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Abstract
Introduction: The Long Covid Syndrome: The post-acute sequelae of COVID-19 (PASC) or ‘Long Covid’ is a varying, relapsing,
and remitting disorder that may follow recovery from acute infection with SARS-CoV-2 in some patients and last for a variable
period. It has a protracted course culminating as lingering and incapacitating illness predisposed by certain constitutional
factors and comorbidities. Akin to COVID-19, it primarily affects the respiratory system, but other systems such as neurologic,
cardiologic, hepatic, renal and pancreatic, and cutaneous systems may be involved. As the infection can harm the immune
system, various organs including lungs fall prey to the aberrant immune response.
Etilogical Correlates and Pathogenesis: Long Covid is a multisystem disorder entailing multiple symptoms related to
various organs. There are several theories about the etiology of Long Covid such as continuing presence of the virus and
its biologically active fragments, reinfection with the same or a different variant, dysfunctional immune reactions leading
to a chronic inflammatory state, an ill-defined condition exhibiting symptoms of myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS) suggestive of a complex, multisystem disorder, post-traumatic stress following severe COVID-19 illness
and critical care issues, and aftermath resulting due to disturbed microbiota in gut, lungs, and other organs.
Long Covid Pathogenesis: New Insights: The SARS-CoV-2 infection activates the humoral immunity leading to formation
of antigen-antibody complexes and the antigen-antibody reactions, which may propagate to organ damage. Simultaneously,
viral superantigens may overstimulate immune responses, inducing negative feedback loops to hamper immune function
and allow the virus to persist and replicate. The persistent virus may contribute to long Covid. There may develop various
autoantibodies causing tissue injury and fibrosis in lungs and other organs. The Altered Microbiome leading to the microbial
dysbiosis has also been implicated in persisting inflammatory processes culminating as Long Covid.
Conclusion: Therapeutic Considerations: With expanding awareness, it has been recommended that all patients after
recovery from COVID-19 should have access to healthcare. On the practical side, there are being established clinics for people
with Long Covid backed by multidisciplinary teams for supportive and specific treatment and follow up. The anti-fibrotic and
anticoagulant agents may be helpful in preventing further lung damage and thrombotic episodes. The role of a COVID-19
vaccine in preventing Long Covid is not known, but it may be helpful in reducing morbidity. The strategies to improve the
intestinal dysbiotic microbiota through probiotics and microbial transplant appear promising.

Keywords: Long Covid; Chronic Fatigue Syndrome; Post Traumatic Stress; Superantigens; Immune Suppression; Hyper
Immune Response; Gut Microbiome; Gut-Lung Axis; Probiotics; Microbial Transplantation
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Introduction-The Long Covid Syndrome
Post-Acute Sequelae of COVID-19 (PASC)
The post-acute sequelae of COVID-19 (PASC) or ‘Long
Covid’ is a varying, relapsing, and remitting disorder that
may follow recovery from acute infection with SARS-CoV-2
in some patients and last for a variable period. The patients
report various symptoms, such as fatigue, dry cough,
shortness of breath, headaches, and muscle aches [1]. There
are respiratory, cardiovascular, neurological, gastrointestinal,
and urological symptoms in unpredictable combinations. In

fact, the list of Long Covid symptoms is enormous and Akrami,
et al. [2] have reported as many as 205 symptoms in their
study of over 3,500 people. The most common symptoms
reported in the study were fatigue, post-exertional malaise,
and cognitive dysfunction. Further, these symptoms may
fluctuate, and there are phases of improvement punctuated
with relapse [3]. There is a protracted course of the disease
following SARS-CoV-2 infection from acquiring the virus
to Long Covid, culminating as lingering and incapacitating
illness predisposed by certain constitutional factors and
comorbidities (Figure 1).

Figure 1: Protracted course of COVID-19 from acquiring the virus to lingering and incapacitating Long Covid.

The SARS-CoV-2 virus primarily affects the respiratory
system, affecting and damaging lung alveoli. Simultaneously
it causes endothelitis and microthrombi, enters the blood
vessels and may disseminate in the whole body. It also
stimulates the inflammatory milieu in the body, causing
significant release of cytokines and chemokines leading
to cytokine storm in severe cases. The resultant organ
damage takes much longer to recover and is responsible
for the symptoms of Long-COVID-19. There is a diversity of
human response to the SARS-CoV-2 virus, variable course of
COVID-19 illness, and a puzzling array of symptoms of Long
Covid. The response to the virus and the disease course,
depend on various factors including the constitutional factors
including the individual immune status, genetic make-up,
and presence of comorbidities. These differences could make
certain persons more susceptible to Long Covid [4].

Incidence and Prevalence of Long Covid

The UK Office for National Statistics (ONS) considers
Long Covid as persistence of various symptoms for more than
four weeks. The UK ONS in a survey, which encompassed over
20,000 COVID-19 patients with +ve test, the prevalence was
~20% at four weeks to ~12% after a period of 20 weeks [5]. As
per a rough estimate, over 10% of those infected with SARSCoV-2 may suffer with Long Covid, which is more common
in women than in men. As per the Post-Hospitalisation
COVID-19 study (PHOSP-COVID), 23% of women and 19%
of men still had symptoms 5 weeks after infection. Further
the prevalence has been estimated to be about 20-30% in

those who were not admitted to hospital, with at least one
enduring symptom one month later and about 10% three
months later. For others having been admitted to hospital, it
was 50-89% with at least one enduring symptom after two
months. In other studies, it has been highlighted that the
incidence and prevalence of Long Covid is not predicted by
severity of preceding COVID-19 illness [6].

The men with positive COVID-19 test are more likely to
suffer with a severe form of the disease, whereas women with
a positive test are more likely to get the ongoing symptoms
in form of Long Covid. The current data suggest that 70–80%
of people experiencing severe acute forms of COVID-19 are
men, whereas 70–80% of those suffering from Long Covid are
women [7]. In addition, there is a distinctive age distribution
and Long Covid is most common in middle-aged people, the
prevalence has been reported 25.6% at 5 weeks for those
between 35 and 49 years old, and less common in younger
people and older people. Among the younger people, such as
children aged 2–11, about 9.8% of those who test positive for
the virus may have lingering symptoms after at least 5 weeks
[8]. There are studies to indicate that the children may suffer
with Long Covid [9].

The Enduring Effects of Long Covid

Effects on Respiratory System
The COVID-19 begins as a respiratory disease. Clinically,
Long Covid is multi-system inflammatory syndrome (MIS).
There may occur delayed manifestations of MIS, due to
•
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dysregulated adaptation in various organs. The inflammatory
process is manifested as increased CRP, D-Dimer, LDH,
Ferritin, and IL-6 [10]. It has been documented that the lung
damage gradually reduced over two weeks. Certain COVID-19
patients continue to suffer with fatigue, respiratory and other
symptoms long after the recovery period. In fact, a follow up
study of hospitalized COVID-19 patients documented that
even over 70% of them were having shortness of breath a
month after discharge and 13.5% were using oxygen at home
[11]. Further, there is evidence from previous coronavirus
outbreaks, especially the severe acute respiratory syndrome
(SARS) epidemic, suggesting that the effect may last for
a variable period and symptoms may linger for years. A
study recorded long-term lung damage in SARS caused by
hospitalized patients still had visible lesions on their lungs,
and 38% had reduced diffusion capacity [12].
Gholamrezanezhad, et al. [13] tracked patients using CT
scans to study their lungs and found that lung scans were
helpful. They followed up on 33 of them for over a month
later and found that more than one-third had tissue death
that has led to visible scars. The analysis of lung CT images of
these 919 patients from published studies has reported that
the lower lobes of the lungs are the most frequently damaged.
An Austrian study noted that lung damage lessened with
time and 88% of participants had visible damage 6 weeks
after being discharged from hospital, but by 12 weeks, this
number had fallen to 56%. Defective pulmonary gas exchange
is detected through xenon gas radio-diffusion study [14].
Effects on Other Systems
COVID-19 primarily strikes the respiratory system, but
as various tissues also harbour the ACE2 receptors, other
organs such as heart, brain, and kidneys are also involved.
COVID-19 can affect multiple organs such as neurologic,
•
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cardiologic, hepatic, renal and pancreatic, and cutaneous
systems. As the infection can harm the immune system,
various organs including lungs fall prey to the aberrant
immune response. Further, some patients recovered from
COVID-19 are left with a weakened immune system and
decreased immune-system activity leading to a multitude of
after-effects [15,16].

The heart and vasculature are particularly susceptible
for over-reactive immune system. During the acute phase of
COVID-19, about one-third of patients show cardiovascular
symptoms. Some patients also have pulmonary thrombosis.
There can result vasculitis, myocarditis, and cardiomyopathy
[17]. The patients having pneumonia may be at increased
risk of cardiovascular disease 10 years later, as shown by
the SARS and MERS data [18]. Many patients experience
neurological complications due to inflammation or the virus
infecting the brain, such as chronic fatigue, delirium, and the
cognitive difficulties, including confusion and memory loss,
persisting for a variable period after the acute phase.

Etilogical Correlates and Pathogenesis

The exact cause(s) of the PASC or Long Covid is presently
unknown, but the syndrome is likely to have multiple triggers
and involve multiple conditions with different associations
[7]. With multiple symptoms related to various organs, it
seems logical to conclude that long COVID is a multisystem
disorder entailing multiple mechanisms [19]. In fact, the
etiology of Long-COVID-19 seems to be a continuum of the
disease pathogenesis of acute illness. There is likely to be
tissue damage due to altered microenvironment due to a
sudden spurt in inflammosomes and cytokines. The tissue
damage also occurs due to hypoxia and oxidative stress.

Figure 2: The emerging concepts for etiopathogenesis of Long COVID – the damage to tissues and organs occurs due to direct
toxicity of the virus and viral fragments, injury to organs and vasculature due to inflammatory processes and hyperimmune
response, dysregulated RAS activity, hypercoagulability, and altered microbiome.

There have been sponsored several theories about the
cause of Long Covid such as continuing presence of the virus
and its biologically active fragments, reinfection with the
same or a different variant, dysfunctional immune reactions

leading to a chronic inflammatory state, an ill-defined
condition exhibiting symptoms of myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS) suggestive of a complex,
multisystem disorder, post-traumatic stress following severe
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COVID-19 illness and critical care issues, and aftermath
resulting due to disturbed microbiota in gut, lungs, and other
organs (Figure 2). The search for the etiological factors of
Long Covid aims to help in its prevention as well as design
therapeutic strategies. Further, the understanding of the
pathophysiology of Long-COVID-19 is important to predict,
prevent and treat long-term consequences of COVID-19.

Persistence of Virus and Viral Fragments

Following the acute course of COVID-19, the SARSCoV-2 virus may persist and continue to replicate in in cells
expressing ACE2 receptors such as endothelial cells. The
persistent virus infection could induce both cell damage
and direct activation of dendritic cells, which could lead to
autoimmunity. In fact, a persistent infection could explain
various symptoms of long COVID. Salmon-Ceron et al have
reported people who had tested positive for Covid19 and
whose symptoms had either lasted longer than two months
from initial onset or had recurred [20]. They found that 25%
still had positive PCR nose and throat swabs.

Liotti et al. used PCR tests with patients discharged from
an Italian hospital deemed to have recovered from COVID-19
and found 17% tested positive [21]. Referring to a number of
other publications, Yong’s, et al. [6] also reported that some
patients still tested positive for COVID-19 four months later.
They also noted the virus has been detected in faeces for
up to two months regardless of gastrointestinal symptoms.
A persistent virus infection could induce both cell damage
and direct activation of dendritic cells, which could lead to
autoimmunity. In fact, a persistent infection could explain
various symptoms of long Covid. Further, the continuing
morbidity may be partly due to a persistent systemic
infection indicated by continued virus RNA shedding [22].
Further, if the virus itself is not at work, there is evidence
that fragments of the virus, the genomic bits, and the viral
non-structural proteins (NSPs) and structural proteins (SPs),
can persist for months, might disrupt the body in certain
ways even though they cannot infect the cells [23]. It has
been suggested that in certain cases, the viral persistence
may lead to a specific immune response responsible for Long
Covid symptoms. The autoantibodies play a part, with the
immune system attacking the various tissues and organs
harbouring the viral reservoirs or lingering fragments of viral
RNA or proteins contributing to the persisting inflammatory
process leading to pericarditis and/or myopericarditis, and
inflammation of olfactive bulbs occasionally found in case of
persistent or recurrent anosmia.
Further, the SARS-CoV-2 genome has been found in
respiratory cells, cells lining the blood vessels, and the
syncytia, in Long Covid patients. These histopathologic

changes, persistence of the abnormal cells, and the virusinfected cells may be linked with continuance of ongoing viral
replication and organ damage, and persistence of long Covid
symptoms in those recovered from the disease. Similarly, the
SARS-CoV-2 fragments have been found in interstitial cells of
the myocardium along with inflammatory changes [24]. In
another study, Maiese, et al. [25] has reviewed major autopsy
findings associated with CVS in COVID-19 patients from 28
published studies involving 341 cases. They found severe
direct endothelial injury associated with intracellular virus,
multifocal necrosis, interstitial inflammatory infiltration,
myocarditis, pericarditis, and myocardial hypertrophy, along
with lymphocytic endotheliitis in various organs such as
lung, kidney, liver, and small intestine.

Deranged and Hyperactive Immune System

The deranged and hyperactive immune system is
another likely mechanism which entails damaging effects on
various tissues and organs. There occurs tissue damage in
various organs due to altered microenvironment following
altered immunity and perturbed inflammatory Response.
Simultaneously, the inadequate immune response may
also lead to an auto-inflammatory chronic condition in a
genetically predisposed individual [20]. From an immunologic
perspective persistent infection and autoimmunity are
two distinct mechanisms that could be caused by SARSCoV-2. Further, Long Covid symptoms may be explained
by immune-mediated autonomic instability resulting in
physical deconditioning leading to muscle weakness, cardiorespiratory impairment, hypovolaemia, and neuropathy [26].
The inflammatory changes seen in COVID-19 may result in
inflammation of blood vessels, myocarditis and arrhythmias
which may explain various symptoms and findings in Long
Covid [27].
The lung damage and reduced exercise tolerance have
been correlated with serum markers of inflammation and
mitochondrial stress. Betty Raman, et al. prospectively
studied 58 COVID-19 patients post-hospital discharge and
30 comorbidity-matched controls for multiorgan (brain,
lungs, heart, liver, and kidneys) magnetic resonance imaging
(MRI), spirometry, six-minute walk test, cardiopulmonary
exercise test (CPET), quality of life, cognitive and mental
health assessments. The study found that at 2-3 months
from disease-onset, 64% of patient’s experienced persistent
breathlessness and 55% complained of significant fatigue.
On MRI, tissue signal abnormalities were seen in the lungs
(60%), heart (26%), liver (10%) and kidneys (29%) of
patients [28]. The microvascular damage may also be a
cause of persistent organ damage in patients with enduring
symptoms. The autopsy findings suggest that focal damage
of the microvascular pulmonary circulation due to the SARSCoV-2 virus infection may also be the cause of persistent lung
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damage in patients who recover from severe COVID-19 [29].

Evans, et al. [8] Studied 1,077 COVID-19 patients,
recording symptoms including physical impairments,
mental-health difficulties such as anxiety, and cognitive
impairments in areas such as memory and language. The
researchers also recorded basic information such as age
and sex, and biochemical data such as levels of C-reactive
protein as a measure of inflammation. The cluster analysis
is a mathematical tool to analyse and record identifiable
groups of patients with similar epidemiological profiles. The
PHOSP-COVID Collaborative Group working to correlate is
the evidence of inflammation, cardiovascular affliction, and
other changes. Other studies have also documented altered
levels of cytokines in the blood samples of Long Covid
patients, suggesting the derangement of immune system as
well as proinflammatory markers [30].

Chronic Fatigue and Post Traumatic Stress

As such, it is not uncommon for an infection to trigger
long-lasting symptoms. A study of 253 people diagnosed with
certain viral or bacterial infections found that after 6 months,
12% reported persistent symptoms including disabling
fatigue, musculoskeletal pain, neurocognitive difficulties,
and mood disturbance [31]. In fact, the percentage is akin to
the Long Covid prevalence observed in the United Kingdom
by the ONS. Some people with Long Covid may look similar to
the ME/CFS but striking difference is that people with Long
Covid are more likely to report shortness of breath than are
those with ME/CFS [32]. The long Covid is, thus, an umbrella
term and there are multiple syndromes under this coalition.

One of the most insidious long-term effects of COVID-19
is severe fatigue manifesting as crippling exhaustion and
malaise following recovery from acute infection. In an Italian
study involving 143 post-discharge COVID-19 patients,
53% reported fatigue and 43% had shortness of breath
for over 2 months [1]. Another study showed that 25% of
patients in China had abnormal lung function after 3 months,
and that 16% were still fatigued [33]. These symptoms
resemble chronic fatigue syndrome, also known as myalgic
encephalomyelitis (ME). There are no known biomarkers
and diagnosis is based on symptoms.
The clinical condition bears similarity to myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS),
which was observed after SARS epidemic in Hong Kong. A
follow-up study of 233 patients infected with SARS showed
that 27% of the patients suffered with ME/CSF [34]. Similarly,
in another study, 22 people who recovered from SARS in
Toronto still suffered fatigue, aches, depression and altered
sleep patterns one to three years later [35]. It was suggested
that the symptoms might result from lingering inflammation

after the virus was gone, as well as the psychological trauma
of the infection.

A subset of patients with prolonged COVID-19
symptoms has been shown to have similarity with ME/CFS
[36]. The most commonly reported incapacitating symptom
following the COVID-19 is fatigue. A similar symptom
occurs following viral infections and was noted after the
Spanish Flu pandemic and the more recent SARS, MERS,
and Ebola epidemics. Finally, there is possibility of the posttraumatic stress induced by the COVID-19 illness which
can be exacerbated by intensive health care (post-intensive
care syndrome) received especially for severe or critical
disease. The post-traumatic stress can precipitate mental
deconditioning, especially in those with previous history
of anxiety, depression, insomnia, or other mental health
difficulties. The mental deconditioning may be accompanied
by physical deconditioning due to a lack of exercise while ill
and later during recovery.

The Reinfection with Same or Different Variant

The hypothesis about reinfection with same or Different
Variant of SARS-CoV-2 has been propagated to explain the
persisting symptoms in Long Covid. The partial and/or
short-lived immunity, and immune suppression, as induced
by its super antigens, also plays a crucial role in reinfection
and establishing persistent SARS-CoV-2 infections. Evidence
for persistent infection has been indicated by prolonged
viral shedding in feces in several studies. Reactivation or
reinfection of the SARS CoV-2 is a concern associated the
long Covid. One likely explanation for reinfection is waning
of neutralizing antibodies within 2–3 months following
recovery from SARS-CoV-2 infection. Serial antibody
estimation and evidence of active viral replication can
indicate the reinfection. The reinfection may entail lingering
Long Covid symptoms as well as the probability that some
of the long Covid patients may also act as the carriers of the
virus. In this respect, the notions of virus persistence, viral
reservoirs, chronic viral shedding, and related aspects are
important.

The occasional cases of reinfection occur but the
possibility of a significant number of reinfections leads us
to the possibility existence of SARS-CoV-2 viral reservoirs.
In general, subset of persistent viruses can go latent, when
the viruses disappear, leaving their genetic material to reemerge later. Even after two months following the infection,
SARS-CoV-2 mRNA, SPs and NSPs have been detected in
the intestines of those infected. Further, four months after
onset of COVID-19, immunofluorescence and PCR analysis
of intestinal biopsies show persistence of viral RNA and
protein [23]. The immune system is likely to react these
remnant proteins. The concept of potential viral reservoirs is
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captivating, as several viral infections are known to lie in body
reservoirs, such as Ebola and hepatitis B. Experimentally,
when a mouse is infected with murine coronavirus which
infects the liver and the CNS, viral RNA can persist in its
central nervous system (CNS) without being infectious.
Further, the RNA can remain for the mouse’s whole lifetime,
and associated with demyelinating disease.

Although COVID-19 is primarily a respiratory illness,
there is mounting evidence to suggest that the gut
microbiome is involved in its clinical manifestations. The gut
microbiome influences the immune system in general and
may potentially affect COVID-19 severity, course, recovery,
and outcome in form of Long Covid.

The persistent virus infection implies persistent
superantigen exposure, which in turn induces systemic
inflammation leading to cardiovascular morbidity and
development of diabetes, documented following COVID-19.
In addition, diabetes and cardiovascular disease worsen
the outcome in case of reinfection, predispose for residual
inflammation and development of autoimmune reaction. The
reinfection may be an interesting proposition; however, the
difference in clinical profile between the initial manifestations
of COVID-19 and the prolonged symptoms in Long Covid fails
to support this hypothesis.

It has been documented that gut microbiota composition
is significantly altered in patients with COVID-19 compared
with non-COVID-19 individuals irrespective of the medication
received [38]. Several gut commensals with known
immunomodulatory potential such as Faecalibacterium
prausnitzii, Eubacterium rectale and bifidobacteria have
been shown to be underrepresented and low in samples
collected up to 30 days after recovery from acute COVID-19.
Further, the altered composition was related with disease
severity and elevated concentrations of inflammatory
cytokines and serum markers such as C reactive protein,
lactate dehydrogenase, and aspartate aminotransferase
and gamma-glutamyl transferase. Further, in a subset of
recovered patients with COVID-19 experiencing persistent
symptoms, such as fatigue, dyspnoea, and joint pains, the gut
microbiome was shown to be dysbiotic 80 days after initial
onset of symptoms [38].

In the persistent infection, SARS-CoV-2 virus is dispersed
into various organs, and it is common for these patients,
to test negative for viral genes, then test positive again as
they shed low amounts of viral RNA. Further, the tests for
COVID-19 may detect a scrap of the viral genome, which may
last as long as 15 weeks. The COVID-19 patients with mild
or asymptomatic disease were more likely to be persistently
PCR positive than participants with a more severe illness.
However, higher total antibodies levels associated with
persistent viral RNA shedding may not increase the
transmission risk [37]. Further, fully recovered individuals
with persistent viral RNA shedding are unlikely to be a
significant source of SARS-CoV-2 transmission and seem to
have a more durable immunity, strongly reducing the risk of
re-infection.

The Altered Microbiota in Gut and Other Organs

The human gut harbours a huge population of enteric
microbiota, majorly dominated by Bacteroidetes and
Firmicutes that produces several metabolites to maintain the
gut homeostasis. The gut microbiota plays important roles
such as vitamin synthesis, protection against pathogens,
and development and maturation of host immune system.
Diet, environmental factors, and genetics play an important
role in shaping gut microbiota. Gut microbiota diversity
is decreased in old age. Any deviation from normal gut
microbial composition is defined as microbial dysbiosis and
characterized by preponderance of pathobionts and decline
in the populations of the key taxa like Bacteroidetes and
Firmicutes. The gut microbiome has been shown to influence
the immune system response to COVID-19 infection and
potentially affect disease severity and outcome.

Besides the gut, other organs such as lungs also harbour
Fusobacterium, Haemophilus, Prevotella, Streptococcus,
and Veillonella as main genera, which are relatively small
as compared to the enteric microbiota. The emergence
and maintenance of lung microbiota is governed by the
equilibrium between microbial migration from the upper
respiratory tract and microbial removal by the host
defense systems. Even in small concentrations, the airway
microbiome is crucial to the host immunity. The gut–lung
axis also involves the migration of immune cells from gut to
respiratory tract through circulation. The gut may regulate
the responses in lungs via host-acquired inflammatory
mediators in the circulation. Further, the lungs and the gut
are intricately linked and affect the homeostasis through
existence of an immunological co-ordination between the
gut and lungs.

There has been shown association between gut
microbiota composition, levels of cytokines and inflammatory
markers in patients with COVID-19 suggesting that the gut
microbiome is involved with the disease severity as well as
outcome via modulating the immune responses. The gut
microbial dysbiosis persists after the disease resolution,
partly because of the medications given during the acute
phase and could contribute to the persistent Long Covid
symptoms.
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Long Covid Pathogenesis-New Insights
Superantigens Hypothesis and Histological
Correlates
There seems a possibility that the virus may be entering
into blood vessels in its earliest phase when infecting the nasal
and oral mucosa, and pharynx, and traversing to infect the
olfactory bulb on the inferior surface of the brain supported
and protected by the cribriform plate, leading to anosmia
and dysgeusia. Another extrapulmonary manifestation in
COVID-19 is the formation of antigen-antibody complexes
by 2-3 weeks, which activate the humoral immunity. The
antigen-antibody reactions may propagate to organ damage
leading some patients continue to suffer from long Covid
symptoms after clearing the infection. Simultaneously,
viral super antigen may overstimulate immune responses,
inducing negative feedback loops that hamper the immune
function and allow the virus to persist and replicate. The
SARS-CoV-2 super antigens are known to cause a strong
immune response and cytokine storm, by a polyclonal T cell
activation.
The orchestration of antigen-specific immune responses
is important in understanding the concepts related to
antigens and super antigens. In a normal physiological
situation, the viral antigens are presented by Dendritic cells
(DCs) to T lymphocytes leading to activation of T cells with
an antigen-specific T-cell receptors (TCRs). The activation
of specific T cells leads to clonal expansion for antigenspecific T-cell population resulting in effective clearance of
the virus. In an aberrant pathophysiological situation, super
antigens are presented by DCs to T lymphocytes and lead to
activation of a large subgroup of T lymphocytes through their
common receptors. The large groups of activated T cells have
clonal expansion leading to immune overreaction [39]. In a
favourable situation, the immune response is downregulated
by negative feedback loops involving CD4+CD25+ Treg
lymphocytes and IL-10. The protective down-regulation
of superantigen responses occurs naturally and the
superantigen-induced immune reactions are checked for
generating immune hyper-response. The down regulation
of the immune system by corticosteroid treatment may also
lead to immune suppression through down-regulating of the
superantigen response to reduce morbidity and mortality in
severe COVID-19 [22]. The downregulation of superantigen
response, naturally or as result of corticosteroid treatment is
likely to result in a partially effective immunity allowing the
virus to persist.

There may occur/develop various autoantibodies during
the course of COVID-19. In single-center and retrospective
study from Huanshi, China involving 8 severe and 13 critical
cases of COVID-19, demonstrated anti‒52 kDa SSA/Ro

antibody, anti‒60 kDa SSA/Ro antibody, (SSA = Sjögren’ssyndrome-related antigen A), and antinuclear antibody
(ANA) in 20%, 25%, and 50% of patients, respectively [40].
The autoantibodies may aggravate the ongoing damage and
fibrosis in lungs and lead to other long-term consequences
occurring in Long Covid patients. The immune dysregulation
may also be responsible for the prothrombotic state and its
related conditions in COVID-19. In addition, endotheliitis and
hypoxemic tissue injuries may play a part apart from antigenantibody reactions and aberrant immune response. This is
also endorsed by histopathological correlates of COVID-19
showing extensive alveolar damage, thrombosis of the lung
micro- and macro-vasculature, pneumocytes and endothelial
cells showing viral RNA, and presence of syncytial cells [41].

The Altered Microbiome and Immunologic
Correlates

The gastrointestinal (GI) tract is the largest
immunological organ in the body and gut microbiota
influence immune responses. Further, the ACE2 receptors are
widely expressed in the gut enterocytes and the amino acid
transport function of ACE2 has been linked to gut microbial
ecosystem. The SARS-CoV-2 infection is, thus, bound to
affect the gut microbiome and enteric milieu, which in turn
influences the severity of COVID-19 as well as the magnitude
of the immune system response to the infection. The elderly,
immune-compromised patients, and patients with other comorbidities like type-2 diabetes, cardiovascular disorders
have a general imbalance of gut microbiota (dysbiosis) and
fare poorly in combating COVID-19 [42].
Various studies have noted persistent alterations in
the fecal microbiome during the hospitalization and later,
as compared with controls. Considering this, the alteration
in the variety and volume of bacteria in the gut, leading to
the microbial dysbiosis may also be implicated in persisting
inflammatory symptoms following recovery from COVID-19,
or Long Covid. Further, various studies have identified the
viral RNA of SARS-CoV-2 in fecal specimens [43]. Further, the
fecal microbiota alterations have been associated with fecal
shedding of SARS-CoV-2 genome and COVID-19 severity.
Another study noted that though about 12% of patients with
COVID-19 will manifest GI symptoms, SAR-CoV-2 shedding
was observed in 40.5% of patients [44]. Further, the viral
genome has been identified from anal/rectal swabs of the
COVID-19 patients even after the clearance of virus from the
upper respiratory tract [45].
In an oft-quoted study, Yeoh YK, et al. [38] analysed
the blood and stool samples and medical records from 100
hospital in-patients who had tested positive for COVID-19
and from 78 people without COVID-19, as controls. The
serial faeces samples were collected up to 30 days after the
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virus was no longer detected in nasal and throat swabs.
The gut microbiome, in respect of both the taxa and range
of microorganisms, was found to be significantly altered
compared with people who had not had COVID-19. The
analysis suggested that Gut microbiome composition
was significantly altered in patients with COVID-19
compared with non-COVID-19 individuals irrespective
of whether patients had received medication. Several gut
commensals with known immunomodulatory potential
such as Faecalibacterium prausnitzii, Eubacterium rectale
and bifidobacteria were reduced in COVID-19 patients and
remained low up to 30 days after disease resolution. There
appear to exist a direct bidirectional relationship between
the COVID-19 virus and the gut and lung microbiomes [46].
The pattern also exhibited correlation with disease
severity and elevated concentrations of inflammatory
cytokines and other markers such as C reactive protein,
lactate dehydrogenase, aspartate aminotransferase and
gamma-glutamyl transferase. The association between
gut microbiota composition, levels of cytokines and
inflammatory markers in patients with COVID-19 suggest
that the gut microbiome is involved in the magnitude of
COVID-19 severity possibly via modulating host immune
responses. In a subset of recovered patients with COVID-19
experience persistent symptoms, such as fatigue, dyspnoea,
and joint pains, some over 80 days after initial onset of
symptoms, the dysbiotic gut microbiome could contribute to
immune-related Long Covid symptoms. It was inferred that
the altered microbiome was associated with enhanced values
for inflammatory markers in suggesting that the microbial
dysbiosis may contribute to Long Covid symptoms.
In another study, Zuo T, et al. [47] found that patients
with COVID-19 had significant alterations in fecal
microbiomes compared with controls, characterized by
enrichment of opportunistic pathogens and depletion of
beneficial commensals, at time of hospitalization and later.

Annals of Immunology & Immunotherapy
The depleted symbionts and gut dysbiosis persisted even
after clearance of SARS-CoV-2 and resolution of respiratory
symptoms. Further, the baseline abundance of Coprobacillus,
Clostridium ramosum, and Clostridium hathewayi correlated
with COVID-19 severity, and there was an inverse correlation
between abundance of Faecalibacterium prausnitzii (an antiinflammatory bacterium) and disease severity.

The gut microbiota derived signals are known to tune
the immune cells for pro and anti-inflammatory responses
thereby affecting the susceptibility to various diseases.
In SARS-CoV-2 infection also, a healthy gut microbiome is
pivotal in maintaining an optimal immune system to prevent
an array of excessive immune reactions that eventually
become detrimental to lungs and other vital organs. Like the
gut microbiota, there is presence of distinct microorganisms
in the lungs predominantly while Bacteroidetes, Firmicutes,
and Proteobacteria. Interestingly, the gut microbiota has been
shown to affect pulmonary health through the bidirectional
gut-lung axis. Various respiratory viral infections including
SARS-CoV-2 cause perturbations in the gut microbiota, and
in turn the disease course is influenced by gut microbiome
[48].

Conclusion: The Therapeutic Considerations

Right now, our understanding about both COVID-19 and
Long Covid is expanding. The COVID Human Genetic Effort
aims to find genetic variants that compromise people’s
immune systems and make them more vulnerable to the
virus [49]. The study plans to include those with long-term
impairment, hoping to understand why their symptoms
persist and to find ways to help them. The virus can also
have the opposite effect, causing parts of the immune system
to become hyperactive and trigger harmful inflammatory
activity.

Figure 3: The Long Covid healthcare continuum-diagnosis and Clinical workup, Investigations, assessment of organ damage
and dysfunction, and Supportive and specific treatment.

The issue of having a lingering form of the disease was
started on social media like Facebook group for people with

long COVID. Today, it has moved from being a curiosity,
to a recognized public-health problem. In January 2021,
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the World Health Organization revised its guidelines for
COVID-19 treatment to include a recommendation that all
patients should have access to follow-up care in case of Long
Covid [50]. On the practical therapeutic side, some countries
are already opening clinics for people with Long Covid. There
is a growing consensus that the long Covid clinics should
be backed by multidisciplinary teams for supportive and
specific treatment and follow up.
The trials suggest that anti-fibrotic and antiinflammatory agents such as pirfenidone, deupirfenidone
(the selectively deuterated form of pirfenidone), and
Nintedanib may be helpful. Other drugs like, apixaban,
an anticoagulant that might reduce the risk of dangerous
blood clots; and atorvastatin, an anti-inflammatory may be
helpful. Finally, the role of COVID-19 vaccines in preventing
Long Covid is not known, although they may be helpful in
preventing death and severe illness. Further, the impact of
vaccines in people who are already having Long Covid is also
not known. In a UK survey of more than 800 people with Long
Covid, it was reported that 57% saw an overall improvement
in their symptoms, 24% no change and 19% a deterioration
after their first dose of vaccine [51].

The strategies to improve the intestinal dysbiotic
microbiota may be helpful in reducing severity in COVID-19
and Long Covid. The prebiotics and probiotics may be
helpful [52]. Further, the adjunctive therapies based on the
modulation of the gut-lung axis and re-establishment of
eubiosis could be an important therapeutic approach for
constraining the harmful consequences of COVID-19 [53].
The microbiome transplants may hold promise for Long
Covid and have been proposed as a potential treatment for
individuals suffering long-term incapacitating symptoms
[54].
In the United Kingdom, the Post-Hospitalisation
COVID-19 Study (PHOSP-COVID) aims to follow 10,000
patients for a year, analysing clinical factors such as blood
tests and scans, and collecting data on biomarkers [55]. It is a
consortium of leading researchers and clinicians from across
the UK to understand and improve long-term health outcomes
for confirmed or suspected COVID-19 patients. Currently
the information is limited concerning the long-term effects
of COVID-19 and the ongoing medical, psychological and
rehabilitation needs for these patients. The PHOSP-COVID
team aims to develop trials of new strategies for clinical care
to improve their long-term health. A similar study of such
patients for has been launched in the United States.
There is evidence that SARS-CoV-2 virus may induce
neurological impairments by invading the central nervous
system leading to chronic myalgias and certain neurological
deficits. The COVID-19 survivors from ICU care are likely

Annals of Immunology & Immunotherapy
to manifest various psychological, physical, and cognitive
impairments. The Long Covid may results in a relevant
morbidity for 3-6 months, and rehabilitation services and
dedicated Long Covid healthcare might be needed for more
than 12 months [56]. There are recommendations that the
rehabilitation should commence in the critical care setting
to prevent neuromuscular complications and improves
functional status in later during Long Covid phase.
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