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ABSTRACT

The outbreak of Coronavirus disease 19 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was declared a
pandemic by World Health Organization (WHO) on 11th March, 2020.
COVID-19 infection predominantly manifests as pulmonary symptoms
that may progress to acute respiratory distress syndrome. The data on
extra-pulmonary manifestations of acute COVID-19 are available. Most
patients who have COVID-19 recover well within months. Currently, more
than 50 million people have recovered globally. Many reports of patients
with persistent severe symptoms and significant end-organ damage
after SARS-CoV-2 infection have also been observed. As COVID-19
is a relatively new disease, future sequelae aren’t well established.
Major adverse outcomes were found to affect different body systems:
respiratory system (lung fibrosis and pulmonary thromboembolism),
cardiovascular system (cardiomyopathy), and neurological system
(sensory dysfunction and stroke). Mental health of COVID-19 patients
were also found to be adversely affected. This review describes the
effects of SARS-CoV-2 taking into account the previous experiences
with SARS-CoV-2 and the Middle East Respiratory Syndrome (MERS)
coronavirus that caused SARS in 2003 and MERS in 2012 respectively.
This review aims to update on the long-term sequelae of SARS-CoV-2
infection and highlight the necessity for patient monitoring following
the acute stage of infection with SARS-CoV-2 to provide ground for the
prevention, diagnosis, and management of these potential long-term
sequelae and to complete the natural history of COVID-19.

Keywords: coviD-19, SARS-CoV-2, Pulmonary fibrosis, Long Covid,
Post-acute COVID-19 syndrome, Post Intensive Care Syndrome

Introduction

Coronavirus disease 2019 (COVID-19) is caused by a novel
coronavirus, known as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The global pandemic began
in Wuhan, China, in December 2019, and has spread

worldwide. World Health Organization (WHO) declared a
worldwide health emergency on 30th January, 2020 and a
COVID-19 pandemic on 11th March, 2020 subsequently. The
clinical spectrum of SARS-CoV-2 ranges from mild to severe
with the majority of them (81%) having mild symptoms
while severe symptoms (defined as respiratory rate > 30/
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min, hypoxia: blood oxygen saturation < 90%, PaO2/ FiO2
<300, and/or pulmonary infiltrates >50% within 24 to 48h)
occurring in 14% cases. Critical illness (defined as respiratory
failure, septic shock, and/or multiple organ dysfunction
or failure) have been reported in only 5% of the subjects
with an overall case fatality rate (CFR) of 2.3%.! Now the
literature has emerged describing the involvement of other
organ systems, including the cardiovascular, gastrointestinal,
renal, and neurologic systems. SARS-CoV-2 binds to the ACE2
receptor in humans, similar to SARS-CoV. A unique structural
feature of the spike glycoprotein receptor binding domain
of SARS-CoV-2 (responsible for virus entry into host cells)
has a higher binding affinity for ACE2 on host cells than
SARS-CoV-1. Lungs, kidneys, gastrointestinal (GI) tract, liver,
vascular endothelial cells, and arterial smooth muscle cells
also express ACE2 receptors. Thus, all of these organs and
systems with higher expression of ACE2 receptors might
be the possible targets for SARS-CoV-2 infection.?Various
studies have reported that around 70-80% of the patients
who recovered from COVID-19 present with persistence of
at least 1 or more symptoms (General or system-specific
symptoms in the acute phase), even after being declared
COVID-free.® Now the challenging part is how to manage
these COVID-19 sequelae which may vary from mild in
terms of fatigue and body aches to severe forms requiring
long term oxygen therapy and lung transplantation due to
lung fibrosis, significant cardiac abnormalities and stroke
leading to significant impairment in the quality of life. The
main purpose of this review is to provide a summary of the
present literature on the pulmonary and extra-pulmonary
complications of COVID-19 to enhance the awareness
for the better management and prognostication of these
patients.

Method

This brief review outlines the long term sequelae of
COVID-19. A literature search of the PubMed and Google
Scholar databases was performed from the inception of
COVID-19 infection in December 2019 to December 2020
for articles using the keywords COVID-19, SARS-CoV-2, long
term sequelae, and post COVID. We included case reports
and case series, retrospective and prospective studies,
systematic reviews and meta-analyses, clinical guidelines,
and narrative reviews.

Long Term Sequelae
Pulmonary Complications

Upper and lower respiratory tracts are the most common
sites of SARS-CoV-2 infection as the virus is inhaled, and the
severity of lung damage is closely related to the severity of
infection.® The virus can injure the lungs in 3 ways: Acute
Respiratory Distress Syndrome (ARDS) with Diffuse Alveolar
Damage (DAD), diffuse thrombotic alveolar microvascular
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occlusion, and inflammatory mediator-associated airway
inflammation, leading to impaired alveolar oxygenation,
hypoxemia, and respiratory acidosis.® In the absence
of effective treatment, the consequences of this poor
oxygenation are either death of the patient from respi-
ratory failure, or the sequelae of permanent lung injury
if the patient recovers. It has been found that 40% of
the patients with COVID-19 develop ARDS, and out of
them, 20% are in the severe ARDS category.® A substantial
proportion of COVID-19 ARDS patients develop residual
long-term impairment of lung function and radiological
(CT) evidence of pulmonary fibrosis in survivors.® ‘Post-
COVID-19, or ‘chronic COVID,” and the gradual loss of lung
function due to pulmonary interstitial fibrosis can have
profound effects on the quality of life for people initially
believed to have recovered from COVID-19. UK NHS recently
described potential long term respiratory complications that
include chronic cough, fibrotic lung disease, bronchiectasis
in COVID-19 recovered patients.”

In one Chinese study of 55 patients with COVID-19, 3
months follow up was done after discharge. 35 (64%)
patients had persistent symptoms and 39 (71%) patients
had radiologic abnormalities suggestive of pulmonary
dysfunction such as interstitial thickening and evidence of
fibrosis, while 25% of the patients had decreased diffusion
capacity for carbon monoxide (DLCO) on PFT.2 In another
similar study of 57 patients, PFT was performed after 30
days of discharge, in which decreased diffusion capacity for
carbon monoxide (DLCO) and diminished respiratory muscle
strength were common findings that occurred in 30 patients
(53%) and 28 patients (49%), respectively, suggestive of
restrictive lung disease.’ The pathology behind the residual
lung dysfunction (decreased diffusion capacity, restrictive
and obstructive pattern) might be parenchymal fibrosis
leading to alveolar volume reduction and airway narrowing,
persistent microvascular thrombosis and persistent low
grade alveolitis.

It is very early to find out the actual prevalence of post-
COVID-19 lung fibrosis, but at present an analysis of hospital
discharged COVID-19 patients has shown that more than a
third of recovered patients develop fibrotic abnormalities.
Previous studies highlighted that duration of the disease
is an important determinant for lung fibrosis post-ARDS.
This study showed that 4% of the patients with a disease
duration of less than 1 week, 24% of the patients with
a disease duration between 1 and 3 weeks, and 61% of
the patients with a disease duration of greater than 3
weeks developed fibrosis.!® Zhou et al. observed that out
of 62 COVID-19 patients, 21 patients (33.9%) developed
fibrotic changes in the lung. In this study the incidence of
fibrosis correlated well with duration of illness as fibrosis
was seen more in the patients with advanced-phase of
COVID-19 disease (8-14 days after the onset of symptoms)
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than in the early phase of the disease (<7 days of onset of
symptoms).t! Pan et al. also reported pulmonary fibrosis on
CTin 11 patients, out of the total 63 COVID-19 hospitalized
patients, early in the disease.'® Findings confirmed on
autopsy included diffuse alveolar damage with areas of
consolidation by fibroblastic proliferation and deposition of
ECM and fibrin in the alveolar spaces. Reticulation (inter/
intralobular septal thickening subpleural irregular line),
traction bronchiectasis, architectural destruction, mosaic
attenuation, air trapping, and resolving Ground-Glass
Opacities (GGOs) were typical post COVID lung changes
on HRCT.?2 However, it has been seen in most of the cases
that these post COVID changes resolve with time. In one
of the studies, a chest CT scan was performed on the last
day before discharge, two weeks and four weeks after the
discharge. On follow up of these patients, the abnormalities
(including focal/ multiple GGO, consolidation, interlobular
septal thickening, subpleural irregular lines) in lungs were
gradually absorbed in the first and second follow-ups after
discharge as compared with the last scan before discharge.
The lung lesions of 64.7% of the discharged patients were
fully absorbed after a 4-week follow-up. It indicated that
the damage to lung tissue by COVID-19 could be reversible
for most of the COVID-19 patients.®

Risk factors for developing lung fibrosis include older
age (> 65 years), severity of the illness (increased LDH
level), prolonged ICU stay, history of smoking and chronic
alcoholism.** This was hypothesised from the previous
studies on SARS and MERS outbreak.’** Mechanism for
fibrosis by SARS-CoV-2 includes downregulation of ACE-2
receptors, reducing the angiotensin clearance which could
upregulate TGF-B and connective tissue growth factors.?®

As of now, no fully proven options are available for the
treatment of post COVID-19 pulmonary fibrosis. Various
treatment strategies are under evaluation. It has been
proposed that prolonged use of anti-viral, anti-inflammatory
and anti-fibrotic drugs diminish the probability of the
development of lung fibrosis. However, it is yet to be
ascertained whether early and prolonged use of antiviral
agents may prevent remodelling of the lung or which of
the available antiviral agent is more effective. Prolonged
low dose corticosteroid may prevent remodelling of the
lung in survivors, though the risk-benefit ratio should be
assessed prior to its use. Anti-fibrotic drugs like- pirfenidone
and nintedanib, have anti-inflammatory effects as well and
thus they may be used even in the acute phase of COVID-19
pneumonia.'® Pirfenidone has anti-fibrotic, anti-oxidative
and anti-inflammatory effects. It attenuates ARDS induced
lunginjury as it reduces LPS-induced acute lung injury and
subsequent fibrosis by suppressing NLRP3 inflammation
activation.? But, there are few concerns regarding the use
of these antifibrotics in the acute phase of COVID-19. Many
COVID-19 patients have hepatic dysfunction in the form of

raised transaminases and both antifibrotics pirfenidone and
nintedanib cause hepatotoxicity. As most of the COVID-19
patients are on an anticoagulant, nintedanib might be
associated with an increased risk of bleeding.

Lung transplantation could be the only treatment option
for the patients with end-stage lung fibrosis due to
COVID-19. However, only a few patients received this
therapy. Chen et al. reported three patients who received
lung transplantation for COVID-19 related lung fibrosis.
Two out of them survived.'® Convalescent plasma also
showed beneficial effects in ARDS which could decrease
the fibroproliferation.® Multipotent mesenchymal stem
cells, which have the capacity to replace damaged alveolar
cells, secrete anti-inflammatory factors and reduce fibro-
proliferation.?® However, various ongoing clinical trials are
investigating their therapeutic use.?

Over subsequent months, the number of patients infected
by SARS-CoV-2 surviving the acute phase with clinical and
CT evidence of pulmonary involvement is predicted to grow
exponentially, therefore, the long-term sequelae on lung
function shouldn’t be overlooked. Surely, some patients
may be at risk of developing long-standing lung fibrosis,
which can affect the quality of life and survival. With no
specific proven effective therapy to prevent lung fibrosis,
risk reduction measures must be undertaken.

While several treatment options have been evaluated,
none except systemic glucocorticoids have been shown to
improve survival in COVID-19. Unfortunately, widespread
use of glucocorticoids can lead to secondary bacterial
or fungal infections. Invasive pulmonary aspergillosis
complicating the course of COVID-19 is widely recognized.?
However, many case reports had shown that patients
developed mucomycosis (pulmonary and rhino-orbital)
after prolonged systemic steroid use in the acute phase of
COVID-19. Moreover, the immune dysregulation caused by
the virus and the use of concurrent immunomodulatory
drugs such as tocilizumab could further increase the risk
of infections in COVID-19 patients.??*

One alarming observation was the absence of traditional
risk factors, such as diabetes mellitus, transplantation,
or haematological malignancies, in the case reports. The
development of mucormycosis can probably be attributed
to the use of glucocorticoids and suggest a need for their
judicious use. Thus, the use of glucocorticoids in mild
COVID-19 cases (without hypoxemia) or the utilization of
higher doses of glucocorticoids should be avoided. Further,
in the absence of a clear benefit, drugs targeting immune
pathways such as tocilizumab should be discouraged in the
absence of any clear benefit.

Cardiovascular Complications
Up to 20-30% of the hospitalized COVID-19 patients have
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evidence of myocardial involvement with elevated troponin
levels.? In the previous report, a patient infected with SARS-
CoV-2 developed left ventricular dysfunction and pericarditis
without any respiratory symptoms. Complications
involving the cardiovascular system include Ml (7.2%-
27.8%), arrhythmias (5.9%-16.7%), shock (1.1%-20%),
and heart failure (23%).%° Coagulation abnormalities and
myocarditis have also been reported in various reports.?
While understanding of the novel virus is continuously
evolving, the mechanism through which the SARS-CoV-2
virus leads to cardiovascular manifestations is currently
suggested to involve the ACE2 transmembrane protein.
In patients with COVID-19, myocardial involvement may
initiate inflammation pathway and subsequent fibrosis. In a
German study of 100 recovered COVID-19 patients, cardiac
MRI performed at a median of 71 days after COVID-19
diagnosis had revealed cardiac involvement in 78% of the
patients and ongoing myocarditis in 60% of the patients.?®
Acute myocarditis might contribute to heart failure and
some investigators have reported depressed left ventricular
ejection fraction due to COVID-19.% Cardiac dysfunction
due to direct virus infection or systemic inflammation might
potentially cause coronary microcirculation disruption and
downstream myocardial ischemic sequelae. Indeed, amongst
25 SARS survivors, 40% continued to have cardiovascular
abnormalities at 12-year follow-up.?® Arrhythmia risk in
COVID-19 patient is likely to be multifactorial. It may be
due to the viral infection, severity of the illness, severity
of the cardiac injury, inflammation, or drug treatment with
QT-prolonging drugs. A study of 121 COVID-19 patients
showed that the majority of those patients had some
sort of arrhythmia, including 87 (71.9%) patients with
sinus tachycardia unrelated to fever, 18 (14.9%) patients
with bradycardia, and one patient with paroxysmal atrial
fibrillation.?® These malignant arrhythmias can be persistent
and may increase the risk of sudden cardiac death.

Neurological Complications

SARS-CoV-2 can penetrate brain tissue through ACE2
receptors and also by direct invasion of the olfactory nerve
leading to anosmia. The commonest neurological symptoms
that occurred during COVID-19 are headache, vertigo, and
chemosensory dysfunction (eg, anosmia and ageusia).
COVID-19 related anosmia is included in the screening
criterion for COVID-19, but whether it complicates into
post-viral olfactory disorders (PVOD) remains unknown.*

It was initially thought that SARS-CoV-2 had a lesser
propensity to cross the Blood-Brain Barrier (BBB), but this is
not the case. Three important interpretations found on the
basis of post-mortem studies on the cerebral pathology of
COVID-19 patients and the use of an advanced 3D microfluid
model of the human BBB are: first, the SARS-CoV-2 spike
(S) protein-binding receptor, ACE2 is widely expressed in
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brain microvascular endothelial cells; second, the BBB is
directly damaged by S protein to varying degrees; and third,
the S protein can induce the inflammatory response of
microvascular endothelial cells that change the function of
the BBB.*! These findings revealed that SARS-CoV-2 can alter
the BBB and enter the brain, and lead to the appearance of
neurological symptoms, the formation of fatal microthrom-
bi, encephalitis, and long-term neurological sequelae
associated with COVID-19. In addition, SARS-CoV-2 may
enter the brain by trans-synaptic transfer, optic and olfactory
nerve channels, and vascular endothelial cells, considering
the fact that the olfactory nerve is a potential pathway for
entry of SARS-CoV-2 into the brain, as sustentacular cells
that maintain the integrity of the sense of smell and stem
cells in the olfactory epithelium highly express ACE2 and
transmembrane serine protease 2 (TMPRSS2).3%34

Recently published studies have focused on the potential
causal relationship between viral infections and Alzheimer’s
Disease (AD).* Given the identification of damage to the
CNS by SARS-CoV-2, there is concern regarding its long-
term effects on cognitive function. Further, long-term
studies will be required to identify the relationships among
SARS-CoV-2 infection, AD, and other neurodegenerative
sequelae. Neuroinflammatory responses, synaptic pruning,
and neuronal loss are the structural basis of AD, and SARS-
CoV-2 infection most likely accelerates these processes.?®

In parkinson disease (PD), different CNS sites are damaged
with particular types of neurons being more severely
affected. However, currently, there is no direct evidence
that SARS-CoV-2 causes or accelerates PD. It should be noted
that the wide expression of ACE2 in different areas of CNS
provides the molecular basis for SARS-CoV-2 to mediate
or accelerate the occurrence of PD.?” Current pieces of
evidence of neurological changes caused by SARS-CoV-2
show some similarities with those found in MS. First, the
pro-inflammatory ‘cytokine storm’ caused by SARS-CoV-2
infection is the initiating factor of CNS neuroinflammatory
damage.*® Second, SARS-CoV-2 causes demyelination in
the brain and spinal cord. A recently published case report
showed that SARS-CoV-2 infection was associated with signs
and symptoms similar to those of MS.* Previous studies
observed the association between coronavirus infection
and the onset of MS.%°

A case series of 901 COVID-19 infected patients from China
and France described the neurological manifestations of the
disease. Encephalopathy has been reported in 93 patients
and Guillain-Barré syndrome in 19 patients. SARS-CoV-2
has also been detected in CSF of some patients. Anosmia
and ageusia were common and may occur in absence
of other clinical features. Stroke was also reported in 96
patients who frequently had a hypercoagulable state with
elevated C-reactive protein, D-dimer, and ferritin due to
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ongoing inflammation.* The neurological manifestations
which may produce long-term complications, like stroke and
encephalitis can seriously affect the patient’s quality of life
later. More studies on the risk factors of such complications
with larger sample size and longer follow-up are required.

Psychological Complications

The COVID-19 pandemic had a profound effect on the
psychological state of COVID-19 survivors across the
world. The virus may infect the brain or trigger an immune
reaction that causes additional adverse effects on brain
functions and psychological state. Mental disorders could
be the sequelae of brain damage that are either triggered
directly from cerebral hypoxia caused by the viral infection
or indirectly from the immunological response.*> The
adverse psychological effects like post-traumatic stress,
confusion, depressed mood, insomnia, and anger during
the quarantine period, are well documented.*The diagnosis
of COVID-19 and subsequent need for physical distancing,
have been associated with anxiety, feelings of isolation,
and loneliness.*

Increasing reports of lingering malaise and exhaustion like
chronic fatigue syndrome may leave patients with physical
debility and affective disorders. Fears of illness, death, and
uncertainty of the future are significant stress factors for
the mental health of the population, and social isolation
resulting from loss of work activities also threatens to
worsen the public mental health.*

Endocrine Complications

Metabolic Aspect: Pancreatic cells also express ACE-2
receptors. Viral spike protein binds this enzyme receptor
and down-regulates its expression causing virus-mediated
pancreatic damage.*® However, long-term observations are
needed to know if diabetes will be permanent or SARS-
CoV-2 caused a transitory period of hyperglycaemia which
will resolve with recovery from the infection.

An observational study analysing the lipid metabolism
parameters in SARS recovered patients after 12 years of
acute disease showed an increase in triglycerides and very-
low-density lipoproteins (VLDL) levels. Dyslipidaemia was
noted in 68% of the survivors as compared to 40% of the
healthy volunteers.?®

Hypothalamus-Pituitary-Adrenal Axis: HPA axis plays a
fundamental role in the stress response. Studies on SARS
found that SARS-CoV could impair this hormonal axis by
different mechanisms. In 2004, a Wheatland study showed
that among the strategy employed by SARS-CoV to avoid the
host’s immune reaction, there was expression of an amino
acid sequence that mimicked human adrenocorticotrophic
hormone (ACTH). This strategy induced the production
of autoantibodies against ACTH, preventing the suitable
adrenal response to stress.”’ Another study conducted by

Leow et al found that adrenal insufficiency might occur as
a late consequence of SARS and it was mostly secondary
to hypophysitis or direct hypothalamic damage.*® To date,
insufficient data are available on the possible effect of
SARS-CoV-2 on the HPA axis function. The use of high
doses of corticosteroids during the acute phase of SARS can
cause subsequent hypocortisolism. However, assessment of
endocrinological parameters of SARS survivors at one year
has revealed the presence of hypocortisolism in around
39% of the individuals even in the absence of steroid
use in around two-thirds of the studied population. This
response has been attributed to the delayed pathological
complication of SARS.* The hypocortisolism could explain
the persistence of symptoms seen in post-SARS patients
like apathy, lethargy, malaise, fatigue, weakness, orthostatic
dizziness, and anorexia.*®

Hypothalamus-Thyroid Axis: Hypophysitis causing
central hypothyroidism has also been postulated as a
possible pathogenic mechanism. Subacute thyroiditis is
additionally a condition that must be kept in mind given
its close association with viral infections. Patients who are
on levothyroxine therapy may experience an increase in
TSH levels when given lopinavir/ritonavir (used as a part
of research treatment protocols).*® Keeping the unknown
impact of the COVID-19 virus on thyroid function, all
survivors of moderate to severe COVID-19 infection should
be clinically and biochemically evaluated for potential
thyroid dysfunction during the follow-up visit.

Hypothalamus-Gonadal Axis: No data has been reported
about SARS and ovarian function. The sole evidence available
showed the rise in serum levels of prolactin (PRL), FSH, and
LH and reduction of 17R-estradiol (E2) and progesterone
levels in SARS patients compared with healthy controls.>!
As for the male reproductive axis, it should be noted that
ACE2 is highly expressed by the human testis, which might
be infected by SARS-CoV and, probably, by SARS-CoV-2.52
A study by Xu et al. found tissue damage indicative of
orchitis in autopsy from testicular tissue obtained from
six patients who died of SARS. Viral orchitis can severely
damage testicular spermatogenic function, causing oligo-
zoospermia and even azoospermia resulting in infertility.>®
An Italian study found that male erectile dysfunction may
occur as the long-term consequence of COVID-19 especially
among elderly patients due to changes in vasculature and
mental instability.

Immunological & Hematological Complications

Disseminated Intravascular Coagulation (DIC) may be a
manifestation of coagulation failure, and an intermediate
link in the development of multi-organ failure. Coagulopathy
manifests as increased fibrinogen level, elevated D-dimer, and
minimal change in prothrombin time, partial thromboplastin
time, and platelet count in the early stages of infection.
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Several studies have found a high incidence of thrombotic
complications (pulmonary embolism, deep vein thrombosis)
in patients with COVID-19, even when thromboprophylaxis
had been given. Thrombotic events could also be due to
cytokine storm, hypoxic injury, endothelial dysfunction,
hypercoagulability, and/or increased platelet activity.>
Cases of arterial thrombosis, cerebral phlebothrombosis,
and acute limb ischemia secondary to thrombosis have
been reported.>¢°75%% Acute limb ischemia could lead to
dry gangrene and subsequent limb amputation resulting
in physical disability.

A study conducted by Zheng et al. described
haemophagocytosis in a severe COVID -19 patient (without
any pre-existing hematological diseases) with worsening
respiratory symptoms.® In this case report, bone marrow
aspiration showed cellular bone marrow with features
of haemophagocytosis which may be characteristic of
secondary haemophagocytic lymphohistiocytosis, which is,
an acute condition typically characterised by poor prognosis
that is often caused by severe viral infections. This report
implied a possible association between the SARS-CoV-2
infection and the presence of myelosuppressive effects

Post-Acute COVID (Long COVID)

Long COVID is defined as a condition where symptoms
persist for more than 3 weeks. Most patients recover
within 2 weeks, approximately 10% of the patients
still have symptoms after 3 weeks, and few may have
symptoms for months, as seen with data from the UK COVID
Symptom Study.®! Nearly 90% of the hospitalized patients
who recovered from COVID-19 reported persistence of a
minimum of one symptom for 2 months after discharge.
Symptoms may relapse and remit and may occur in those
with the mild disease only.2 Common long-term symptoms
include persistent cough, low-grade fever, breathlessness,
and fatigue. Chest pain, palpitations, myalgia, arthralgia,
headaches, vision changes, deafness, and loss of taste/
smell, have also been reported.®

In one Italian study where 143 COVID-19 patients were
followed up for a period of two months after the primary
symptom, only 18 (12.6%) patients were symptom-free
while 32% had 1 or 2 symptoms and 55% had 3 or more.
None of the patients had fever or any symptom or signs of
acute infection. A high proportion of people still reported
fatigue (53.1%), dyspnea (43.4%), joint pain (27.3%), and
chest pain (21.7%).%

Post Intensive Care Syndrome

The SARS-CoV-2 infection causes severe lung injury leading
to prolonged stay in ICU on ventilators for some patients.
Early reports suggest that these patients can present with

post-intensive care syndrome, a spectrum of psychiatric,
cognitive, and/or physical disability (e.g., muscle weakness,

ISSN: 2349-7181

cognitive dysfunction, insomnia, depression, anxiety, post-
traumatic stress disorder, delirium, encephalopathy) that
affects survivors of critical illness, and persists after the
patient has been discharged from the intensive care unit.%

Discussion

Our review has found that COVID-19 has been reported
with various adverse outcomes in several systems within the
body. Most of the adverse health effects were mediated by
the hyperimmune response to the virus. Adverse respiratory
outcomes which may be due to immune-mediated or
direct virus attack, including lung fibrosis and functional
impairment has been found to persist beyond recovery
from COVID-19 in a few patients. Based on the available
data on SARS and MERS, an impaired pulmonary function
can persist for years even after recovery from infection,
resulting in reduced exercise capacity and quality of
life. In the acute phase of the infection, we also found
reports on adverse cardiovascular outcomes including
myocardial damage, heart failure, arrhythmia, and adverse
neurological outcome including olfactory and gustatory
dysfunction. Adverse psychological state outcomes were
also reported during the pandemics including insomnia,
anxiety, and depressed mood. An increase in the risk of
some adverse psychological state outcomes, like chronic
fatigue, Post Traumatic Stress Disorder (PTSD), depression,
anxiety disorder, panic disorder, etc, could persist for years
after recovery from the infection. Post-infection care for
COVID-19 survivors is probably going to add a burden to the
existing healthcare system. Given the increasing numbers of
recovered COVID-19 patients compared to the time of the
SARS outbreak, it is likely that the extent to which follow-up
healthcare services are adopted for COVID-19 survivors are
going to be much greater than for SARS globally. With the
extensive use of mechanical ventilation in severe COVID-19
patients, post-infection healthcare utilization is projected
to be important in these survivors.

A large clinical and administrative records database is the
most appropriate choice to evaluate the long-term health
outcomes of COVID-19. This may enable us to have a more
comprehensive understanding of the immediate impact of
COVID-19 on individual patients. Such an analysis could
also identify the risk factors of poor outcomes, which in
turn, would enable us to devise a strategy to effectively
safeguard the patients who are more susceptible to severe
illness.

Conclusion

Most of the subjects who recovered from COVID-19
experienced several manifestations ranging from
mild symptoms like fatigue, headache to more critical
manifestations like pulmonary fibrosis, stroke, and
myocarditis. The foremost reported symptoms were fatigue,
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anxiety, joint pain, and headache. The post-COVID-19
manifestation is essentially like the post-SARS syndrome.
All subjects recovered from COVID-19 should undergo long-
term monitoring for evaluation and treatment of symptoms

and

conditions which are persistent or precipitated after

recovery from the coronavirus infection. epidemiological
studies are needed to investigate further the risk factors
related to the adverse outcomes in these patients.
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