolonged illness following acute
COVID-19.%

Management of Long-COVID-19

Currently, the knowledge of Long-COVID-19 is sparse in
most aspects, and there are no consensus guidelines for
its management. Nevertheless, based on the availability
of limited follow-up data, this vulnerable group of the
COVID-19 recovered population requires a thorough
clinical assessment to identify new, persistent, or pro-
gressive symptoms; and should be appropriately
investigated. The Long-COVID-19 subjects need close
follow-up for monitoring early, intermediate, and late
complications. The requirement of oxygen supplementa-
tion, palliative care, rehabilitation, counseling, and other
psycho-social needs should be assessed and addressed
immediately.”® The patients should be advised and pre-
self-
management, and additional support is provided for
children with Long-COVID-19
The more serious and potentially life-

pared for self-management and supported

older people and
symptoms.4
threatening complications like pulmonary venous throm-
boembolism, stroke, and acute cardiac events must be
identified early and appropriately managed; or referred
to the care centers with subspecialty experts.’® The utility
of steroids, anticoagulants, and other medications is yet
to be explored entirely, and the results of the longitudinal
therapeutic clinical trials may address this issue in the
future. However, special care must be taken while pre-
scribing steroids to avoid secondary fungal infections
like aspergillosis, mucormycosis and pneumocystis pneu-
monia especially in diabetic and immunocompromised
patients. The role of pirfenidone and nintedanib is also
being evaluated in reducing lung fibrosis and further
pulmonary damage.”’ For skin lesions, authors (based
on their personal experience) suggest using topical ster-
oids and oral anti-allergic drugs in mild to moderate
cases and a short course of oral steroids in severe cases.
A few authors have reported reduced exercise capacity in
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Long-COVID-19 subjects and suggested including aero-
bic exercises in rehabilitation of Long-COVID-19 sub-
jects, which may boost immunity and respiratory
functions.’? Besides, an advisory need to be given to all
the patients for lifestyle modification and general pre-
ventive measures (like social distancing, hand hygiene,
and the wearing of a face mask) to avoid reinfection.
While managing the Long-COVID-19 subjects, care
should be exercised to efficiently and optimally use the
clinical, investigative, and therapeutic tools.

Multiple prospective or randomized trials are already
initiated under the COVID follow-up facilities worldwide,
and health scientists are calling for systematic collection of
baseline and follow-up data of the Long-COVID-19 sub-
jects. Multispecialty teams consisting of general physicians,
radiologists, microbiologists, subspecialty experts, patholo-
gists, and rehabilitative care specialists should be formed to
deal with Long-COVID-19. The follow-up of Long-COVID
-19 subjects should be kept flexible based on their ongoing
clinical issues, rather than following any rigid pre-defined
schedule.* The policymakers and administrative personnel
should establish the adequate infrastructure for follow-up
and management of Long-COVID-19 and strengthen the
existing facilities to treat COVID-19 illness.

Conclusion

With the re-emergence of the new waves of SARS-CoV-2
infection in many countries, it is expected that the burden
of patients having long-term sequel of COVID-19 is going
to be huge and it is expected to produce another public
health crisis on the heels of current pandemic. Thus, it is
extremely important to be aware of its protean clinical
manifestations, risk predictors, and holistic management
strategies. Further research comprising cataloging of
symptoms, longer-ranging observational studies, and clin-
ical trials are critical to evaluate the long-term conse-
quences of COVID-19, and it warrants setting-up of
dedicated, post-COVID care, multi-disciplinary clinics,
and rehabilitation centers.
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