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Abstract 

Long COVID is multisystem syndrome with nonspecific symptoms and organic signs of unidentified pathology occurs 
after COVID-19 disease. Long COVID symptoms has been documented in some cases irrespective of disease severity or 
hospitalization. Long COVID symptoms has significant impact on quality of life in those cases suffered from disease in 
recent past and lingering to almost two years since infection. Importantly, not all cases of COVID-19 were shown long 
COVID symptoms. Pathophysiology resulting into long COVID manifestations is still not completely validated. 
Researchers have reported ‘immune dysregulation’ and ‘coagulation abnormalities’ are probable pathophysiological 
mechanism for long COVID. Some of the long COVID effects shown complete reversibility including post COVID lung 
fibrosis. Reboot system to restore immune dysregulation and recovery in long COVID is real concern. Vaccination has 
not shown significant effect modifying long COVID manifestation.  
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1. Introduction

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

Thus, among people infected with SARS-CoV-2 the presence of one or more symptoms (continuous or relapsing and 
remitting; new or same symptoms of acute COVID) even after the expected period of clinical recovery, irrespective of 
the underlying mechanism, is defined as post COVID syndrome or Long COVID. It is estimated that 31%-69% of COVID-
19 survivors will experience long COVID symptoms after initial recovery from SARS-CoV-2 infection [4,5]. Generally, 
initial symptoms of long COVID symptoms include fatigue (29%), muscle pain, palpitations, cognitive impairment 
(28%), dyspnoea (21%), anxiety (27%), chest pain, and arthralgia (18%). Correspondingly, a recent meta-analysis of 
36 studies identified fatigue, cognitive impairment, joint pain, anxiety, and depression as primary clinical symptoms of 
long COVID [6]. A massive international survey found fatigue, malaise and cognitive impairment as the most prevalence 
symptoms experienced among individuals with reported long COVID [7]. Approximately 30% of non-hospitalized 
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COVID-19 patients reported lingering symptoms 2 months after initial infections.  Similarly, less than 1% of COVID 
survivors achieved complete recovery at 80 days after infection [8]. 

 

Figure 1 Classification of long COVID 

The lingering symptoms of long COVID reflect chronical damages of multi-systemic organs. Such health conditions post 
a significant burden on the quality of life among COVID survivors [9-11]. [Figure 2] Post pandemic systemic affections 
and longer symptomatic phases labelled as “Long COVID” is documented in currently ongoing pandemic, and it has been 
also described in Russian flu, where many affected patients had crippling and long manifestations [12]. 

 

Figure 2 Disease course of COVID-19 

2. Pathophysiological mechanisms for Long COVID 

The exact mechanism behind the persistence of symptoms has to be identified. Reason for the persistence of symptoms 
can be the sequelae of organ damage, varying extent of injury (organ damage) and varying time required for the 
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recovery of each organ system, persistence of chronic inflammation (convalescent phase) or immune response/auto 
antibody generation, rare persistence of virus in the body, nonspecific effect of hospitalization, sequelae of critical 
illness, post-intensive care syndrome, complications related to corona infection or complications related to co 
morbidities or adverse effects of medications used [13,14]. [figure 3]  

 

Figure 3 Various pathophysiological mechanism of “Long COVID” 

2.1. Dysregulated inflammation in ongoing COVID and its impact on long COVID 

COVID-19 pneumonia is heterogeneous disease with variable effect on lung parenchyma, airways and vasculature 
leading to long term effects on lung functions. Pathophysiological mechanism is immune activation, inflammatory, 
thrombogenic and direct viral affection to lungs and extrapulmonary tissues [15]. COVID-19 pandemic has been studied 
over last two and half years for its highly pathogenic nature of corona virus. Main hurdle for acquiring immunological 
memory after natural infection is genetic change in spike proteins of nucleocapsid of novel corona virus after certain 
interval resulting into different waves documented in different geographical settings. Dysregulation in the immune 
system can lead to an unappropriated local and systemic immune responses and subsequently the rapid spread of the 
virus, leading to severe COVID-19 disease.  

Severity of illness increases with more lung parenchymal involvement as documented with chest imaging in proportion 
with inflammatory markers such as IL-6, CRP, Ferritin and LDH [16-19]. Authors have documented persistent 
smouldering infection as underlying mechanism for long COVID [20]. Second hypothesis is that mast cell activation 
syndrome could possibly contribute to long COVID symptomatology [21,22]. The third hypothesis put forth that 
sustained dysregulated immune system activation with subsequent chronic low-grade inflammation could lead to 
pathological consequences like autoimmunity leading to organ dysfunction [23,24]. Authors have documented long-
lasting functional alterations of T-cells, with persistence of cytotoxic profile with decrease in dendritic cells revealed 
7 months post-infection [25,26]. 

Residual excessive inflammation after infection & auto-antibodies against immunomodulatory proteins or against 
tissues are other proposed mechanism for long COVID [27,28]. Other possible hypothesis is persistence of SARS-CoV-2 
in the lower gastro-intestinal tract was revealed in asymptomatic subjects several months after COVID-19, suggesting 
that residual viral proteins within tissues could possibly be the basis for a persisting immune reaction [29].  

2.2. Coagulation abnormalities in ongoing COVID and its impact on long COVID  

Acute COVID-19 infection is also characterized by dysregulated, circulating inflammatory biomarkers, hyperactivated 
platelets, damaged erythrocytes and substantial deposition of microclots in the lungs [30-32]. In those discharged with 
elevated biomarkers, 30.1% and 9.5% had persistently elevated D-dimer and C reactive protein, respectively. 38% of 
chest radiographs remained abnormal with 9% deteriorating [33]. In the largest global study to-date on this issue, a 
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survey of 3,762 Long COVID/PASC patients, from 56 countries found nearly half still could not work full-time 6 months 
post-infection, due mainly to fatigue, post-exertional malaise, and cognitive dysfunction [34].  

Data is available regarding vascular changes and thrombotic microangiopathy, diffuse intravascular coagulation and 
large-vessel thrombosis are major reasons for a poor COVID-19 prognosis [35]. These comorbidities are linked to 
multisystem organ failure, as well as pulmonary vascular endothelialitis. The presence of endotheliopathy in particular, 
is likely to be associated with critical illness and death [36]. It is also suggested that endothelial dysfunction contributes 
to COVID-19-associated vascular inflammation, COVID-19-associated coagulopathy, and pulmonary fibrinous 
microthrombi in the alveolar capillaries. In some instances, patients present with a significant elevation in D-
dimer/fibrinogen degradation products. D-dimer and fibrinogen degradation products may indicate the failing attempt 
of the fibrinolytic system to remove fibrin and necrotic tissue from the lung parenchyma (and also from the circulation), 
but being consumed or overwhelmed in the inflammatory process [37,38].  

Other possible mechanism is dysregulation of the balance in fibrin-forming and fibrin-dissolving (plasmin generation) 
pathways and simultaneous presence of persistent anomalous (amyloid) microclots and a pathological fibrinolytic 
system is a major aspect of COVID-19 pathogenesis. The plasmin and antiplasmin balance may be central to this 
phenomenon. An important element of the fibrinolytic system is the conversion of circulating zymogen plasminogen to 
its active form plasmin. Endogenous activators of plasminogen are the tissue-type plasminogen activator (tPA) and 
urokinase-type plasminogen activator (uPA). The catalytic activity of tPA is largely dependent on the presence of fibrin, 
as both tPA and its substrate plasminogen bind to the lysine residues on fibrin, using it as a cofactor for plasmin 
generation. Plasmin is the effector protease of the fibrinolytic system, well known for its involvement in fibrin 
degradation and clot removal. Plasmin is also recognized as a potent modulator of immunological processes by directly 
interacting with various cell types including cells of the vasculature (endothelial cells, smooth muscle cells) In fact, the 
removal of misfolded proteins and the maintenance of tissue homeostasis seem to be major physiological functions of 
plasmin resulting into acute or lingering overload of anomalous (amyloid) fibrinogen microclots in circulation [39-41]. 

2.3. Outcomes of long COVID, interventions required for prevention and treatment of long COVID 

All COVID-19 discharged symptomatic cases attending post COVID care unit needs prompt workup including vital 
parameters assessment and thorough systemic examination with laboratory workup and protocolised analysis [42]. 
[Fig 4]  

 

Figure 4 Approach to patients with Long COVID 
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2.3.1. Reversible nature of Post COVID lung fibrosis 

Initially after first wave of COVID-19 pandemic, many COVID survivors in intensive care units those required oxygen 
supplementation, ventilatory support or high flow nasal canula, longer hospital stay, high CT severity were documented 
post COVID lung fibrosis. The development of pulmonary fibrosis is considered one of the key concerns regarding 
COVID-19 pulmonary sequelae as it is associated with architectural distortion of the lung parenchyma and overall 
impairment of lung function resulting in decreased quality of life. [43] The pathogenic progression of pulmonary fibrosis 
post-COVID-19 is yet to be fully illuminated; however, it is thought to be multifactorial. Whatever the cause, fibrosis is 
considered to be due to the abnormal healing of the injured lung parenchyma. In COVID-19 patients, possible sources 
of injury include cytokine storm due to improper inflammatory response, bacterial co-infections, and thromboembolic 
events causing microvascular damage and endothelial dysfunction [43]. According to the literature, pulmonary fibrosis 
can develop right after discharge or several weeks later [44]. 

Post COVID lung fibrosis at any stage ranging from minimal lung parenchymal abnormalities as parenchymal bands to 
reticular opacities and complete architectural distortion with or without tractional bronchiectasis and honeycombing 
shown near complete resolution in one to two years. Authors have also mentioned role of anti fibrotics in some cases 
and some cases were treated with short course of steroids. Authors have mentioned that some cases shown complete 
recovery without treatment with steroids and antifibrotics. Thus, post COVID lung abnormalities or lung fibrosis is 
completely reversible process [43].  

2.3.2. Preventive measure and Treatment options for long COVID: 

Medical experts are using their best efforts to manage patients with long COVID. Long COVID symptoms are presented 
heterogeneously, so patients need to be closely monitored. In order to develop effective treatment strategies, holistic 
assessment is necessary to consider pre-existing conditions and to identify specific symptoms. In long COVID, chronic 
inflammation provokes multi-organ damage and exacerbates pre-existing conditions. Dietary supplements, such as 
vitamins and minerals, contain anti-inflammatory and anti-oxidative components, so they have become potential 
treatments for long COVID. A pilot study demonstrates that multivitamin supplements improve clinical symptoms 
among long COVID patients. Nicotinamide ribose, a form of vitamin B3, is being examined for its effects of ameliorating 
cognitive dysfunctions and chronic fatigue. Despite the association between vitamin D deficiency and SARS-CoV-2 
infection, evidence to support vitamin D supplementation for long COVID management is still lacking. Although recent 
study did not find an association between vitamin D levels and persistent long COVID symptoms, vitamin D deficiency 
is known to be associated with fatigue and muscle weakness. Additional research is warranted to explore the 
relationship between vitamin D and the pathology of long COVID [45]. 

Dietary supplements may also have beneficial effect in modulating systemic inflammation and immunity. The influence 
of microbiota on immunity is well known, and long COVID leads to significant changes in gut flora. Viral infection often 
compromises the immune system, which may increase the risk for opportunistic infections. Antibiotic and anti-viral 
compounds such as Azithromycin, Remdesivir and Favipiravir are being explored for their effectiveness in controlling 
long COVID [46]. Dexamethasone is commonly used to treat inflammation in acute COVID-19 patients. Dexamethasone-
treated COVID-19 patients were less likely to experience long COVID symptoms at 8-month follow-up in an 
observational study [47]. 

Although vaccines do not prevent infection, they significantly suppress morbidity and fatality. Two recent studies 
compared the long COVID symptoms between unvaccinated patients and vaccinated patients. Both demonstrated that 
vaccination is strongly associated with the decrease of long COVID related symptoms [48,49]. 

3.  Conclusion 

Long COVID in known complication of COVID-19 disease irrespective of severity and hospitalization. Long COVID can 
be predicted during hospital discharge in selected cases with inflammatory and coagulation pattern abnormalities. Long 
COVID should be actively evaluated in those cases with aggressive interventions in indoor units and comorbidities. 
Importantly long COVID pulmonary manifestation as lung fibrosis is reversible and now considered as post COVID 
sequelae.  

Long COVID is underestimated, improperly evaluated and half-heartedly treated during follow-up due to lack of 
suspicion especially in geriatric cases. All treated cases need prompt evaluation, more awareness regarding its 
manifestations and its impact on quality of life is must to have successful treatment outcome. Vaccination will prevent 
long COVID in majority and decrease severity of illness in survivors.  
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