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Abstract: Accumulating evidence indicates a high prevalence rate of persistent symptoms leading to post-acute
COVID-19 syndrome. It has been identified as a multi-organ disease with a wide range of prolonged symptoms that
may be reflective of underlying respiratory, cardiovascular, neuropsychiatric, gastrointestinal, dermatological, renal,
and endocrine disorders. The most frequent symptoms of post-acute COVID-19 include fatigue, dyspnea, anosmia,
ageusia, and cough. Additionally, female gender, older age, pre-existing comorbidities, and initial COVID-19
severity, especially those requiring intensive care unit treatments and mechanical ventilation seem to relate to
developing persistent symptoms. Studies also suggest that biological factors such as higher viral load, reactivation
of the Epstein-Barr Virus, presence of certain autoantibodies, alterations in the gut microbiome, and other factors
such as ambient air pollution, not being vaccinated, and reinfection with COVID-19 increase one’s susceptibility to
developing lasting symptoms. This narrative review presents an overview of the current understanding of the post-
acute symptoms and sequelae, and their potential predicting factors. In addition, this highlights the need for further
research to be conducted to improve understanding of the pathophysiological aspects of the post-acute COVID-19
syndrome and develop effective therapies.
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Introduction 

The coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has spread across the world. Since its initial appearance in Wuhan, China, 
it has infected more than 620 billion people globally (1), with fluctuations in cases due to the emergence 
of novel variants. For most COVID-19 infections, approximately 80-85% are mild or asymptomatic and 
recover completely and 10-15% of infected individuals may require hospitalization and supplemental 
oxygen, and around 5% may require intensive care unit (ICU) admission and mechanical ventilation. The 
average recovery time following an initial COVID-19 infection is 2-6 weeks (2).  

With the rising number of survivors, long-term complications following infection with SARS-CoV-
2 have drawn increased attention which is referred to as “Post-acute COVID-19 syndrome” or “Long 
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COVID”. The term “Long COVID” was first created by patients in the early months of the pandemic who 
observed a more complex disease course than was initially described in reports from Wuhan and spread 
it through social media (3). Thereafter, related terms were adopted to describe the presence of persistent 
symptoms i.e., long COVID, post-COVID, post-acute sequelae of SARS-CoV-2 (PASC), and post-
COVID syndrome (PCS) (4). 

 
Survivors of prior viral diseases, such as severe acute respiratory syndrome (SARS) in 2003 and the 

Middle East respiratory syndrome (MERS) outbreak in 2012 have shown a similar cluster of persistent 
symptoms, raising concerns about clinically relevant COVID-19 residual effects (5,6). The post-acute 
COVID-19 symptoms and sequelae have been found to vary greatly. Even though the spectrum of these 
long-term consequences is wide, certain clinical, biological, and environmental factors have been 
observed to be predictive of which symptoms may develop. Findings further revealed that COVID-19 
survivors were less healthy compared to the general population without previous SARS-CoV-2 infection, 
thus some patients may take longer than one year to recover (7). It has resulted in difficulties in returning 
to the baseline level of health and has caused increased healthcare utilization (8). 

 
As per the proposed clinical case definition by WHO, post-acute COVID-19 occurs in individuals 

with a history of probable or confirmed COVID-19 infection, generally three months from the onset of 
infection with symptoms lasting for at least two months, which cannot be explained by an alternative 
diagnosis (9). This narrative review aims to offer an overview of the current understanding of the post-
acute COVID-19 syndrome along with its related predicting factors. 

 
Methods 

A comprehensive literature search was performed in Medline PubMed, and Google Scholar using 
the following search terms, “post COVID”, “long COVID”, “SARS-CoV-2”, “post-acute COVID 
syndrome”, “PACS”, “post COVID syndrome”, and “PCS”. The reference lists of relevant articles were 
also manually searched. Studies reporting on the prevalence of post-acute COVID-19 symptoms and 
sequelae, and associated predictors, and studies published in English, not a review were included, and 
abstracts were screened. After reading the entire text, the relevant articles were selected. The findings 
were summarized and discussed. 

 
Results 

Associated symptoms and sequelae 

Post-acute COVID-19 symptoms are encountered as a group of symptoms and can cause 
dysfunctional issues in any system in the body. Over 200 distinct symptoms associated with different 
organ systems which include respiratory, cardiovascular, neuropsychiatric, gastrointestinal, 
dermatological, renal, and endocrine symptoms and sequelae have been identified. A combination of 
neurological/cognitive and systemic symptoms is the most persistent (8).                  
 
Respiratory symptoms and sequelae 

Among COVID-19 survivors, a range of pulmonary complications has been described ranging from 
persistent respiratory symptoms to pulmonary fibrosis. Dyspnea and cough appeared to be the most 
common respiratory symptoms beyond the acute COVID-19 phase. Of these, dyspnea was the most 
frequently experienced symptom following recovery and can last for up to months in 23% to 53% of 
patients (10–12). According to studies reporting persistent respiratory symptoms 1 to 12 months 
following COVID-19, the prevalence of dyspnea ranges from 13% to 66% in hospitalized patients, 
(13,14) and approximately 14% in non-hospitalized patients with non-severe COVID-19 (15). Cough can 
also persist weeks to months after the initial COVID-19 infection and has been reported in 23% to 25% 
of patients after 30 days and 4 months of hospital discharge, respectively (13,16). 
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Lung function abnormalities and structural changes have also been observed up to 6 months in mild 
to severe COVID-19 survivors. The median 6-minute walking distance (6MWD) was reported to be lower 
than the normal reference value for comparable healthy individuals in around one-quarter of Chinese 
patients after 6 months (17). Abnormalities in lung function as measured by pulmonary function testing 
(PFT) have also been identified. In a study of 55 non-severe COVID-19 patients, PFT evaluation over a 
three-month follow-up period revealed abnormalities in 25% of patients with a decrease in diffusion 
capacity for carbon monoxide (DLCO) being the most prevalent (18). More than half of the patients in 
their recovery phase had impaired diffusion capacity, reduced respiratory muscle strength, and lung 
imaging abnormalities (19). 
 
Cardiovascular symptoms and sequelae 

 Palpitation and chest pain persisted in 9% and 5% of patients, respectively when examined at 6 
months (17). Two to three months following the onset of COVID-19, abnormalities on cardiac magnetic 
resonance imaging (CMRI) and evidence of myocardial inflammation have also been reported 
independently of the disease severity (20).  Myocarditis was detected in up to 2.3% of young, healthy 
athletes with CMRI detecting the majority of cases being subclinical myocarditis (21). Following SARS-
CoV-2 infection, an increased incidence of postural tachycardia syndrome (POTS) has also been 
documented (22,23) (Table 1). 

 
Neuropsychiatric symptoms and sequelae 

In relation to post-acute COVID-19 syndrome, a wide range of neurological complications involving 
both the central and peripheral nervous systems have been described. Preliminary evidence revealed that 
patients with COVID-19 had an increased risk of developing long-lasting neurological symptoms 
compared with patients with influenza or other respiratory tract infections (24). A longitudinal analysis, 
6 months following hospitalization for acute COVID-19, reported that fatigue or muscle weakness (63%) 
was the most commonly reported symptom followed by sleep disturbances (26%), anxiety or depression 
(23%), and myalgia was reported by only 2% of patients (17). Nearly 10% of survivors may still 
experience taste and smell disorders up to 6 months after other symptoms have subsided (11,16,17,25). 
Cognitive impairment and memory issues have been noted to be common across all age groups among 
individuals with mild COVID-19 at 7 months follow-up including brain fog, which may impair thinking 
and concentration, executive functioning, problem-solving, and decision-making (8). 

 
Anxiety, depression, and sleep difficulties were among the most reported psychological symptoms 

at 6 months follow-up, with approximately 25% reported having experienced those symptoms (17). After 
6 months of COVID-19 infection, 34% of patients reported having an incidence of a psychiatric or 
neurological diagnosis, and 13% of those received their first such diagnosis (24) (Table 1). 

 
Gastrointestinal and dermatological symptoms and sequelae 

Significant gastrointestinal symptoms in COVID-19 survivors have not been reported. However, 
32% of patients with mild COVID-19 reported diarrhea 60 days after symptom onset (26). After 6 months 
following hospital discharge, 8% of individuals experienced a decrease in appetite (17). 

 
Hair loss was the most commonly reported dermatological symptom affecting nearly 20% of patients 

at 6 months and 110 days (16,17). Only 3% of Chinese patients reported having skin rashes at 6 months 
follow-up (17) (Table 1). 

 
Renal and endocrine symptoms and sequelae 

One-third of hospitalized patients with acute kidney injury (AKI) during the initial stage of COVID-
19, have not regained full renal function at follow-up (27). At follow-up, 13% of individuals without AKI 
and with normal estimated glomerular filtration rate (eGFR) at the acute phase had decreased eGFR 
following discharge (17), newly diagnosed diabetes mellitus was reported (28) (Table 1). 
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Table 1. Summary of post-acute COVID-19 symptoms and sequelae by major organ system 
 

 

Organ system 

 

 

Summary 

Respiratory symptoms and 
sequelae 
 

● Dyspnea, and cough were commonly observed as 
persistent symptoms (11,13,15) 

● Approximately 14% of non-hospitalized patients with 
non-severe COVID-19 had persistent dyspnea (18) 

● A lower 6-minute walking distance has been reported  
(14) 

● Decreased diffusion capacity for carbon monoxide has 
been observed (20) 

Cardiovascular symptoms and 
sequelae 
 

● Chest pain and palpitation were the commonest 
cardiovascular symptoms (14) 

● Abnormalities on cardiac MRI and myocardial 
inflammation have also been reported (22) 

Neuropsychiatric symptoms and 
sequelae 
 

● Long-term symptoms may include fatigue, cognitive 
impairment, headache, sleep disturbance, dizziness, 
fever, depression, and anxiety (9,14,23) 

● Patients with COVID-19 had an increased risk of 
developing long-lasting neurological symptoms 
compared with patients with influenza or other 
respiratory tract infections (23) 

● Nearly 10% of survivors still had taste and smell 
disorders up to 6 months (13,14,19,24) 

Gastrointestinal symptoms and 
sequelae 
 

● Diarrhea, and reduced appetite  
● Diarrhea was reported in 32% of patients with mild 

COVID-19 60 days after symptom onset (12) 
● At 6 months follow-up, 8% of individuals experienced 

a decrease in appetite (14) 
Dermatological symptoms and 
sequelae 

● Skin rash and hair loss were observed 
● Hair loss is the predominated dermatological 

symptom reported (14,19) 

Renal symptoms and sequelae 
 

● At follow-up, 13% of individuals without AKI and 
with normal estimated Glomerular Filtration Rate 
(eGFR) at the acute phase had decreased eGFR  

Endocrine symptoms and sequelae 
● New onset diabetes mellitus was identified following 

discharge (28) 
 

 
Predictors of post-acute COVID-19 

Clinical factors 

The presence of more than five symptoms, specifically, fatigue, dyspnea, headache, myalgia, and 
hoarseness of voice during the initial phase of COVID-19 has been associated with an increased 
likelihood of developing persistent symptoms (29). Female gender and age under 50 years have also been 
suggested to be predictive for post-acute COVID-19 syndrome (30). Females were found more likely to 
develop fatigue and anxiety or depression at 6 months follow-up (17). Approximately, 15% of females 
were reported to have symptoms that lasted for 28 days or more, compared to 9.5% of males, though this 
gender difference disappeared in those over the age of 70. The greatest gender disparity was observed 
among those between the ages of 40 and 50, where females were twice as likely as males to develop 
persistent symptoms (29).  
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 The persistence of certain symptoms such as dyspnea, fatigue or muscle weakness, post-traumatic 
stress disorder (PTSD), as well as pulmonary complications (impaired diffusion capacities and 
radiographic pulmonary abnormalities), and decreased scores in health-related quality of life have all 
been significantly linked to patients with severe acute COVID-19, particularly, those needing a high-flow 
nasal cannula, and noninvasive or invasive mechanical ventilation during the hospital stay (14,17,25).  

 
More than one-fifth (22%) of individuals over the age of 70 experienced symptoms lasting four 

weeks or more, compared to one-tenth of those aged 18 to 49 years. Months after contradicting with 
COVID-19, 35% of people had not returned to their baseline level of health, and the proportion seemed 
to differ across age groups, with 26%, and 32% in individuals aged 18-34 years, 35-49, respectively, and 
47% among ≥ 50 years (31). The presence of comorbidities, asthma, in particular, in patients of all ages, 
and elderly people over 70 years with cardiopulmonary diseases were found to have persistent symptoms 
(29). Patients with type 2 diabetes were more likely to develop fatigue, cough, and other persistent 
respiratory symptoms (32). Having three or more comorbidities including obesity and psychiatric 
disorders were associated with a delayed recovery compared to normal health status in COVID-19 
survivors (31) (Table 2).                     

 
Biological factors 

         A high level of SARS-CoV-2 RNA in patients’ blood early in the COVID-19 infection has also 
been linked to developing post-acute symptoms. Those with higher viral load were likelier to experience 
memory-related post-acute COVID-19 symptoms. In this same longitudinal cohort of 209 individuals 
who had autoantibodies were also identified as more likely to be diagnosed with different persistent 
symptoms. Persons with ongoing neurological symptoms displayed heightened levels of anti-SARS-
CoV-2 nucleocapsid protein lɡG3, whereas post-acute COVID-19 related gastrointestinal symptoms were 
associated with higher levels of multiple autoantibodies (32). Lower levels of immunoglobin (lɡ) 
antibodies lɡM and lɡG3, were also found to be more common in patients who developed persistent 
symptoms compared to those who recovered. When combined with clinical predictors including patients’ 
age, acute COVID-19 symptoms, and presence of pre-existing asthma, this decreased immunoglobin 
profile may all heighten a person’s risk of getting post-acute COVID-19 symptoms (33). 
 

Via antibody titer assessments, the Epstein-Barr virus (EBV) reactivation has been implied to 
associate with post-acute COVID-19 (34). Individuals with EBV in their blood upon COVID-19 
diagnosis showed a heightened chance of memory impairments later on, as well as persistent symptoms 
specific to EBV viremia including fatigue, and production of sputum in the lungs (32). 

 
A link between alterations to the gut microbiome and post-acute COVID-19 syndrome has also been 

suggested. COVID-19 patients with healthy gut bacteria and a microbiome similar to that of a healthy 
individual appeared less likely to acquire post-acute COVID-19, whereas those who developed lasting 
symptoms following COVID-19 had a less diverse and abundant microbiome (35). At 6 months, the 
composition of the gut microbiome in individuals with prevalent respiratory symptoms was found to be 
positively associated with a variety of opportunistic pathogens (Streptococcus anginosus, Streptococcus 
vestibularis, Streptococcus gordonii, and Clostridium disporicum). The presence of nosocomial 
pathogens related to opportunistic infections (Clostridium innocuum and Actinomyces naeslundii) was 
associated with fatigue and neuropsychiatric symptoms (35) (Table 2). 

 
Environmental factors 

Environment related factors have an impact on the incidence, severity, and mortality of acute 
COVID-19 (36,37), though their role in persistent symptoms among convalescent COVID-19 patients 
has not been extensively studied. To explore environmental factors such as the percentage of green areas, 
air pollution levels, neighborhood population density, and socioeconomic conditions impact on different 
post-acute COVID-19 symptoms, Ferreira et.al. conducted a 6 months follow-up study in Brazil. The 
authors found that ambient levels of PM2.5 (particulate matter up to 2.5μm diameter) were significantly 
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associated with persistent dyspnea, fatigue, and lower functional status at follow-up, while population 
density and individual exposure to green space had no statistically significant association with any of the 
outcomes assessed (38) (Table 2). 

 
Table 2. Summary of predicting factors for post-acute COVID-19 symptoms 

 

Predicting factors 
 

Summary 

Clinical factors 

Gender ● Middle-aged females were found more likely to 
experience post-acute symptoms (17,29,30) 

Age 

● Individuals over the age of 70 had an increased 
risk of getting persistent symptoms (29,31) 

● Delayed recovery to the normal status of health 
increased with the age (31) 

Initial infection 
severity 

● Presence of more than 5 acute symptoms 
(Fatigue, dyspnea, headache, myalgia, and 
hoarseness of voice) associated with the 
emergence of post-acute COVID-19 symptoms 
(29) 

● Patients needing a high-flow nasal cannula, and 
noninvasive or invasive mechanical ventilation 
during the hospital stay were more likely to have 
dyspnea, fatigue or muscle weakness, and 
pulmonary complications (14,17,25) 

Co-morbidities 

● Having asthma, hypertension, cardiopulmonary 
complications, type 2 diabetes, obesity, and 
psychiatric disorders increases the risk of 
experiencing ongoing symptoms (29,31,32) 

Biological 
factors 

Viral load 
● Patients with higher viral load were likelier to 

experience memory-related post-acute COVID-
19 symptoms (32) 

Autoantibodies 

● Different antibodies seemed linked to certain 
lasting symptoms (32) 

● Low levels of antibodies when combined with 
clinical risk factors increased the risk of 
developing post-acute COVID-19 symptoms 
(33) 

Previous EPV 
infection 

● Reactivation of EBV was significantly 
associated with the development of memory 
issues, fatigue, and sputum production (32,34) 

Gut 
microbiomes 

● Patients with alterations in the gut microbiome 
during acute COVID-19 were at higher risk of 
experiencing persistent symptoms (35) 

Environmental 
factors  

Ambient air 
pollution 

● Exposure to ambient air pollution was associated 
with persistent dyspnea, fatigue, and lower 
functional status (38) 

Other factors 

Vaccination 
status 

● Vaccinated individuals were found to have a 
reduced risk of having persistent symptoms 
(39,40) 

Reinfection 
with COVID-19 

● Reinfection showed to increase the sequelae in 
multiple organ systems (42)  
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Other factors 
 Vaccination against COVID-19 has been found to be effective in reducing the risk of developing post-acute 

symptoms. The odds of getting lasting symptoms over 28 days following vaccination were halved in 
individuals with two vaccination doses (39). Further, adults who had received two doses of a COVID-19 
vaccine at least 14 days earlier contracting the virus were observed to have a 41.1% lower likelihood of 
reporting prevalent symptoms at least 3 months later in reference to not being vaccinated when infected 
(40). Between 1-6 months post-infection, individuals with breakthrough infections were to have a 
decreased risk of death and post-acute COVID-19 symptoms compared to those who were not vaccinated, 
particularly patients hospitalized with COVID-19 (41) (Table 2). 

 
Reinfection with SARS-CoV-2 has been observed to elevate the risk of death, hospitalization, and 

symptoms and sequelae in multiple organ systems in the acute and post-acute phase at 6 months including 
pulmonary, hematological, gastrointestinal, diabetes, kidney, musculoskeletal, mental health, and 
neurological complications regardless of the vaccination status (42). 

 

Discussion 

In this narrative review, an overview of the so far documented post-acute COVID-19 symptoms and 
sequelae and associated predictive factors are presented. In accordance with the presented literature, a 
substantial proportion of patients continue to experience persistent symptoms beyond the acute phase of 
COVID-19 infection. These symptoms may affect any part of the human body systems, with the most 
frequently persistent symptoms among post-acute COVID-19 patients being; fatigue, dyspnea, smell or 
taste disorders, anxiety, or depression. No studies, however, have examined the duration of post-acute 
COVID-19 symptoms. 

 
Large variations in prevalence estimates can be seen. A direct comparison is therefore not possible. 

Fatigue was the most frequently reported symptom across studies. European studies revealed higher 
prevalence rates of fatigue (50-70%) or dyspnea (30-40%) (16,29), whereas studies from China reported 
a lower proportion of fatigue (7-16%) (13,18) The methodological differences could explain these 
discrepancies. This may also be explained by additional variables such as racial differences or genetic 
makeup, which may impact the development of persistent symptoms. 

 
These identified persistent signs and symptoms resemble those seen in patients impacted by prior 

outbreaks of viral disease. The survivors of SARS and MERS also had lingering systemic and neurologic 
issues, decreased lung function, decreased ability to exercise, and mental health issues such as stress, 
anxiety, and depression (39,40).  

 
A comprehensive interpretation of these findings is, however, presently not possible due to the high 

heterogeneity of the available studies and due to significant methodological limitations. These include 
mixed patient populations, varying follow-up lengths, the range of symptoms investigated across studies, 
the use of different measurement techniques, and the case definition of symptoms. Therefore, caution is 
warranted in drawing conclusions and characterizing post-acute symptoms and sequelae. 

 
Several pathophysiological mechanisms of the virus could explain these long-term consequences 

and sequelae. Direct viral tissue damage is one possible mechanism. The SARS-CoV-2 entry receptor, 
angiotensin-converting enzyme 2 (ACE2), is found throughout the body, allowing the virus to penetrate 
target cells by activating its spike protein via transmembrane serine protease 2 (41). Epithelial cells, 
gastrointestinal epithelial cells, nasal goblet cells, renal podocytes, and pancreatic β cells carry these 
receptors, implying that the SARS-CoV-2 infection may exhibit primarily through direct tissue injury, 
which may also be a contributor to its long-term consequences (42–44), Endothelial damage, immune 
system dysfunction, and hypercoagulability, which frequently result in thrombosis, are among other 
potential routes causing long-term consequences (45–47). Since the precise mechanisms causing post-
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acute COVID-19 syndrome are still poorly understood, further research is required to delineate the 
pathophysiological mechanisms underlying the long-term impacts of COVID-19 on different organ 
systems, which may ultimately aid in the identification and rational design of effective therapies. Social 
isolation, decreased physical activity, and social and economic uncertainty may also contribute to post-
acute COVID-19 symptoms including physical and psychological consequences. This is an important 
confounding factor in the included studies that could not be ruled out.  

 
Concerning potential predicting factors of post-acute COVID-19 syndrome, findings of literature 

indicate some factors that affect certain groups that are differentially affected. Individuals of all ages may 
experience prolonged symptoms following the initial COVID-19 infection. Middle-aged females, 
however, were found more likely to be diagnosed with post-acute symptoms. It is not clear why females 
had adverse outcomes. This could be to do with the higher survival rates for severe acute COVID-19 in 
females than men. So could have lasting symptoms as a result. A further possibility is the lower tendency 
in men to disclose symptoms. There is also concern over an overlap of symptoms of post-acute COVID-
19 (fatigue, palpitation, muscle pain, cognitive deficit, and sleep disturbance) with those of 
perimenopause and menopause indicating that sex hormone variations should be further investigated (48). 

 
 However, contradictory findings were also identified in the literature on demographic factors' 

contribution to developing persistent symptoms. Regarding age as a predictor, for instance, several studies 
revealed that rising age increases one’s susceptibility to long-term complications (29). As per some 
studies, younger patients appeared to be at higher risk of experiencing post-acute symptoms (26), and the 
risk is not limited to the elderly (49). Similarly, there have been conflicting results on the possible gender 
predisposition to post-acute COVID-19, with some studies reporting an association between the female 
gender and persistent symptoms (50,51), and others indicating no association with gender (26,29). 

 
Moreover, the severity of acute COVID-19, especially among those treated in the ICU or 

mechanically ventilated, has been associated with persistent symptoms (17). However, it is unclear 
whether, from a pathophysiological perspective, ICU survivors and patients with non-severe COVID-19 
who have prolonged symptoms may possess the same traits of post-acute COVID-19 syndrome. Evidence 
suggests that the long-term effects of ICU COVID-19 survivors exhibit many parallels to post-intensive 
care syndrome (PICS) (8,52). More research is needed to uncover possible overlaps that differentiate 
post-acute COVID-19 symptoms and PICS. 

 
Quantifiable predicting factors for post-acute COVID-19 and their associations are poorly identified. 

Therefore, the fact that certain biological factors including SARS-CoV-2 RNA and EBV viremia 
predicting prevalent symptoms can be measured at COVID-19 diagnosis, may be of fundamental 
importance for understanding and developing prospective treatments for post-acute COVID-19. 
However, these quantifiable factors and other identified predictors need to be validated in large patient 
cohorts.    

 
Given the high prevalence rate, the wide range of persistent symptoms reported across studies, and 

the fact that post-acute COVID-19 syndrome comprises a multiorgan disease, extensive patient 
evaluation, and a multidisciplinary approach involving specialists from various disciplines are critical for 
providing effective care and management. Based on the findings that respiratory and neuropsychiatric 
were the frequently reported persistent symptoms related to post-acute COVID-19, health systems and 
rehabilitation needs can be tailored to give optimal care to patients affected. The cooperation of geriatric 
specialists is critical for mitigating the persistent symptom burden, particularly, in the frail older 
population (53). Though the duration of protection remains to be defined, evidence indicates COVID-19 
vaccines confer limited but significant protection against post-acute COVID-19 symptoms. However, the 
burden of lasting symptoms is likely to remain substantial even in fully vaccinated populations. Given 
that reinfection contributes to health concerns both in the acute and post-acute phase, and the possibility 
of continued SARS-CoV-2 mutations leading to the emergence of new variants causing reinfections also 
raises the importance of preventing infections and reinfections through the implementation of mitigation 
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strategies. Furthermore, the heterogeneity of post-acute COVID-19 symptoms and the diverse variables 
that have been suggested to be related to it further necessitate the need to comprehensively identify the 
pathophysiological mechanisms and the evolution of those associations during the course of infection and 
recovery from SARS-CoV-2 to develop effective therapeutic strategies. 

 
The proper time frame for post-acute COVID-19 is yet unknown. Ongoing research or expansion of 

included studies in this narrative review may follow up on the individuals until the persistent symptoms 
disappear, indicating the timeframe of this novel medical condition. A systematic evaluation of emerging 
data including data from low and middle-income countries is warranted to improve understanding and to 
have the most up-to-date knowledge on the post-acute COVID-19 syndrome since the present reviews’ 
nonsystematic nature raises the possibility of selection bias. Most included studies were based on higher-
income western countries, had small sample sizes, and lacked control groups limiting the generalizability, 
evaluation of the racial impact on the development of post-acute symptoms, and COVID-19-specific 
features. The need for more studies in different regions arises with much larger cohorts with control 
groups to characterize post-acute COVID-19 symptoms that are universal and regional.  

 
Conclusion 

        The persistence of various symptoms in individuals who recovered from COVID-19 has been 
identified, leading to post-acute COVID-19 syndrome. Post-acute COVID-19 is conceptualized as a 
multi-organ disorder with a wide range of persistent symptoms. Fatigue, dyspnea, anosmia, and ageusia 
were the most frequent symptoms of the post-acute syndrome. Female gender, older age, pre-existing 
comorbidities, initial COVID-19 severity, higher viral load, reactivation of the Epstein-Barr Virus, 
presence of certain autoantibodies, alterations in the gut microbiome, ambient air pollution, being 
unvaccinated, and reinfection with COVID-19 were identified as the post-acute symptoms anticipating 
predicting factors. Whilst considering the high prevalence, identified persistent symptoms and sequelae 
of post-acute COVID-19 syndrome, and vulnerable patient populations, a multidisciplinary approach 
should be adopted to provide optimal patient care and management of the issue. Improving understanding 
of the pathophysiological aspects of the post-acute COVID-19 syndrome and developing effective 
therapies will require further study. 

   
Author Contributions: Conceptualization, G.B.; methodology, L.K.; formal analysis, L.K.; data 
curation, L.K.; writing—original draft preparation, L.K.; writing—review and editing, G.B., D.Y., L.K., 
and K.W.; supervision, G.B., D.Y.; All authors have read and agreed to the published version of the 
manuscript. 

 
Funding: This research received no external funding. 

 
Conflicts of Interest: The authors declare no conflict of interest.  

 
References 

1. Word Health Organization Coronavirus (COVID-19) Dashboard. https://covid19.who.int (Accessed 16 Oct 
2022) 

2. Post COVID-19 condition (Long COVID). https://www.who.int/srilanka/news/detail/16-10-2021-post-covid-
19-condition (accessed 16 Oct 2022) 

3. Callard F, Perego E. How and why patients made Long Covid. Soc Sci Med. 2021, 268: 113426. 
4. CDC. Healthcare Workers. Centers for Disease Control and Prevention. 2020]. 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html (Accessed 16 Oct 
2022) 

5. Moldofsky H, Patcai J. Chronic widespread musculoskeletal pain, fatigue, depression and disordered sleep in 
chronic post-SARS syndrome; a case-controlled study. BMC Neurol. 2011, 11: 37. 



Sri Lankan Journal of Health Sciences 2022, Volume 1: Issue 2 45 of 72 
 

 

6. Ahmed H, Patel K, Greenwood DC, et al. Long-term clinical outcomes in survivors of severe acute respiratory 
syndrome and Middle East respiratory syndrome coronavirus outbreaks after hospitalisation or ICU admission: 
A systematic review and meta-analysis. J Rehabil Med. 2020, 52(5):jrm00063. 

7. Huang L, Li X, Gu X, et al. Health outcomes in people 2 years after surviving hospitalisation with COVID-
19: a longitudinal cohort study. Lancet Respir Med. 2022, 10(9): 863-76. 

8. Davis HE, Assaf GS, McCorkell L, et al. Characterizing long COVID in an international cohort: 7 months of 
symptoms and their impact. EClinicalMedicine. 2021, 38: 101019. 

9. A clinical case definition of post COVID-19 condition by a Delphi consensus. 
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-
Clinical_case_definition-2021.1 (Accessed 6 October 2021) 

10. Carfì A, Bernabei R, Landi F, et al. Persistent Symptoms in Patients After Acute COVID-19. JAMA. 2020, 
324(6): 603–05. 

11.  Chopra V, Flanders SA, O’Malley M, et al. Sixty-Day Outcomes Among Patients Hospitalized With COVID-
19. Ann Intern Med. 2020, M20-5661. 

12.  Mandal S, Barnett J, Brill SE, et al. ‘Long-COVID’: a cross-sectional study of persisting symptoms, biomarker 
and imaging abnormalities following hospitalisation for COVID-19. Thorax. 2021, 76(4): 396–98. 

13.  Wang X, Xu H, Jiang H, et al. Clinical features and outcomes of discharged coronavirus disease 2019 patients: 
a prospective cohort study. QJM Int J Med. 2020, 113(9): 657–65. 

14.  Halpin SJ, McIvor C, Whyatt G, et al. Postdischarge symptoms and rehabilitation needs in survivors of 
COVID-19 infection: A cross-sectional evaluation. J Med Virol. 2021, 93(2): 1013–22. 

15.  Augustin M, Schommers P, Stecher M, et al. Post-COVID syndrome in non-hospitalised patients with 
COVID-19: a longitudinal prospective cohort study. Lancet Reg Health Eur. 2021, 6:100122. 

16.  Garrigues E, Janvier P, Kherabi Y, et al. Post-discharge persistent symptoms and health-related quality of life 
after hospitalization for COVID-19. J Infect. 2020, 81(6): e4–6. 

17.  Huang C, Huang L, Wang Y, et al. 6-month consequences of COVID-19 in patients discharged from hospital: 
a cohort study. The Lancet. 2021, 397(10270): 220–32. 

18.  Zhao YM, Shang YM, Song WB, et al. Follow-up study of the pulmonary function and related physiological 
characteristics of COVID-19 survivors three months after recovery. E Clinical Medicine. 2020, 25:100463.  

19.  Huang Y, Tan C, Wu J, et al. Impact of coronavirus disease 2019 on pulmonary function in early convalescence 
phase. Respir Res. 2020, 21(1): 163. 

20.  Puntmann VO, Carerj ML, Wieters I, et al. Outcomes of Cardiovascular Magnetic Resonance Imaging in 
Patients Recently Recovered from Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020, 5(11): 
1265–73. 

21.  Rajpal S, Tong MS, Borchers J, et al. Cardiovascular Magnetic Resonance Findings in Competitive Athletes 
Recovering From COVID-19 Infection. JAMA Cardiol. 2021, 6(1):116-118. 

22.  Johansson M, Ståhlberg M, Runold M, et al. Long-Haul Post–COVID-19 Symptoms Presenting as a Variant 
of Postural Orthostatic Tachycardia Syndrome: The Swedish Experience. JACC Case Rep. 2021, 3(4): 573–
80. 

23.  Kanjwal K, Jamal S, Kichloo A, et al. New-onset Postural Orthostatic Tachycardia Syndrome Following 
Coronavirus Disease 2019 Infection. J Innov Card Rhythm Manag. 2020, 11(11): 4302–04. 

24. Taquet M, Geddes JR, Husain M, et al. 6-month neurological and psychiatric outcomes in 236 379 survivors 
of COVID-19: a retrospective cohort study using electronic health records. Lancet Psychiatry. 2021, 8(5): 
416–27. 

25.  Arnold DT, Hamilton FW, Milne A, et al. Patient outcomes after hospitalisation with COVID-19 and 
implications for follow-up: results from a prospective UK cohort. Thorax. 2021, 76(4): 399–401. 

26.  Carvalho-Schneider C, Laurent E, Lemaignen A, et al. Follow-up of adults with noncritical COVID-19 two 
months after symptom onset. Clin Microbiol Infect. 2021, 27(2): 258–63. 

27.  Chan L, Chaudhary K, Saha A, et al. AKI in Hospitalized Patients with COVID-19. J Am Soc Nephrol. 2021, 
32(1): 151–60. 

28.  Kamal M, Abo Omirah M, Hussein A, et al. Assessment and characterisation of post‐COVID‐19 
manifestations. Int J Clin Pract. 2021, 75(3): e13746. 

29.   Sudre CH, Murray B, Varsavsky T, et al. Attributes and predictors of long COVID. Nat Med. 2021, 27(4): 
626–31. 



Sri Lankan Journal of Health Sciences 2022, Volume 1: Issue 2 46 of 72 
 

 

30.   Sigfrid L, Drake TM, Pauley E, et al. Long Covid in adults discharged from UK hospitals after Covid-19: A 
prospective, multicentre cohort study using the ISARIC WHO Clinical Characterisation Protocol. Lancet Reg 
Health Eur. 2021, 8:100186. 

31.   Tenforde MW, Kim SS, Lindsell CJ, et al. Symptom Duration and Risk Factors for Delayed Return to Usual 
Health Among Outpatients with COVID-19 in a Multistate Health Care Systems Network — United States, 
March–June 2020. Morb Mortal Wkly Rep. 2020, 69(30): 993–98. 

32.   Su Y, Yuan D, Chen DG, et al. Multiple early factors anticipate post-acute COVID-19 sequelae. Cell. 2022, 
185(5): 881-895.e20. 

33.   Cervia C, Zurbuchen Y, Taeschler P, et al. Immunoglobulin signature predicts risk of post-acute COVID-19 
syndrome. Nat Commun. 2022, 13(1): 446. 

34.  Gold JE, Okyay RA, Licht WE, et al. Investigation of Long COVID Prevalence and Its Relationship to    
Epstein-Barr Virus Reactivation. Pathogens. 2021, 10(6): 763. 

35.   Liu Q, Mak JWY, Su Q, et al. Gut microbiota dynamics in a prospective cohort of patients with post-acute 
COVID-19 syndrome. Gut. 2022, 71(3): 544–52. 

36.  Chen C, Wang J, Kwong J, et al. Association between long-term exposure to ambient air pollution and COVID-
19 severity: a prospective cohort study. CMAJ. 2022, 194(20): E693–700. 

37.  Bozack A, Pierre S, DeFelice N, et al. Long-Term Air Pollution Exposure and COVID-19 Mortality: A Patient-
Level Analysis from New York City. Am J Respir Crit Care Med. 2022, 205(6): 651–62. 

38.   Ferreira JC, Moreira TCL, de Araújo AL, et al. Clinical, sociodemographic and environmental factors impact 
post-COVID-19 syndrome. J Glob Health. 12: 05029. 

39.   Antonelli M, Penfold RS, Merino J, et al. Risk factors and disease profile of post-vaccination SARS-CoV-2 
infection in UK users of the COVID Symptom Study app: a prospective, community-based, nested, case-
control study. Lancet Infect Dis. 2022, 22(1): 43–55. 

40.   Ayoubkhani D, Bermingham C, Pouwels KB, et al. Trajectory of long covid symptoms after covid-19 
vaccination: community based cohort study. BMJ. 2022, 377: e069676. 

41.  Al-Aly Z, Bowe B, Xie Y, et al. Long COVID after breakthrough SARS-CoV-2 infection. Nat Med. 2022, 
28(7): 1461–67. 

42.   Bowe B, Xie Y, Al-Aly Z, et al. Acute and postacute sequelae associated with SARS-CoV-2 reinfection. Nat 
Med. 2022, 28(11): 2398–405. 

43.  Zhang S, Liu Y, Wang X, et al. SARS-CoV-2 binds platelet ACE2 to enhance thrombosis in COVID-19. J 
Hematol OncolJ Hematol Oncol. 2020, 13: 120. 

44.   Lam MHB, Wing YK, Yu MWM, et al. Mental Morbidities and Chronic Fatigue in Severe Acute Respiratory 
Syndrome Survivors: Long-term Follow-up. Arch Intern Med. 2009, 169(22): 2142–7. 

45.   Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 
and Is Blocked by a Clinically Proven Protease Inhibitor. Cell. 2020, 181(2): 271-280. 

46.   Qi F, Qian S, Zhang S, et al. Single cell RNA sequencing of 13 human tissues identify cell types and receptors 
of human coronaviruses. Biochem Biophys Res Commun. 2020, 526(1): 135–40. 

47.  Pan X wu, Xu D, Zhang H, et al. Identification of a potential mechanism of acute kidney injury during the 
COVID-19 outbreak: a study based on single-cell transcriptome analysis. Intensive Care Med. 2020, 46(6): 
1114–16. 

48.  Ziegler CGK, Allon SJ, Nyquist SK, et al. SARS-CoV-2 Receptor ACE2 Is an Interferon-Stimulated Gene in 
Human Airway Epithelial Cells and Is Detected in Specific Cell Subsets across Tissues. Cell. 2020, 181(5): 
1016-1035. 

49.  Phetsouphanh C, Darley DR, Wilson DB, et al. Immunological dysfunction persists for 8 months following 
initial mild-to-moderate SARS-CoV-2 infection. Nat Immunol. 2022, 23(2): 210–16. 

50.  Song CY, Xu J, He JQ, et al. Immune dysfunction following COVID-19, especially in severe patients. Sci Rep. 
2020, 10(1): 15838. 

51. Abou-Ismail MY, Diamond A, Kapoor S, et al. The hypercoagulable state in COVID-19: Incidence, 
pathophysiology, and management. Thromb Res. 2020, 194: 101–15. 

52.  Stewart S, Newson L, Briggs TA, et al. Long COVID risk - a signal to address sex hormones and women's 
health. Lancet Reg Health Eur. 2021, 11:100242. 

53.  Ayoubkhani D, Khunti K, Nafilyan V, et al. Post-covid syndrome in individuals admitted to hospital with 
covid-19: retrospective cohort study. BMJ. 2021, 372: n693. 



Sri Lankan Journal of Health Sciences 2022, Volume 1: Issue 2 47 of 72 
 

 

54.  Chan Sui Ko A, Candellier A, Mercier M, et al. Number of initial symptoms is more related to long COVID-
19 than acute severity of infection: a prospective cohort of hospitalized patients. Int J Infect Dis. 2022, 118: 
220–23. 

55.  Lorenzo RD, Conte C, Lanzani C, et al. Residual clinical damage after COVID-19: A retrospective and 
prospective observational cohort study. PLOS ONE. 2020, 15(10): e0239570. 

56.  Rousseau AF, Minguet P, Colson C, et al. Post-intensive care syndrome after a critical COVID-19: cohort 
study from a Belgian follow-up clinic. Ann Intensive Care. 2021, 11: 118. 

57.  Ladds E, Rushforth A, Wieringa S, et al. Persistent symptoms after Covid-19: qualitative study of 114 “long        
Covid” patients and draft quality principles for services. BMC Health Serv Res. 2020, 20(1): 1–13. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


