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Background and objective: The coronavirus disease 2019 (COVID-19) pandemic marks the biggest public health emergency of the 21st century. The long-term health issues linked to COVID-19, also known as Long COVID, pose a great challenge to patients and society. This article aims to highlight the current unmet clinical needs and present expert recommendations for region-specific assessment and management of Long COVID.

Methods: A secondary desk research was performed focusing on global and regional guidelines for the assessment and management of Long COVID. The observations from the desk research form the foundation for the consensus statements. Additionally, an expert panel consisting of 10 consultant physicians from related specialties reviewed these guidelines and literature in advisory board meetings to identify unmet needs, bridge clinical gaps, and develop recommendations for the evaluation and management of Long COVID.

Results: The expert recommendation statements were drafted based on overarching principles for the clinical assessment and management of Long COVID. The overarching principles used a targeted, multidisciplinary approach, and collaboration between multiple specialties of healthcare. The panel also highlighted the value of holistic care for the management of Long COVID.

Conclusion: Long COVID is a major public health challenge. These expert recommendations are expected to guide healthcare professionals in their clinical decision-making for the assessment, management, and appropriate rehabilitation of patients with Long COVID.
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1 Introduction

Globally, the coronavirus disease 2019 (COVID-19) pandemic has resulted in a considerable amount of illness and mortality. Although COVID-19 largely affects the respiratory system, data show that it is a severe multisystem illness and often results in fatal consequences (1). Many patients with COVID-19 recover within a few days to weeks; however, symptoms may persist weeks to months in some patients, severely affecting the quality of life (QoL), long after the acute COVID-19, commonly referred to as post-COVID, post-acute sequelae of COVID-19 or Long COVID. Long COVID patients experience a broad range of symptoms (above 100 symptoms reported), which can continue or reappear after acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, such as fatigue, dyspnea, olfactory and gustatory impairments, insomnia, cognitive disorders, or mental implications, such as anxiety and depression. In some patients, the condition may be associated with damage of the heart, lungs, or liver (2–9). Long COVID can affect all age groups, at varying degrees of severity (10–13). Studies across the world demonstrate that Long COVID condition is connected with a poor QoL, and the relapsing–remitting persistent symptoms can negatively impact physical and cognitive function, and participation in society (14–16).

Several studies have demonstrated persistence of COVID-19 symptoms over a long period. However, data on Long COVID are highly heterogeneous, demonstrating the differences in definitions, the cohorts examined, and follow-up durations (17). In the year 2022, a meta-analysis estimated that pooled worldwide prevalence of post COVID-19 condition (persistence of symptoms ≥28 days following diagnosis) as 0.43 (95% CI: 0.39, 0.46), while the hospitalized and non-hospitalized patients have estimates of 0.54 (95% CI: 0.44, 0.63) and 0.34 (95% CI: 0.25, 0.46), respectively (18). As of March, 2022, based on the World Health Organization (WHO)'s estimation of 470 million COVID-19 infections, approximately 200 million individuals currently experience or have previously experienced long-term consequences of COVID-19 (18). Another analysis that defined Long COVID as new onset or persisting symptoms ≥3 months after diagnosis, estimated that 144.7 million (95% CI: 54.7, 312.6) cases across the globe suffered from one to three common symptoms such as fatigue, cognitive problems and respiratory problems of Long COVID, during 2020 and 2021. Among these patients, 15.1% (95% CI: 10.3, 21.1) patients continued to have persistent symptoms beyond 12 months of COVID-19 infection (19). A recent review estimated that globally around 65 million people may have long COVID, based on an analysis of 10% of infected people and >651 million COVID-19 cases worldwide (20).

Children’s Long COVID prevalence ranged between 4 and 66% (21). Additionally, a global systematic review projected that 25.24% of children and adolescents suffer from ≥1 symptoms for more than 4 weeks following a SARS-CoV-2 infection and the prevalence among hospitalized children and adolescents was slightly higher (29.19%) (22). Reinfection, which is defined as “second positive SARS-CoV-2 test ≥90 days after the first positive test,” is yet another factor that could augment the increased prevalence of Long COVID’ (23). However, there are limited studies that have assessed disease burden of reinfection. As per few publications in Saudi Arabia, severe illness leading to intensive care unit admission and death in reinfected people is rare and principally occurs in the unvaccinated group (24, 25).

Although limited, currently available data suggest that the burden of Long COVID is substantial in the region (6, 26–29). An online cross-sectional survey (n = 5,946), showed that 79.4% have unresolved symptoms for at least 4 weeks following the disease onset (26). Furthermore, 9.3% were hospitalized with 42.7% visiting healthcare facility after discharge and 14.3% requiring readmission (26). A national representative study (n = 1,000) from COVID-19 patients registered at the Saudi Ministry of Health (MOH) Database (N = 314,821) demonstrated 22.5% of patients showing late symptoms (beyond 4 weeks following diagnosis) (27). A web-based cross-sectional study from Saudi Arabia, reported that 35.5% (n = 972) and 38.8% (n = 1,063) of patients showed persistent COVID symptoms at 4–6 weeks and 6 weeks to 6 months after disease onset, respectively (28). Local data are required to draw conclusions and survey data need to be assessed cautiously due to subjective nature of surveys that might be influenced by recall bias and the differences in defining Long COVID make the epidemiological comparison challenging.

Several studies are being conducted around the world (30) (e.g., RECOVER and LONG COVID RESEARCH INITIATIVE etc.) to better understand Long COVID (31–34). Despite the mounting evidence, there is a substantial knowledge gap in terms of pathophysiology, disease epidemiology, risk factors, diagnosis and management of Long COVID. At present, there are no clear diagnostic criteria for Long COVID and there is no consensus on the algorithm of investigations and clinical management of symptoms in the Middle East region.

Locally developed guidelines for the management of Long COVID are available (e.g., Ministry of National Guard Health Affairs) (35, 36); however, there is a need to address gaps in the comprehensive and holistic management based on the ever-evolving international best practices. An expert panel was formed to address the current gaps in defining Long COVID, understanding the disease and formulate expert management recommendations from the region’s perspective. This article presents the expert recommendations from a secondary desk research and the expert insights from the virtual advisory board meetings conducted in Saudi Arabia.



2 Methods

A group of 10 expert consultant physicians was formed to develop the current recommendations for the management of Long COVID with a focus on the region’s perspective. The panel represented multidisciplinary specialties involved in the management of both acute and Long COVID.

A secondary desk research was conducted to address unmet needs in Long COVID care. However, capturing the relevant information during the secondary desk research was challenging as there are limited data on Long COVID pertaining to the region. Nevertheless, key findings from the available literature were presented in the advisory board meetings. The expert panel reviewed the current international guidelines and literature to identify the gaps in literature. Three virtual advisory board meetings were held to generate the recommendation statements regarding the management of Long COVID, based on the current evidence and their expertise.

The discussion mainly involved epidemiology, magnitude of the problem, disease pathogenesis, diagnosis, prevention and management. The key objectives of the expert panel meetings were as follows:


	1. To critically review the available literature and international recommendations on the management of patients with Long COVID, identify gaps in defining Long COVID and highlight unmet needs in current clinical practice.

	2. To develop regional recommendations for the effective management of Long COVID.





3 Results and discussion


3.1 Definition of Long COVID

“Long COVID condition” is an umbrella term and several terms have been used to describe prolonged symptoms following COVID-19, such as “Long COVID,” “postacute sequelae of SARS-CoV-2 infection (PASC),” “postacute COVID-19,” “chronic COVID-19,” and post-COVID syndrome’ (37). A globally acceptable scientific definition is yet to be established. The limited scientific evidence and the methodological differences among the available studies make it challenging to study Long COVID.

The WHO defines “Post COVID condition or Long COVID as the continuation or development of new symptoms 3 months after the initial SARS-CoV-2 infection, with these symptoms lasting for at least 2 months with no other explanation” (38). The Centers for Disease Control and Prevention (CDC) (37) defines that post-COVID conditions (PCC, or Long COVID) are a wide range of new, returning, or ongoing health problems people can experience four or more weeks after first being infected with the virus that causes COVID-19. The National Institute for Health and Care Excellence (NICE) guidelines defined the condition as “ongoing symptomatic COVID-19, if signs and symptoms persisted from 4 to 12 weeks and as post-COVID-19 syndrome, if signs and symptoms continued beyond 12 weeks and are not explained by an alternative diagnosis (39).” A collection of proposed definitions of Long COVID is presented in the WHO’s review on clinical case definition of post-COVID condition (40).

Lack of a standard definition and consistent terminology for Long COVID, limits researchers from studying the condition, its clinical diagnosis and treatment. Therefore, the current expert panel agreed on the following definitions, considering all the deficiencies in the current case definitions.

Post-acute COVID: persistent or new COVID-19 related symptom/s between 3 and 12 weeks after confirmed diagnosis [confirmed either by antigen test or reverse transcription polymerase chain reaction (RT-PCR)].

Long COVID syndrome: persistent or new COVID-19 related symptom/s beyond 12 weeks from confirmed diagnosis (confirmed either by antigen test or RT-PCR), irrespective of age, which cannot be explained by an alternative diagnosis, impacting QoL, which may or may not be associated with end-organ damage.



3.2 Pathophysiologic mechanisms

Current literature shows that Long COVID is multisystemic in nature and further research on its pathophysiologic mechanisms of Long COVID are warranted. However, potential risk factors may include acute SARS-CoV-2 injury, persistence of SARS-CoV-2 in certain tissues, reactivation of neurotrophic pathogens such as herpesviruses, immune dysregulation, SARS-CoV-2 interplay with host microbiome/virome communities, clotting/coagulation issues, anomalous brainstem/vagus nerve functioning, activity of primed immune cells, and autoimmunity due to molecular mimicry between pathogen and host proteins (4, 41, 42). The promiscuous nature of Long COVID makes it affect multiple organs, including pulmonary, neuropsychiatric, cardiovascular and gastrointestinal systems. SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE2) receptors, abundantly expressed in various tissues. This binding facilitates viral entry into cells, leading to dysfunction and disruption of normal physiological processes (43). The virus’s ability to evade the immune system and dysregulate the host immune response contributes to hyperinflammation and elevated production of proinflammatory cytokines (42, 44). Additionally, mechanisms such as endothelial damage, activation of clotting cascades, and the development of microvascular dysfunction and microthrombi further contribute to the disease’s systemic effects (42, 45).

The respiratory system has been impacted, with evidence of airway epithelial damage, local inflammation, and inflammatory cell infiltration in the lungs (42, 46). The nervous system has been affected through mechanisms such as neuroinflammation, neuronal injury, blood vessel coagulopathy, and endothelial damage (45). Additionally, mitochondrial dysfunction and abnormal levels of mitochondrial and SARS-CoV-2 proteins in the central nervous system have been reported (47).

The reproductive system has also shown significant impacts in both men and women. In women, long COVID has been associated with menstrual irregularities, gynecological conditions, and fertility-related issues (48). The virus infiltrates ovarian cells via ACE2 receptors, disrupting ovarian function, hormone levels, follicular development, oocyte maturation, and embryo implantation. Psychological stress from infection affects the hypothalamic–pituitary–adrenal (HPA) and hypothalamic–pituitary-gonadal (HPG) axes, leading to hormonal dysregulation and menstrual disruptions (48). Estrogen, cortisol, and immune response interactions play key roles. In men, SARS-CoV-2 affects testicular cells with high ACE2 expression, induces secondary immune responses and inflammation (49), and impacts the hypothalamus-pituitary-gonad axis (50). The virus has also been linked to erectile dysfunction caused by endothelial damage (51) and impaired sperm count, motility, and concentration associated with elevated cytokine levels (52).

The gastrointestinal and biliary systems have been impacted by significant alterations in gut microbiota, with an increase in opportunistic pathogens (53). SARS-CoV-2 has been detected in stool samples for up to 4 months post-diagnosis (54), and antigen persistence in long COVID cases, especially with inflammatory bowel disease, has been observed for up to 7 months (55). The cardiovascular system has been affected through direct myocardial inflammation caused by the virus, regardless of disease severity (42). Coagulopathy, immunothrombosis, and hyperinflammation associated with COVID-19 further contribute to cardiovascular complications (56).

The endocrine system is also impacted, primarily through the hypothalamic–pituitary axis, with both direct and indirect cellular injury leading to hormonal dysregulation and functional impairments (50).

The reactivation of latent viral infection, particularly herpesviruses has been discussed to be linked to virus illness related stress and inflammation rather than a direct cause-effect relationship. Its emergence in association with COVID-19 infection warrants further analysis to better understand this coincidental occurrence (57).

Figure 1 depicts organ-specific pathophysiological mechanisms in Long COVID. The expert panel concurred with the currently available literature that Long COVID is multisystemic and deeply in association with anomalous immune system. Further, the expert panel also opined that the principal mechanisms behind the Long COVID symptoms could be chronic inflammation, specific organ damage, damage to blood vessels, resulting in blood clots and presence of lingering viral particles in the blood or tissues.
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FIGURE 1
 Organ specific pathophysiological mechanisms in Long COVID. ADEM, acute disseminated encephalomyelitis; CV, cardiovascular; CXCL8, C-X-C motif ligand 8; GPCRs, G-protein-coupled receptors; HGF, hepatocyte growth factor; IFN-γ, interferon-gamma; IL-1β, interleukin-1-beta; LETM, longitudinally extensive transverse myelitis; MMP-7, matrix Metalloproteinase-7; RAA, renin-angiotensin-aldosterone system. Sources: Davis et al. (20), Proal et al. (42), Saunders et al. (58), and Umesh et al. (50).




3.3 Symptoms

Long COVID may occur with diverse debilitating symptoms and conditions, which varies with individuals, and the degree of severity may range from disturbances of wellbeing to massive limitation of daily life. Some patients recover within weeks or months after the illness, while some experience relapses. Symptoms may follow a relapsing–remitting pattern, with recurrent spikes of fever reported in previous studies (59–61). The persistence of symptoms may also vary with the COVID-19 variant (62, 63). Across various systematic reviews the most common symptoms of Long COVID are fatigue (31–58%), dyspnea (24–40%), insomnia (11–44%), mental anomalies (or brain fog; 12–35%), anosmia (10–22%), musculoskeletal pain (9–19%), cough (7–29%), and chest pain (6–17%) (2, 64–69).

Incidence of specific symptoms may vary with observation period and severity of the infection; as per a global systematic review on prevalence of Long COVID symptoms the most frequent symptoms were fatigue, dyspnea, sleep disorder, and difficulty concentrating (32, 25, 24, and 22%, respectively, at 3- to <6-month follow-up); effort intolerance, fatigue, sleep disorder, and dyspnea (45, 36, 29, and 25%, respectively, at 6- to <9-month follow-up); fatigue (37%) and dyspnea (21%) at 9 to <12 months; and fatigue, dyspnea, sleep disorder, and myalgia (41, 31, 30, and 22%, respectively, at >12-month follow-up) (70). Most frequently reported symptoms of pediatric Long COVID include fatigue, headaches, stomach/abdominal pain, muscular aches, post-exercise malaise, and rashes (22, 71, 72).

A latest study based on the data (n = 5,946 patients) from the Saudi MOH COVID-19 testing registry, reported that fatigue (53.5%), muscle and body pain (38.2%), anosmia (35.0%), joint pain (30.5%), and ageusia (29.1%) were the persistent symptoms beyond 1 month following diagnosis (26). Another study from Saudi Arabia that monitored the patients (n = 222) from 6 weeks to 6 months post hospital discharge, demonstrated that dyspnea (40.1%), cough (27.5%) and fatigue (29.7%) were the frequent symptoms at follow-up (29). Persistent symptoms and functional ability, including organ damage, seem to substantially affect patients’ QoL and to daily activities. A global systematic review (39 studies) found impaired QoL among 57% of patients with symptoms persisting beyond 12 weeks following diagnosis (73).

Acute respiratory symptoms generally resolve over time, whereas neuropsychiatric conditions often emerge later and persist for longer durations. The predominant focus on respiratory symptoms as the primary sequelae of SARS-CoV-2 infection has distracted efforts to identify and manage other long-term impacts, including neurobehavioral, cardiovascular, and effects on other body systems (20, 51). Further research is needed to quantify these observations, considering underlying molecular mechanisms, the severity of acute illness, reinfection, vaccination status, comorbidities and other host-related risk factors.



3.4 Risk factors

Data on potential risk factors for Long COVID symptoms are accumulating, though they are heterogeneous. Common risk factors for Long COVID are severity of acute COVID-19, female gender, ethnic minority, socioeconomic deprivation, smoking, obesity, and a wide range of comorbidities (11, 74–76). It is projected that women have two-fold risk of having Long COVID symptoms (OR: 1.3–5). Similarly, severe acute COVID-19 has been associated with an elevated risk for Long COVID symptoms, with the strongest association with fatigue (76).

A US based study (n = 309) found that the presence of certain autoantibodies, reactivation of the Epstein–Barr virus (EBV), and type 2 diabetes are the major risk factors for Long COVID (77). A retrospective cohort study, from the US Department of Veterans Affairs health care system found that older age, Black or American Indian/Alaska Native race, Hispanic ethnicity, geographical region, high Charlson Comorbidity Index score, having documented symptoms at the time of acute infection (adjusted OR: 1.71; 95% CI: 1.65, 1.78) and requiring hospitalization (AOR: 2.60; 95% CI, 2.51–2.69) or mechanical ventilation (adjusted OR, 2.46; 95% CI: 2.26, 2.69) were significantly associated with Long COVID (78). In another US based study among children and adolescents (aged <21 years; n = 358), who were hospitalized for acute COVID-19 or multisystemic inflammatory syndrome (MIS-C), >1 in 4 patients had persistent symptoms or anomalous activity after having 2–4 months to recover from the illness. The study found that patients with MIS-C and respiratory comorbidities or obesity are at a risk of slow recovery (79).

In an Iran based study of Long COVID patients (n = 4,681), a shorter hospital stay was inversely linked with Long COVID syndrome (OR: 0.953; 95% CI: 0.941–0.965; p = 0.0001) (80). In Saudi Arabia, an observational study (n = 7,520) found that female gender, old age, multiple comorbidities, long-term medications, length of hospital stay, and tenure of acute COVID-19 symptoms could be important predictors of post-COVID-19 (28). A national representative study from Saudi Arabia (n = 1,000), found that the presence of acute symptoms of COVID-19 and hospital admission were significant independent predictors of post-COVID-19 condition (OR: 15.0, 95% CI: 2.1, 109·4; p = 0.008 and OR: 2.3, 95% CI: 1.3, 3.9; p = 0.002, respectively) (27).

The risk factors for long COVID are multifaceted, involving demographic, clinical and biological variables. Factors such as disease severity, female gender, comorbidities and socioeconomic disparities are consistently reported across studies, while additional contributors such as autoantibodies, viral reactivation, and prolonged inflammation/immune dysregulation have emerged as significant.



3.5 Impact of viral strain variance on Long COVID

Strain variance and cofactors can impact severity of Long COVID and the effectiveness of COVID-19 vaccination. There is paucity of data on the association of viral strain/variant with Long COVID. Several studies are currently exploring the association of specific viral strains with the incidence and magnitude of Long COVID symptoms. In a case–control observational study from the UK, Long COVID was more prevalent in the people infected with Delta variant (10.8% [4,469/41361]) compared with the people infected with Omicron variant 4.5% (2,501/56003) (81). Patients with Omicron variant were less likely to have Long COVID, with an odds ratio ranging from 0.24 (0.20–0.32) to 0.50 (0.43–0.59) (81). Similar findings were noted in a latest India based study (n = 524), which found that self-reported Long COVID (persistence of COVID related symptoms for ≥28 days after diagnosis) is considerably low among COVID-19 patients diagnosed during the Omicron wave versus Delta wave in the same setting (82). As per an exploratory survey in the US, frequency of Long COVID symptoms was similar by predominant variant at the time of illness, with the exception that anosmia was less frequently presented for infections when the Omicron variant was the predominant variant (Omicron variant, 83 of 246 [33.7%]; Alpha variant, 59 of 147 [40.1%]; Delta variant, 210 of 416 [50.5%]; p < 0.001) (83).

A China study found that people infected with the Wuhan variant had a more number of symptoms (higher prevalence of fever, dyspnea or gastrointestinal problems) than those infected with Alpha or Delta variant (p < 0.01) (84). The mean number of post-COVID-19 symptoms was higher (p < 0.001) in individuals infected with the Wuhan variant (mean: 2.7 ± 1.3) than those with the Alpha (mean: 1.8 ± 1.1) or Delta (mean: 2.1 ± 1.5) variants (84). Post-COVID-19 dyspnea was more prevalent (p < 0.001) in people infected with the Wuhan variant, whereas hair loss was greater in those infected with the Delta variant (p = 0.002). A higher proportion of patients infected with the Delta variant reported headache, anosmia or ageusia as onset symptoms (p < 0.01) (84).

The expert panel mentioned that children and adult patients showed different symptoms with the infected strain (specifically in patients with comorbidities). Further, the panel added that Omicron variant was more infectious in children; other strains were mildly infectious, treated symptomatically and only a few patients required hospital admissions; the panelists found that majority of the children who required admission were infected with the Omicron strain. The experts also mentioned Omicron BA.4 and BA.5 were more contagious and caused several breakthrough infections.



3.6 Assessment of Long COVID

Expert recommendations


	• Upon the first encounter of a patient with ongoing symptomatic COVID-19, a thorough clinical history and appropriate assessment should be performed to evaluate functional abilities as well as physical, cognitive, psychological, and psychiatric symptoms. COVID-19 Yorkshire Rehabilitation Scale (C19-YRS) and Newcastle Post-COVID Screening Tool are the common questionnaires for initial screening of patients with Long COVID

	• The typical clinical evaluation can include history of acute COVID-19 (suspected/confirmed), the magnitude of symptoms, and persistence of symptoms since the attack of acute COVID-19, history of comorbidities, exacerbation of comorbidities, current and previous drug treatment/s (including unprescribed medications, herbal remedies, supplements, or any other treatments)

	• In the first encounter, if the person/patient reports/shows cognitive/psychological symptoms, a validated screening tool should be used to measure any impairment and impact, with particular attention to the onset of symptoms of anxiety, depression, post-traumatic stress disorder (PTSD) and social isolation. The Hospital Anxiety and Depression Scale, the Patients Health Questionnaire 9, the General Anxiety Disorder 7, or the Depression Anxiety Stress Scale 21 and the Montreal Cognitive Assessment for a cognitive screening are the commonly used tools to assess neuropsychiatric symptoms

	• The basic diagnostic tests should be personalized according to the patient’s signs and symptoms to rule out acute or life-threatening complications and find out if symptoms are likely to be the result of Long COVID or unrelated diagnosis. Depending on the clinical presentation of the patient, basic diagnostic investigation can include the following tests (but is not limited to):

	  • General blood tests: complete blood count (CBC), haemoglobin A1c (HbA1c), random blood glucose, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), ferritin, nutritional profile (vitamin D, vitamin B12 and folate), renal profile, liver profile, thyroid function, creatine phosphokinase, troponin, B-type natriuretic peptide (BNP), and D-dimer

	  • Systemic evaluation and other tests include administration of screening questionnaire for Long COVID and psychological/psychiatric symptoms (PTSD/anxiety/depression etc); physical examination; vital parameters; Chest X-ray; electrocardiogram (ECG)

	• Pediatrics assessment can include a stepwise approach, with initial conservative evaluation to focus on determining level of symptom interference with daily functioning, enforcing, and aiding a return to healthy lifestyle habits (sleep, diet, light activity as tolerated without symptom exacerbation) and ruling out other causes of ongoing symptoms

	  • Initial tests can include CBC with differential and comprehensive metabolic panel (CMP), CRP, ESR, ferritin, thyroid-stimulating hormone (TSH), and vitamin D level

	  • If symptoms are affecting the patient’s daily routine activities, then additional diagnostic tests or referral to consultation with a multidisciplinary pediatric post-COVID-19 clinic should be considered.

	  • If a multidisciplinary pediatric post-COVID-19 clinician is unavailable, consider referral to a pediatric medical subspecialist



Long COVID condition presents a wide range of symptoms and conditions, and its appropriate management begins with a comprehensive assessment of an individual’s clinical and functional status. Upon the first encounter of the patient, the healthcare professionals should check for emergency or life-threatening complications (e.g., acute respiratory insufficiency, or cardiogenic chest pain etc.) and refer the patient to acute services for further care.

If the patient presents with stable and non-severe symptoms, respective healthcare professionals should perform primary evaluation including a detailed patient history, the examination of persistent physical, cognitive, psychological, and psychiatric symptoms, and comorbidities. Furthermore, the primary assessment should consider the premorbid conditions (e.g., malignancy), other differential diagnoses (e.g., thromboembolic events, myopericarditis, encephalitis) as well as the socioeconomic circumstances of the patients.

Clinical presentation in children is varied and hence, the physician needs to assess whether the child is totally healthy, has comorbidities, has any genetic predisposition or severe COVID-19 etc. It is advisable to prescribe minimal investigations and include only basic tests for general evaluations.

Generally, there can be similarities as well as differences/variations with respect to the spectrum of presentation of a patient. The expert panel opined that the following general blood tests and other evaluations can be prescribed for symptomatic patients according to the physician’s discretion (Figure 2B):

[image: Flowchart A outlines a care pathway for COVID-19 patients with new or ongoing symptoms, detailing processes from initial encounter to possible referrals and rehabilitation. Diagram B surrounds a silhouette with assessment and testing categories for COVID-19 patients, including imaging, neuro-psychiatric, renal, liver, thyroid function tests, and comprehensive laboratory blood tests.]

FIGURE 2
 Proposed care pathway for Long COVID in all age groups. (A) Management pathway. (B) Diagnostic landscape (basic and advanced assessments). BNP, B-type natriuretic peptide; COVID-19, Coronavirus disease 2019; ECG, electrocardiogram; ESR, erythrocyte sedimentation rate; HbA1C, hemoglobin A1C/glycated haemoglobin; MDT, multidisciplinary team.


General blood tests including complete blood count, haemogram, HbA1c, random blood glucose, C-reactive protein, ESR, ferritin, nutritional profile (vitamin D, vitamin B12, folate), renal profile, liver profile, thyroid function, creatine phosphokinase, troponin, BNP, D-dimer and procalcitonin (PCT). Systemic evaluation and other tests include administration of screening questionnaire for Long COVID and psychological/ psychiatric symptoms (post-traumatic stress disorder [PTSD]/anxiety/depression etc.,); physical examination; vital parameters; chest X-ray and ECG. Primary care centers can use various questionnaires and scales, for their diagnosis, including (but is not limited) (39, 85, 86):


	• The Newcastle Post-COVID Syndrome Follow-up Screening Questionnaire for a detailed face to face multi-disciplinary evaluation if symptoms continue for 10–12 weeks following the diagnosis (87).

	• The COVID-19 Yorkshire Rehabilitation Screening Tool to screen problems related to the recent illness with COVID-19 (88).

	• The EQ-5D and the Short-Form 36 to assess the generic health status of the patients (89, 90).

	• The Post-COVID-19 Functional Status Scale (PCFS) Scale to assess Long COVID-related individual distress and level of anomalies (91).

	• The Hospital Anxiety and Depression Scale (92), the Patients Health Questionnaire 9 (93), the General Anxiety Disorder 7 (94) or the Depression Anxiety Stress Scale 21 (95) and the Montreal Cognitive Assessment for a cognitive screening (96).



In primary healthcare centers patients can also be inquired whether the patients are administering any unprescribed medications, herbal medications, supplements, or other treatments. In the subsequent encounter of a symptomatic patient at a healthcare facility, relevant advanced diagnostic tests can be prescribed such as gasometry (baseline oxygen saturation is persistently decreased), computed tomography (CT) imaging of lungs as per the x-ray findings.

To overcome the barriers in evaluating patients for Long COVID, the expert panel suggested improving access to care, training primary care physicians, accommodating/allocating the manpower for finding the Long COVID cases, performing initial assessment, referral, and support with the budgetary needs, developing a simple tool to create awareness about Long COVID, ensuring early diagnosis, using applications for finding the Long COVID cases and linking them for care.



3.7 Role of primary care in the management of Long COVID

Primary healthcare is pivotal in managing Long COVID as it includes conducting initial assessment, triaging and identifying the patients who are unable to link their symptoms to COVID-19 (previously confirmed or suspected), investigating and excluding acute, post-acute or life-threatening conditions and other unrelated diagnoses prior to refer them to post-COVID services, prescribing investigations in relation to symptom presentation in line with the standard guidelines supporting follow-up care and rehabilitation. Effective triage and management of symptoms at a primary care center may eventually help reducing disease burden at secondary and tertiary care centers.

The expert panel highlighted the need for improved knowledge and skills of primary healthcare personnel to differentiate the patients by their symptoms (new or evolving) clinical presentation, managing the underlying diseases such as uncontrolled diabetes, uncontrolled cardiac or psychiatric conditions etc. Setting up targeted workshops to increase the awareness and skills of primary care personnel about Long COVID and other underlying comorbidities and introducing virtual communication platforms can revolutionize the training of primary healthcare professionals. The panel also suggested a programme coordinator to oversee the activities on a whole and communicate as well as guide the patient journey through primary centers to referred specialized centers.



3.8 Long COVID healthcare pathway

Upon reviewing the findings of secondary desk research on Long COVID care pathways from the various published guidelines, the panel opined that the recommendations and the implemented services might differ among countries (97–101). Self-management and primary care are the main support in Long COVID healthcare, accompanied by specialist care, non-clinical therapies, and rehabilitation if necessary. Additionally, a multidisciplinary and patient-centred approach and empathy toward the patients and caregivers were the key factors suggested for successful Long COVID care. Finding the right balance between required treatments is important to prevent uncertainty and anxiety among patients. Overall, Long COVID management pathway is a complex interaction of various systems. Therefore, it encompasses coordinating support from across the fragmented systems and guaranteeing care that caters the individual needs of patients and their families. The expert panel came up with a holistic Long COVID care pathway, considering the local requirements and infrastructure in Saudi Arabia and the region (Figure 2A).



3.9 Management of symptoms

Expert recommendations


	• Refer patients urgently to the relevant acute services if they have signs or symptoms due to an acute or life-threatening complication, including (but is not limited to):

	    • Severe hypoxaemia or oxygen desaturation on exercise

	  • Signs of severe lung disease

	  • Cardiac chest pain

	  • Multisystem inflammatory syndrome (in children)

	• Based on the basic investigations and after ruling out serious or fatal complications and other diagnoses, if the patient is stable, advise self-management, and one of the following, depending on clinical need:

	  • To self-manage their symptoms

	  • Whom to consult to manage their symptoms or to support with self-management

	  • Sources of advice and support, including support groups, social prescribing, online forums, and applications

	  • Referral to an integrated multidisciplinary assessment or referral to specialist care

	• Increase the awareness on COVID-19 vaccination and encourage the people to vaccinate as per the current official recommendations to lower their probability of contracting another acute infection. Explain the impact of vaccination on Long COVID, which warrants further research

	• Some of the additional required vaccines may be recommended (e.g., influenza and pneumococcal vaccines) based on age or risk factors including chronic illness or lung affection following acute COVID. Herpes zoster recombinant vaccine can be suggested for people who are ≥50 years of age

	• Treatment should be consistent with the current standard guidelines in the respective field; current COVID-19 guidelines from the Saudi MOH, should be adopted, as applicable in managing COVID-19 specific symptoms

	• Rehabilitation plans need to be individualized according to the patient’s needs and comorbidities

	• Patients should be sensitized on their condition and its management until recovery

	• If warnings, clinical deterioration, or ambiguities are seen in the basic diagnosis, those affected should be offered in-depth advanced diagnosis and/or referred to suitable specialist disciplines

	• Psychosomatic basic care is suggestible at an early stage for the symptoms such as history of similar somatic or psychosomatic complaints, high psychosocial burden or earlier frequent consultations with fruitless somatic diagnostics

	• Access to care can be improved by utilizing all the available data from the government portals and repurposing the digital applications such as TAWAKKALNA and SEHHATY for the management of Long COVID

	• Patients with severe/critical illness should be assessed for medical fitness before return to work. QoL assessment is advised prior to returning to work. Life-style modifications (nutrition and exercise) needs to be general and tailored to the patient, based on the residual symptoms

	• The recommendations on life-style modifications (nutrition and exercise) needs to be general and tailored to the patient based on the residual symptoms.

	• QoL assessment before going to work would be very helpful.



Despite the advent of several guidelines on the management Long COVID, there is still a significant practical gap in customizing symptom-based treatments for patients. A thorough analysis of the present clinical strategies used by clinicians will be helpful in directing the proper patient rehabilitation (97, 102, 103). The panel opined that finding the patients with Long COVID and approaching them for care and building a registry are very critical in holistic management; further, improvement in the community awareness regarding Long COVID and following up of the patients on the symptoms would make management better and reduces the disease burden. The guidelines for management of Long COVID will be dynamic nature; however, present expert recommendations may be useful in managing Long COVID, particularly within the region.



3.10 Fatigue

Fatigue is the commonest of all the symptoms reported in patients with Long COVID (26, 29, 70, 104), similar to community acquired pneumonia, severe acute respiratory syndrome (SARS), Middle East respiratory syndrome coronavirus (MERS), and Ebola epidemics (97). A recent global meta-analysis (n = 63 studies with n = 257,348 COVID-19 patients), found fatigue to be the most common symptom during follow-up periods, with a prevalence of 32% at 3- to <6-month follow-ups, 36% at 6- to <9-months, 37% at 9 to <12 months and 41% at >12-month follow-up (70). A latest study from Saudi Arabia (n = 5,946 patients) showed 54% prevalence of fatigue at 1 month of COVID-19 diagnosis (26). In another study (n = 1,000), prevalence of fatigue was found to be 11.5%, at 12 weeks after the onset of acute COVID-19 (27).

Fatigue can be developed either during acute phase or developed after recovery from the acute phase of infection. Cytokines produced during SARS-CoV-2 infection may affect psychological defense mechanisms, pre-existing autoimmune conditions, and increased ANA (antinuclear antibodies) are the factors that can cause fatigue. There is also a probable link between premorbid depression/anxiety and post-COVID-19. A recent systematic review determined that the most predisposing factors for post COVID fatigue can be old age, female gender, severe clinical condition during acute phase, more comorbidities, premorbid depression/anxiety, hospital admission and oxygen supplementation at the acute phase (105). Further, psychological and social factors such as helplessness in illness, avoidance behaviors, financial worries due to unemployment and loneliness due to limitations in social contacts could be associated with the development of fatigue following COVID-19 (106).

Presently, there is a lack of evidence to support pharmacological or non-pharmacological interventions for the management of fatigue in the patients with Long COVID (97, 105). Complementary and alternative medicine, cognitive behavioral therapy, and exercise were commonly used to manage fatigue (107). Also discussion on the role of graded exercise and cognitive behavioral treatment in chronic fatigue is underway (108, 109). Patient resources on fatigue management (110) and guidance for clinicians on return to exercise (111) and graded return to performance for athletes (112) in COVID-19, are based on indirect evidence. The expert panel suggested promoting gradual physical activity for patients with Long COVID; however, if the patient develops breathlessness, severe fatigue or muscle aches, medical consultation is required.



3.11 Cough

Persistent cough is a common symptom of COVID-19 in the first 6–12 weeks after the acute illness. In global studies, long-term cough was observed in 33–43% of cases at 4 weeks (60, 113), in 5–46% at 8 weeks (114–116), and in 2–17% at 12 weeks (117, 118). Whereas in Saudi Arabia, it was reported in 27.5% of patients at 6 weeks (29), in 8.9–47% at 12 weeks (8, 27) after the onset of acute COVID-19.

Presently, there is a lack of studies assessing the treatment of persistent cough after acute COVID-19. Simple breathing exercises and medication, when necessary, are the best ways to treat cough, unless there is super-infection or other complications, such as unpleasant pleural inflammation. In general, inhaled corticosteroid (ICS) and/or beta-2 sympathomimetics are used for post-infectious cough (119), particularly if there is bronchial hyperreactivity; proton pump inhibitors are prescribed if reflux is suspected (97). A recent review on the pathophysiology and management of cough in patients with COVID-19, suggested further assessment of gabapentin and pregabalin, antimuscarinic drugs, and other novel drugs for their application in persistent cough (66).



3.12 Dyspnea

Dyspnea refers to shortness of breath and strain in breathing. Breathlessness is common among patients with Long COVID. In global studies, long-term dyspnea was observed in 11–33% of cases at 4 weeks (60, 113, 120), in 8–63% of cases at 8 weeks (114–116, 120), and in 14% beyond 12 weeks (117). In Saudi Arabia, long-term dyspnea was reported in 10.2% of patients at 4 weeks (27), in 40.1% of patients at 6 weeks (29), in 6.9% of patients at 8 weeks (7) and in 40% beyond 12 weeks (8) after the onset of acute COVID-19.

Acute COVID-19 may significantly impair the lungs and respiratory tract via SARS-CoV-2 replication in the endothelial cells, resulting endothelial damage and vigorous immune and inflammatory reaction (121, 122). People who are recovering from acute COVID-19 may develop long term anomalies in lung function, leading to dyspnea (123); however, majority of the people who develop long-term breathing problems post COVID-19 present no signs of permanent or long-lasting lung damage (113, 124). It seems that only the older people, those who endure acute respiratory distress syndrome, have prolonged hospital stays, and have pre-existing lung anomalies, are susceptible to fibrotic-like changes to lung tissue (125). The fibrotic state found in some patients with ongoing dyspnea may be stimulated by cytokines such as interleukin-6, which increases COVID-19 infection (126) and is involved in the formation of pulmonary fibrosis (127). Pulmonary vascular thromboembolisms have been observed in patients with COVID-19 and may have detrimental consequences in patients with Long COVID (128). Breathlessness tends to improve with breathing exercises. Severe breathlessness is rare, but it may require urgent referral (129). In general, physicians prescribe inhaled corticosteroids or betamimetics for the patients, if there is evidence of respiratory obstruction (130).



3.13 Chest pain

Chest pain is frequent in patients with Long COVID. Chest pain can be expressed as any pain located between the diaphragm and the base of the neck. Chest pain may exist in 20% of patients at 4 weeks (60), 22% at 8 weeks (115) and 11% at 12 weeks (118). For the management of chest pain, the clinical priority is to segregate musculoskeletal and other kind of non-specific chest pain from serious cardiovascular conditions. Clinical assessment of the post-acute COVID-19 patient with chest pain should be adhered to the principles to that for any chest pain (111). When the diagnosis is uncertain, or the patient is severely unwell, urgent cardiology referral should be considered for specialist assessment and investigations (97).



3.14 Cardiovascular abnormalities

Cardiovascular complications are common in patients with Long COVID. Persisting cardiovascular anomalies can be difficult for people with Long COVID (131). An analysis from the US reported a huge burden of cerebrovascular disorders, arrhythmia, ischaemic heart disease, heart failure, and thrombotic disorders between 30 days and 12 months after COVID-19 infection versus to the control cohorts (132). Cardiac injury and high cardiac troponin levels were associated with a significantly greater risk of mortality in patients hospitalized with acute COVID-19 infection (133). Additionally, autonomic dysfunction, especially manifesting as postural (orthostatic) tachycardia syndrome (PoTS), occurs commonly in post COVID-19 condition (134). Patients with Long COVID recovering from cardiac injury, with functional limitations, can undergo cardiac rehabilitation rather than a traditional physical therapies, if there are no contraindications. PoTS treatment can be started with fluids, compression, and lifestyle adaptations (135), but it can be changed to medication if symptoms are persisting (136, 137).

Some patients with Long COVID may demonstrate hypercoagulability and some patients may show venous and arterial thromboses, particularly those with severe or critical conditions. All the recommendations suggest patient specific risk stratification for thrombotic events versus haemorrhagic events. Prolonged anticoagulation prophylaxis can be considered for patients with a low risk of bleeding and elevated risk for VTE (venous thromboembolism) (4).



3.15 Cognition and mental health

Neurological sequelae of Long COVID can include continuous symptoms such as headache, myalgia, anosmia, dysgeusia, sleep disturbance, difficulty in concentration, PTSD, and depression long after the acute phase of COVID-19. A recent meta-analysis demonstrated that among persistent symptoms, neurocognitive symptoms such as headache (27.8%), myalgia (23.14%), anosmia (22.8%), dysgeusia (12.1%), sleep disturbance (63.1%), confusion (32.6%), difficulty to concentrate (22%), and psychiatric symptoms such as PTSD (31%) and feeling depressed (20%) had a higher prevalence (138).

Presently, there is a lack of studies assessing any pharmacological intervention for neurological sequelae of Long COVID. Reports have been published suggesting a potential benefit of some interventions [e.g., flavonoid luteolin (139), cannabis derivatives cannabidiol and cannabivarin (140), and methylene blue (141)]; however, the research on its practical therapeutical application is still in its nascent stage.

Psychological aspects of Long COVID can be managed as part of the recovery process, but not seen as the primary treatment focus (39, 142). Sleep disturbance can be addressed by following relevant guidelines on insomnia, and a range of treatment strategies can be considered (143). Patients with cognitive problems alongside or as a manifestation of Long COVID can be treated by sticking to the relevant guidelines: depression (144), anxiety (145), PTSD (146) and other mental health problems (147).



3.16 Olfactory and gustatory dysfunction

Persistent olfactory and gustatory dysfunctions are one of the most common symptoms of Long COVID. Global studies show a prevalence of 12–56% of long-term anosmia at 4 weeks (60, 113, 148–150), 2–25% at 8 weeks (114, 115, 150) and 13–46% at 12 weeks (118, 151), while for dysgeusia, the rates are 9–50% (60, 113, 148, 152), 1–10% (114, 115), and 11–31% (118, 151), respectively.

The non-neuronal role of the angiotensin-converting enzyme 2 (ACE2) receptor may enable the entry of the SARS-CoV-2 virus into olfactory support cells, stem cells and perivascular cells. This local infection could cause inflammatory response, which may eventually diminish the function of olfactory sensory neurons (153). Additionally, by destructing the support cells responsible for local water and ionic balance, SARS-CoV-2 may indirectly decrease signaling from sensory neurons to the brain, resulting in olfactory dysfunction (153).

In most cases, olfactory and gustatory dysfunction resolve slowly over several weeks and do not require intervention except for education regarding food and home safety. The olfactory training and various topical and systemic treatments were assessed for their effectiveness in managing olfactory dysfunction. Olfactory training demonstrated a benefit of the intervention (154). However, pharmacologic therapy with steroids (nasal or systemic), theophylline, sodium citrate, N-methyl D-aspartate antagonist (caroverine), traditional Chinese acupuncture, a-lipoic acid, vitamin A, minocycline, and zinc sulphate still need to be evaluated for their beneficial effect on olfactory dysfunction (154).



3.17 Musculoskeletal symptoms

Acute SARS-CoV-2 infections can cause arthralgia and myalgia in patients. Arthralgia is defined as non-arthritic pain in ≥1 joints without the presence of inflammation (edema, joint pain or heat). Arthralgia may persist in 10–15% of patients at 4 weeks (60, 120) and 16–27% at 8 weeks (115, 120). Muscle pain or myalgia may affect ≥1 muscles and is generally benign and self-limiting. Ligaments, tendons, and fasciae may also be associated. It may persist in 15% of patients at 4 weeks (113), in 6–13% at 8 weeks (114, 115) and in 16% at 12 weeks (118). The management strategy for musculoskeletal symptoms includes symptomatic treatment.



3.18 Other commonly reported manifestations

Long COVID may cause organ damage with low or high risk for severe acute disease (155). Studies found that people who recovered from Long COVID exhibited acute kidney injury (156, 157). A study evaluating kidney functionality in patients with COVID-19 found that 35% had decreased kidney function at 6 months post-discharge (158). Long COVID may also impact pancreas, resulting in pancreatitis (159). A cross sectional study found that 40% of patients with mild COVID-19, after 141 days of post COVID infection, showed mild abnormalities of the pancreas (159, 160). Other organs, namely the liver, gastrointestinal tract, and blood vessels express the ACE2 receptor and are susceptible to direct damage from SARS-CoV-2 and indirect damage (161, 162). A gamut of long-term symptoms including general symptoms (fever, chills, intolerance to temperature changes), otolaryngologic symptoms (rhinitis, nasal congestion, tinnitus, vertigo, pain, oropharyngeal discomfort), dryness or conjunctivitis is reported (163). As with other severe major illnesses, COVID-19 can also lead to temporary heavy hair loss weeks after acute disease. Presently, there is a paucity data explaining the mechanisms to most of these symptoms. Relevant symptomatic treatment can be employed for these symptoms (160).



3.19 Effect of acute COVID-19 treatment on reducing risk of Long COVID

Although there are limited data, treatment received during acute phase of COVID-19 may have an impact on Long COVID. A recent study showed that treatment with the oral nirmatrelvir within 5 days of a positive SARS-CoV-2 test was associated with reduced risk of 10 of 12 post-acute sequelae of SARS-CoV-2 (HR 0.74, 95% CI: 0.69, 0.81). The effect was consistent regardless of vaccination status or re-infection. The reduced post-acute sequelae included dysrhythmia, ischemic heart disease, deep vein thrombosis, pulmonary embolism, fatigue, liver disease, acute kidney disease, muscle pain, neurocognitive impairment, and shortness of breath (164).

In a study from Italy, treatment with remdesivir demonstrated a 35% reduction in Long COVID symptoms at 6 months follow-up among hospitalized COVID-19 patients (n = 449) (165). This study raises a possibility of reducing the risk of Long COVID with other antiviral agents too (166). Recent times, melatonin has been has been studied as a potential early drug treatment for acute COVID-19; it could also have a role in management of Long COVID patients who experience neuropsychiatric symptoms such as insomnia, depression and anxiety (167). Prophylaxis with monoclonal antibodies could reduce the incidence of Long COVID (168). Earlier during the pandemic, the US FDA has authorized concomitant application of tixagevimab plus cilgavimab, for pre-exposure prophylaxis of COVID-19 in patients who cannot be vaccinated against COVID-19 due to allergy or immune compromise (169). A couple of other pairs of antibodies, bamlanivimab plus etesevimab, and casirivimab plus imdevimab were authorized also for post-exposure prophylaxis of COVID-19 (169). However, the effectiveness of monoclonal antibodies (mAbs) has been reduced against the BA.4 and BA.5 Omicron subvariants due to their evolving mutations. Systemic steroids could be helpful in expediting the recovery of Long COVID patients, however more evidence is still required (170, 171). Further, vitamin D due to its immunomodulatory effects is anticipated to be effective in treating long COVID (172, 173). However, there is paucity of data on the association between vitamin D and Long COVID (172, 173). Therefore, more evidence is required on the role of vitamin D on Long COVID.



3.20 Proactive measures to reduce the impact of Long COVID

Proactive approaches to prevent Long COVID and spreading awareness will be very helpful in curtailing a part of Long COVID burden. Some of the proactive measures are discussed below.



3.21 Vaccination

The impact of vaccination on long COVID has been varied across studies. While some studies report no significant effect, others suggest a reduced risk, with the magnitude of this reduction differing based on factors such as study population, methodology, definition of Long COVID, SARS CoV-2 variant, time since vaccination, double versus triple-vaccination and reinfection rates (20, 57, 174–176).

The mechanisms by which vaccination may reduce the risk of long COVID are yet not fully understood. Proposed mechanisms include reducing the number of SARS-CoV-2 infections, reducing the severity of acute illness and viral load, and consequently minimizing virus-induced pathology and the persistence of viral infections (57). These findings highlight the need for further research to clarify the specific role of vaccination in mitigating long COVID risk and to determine which population may benefit the most.

Considering the implications of Long COVID, it is important to take preventive measures besides avoiding infection. Due to the unavailability of a specific treatment, COVID-19 vaccination plays an important role in reducing severity and transmission, which eventually can reduce the incidence of Long COVID.

Several vaccines have been developed for SARS-CoV-2 since the attack of COVID-19 pandemic, they notably curtail morbidity and fatality from the infection. A recent systematic review analysed that the vaccinated group had a 29% lesser risk for Long COVID versus the unvaccinated group (RR = 0.71, 95% CI: 0.58, 0.87, p < 0.01) (177). Further, vaccination showed to be protective effect in those patients who were vaccinated with two doses (RR = 0.83, 95% CI: 0.74, 0.94, p < 0.01), but not with one dose (RR = 0.83, 95% CI: 0.65, 1.07, p = 0.14) (177). Furthermore, vaccination was effective against Long COVID in patients either vaccinated before SARS-CoV-2 infection (RR = 0.82, 95% CI: 0.74, 0.91, p < 0.01) or vaccinated after SARS-CoV-2 infection (RR = 0.83, 95% CI: 0.74, 0.92, p < 0.01) (177). Vaccination reduced the risk of cognitive dysfunction/symptoms, kidney diseases/problems, myalgia, and insomnia (177). Another meta-analysis also witnessed similar findings; vaccination demonstrated diminished risks or odds of Long COVID, and two doses were more effective than one dose (178). In the Saudi Arabia there were four vaccines approved for use against SARS-CoV-2: AZD1222 (AstraZeneca), Comirnaty (Pfizer-BioNTech), Spikevax (Moderna) and Jcovden (Johnson & Johnson) (179, 180). Though the impact of COVID-19 vaccination is yet to be studied against Long COVID, data from the current studies from Saudi Arabia show that vaccination against SARS-COV-2 may limit disease severity, length of hospital stay and need for hospitalization (181, 182).

Other studies have investigated the potential association between influenza and Bacillus Calmette–Guérin (BCG) vaccination with COVID-19 infection and disease severity; however, the available data are currently insufficient to draw definitive conclusions (183–185).

The expert panel opined that COVID-19 vaccination is a priority, both to reduce the burden of COVID-19 infection and the Long COVID consequences. Moreover, Long COVID patient visit is an opportunity to update the required vaccines for paediatric, adolescents, and adult populations. Influenza and pneumococcal vaccinations are of special importance particularly for patients with lung affection and/or chronic co-morbidities.



3.22 Establishing one stop clinics for Long COVID

The expert panel mentioned that it is essential to establish one-stop or multidisciplinary team (MDT) clinics, wherever possible, to effectively curtail the burden of Long COVID. Typically, an ideal one-stop clinic would consist of a core team and partnership with multi-specialists. The core team can be made up of a pulmonary medicine, physical medicine and rehabilitation and psychology/mental health. The core one-stop clinic needs to have access to various subspecialties (psychiatry, neurology, cardiology, hematology, infectious diseases, nephrology, dermatology, and otolaryngology) for effective management and timely referral of patients with Long COVID.

Furthermore, it is important to integrate primary care clinics with MDT clinics, address issue of loss of follow-up of patients who are on treatment for COVID-19, and explicitly use telemedicine for addressing the limited availability of some subspecialty clinics. In Saudi Arabia, there was a spur in the usage of the 937-call center during the COVID-19 pandemic time, referring that it is a practical strategy for fighting the COVID-19 pandemic (186).

The expert panel opined that one-stop clinic can be established at a tertiary care center, like in the UK and the US. Through one-stop clinics, communication among various subspecialty physicians can be facilitated. Mutual understanding and better team management is important for effective management of symptoms and care through one-stop clinics for Long COVID. Having the access to a senior psychologist in a one-stop clinic can be very helpful in assessing mental health condition and managing mild psychological symptoms. The panelists also opined that establishment of one-stop clinics at all the locations may not be feasible and economically challenging; therefore, the role of primary care and family physicians is important in the initial assessment of the suspected cases and patients during the post-acute phase. During March 2022, the Saudi MOH launched a clinic for the post-COVID-19 condition and patients can book an appointment at the clinic by calling the number (937) (187). A recent study from Saudi Arabia, found that one-stop clinics can expedite patients recruitment, reduce the period between first visit and booking in the operating room (188).



3.23 Nutrition and lifestyle medicine

Nutrition has a vital place in the management of chronic illnesses, and proper nutrition can mitigate the manifestations of viral infections as well (189–191). Variation in the incidence of SARS-CoV-2 worldwide demonstrate the probability of nutrition-related epigenetic modifications (192). For example, a meta-analysis demonstrated a clear association of vitamin D insufficiency and increased risk of SARS-CoV-2 infection (OR = 1.43, 95% CI: 1.00, 2.05) (124). Numerous studies have demonstrated the positive effect of vitamin D supplementation in preventing respiratory infections (193, 194). Data from the current studies demonstrate the beneficial role of probiotics in lung and cognitive health (195). Recently, Lactobacillus plantarum is found to exhibit antiviral effects in SARS-CoV-2 infected intestinal epithelial cells (196). The role of probiotic supplementation in COVID-19 is yet to be studied. Evidence is accumulating on the impact of lifestyle medicine in improving health and disease prevention. Following the COVID-19 pandemic, lifestyle medicine plays a significant role in managing several Long COVID-related manifestations through better nutrition, physical activity, stress management, and social connection.



3.24 Improving disease awareness

Presently, there is a lot of useful, yet conflicting information on the importance of awareness of long COVID in reducing the disease burden is available, emphasizing the need to enhance the awareness. The panel suggested some lectures and awareness campaigns on the Long-COVID symptoms for under-grad/post-grad medical students and primary health care professionals to improve the awareness among medical community. Patient/parent/guardian awareness is also important to effectively manage Long-COVID patients and impart quality and effective treatments. Publishing recommendations is an essential step to impart disease awareness among healthcare professionals. Inter-office distribution through posters, pamphlets etc. and utilizing various social media platforms are some effective modalities to disseminate Long COVID-related information among Long-COVID patients and care takers.

Management protocols for long COVID should also be emphasized in the broader context of managing other viral illnesses. Although the severity of post-COVID syndrome has been observed to be higher than that of other post-viral conditions - likely due to higher immune response - post-viral sequelae from other infections have been underreported and inadequately managed. Addressing these gaps is essential for improving patient outcomes across various viral illnesses.




4 Conclusion

Long COVID implications are of increasing concern as SARS-CoV-2 is evolving fast, and numerous variants have expanded abilities to infect patients or evade the protection by offered by vaccination. One of the unanswered and concerning questions is the time to full recovery. Globally, it has been acknowledged that human population need to co-exist with the virus for several years from now; thus, Long COVID will continue to be an international challenge to health care system and economy. Raising public awareness of Long COVID’s risk factors and appropriate management alternatives is crucial for reducing the disease burden. Additionally, future research should focus on exploring pathophysiology of the Long COVID syndrome and specific interventions for early detection and management.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

Ethical approval was not required for the studies involving humans because this consensus was derived based on literature reviews and did not involve direct interaction with human participants or the collection of new data. The studies were conducted in accordance with the local legislation and institutional requirements. The participants in this consensus provided their written informed consent to participate in this study.



Author contributions

MaA: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. FF: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. AbA: Writing – original draft, Writing – review & editing, Conceptualization. SAlH: Writing – original draft, Writing – review & editing. AlA: Writing – original draft, Writing – review & editing. HA: Writing – original draft, Writing – review & editing. MoA: Writing – original draft, Writing – review & editing. MeA: Writing – original draft, Writing – review & editing. SAlY: Writing – original draft, Writing – review & editing. ZM: Conceptualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Chang, D, Chang, X, He, Y, and Tan, KJK. The determinants of COVID-19 morbidity and mortality across countries. Sci Rep. (2022) 12:5888. doi: 10.1038/s41598-022-09783-9 
	 2. Michelen, M, Manoharan, L, Elkheir, N, Cheng, V, Dagens, A, Hastie, C , et al. Characterising long COVID: a living systematic review. BMJ Glob Health. (2021) 6:5427. doi: 10.1136/bmjgh-2021-005427 
	 3. Natarajan, A, Shetty, A, Delanerolle, G, Zeng, Y, Zhang, Y, Raymont, V , et al. A systematic review and meta-analysis of long COVID symptoms. Syst Rev. (2023) 12:88. doi: 10.1186/s13643-023-02250-0
	 4. Yelin, D, Moschopoulos, CD, Margalit, I, Gkrania-Klotsas, E, Landi, F, Stahl, JP , et al. ESCMID rapid guidelines for assessment and management of long COVID. Clin Microbiol Infect. (2022) 28:955–72. doi: 10.1016/j.cmi.2022.02.018 
	 5. Jabali, MA, Alsabban, AS, Bahakeem, LM, Zwawy, MA, Bagasi, AT, Bagasi, HT , et al. Persistent symptoms post-COVID-19: an observational study at King Abdulaziz Medical City, Jeddah, Saudi Arabia. Cureus. (2022) 14:e24343. doi: 10.7759/cureus.24343 
	 6. Alkwai, HM, Khalifa, AM, Ahmed, AM, Alnajib, AM, Alshammari, KA, Alrashidi, MM , et al. Persistence of COVID-19 symptoms beyond 3 months and the delayed return to the usual state of health in Saudi Arabia: a cross-sectional study. SAGE Open Med. (2022) 10:20503121221129918. doi: 10.1177/20503121221129918 
	 7. Garout, MA, Saleh, SAK, Adly, HM, Abdulkhaliq, AA, Khafagy, AA, Abdeltawab, MR , et al. Post-COVID-19 syndrome: assessment of short- and long-term post-recovery symptoms in recovered cases in Saudi Arabia. Infection. (2022) 50:1431–9. doi: 10.1007/s15010-022-01788-w 
	 8. Khodeir, MM, Shabana, HA, Rasheed, Z, Alkhamiss, AS, Khodeir, M, Alkhowailed, MS , et al. COVID-19: post-recovery long-term symptoms among patients in Saudi Arabia. PLoS One. (2021) 16:e0260259. doi: 10.1371/journal.pone.0260259 
	 9. Hayes, LD, Ingram, J, and Sculthorpe, NF. More than 100 persistent symptoms of SARS-CoV-2 (Long COVID): a scoping review. Front Med. (2021) 8:750378. doi: 10.3389/fmed.2021.750378 
	 10. Davis, HE, Assaf, GS, McCorkell, L, Wei, H, Low, RJ, Re'em, Y , et al. Characterizing long COVID in an international cohort: 7 months of symptoms and their impact. EClinicalMedicine. (2021) 38:101019. doi: 10.1016/j.eclinm.2021.101019 
	 11. Subramanian, A, Nirantharakumar, K, Hughes, S, Myles, P, Williams, T, Gokhale, KM , et al. Symptoms and risk factors for long COVID in non-hospitalized adults. Nat Med. (2022) 28:1706–14. doi: 10.1038/s41591-022-01909-w 
	 12. Sudre, CH, Murray, B, Varsavsky, T, Graham, MS, Penfold, RS, Bowyer, RC , et al. Attributes and predictors of long COVID. Nat Med. (2021) 27:626–31. doi: 10.1038/s41591-021-01292-y 
	 13. Taquet, M, Dercon, Q, Luciano, S, Geddes, JR, Husain, M, and Harrison, PJ. Incidence, co-occurrence, and evolution of long-COVID features: a 6-month retrospective cohort study of 273, 618 survivors of COVID-19. PLoS Med. (2021) 18:e1003773. doi: 10.1371/journal.pmed.1003773 
	 14. El Sayed, S, Gomaa, S, Shokry, D, Kabil, A, and Eissa, A. Sleep in post-COVID-19 recovery period and its impact on different domains of quality of life. Egypt J Neurol Psychiatr Neurosurg. (2021) 57:172. doi: 10.1186/s41983-021-00429-7 
	 15. Algamdi, MM. Assessment of post-COVID-19 quality of life using the quality of life index. Patient Prefer Adherence. (2021) 15:2587–96. doi: 10.2147/ppa.S340868 
	 16. Malik, P, Patel, K, Pinto, C, Jaiswal, R, Tirupathi, R, Pillai, S , et al. Post-acute COVID-19 syndrome (PCS) and health-related quality of life (HRQoL)-a systematic review and meta-analysis. J Med Virol. (2022) 94:253–62. doi: 10.1002/jmv.27309 
	 17. Munblit, D, O'Hara, ME, Akrami, A, Perego, E, Olliaro, P, and Needham, DM. Long COVID: aiming for a consensus. Lancet Respir Med. (2022) 10:632–4. doi: 10.1016/s2213-2600(22)00135-7 
	 18. Chen, C, Haupert, SR, Zimmermann, L, Shi, X, Fritsche, LG, and Mukherjee, B. Global prevalence of post COVID-19 condition or long COVID: a meta-analysis and systematic review. J Infect Dis. (2022) 226:1593–607. doi: 10.1093/infdis/jiac136
	 19. Hanson, SW, Abbafati, C, Aerts, JG, Al-Aly, Z, Ashbaugh, C, Ballouz, T , et al. A global systematic analysis of the occurrence, severity, and recovery pattern of long COVID in 2020 and 2021. medRxiv. (2022) 2022.05.26.22275532. doi: 10.1101/2022.05.26.22275532. Update in: JAMA. 2022 328:1604–1615. doi: 10.1001/jama.2022.18931
	 20. Davis, HE, McCorkell, L, Vogel, JM, and Topol, EJ. Long COVID: major findings, mechanisms and recommendations. Nat Rev Microbiol. (2023) 21:133–46. doi: 10.1038/s41579-022-00846-2 
	 21. Fainardi, V, Meoli, A, Chiopris, G, Motta, M, Skenderaj, K, Grandinetti, R , et al. Long COVID in children and adolescents. Life. (2022) 12:285. doi: 10.3390/life12020285 
	 22. Lopez-Leon, S, Wegman-Ostrosky, T, Ayuzo Del Valle, NC, Perelman, C, Sepulveda, R, Rebolledo, PA , et al. Long-COVID in children and adolescents: a systematic review and meta-analyses. Sci Rep. (2022) 12:9950. doi: 10.1038/s41598-022-13495-5
	 23. Akinbami, LJ, Biggerstaff, BJ, Chan, PA, McGibbon, E, Pathela, P, and Petersen, LR. Reinfection with severe acute respiratory syndrome coronavirus 2 among previously infected healthcare personnel and first responders. Clin Infect Dis. (2022) 75:e201–7. doi: 10.1093/cid/ciab952 
	 24. Shaheen, NA, Sambas, R, Alenezi, M, Alharbi, NK, Aldibasi, O, and Bosaeed, M. COVID-19 reinfection: a multicenter retrospective study in Saudi Arabia. Ann Thorac Med. (2022) 17:81–6. doi: 10.4103/atm.atm_74_22 
	 25. Al-Otaiby, M, Krissaane, I, Al Seraihi, A, Alshenaifi, J, Qahtani, MH, Aljeri, T , et al. (2022). SARS-CoV-2 Reinfection Rate and Outcomes in Saudi Arabia: A National Retrospective Study. Int J Infect Dis. 122:758–66. doi: 10.1016/j.ijid.2022.07.025
	 26. Tleyjeh, IM, Kashour, T, Riaz, M, Amer, SA, AlSwaidan, N, Almutairi, L , et al. Persistent COVID-19 symptoms at least one month after diagnosis: a national survey. J Infect Public Health. (2022) 15:578–85. doi: 10.1016/j.jiph.2022.04.006 
	 27. AlRadini, FA, Alamri, F, Aljahany, MS, Almuzaini, Y, Alsofayan, Y, Khan, A , et al. Post-acute COVID-19 condition in Saudi Arabia: a national representative study. J Infect Public Health. (2022) 15:526–32. doi: 10.1016/j.jiph.2022.03.013 
	 28. Samannodi, M, Alwafi, H, Naser, AY, al Qurashi, AA, Qedair, JT, Salawati, E , et al. Determinants of post-COVID-19 conditions among SARS-CoV-2-infected patients in Saudi Arabia: a web-based cross-sectional study. Diseases. (2022) 10:55. doi: 10.3390/diseases10030055 
	 29. Tleyjeh, IM, Saddik, B, AlSwaidan, N, AlAnazi, A, Ramakrishnan, RK, Alhazmi, D , et al. Prevalence and predictors of post-acute COVID-19 syndrome (PACS) after hospital discharge: a cohort study with 4 months median follow-up. PLoS One. (2021) 16:e0260568. doi: 10.1371/journal.pone.0260568 
	 30. Jin, H, Lu, L, and Fan, H. Global trends and research hotspots in Long COVID: a bibliometric analysis. Int J Environ Res Public Health. (2022) 19:742. doi: 10.3390/ijerph19063742 
	 31. The Long COVID Research Initiative. (2022). The long Covid research initiative: A patient-driven movement to accelerate long Covid research. Available online at: https://lc19.org/ (accessed November 1, 2022).
	 32. National Institute of Health. (2022). RECOVER: Researching COVID to enhance recovery. Available online at: https://recovercovid.org/ (accessed November 1, 2022).
	 33. Ramasawmy, M, Mu, Y, Clutterbuck, D, Pantelic, M, Lip, GYH, van der Feltz-Cornelis, C , et al. STIMULATE-ICP-CAREINEQUAL (symptoms, trajectory, inequalities and management: understanding Long-COVID to address and transform existing integrated care pathways) study protocol: defining usual care and examining inequalities in Long Covid support. PLoS One. (2022) 17:e0271978. doi: 10.1371/journal.pone.0271978 
	 34. STIMULATE-ICP. (2022). Symptoms, trajectory, inequalities and management: Understanding Long-COVID to address and transform existing integrated care pathways. Available online at: https://www.stimulate-icp.org/ (accessed November 1, 2022).
	 35. Ministry of Health (MOH). (2022). National guideline in the post-COVID-19 clinical care. Available online at: https://www.moh.gov.sa/Ministry/MediaCenter/Publications/Documents/clinical-care-post-covid-19.pdf (accessed February 20, 2023).
	 36. Ministry of National Guard-Health Affairs (MNGHA). Long COVID management guidelines. Riyadh: MNGHA (2022).
	 37. Centers for Disease Control and Prevention (CDC). Post-COVID conditions: CDC science. (2022). Available online at: https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-science.html (accessed December 22, 2022).
	 38. World Health Organization (WHO). (2022). Post COVID-19 condition (long COVID). Available online at: https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition#:~:text=Definition,explained%20by%20an%20alternative%20diagnosis(accessed December 22, 2022).
	 39. National Institute for Health and Care Excellence (NICE). (2022). COVID-19 rapid guideline: Managing the longterm effects of COVID-19. Available online at: https://www.nice.org.uk/guidance/ng188 (accessed November 6, 2022).
	 40. World Health Organization (WHO). (2022). A clinical case definition of post COVID-19 condition by a Delphi consensus, 6 October 2021. Available online at: https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1 (accessed November 6, 2022).
	 41. Brodin, P, Casari, G, Townsend, L, O’Farrelly, C, Tancevski, I, Löffler-Ragg, J , et al. Studying severe long COVID to understand post-infectious disorders beyond COVID-19. Nat Med. (2022) 28:879–82. doi: 10.1038/s41591-022-01766-7 
	 42. Proal, AD, and VanElzakker, MB. Long COVID or post-acute sequelae of COVID-19 (PASC): an overview of biological factors that may contribute to persistent symptoms. Front Microbiol. (2021) 12:698169. doi: 10.3389/fmicb.2021.698169 
	 43. Hoffmann, M, Kleine-Weber, H, Schroeder, S, Krüger, N, Herrler, T, Erichsen, S , et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell. (2020) 181:271–80. doi: 10.1016/j.cell.2020.02.052 
	 44. Chen, LYC, and Quach, TTT. COVID-19 cytokine storm syndrome: a threshold concept. Lancet Microbe. (2021) 2:e49–50. doi: 10.1016/S2666-5247(20)30223-8 
	 45. Grobler, C, Maphumulo, SC, Grobbelaar, LM, Bredenkamp, JC, Laubscher, GJ, Lourens, PJ , et al. Covid-19: the rollercoaster of fibrin(Ogen), D-dimer, Von Willebrand factor, P-selectin and their interactions with endothelial cells, platelets and erythrocytes. Int J Mol Sci. (2020) 21:168. doi: 10.3390/ijms21145168 
	 46. Vijayakumar, B, Boustani, K, Ogger, PP, Papadaki, A, Tonkin, J, Orton, CM , et al. Immuno-proteomic profiling reveals aberrant immune cell regulation in the airways of individuals with ongoing post-COVID-19 respiratory disease. Immunity. (2022) 55:542–56. doi: 10.1016/j.immuni.2022.01.017 
	 47. Díaz-Resendiz, KJG, Benitez-Trinidad, AB, Covantes-Rosales, CE, Toledo-Ibarra, GA, Ortiz-Lazareno, PC, Girón-Pérez, DA , et al. Loss of mitochondrial membrane potential (DeltaPsi (m)) in leucocytes as post-COVID-19 sequelae. J Leukoc Biol. (2022) 112:23–29. doi: 10.1002/JLB.3MA0322-279RRR
	 48. Maham, S, and Yoon, MS. Clinical Spectrum of Long COVID: effects on female reproductive health. Viruses. (2024) 16:142. doi: 10.3390/v16071142 
	 49. Abdelhamid, MHM, Fellah, AA, Elmarghani, A, and Al Msellati, IA. An assessment of men semen alterations in SARS-CoV-2: is fever the principal concern? Reprod Sci. (2023) 30:72–80. doi: 10.1007/s43032-022-00889-z 
	 50. Umesh, A, Pranay, K, Pandey, RC, and Gupta, MK. Evidence mapping and review of long-COVID and its underlying pathophysiological mechanism. Infection. (2022) 50:1053–66. doi: 10.1007/s15010-022-01835-6 
	 51. Kresch, E, Achua, J, Saltzman, R, Khodamoradi, K, Arora, H, Ibrahim, E , et al. COVID-19 endothelial dysfunction can cause erectile dysfunction: histopathological, Immunohistochemical, and ultrastructural study of the human penis. World J Mens Health. (2021) 39:466–9. doi: 10.5534/wjmh.210055 
	 52. Hajizadeh Maleki, B, and Tartibian, B. COVID-19 and male reproductive function: a prospective, longitudinal cohort study. Reproduction. (2021) 161:319–31. doi: 10.1530/REP-20-0382 
	 53. Yeoh, YK, Zuo, T, Lui, GC, Lui, GC-Y, Zhang, F, Liu, Q , et al. Gut microbiota composition reflects disease severity and dysfunctional immune responses in patients with COVID-19. Gut. (2021) 70:698–706. doi: 10.1136/gutjnl-2020-323020 
	 54. Natarajan, A, Zlitni, S, Brooks, EF, Vance, SE, Dahlen, A, Hedlin, H , et al. Gastrointestinal symptoms and fecal shedding of SARS-CoV-2 RNA suggest prolonged gastrointestinal infection. Med. (2022) 3:371–87. doi: 10.1016/j.medj.2022.04.001 
	 55. Zollner, A, Koch, R, Jukic, A, Pfister, A, Meyer, M, Rössler, A , et al. Postacute COVID-19 is characterized by gut viral antigen persistence in inflammatory bowel diseases. Gastroenterology. (2022) 163:495–506. doi: 10.1053/j.gastro.2022.04.037 
	 56. Adu-Amankwaah, J, Mprah, R, Adekunle, AO, Ndzie Noah, ML, Adzika, GK, Machuki, JO , et al. The cardiovascular aspect of COVID-19. Ann Med. (2021) 53:227–36. doi: 10.1080/07853890.2020.1861644 
	 57. Krishna, B, Wills, M, and Sithole, N. Long COVID: what is known and what gaps need to be addressed. Br Med Bull. (2023) 147:6–19. doi: 10.1093/bmb/ldad016 
	 58. Saunders, C, Sperling, S, and Bendstrup, E. A new paradigm is needed to explain long COVID. Lancet Respir Med. (2023) 11:e12–3. doi: 10.1016/s2213-2600(22)00501-x 
	 59. Sudre, CH, Murray, B, Varsavsky, T, Graham, MS, Penfold, RS, Bowyer, RC , et al. Attributes and predictors of long COVID. Nat Med. (2021) 27:626–31. doi: 10.1038/s41591-021-01292-y. Erratum in: Nat Med. 2021 Jun;27(6):1116. doi: 10.1038/s41591-021-01361-2
	 60. Tenforde, MW, Kim, SS, Lindsell, CJ, Billig Rose, E, Shapiro, NI, Files, DC , 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. MMWR Morb Mortal Wkly Rep. (2020) 69:993–8. doi: 10.15585/mmwr.mm6930e1 
	 61. Arita, Y, Yamamoto, S, Nagata, M, Ogasawara, N, and Hasegawa, S. Long COVID presenting with intermittent fever after COVID-19 pneumonia. Radiol Case Rep. (2021) 16:2478–81. doi: 10.1016/j.radcr.2021.05.081 
	 62. Spinicci, M, Graziani, L, Tilli, M, Nkurunziza, J, Vellere, I, Borchi, B , et al. Infection with SARS-CoV-2 variants is associated with different Long COVID phenotypes. Viruses. (2022) 14:367. doi: 10.3390/v14112367 
	 63. Fernández-de-las-Peñas, C, Notarte, KI, Peligro, PJ, Velasco, JV, Ocampo, MJ, Henry, BM , et al. Long-COVID symptoms in individuals infected with different SARS-CoV-2 variants of concern: a systematic review of the literature. Viruses. (2022) 14:2629. doi: 10.3390/v14122629 
	 64. Lopez-Leon, S, Wegman-Ostrosky, T, Perelman, C, Sepulveda, R, Rebolledo, PA, Cuapio, A , et al. More than 50 Long-term effects of COVID-19: a systematic review and meta-analysis. medRxiv. (2021) Jan 30:2021.01.27.21250617. doi: 10.1101/2021.01.27.21250617. Update in: Sci Rep. 2021;11:16144. doi: 10.1038/s41598-021-95565-8
	 65. Cares-Marambio, K, Montenegro-Jiménez, Y, Torres-Castro, R, Vera-Uribe, R, Torralba, Y, Alsina-Restoy, X , et al. Prevalence of potential respiratory symptoms in survivors of hospital admission after coronavirus disease 2019 (COVID-19): a systematic review and meta-analysis. Chron Respir Dis. (2021) 18:14799731211002240. doi: 10.1177/14799731211002240 
	 66. Song, WJ, Hui, CKM, Hull, JH, Birring, SS, McGarvey, L, Mazzone, SB , et al. Confronting COVID-19-associated cough and the post-COVID syndrome: role of viral neurotropism, neuroinflammation, and neuroimmune responses. Lancet Respir Med. (2021) 9:533–44. doi: 10.1016/s2213-2600(21)00125-9 
	 67. Iqbal, FM, Lam, K, Sounderajah, V, Clarke, JM, Ashrafian, H, and Darzi, A. Characteristics and predictors of acute and chronic post-COVID syndrome: a systematic review and meta-analysis. EClinicalMedicine. (2021) 36:100899. doi: 10.1016/j.eclinm.2021.100899 
	 68. Long, Q, Li, J, Hu, X, Bai, Y, Zheng, Y, and Gao, Z. Follow-ups on persistent symptoms and pulmonary function among post-acute COVID-19 patients: a systematic review and Meta-analysis. Front Med. (2021) 8:702635. doi: 10.3389/fmed.2021.702635 
	 69. Sanchez-Ramirez, DC, Normand, K, Zhaoyun, Y, and Torres-Castro, R. Long-term impact of COVID-19: a systematic review of the literature and Meta-analysis. Biomedicine. (2021) 9:900. doi: 10.3390/biomedicines9080900 
	 70. Alkodaymi, MS, Omrani, OA, Ashraf, N, Shaar, BA, Almamlouk, R, Riaz, M , et al. Prevalence of post-acute COVID-19 syndrome symptoms at different follow-up periods: a systematic review and meta-analysis. Clin Microbiol Infect. (2022) 28:657–666. doi: 10.1016/j.cmi.2022.01.014
	 71. Buonsenso, D, Munblit, D, De Rose, C, Sinatti, D, Ricchiuto, A, Carfi, A , et al. Preliminary evidence on long COVID in children. Acta Paediatr. (2021) 110:2208–2211. doi: 10.1111/apa.15870
	 72. Buonsenso, D, Pujol, FE, Munblit, D, Pata, D, McFarland, S, and Simpson, FK. Clinical characteristics, activity levels and mental health problems in children with long coronavirus disease: a survey of 510 children. Future Microbiol. (2022) 17:577–88. doi: 10.2217/fmb-2021-0285 
	 73. Jennings, G, Monaghan, A, Xue, F, Mockler, D, and Romero-Ortuño, R. A systematic review of persistent symptoms and residual abnormal functioning following acute COVID-19: ongoing symptomatic phase vs. post-COVID-19 syndrome. J Clin Med. (2021) 10:913. doi: 10.3390/jcm10245913 
	 74. Xie, Y, Bowe, B, and Al-Aly, Z. Burdens of post-acute sequelae of COVID-19 by severity of acute infection, demographics and health status. Nat Commun. (2021) 12:6571. doi: 10.1038/s41467-021-26513-3 
	 75. Sigfrid, L, Drake, TM, Pauley, E, Jesudason, EC, Olliaro, P, Lim, WS , 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. doi: 10.1016/j.lanepe.2021.100186 
	 76. Bai, F, Tomasoni, D, Falcinella, C, Barbanotti, D, Castoldi, R, Mulè, G , et al. Female gender is associated with long COVID syndrome: a prospective cohort study. Clin Microbiol Infect. (2022) 28:611. doi: 10.1016/j.cmi.2021.11.002 
	 77. Su, Y, Yuan, D, Chen, DG, Ng, RH, Wang, K, Choi, J , et al. Multiple early factors anticipate post-acute COVID-19 sequelae. Cell. (2022) 185:881–95. doi: 10.1016/j.cell.2022.01.014 
	 78. Ioannou, GN, Baraff, A, Fox, A, Shahoumian, T, Hickok, A, O’Hare, AM , et al. Rates and factors associated with documentation of diagnostic codes for Long COVID in the National Veterans Affairs Health Care System. JAMA Netw Open. (2022) 5:e2224359. doi: 10.1001/jamanetworkopen.2022.24359 
	 79. Maddux, AB, Berbert, L, Young, CC, Feldstein, LR, Zambrano, LD, Kucukak, S , et al. Health impairments in children and adolescents after hospitalization for acute COVID-19 or MIS-C. Pediatrics. (2022) 150:798. doi: 10.1542/peds.2022-057798 
	 80. Asadi-Pooya, AA, Akbari, A, Emami, A, Lotfi, M, Rostamihosseinkhani, M, Nemati, H , et al. Risk factors associated with long COVID syndrome: a retrospective study. Iran J Med Sci. (2021) 46:428–36. doi: 10.30476/ijms.2021.92080.2326 
	 81. Antonelli, M, Pujol, JC, Spector, TD, Ourselin, S, and Steves, CJ. Risk of long COVID associated with delta versus omicron variants of SARS-CoV-2. Lancet. (2022) 399:2263–4. doi: 10.1016/s0140-6736(22)00941-2 
	 82. Arjun, MC, Singh, AK, Roy, P, Ravichandran, M, Mandal, S, Pal, D , et al. Long COVID following omicron wave in eastern India-a retrospective cohort study. J Med Virol. (2022) 95:28214. doi: 10.1002/jmv.28214 
	 83. Perlis, RH, Santillana, M, Ognyanova, K, Safarpour, A, Lunz Trujillo, K, Simonson, MD , et al. Prevalence and correlates of Long COVID symptoms among US adults. JAMA Netw Open. (2022) 5:e2238804. doi: 10.1001/jamanetworkopen.2022.38804 
	 84. Fernández-de-Las-Peñas, C, Cancela-Cilleruelo, I, Rodríguez-Jiménez, J, Gómez-Mayordomo, V, Pellicer-Valero, OJ, Martín-Guerrero, JD , et al. Associated-Onset Symptoms and Post-COVID-19 Symptoms in Hospitalized COVID-19 Survivors Infected with Wuhan, Alpha or Delta SARS-CoV-2 Variant. Pathogens. (2022) 11:725. doi: 10.3390/pathogens11070725
	 85. Rabady, S, Altenberger, J, Brose, M, Denk-Linnert, D-M, Fertl, E, Götzinger, F , et al. Leitlinie S1: Long COVID: Differenzialdiagnostik und Behandlungsstrategien. Wien Klin Wochenschr. (2021) 133:237–78. doi: 10.1007/s00508-021-01974-0 
	 86. Spruit, MA, Holland, AE, Singh, SJ, Tonia, T, Wilson, KC, and Troosters, T. COVID-19: interim guidance on rehabilitation in the hospital and post-hospital phase from a European Respiratory Society and American Thoracic Society-coordinated international task force. Eur Respir J. (2020) 56:2002197. doi: 10.1183/13993003.02197-2020 
	 87. Rdash NHS. (2022). Newcastle post-COVID syndrome follow up screening questionnaire. Available online at: https://postcovidsyndromebsol.nhs.uk/images/Content/Newcastle_post_Covid_Screening_Tool.pdf (accessed November 10, 2022).
	 88. NHS. (2022). COVID-19 Yorkshire rehabilitation screening tool. Available online at: https://ipswichandeastsuffolkccg.nhs.uk/LinkClick.aspx?fileticket=B2IBKxLNIpo%3D&portalid=1 (accessed November 10, 2022).
	 89. EuroQol Research Foundation. (2022). EQ-5D. Available online at: https://euroqol.org/ (accessed November 10, 2022).
	 90. RAND Corporation. (2022). 36-item short form survey (SF-36). Available online at: https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html (accessed November 10, 2022).
	 91. Klok, FA, Boon, G, Barco, S, Boon, GJAM, Endres, M, Geelhoed, JJM , et al. The post-COVID-19 functional status scale: a tool to measure functional status over time after COVID-19. Eur Respir J. (2020) 56:1. doi: 10.1183/13993003.01494-2020 
	 92. SVRI. (2022). Hospital anxiety and depression scale (HADS). Available online at: https://www.svri.org/sites/default/files/attachments/2016-01-13/HADS.pdf (accessed November 10, 2022).
	 93. MD+CALC. (2022). Patient health questionnaire-9 (PHQ-9). Available online at: https://www.mdcalc.com/phq-9-patient-health-questionnaire-9#next-steps (accessed November 10, 2022).
	 94. MD+CALC. (2022). General anxiety disorder-7 (GAD-7). Available online at: https://www.mdcalc.com/gad-7-general-anxiety-disorder-7 (accessed November 10, 2022).
	 95. MAIC. Depression anxiety scale (DASS21). (2022). Available online at: https://maic.qld.gov.au/wp-content/uploads/2016/07/DASS-21.pdf (accessed November 10, 2022).
	 96. MoCA. (2022). Montreal Cognitive Assessment. Available online at: https://www.mocatest.org/ (accessed November 10, 2022).
	 97. Greenhalgh, T, Knight, M, A'Court, C, Buxton, M, and Husain, L. Management of post-acute covid-19 in primary care. BMJ. (2020) 370:m3026. doi: 10.1136/bmj.m3026 
	 98. NHS. (2022). National commissioning guidance for post COVID services. Available online at: https://www.england.nhs.uk/wp-content/uploads/2022/07/C1670_National-commissioning-guidance-for-post-COVID-services_V3_July-2022-1.pdf (accessed November 18, 2022).
	 99. Sivan, M, Halpin, S, Hollingworth, L, Snook, N, Hickman, K, and Clifton, IJ. Development of an integrated rehabilitation pathway for individuals recovering from COVID-19 in the community. J Rehabil Med. (2020) 52:jrm00089. doi: 10.2340/16501977-2727 
	 100. Brigham, E, O'Toole, J, Kim, SY, Friedman, M, Daly, L, Kaplin, A , et al. The Johns Hopkins post-acute COVID-19 team (PACT): a multidisciplinary, collaborative, ambulatory framework supporting COVID-19 survivors. Am J Med. (2021) 134:462–7. doi: 10.1016/j.amjmed.2020.12.009 
	 101. Decary, S, Dugas, M, Stefan, T, Langlois, L, Skidmore, B, Bhéreur, A , et al. Care Models for Long COVID: a rapid systematic review. medRxiv. (2021) ii–27.
	 102. Nurek, M, Rayner, C, Freyer, A, Taylor, S, Järte, L, MacDermott, N , et al. Recommendations for the recognition, diagnosis, and management of long COVID: a Delphi study. Br J Gen Pract. (2021) 71:e815–25. doi: 10.3399/bjgp.2021.0265 
	 103. Rivas-Vazquez, RA, Rey, G, Quintana, A, and Rivas-Vazquez, AA. Assessment and Management of Long COVID. J Health Serv Psychol. (2022) 48:21–30. doi: 10.1007/s42843-022-00055-8 
	 104. Townsend, L, Dyer, AH, Jones, K, Dunne, J, Mooney, A, Gaffney, F , et al. Persistent fatigue following SARS-CoV-2 infection is common and independent of severity of initial infection. PLoS One. (2020) 15:e0240784. doi: 10.1371/journal.pone.0240784 
	 105. Joli, J, Buck, P, Zipfel, S, and Stengel, A. Post-COVID-19 fatigue: a systematic review. Front Psych. (2022) 13:947973. doi: 10.3389/fpsyt.2022.947973 
	 106. Weingärtner, AL, and Stengel, A. Fatigue at long COVID. Psychother Psychosom Med Psychol. (2021) 71:515–27. doi: 10.1055/a-1544-8349 
	 107. Fowler-Davis, S, Platts, K, Thelwell, M, Woodward, A, and Harrop, D. A mixed-methods systematic review of post-viral fatigue interventions: are there lessons for long COVID? PLoS One. (2021) 16:e0259533. doi: 10.1371/journal.pone.0259533 
	 108. Larun, L, Brurberg, KG, Odgaard-Jensen, J, and Price, JR. Exercise therapy for chronic fatigue syndrome. Cochrane Database Syst Rev. (2019) 10:Cd003200. doi: 10.1002/14651858.CD003200.pub8 
	 109. NICE. (2021). Myalgic encephalomyelitis (or encephalopathy)/chronic fatigue syndrome: Diagnosis and management. Available online at: https://www.nice.org.uk/guidance/ng206 (accessed November 12, 2022).
	 110. Royal College of Occupational Therapists. (2022). How to conserve your energy: Practical advice for people during and after having COVID-19. Available online at: https://www.rcot.co.uk/conserving-energy (accessed November 12, 2022).
	 111. Barker-Davies, RM, O’Sullivan, O, Senaratne, KPP, Baker, P, Cranley, M, Dharm-Datta, S , et al. The Stanford Hall consensus statement for post-COVID-19 rehabilitation. Br J Sports Med. (2020) 54:949–959. doi: 10.1136/bjsports-2020-102596
	 112. Elliott, N, Martin, R, Heron, N, Elliott, J, Grimstead, D, and Biswas, A. Infographic. Graduated return to play guidance following COVID-19 infection. Br J Sports Med. (2020) 54:1174–5. doi: 10.1136/bjsports-2020-102637 
	 113. Daher, A, Balfanz, P, Cornelissen, C, Müller, A, Bergs, I, Marx, N , et al. Follow up of patients with severe coronavirus disease 2019 (COVID-19): pulmonary and extrapulmonary disease sequelae. Respir Med. (2020) 174:106197. doi: 10.1016/j.rmed.2020.106197 
	 114. Rosales-Castillo, A, de Los, G, Ríos, C, and Mediavilla García, JD. Persistent symptoms after acute COVID-19 infection: importance of follow-up. Med Clin (Barc). (2021) 156:35–6. doi: 10.1016/j.medcli.2020.08.001 
	 115. Carfì, A, Bernabei, R, and Landi, F. Persistent symptoms in patients after acute COVID-19. JAMA. (2020) 324:603–5. doi: 10.1001/jama.2020.12603 
	 116. Mandal, S, Barnett, J, Brill, SE, Brown, JS, Denneny, EK, Hare, SS , et al. 'Long-COVID': a cross-sectional study of persisting symptoms, biomarker and imaging abnormalities following hospitalisation for COVID-19. Thorax. (2021) 76:396–8. doi: 10.1136/thoraxjnl-2020-215818 
	 117. Zhao, YM, Shang, YM, Song, WB, Li, QQ, Xie, H, Xu, QF , et al. Follow-up study of the pulmonary function and related physiological characteristics of COVID-19 survivors three months after recovery. EClinicalMedicine. (2020) 25:100463. doi: 10.1016/j.eclinm.2020.100463 
	 118. Garrigues, E, Janvier, P, Kherabi, Y, le Bot, A, Hamon, A, Gouze, H , et al. Post-discharge persistent symptoms and health-related quality of life after hospitalization for COVID-19. J Infect. (2020) 81:e4–6. doi: 10.1016/j.jinf.2020.08.029 
	 119. Kardos, P, Dinh, QT, Fuchs, KH, Gillissen, A, Klimek, L, Koehler, M , et al. German respiratory society guidelines for diagnosis and treatment of adults suffering from acute, subacute and chronic cough. Respir Med. (2020) 170:105939. doi: 10.1016/j.rmed.2020.105939 
	 120. Carvalho-Schneider, C, Laurent, E, Lemaignen, A, Beaufils, E, Bourbao-Tournois, C, Laribi, S , et al. Follow-up of adults with noncritical COVID-19 two months after symptom onset. Clin Microbiol Infect. (2021) 27:258–63. doi: 10.1016/j.cmi.2020.09.052 
	 121. Kempuraj, D, Selvakumar, GP, Ahmed, ME, Raikwar, SP, Thangavel, R, Khan, A , et al. COVID-19, mast cells, cytokine storm, psychological stress, and Neuroinflammation. Neuroscientist. (2020) 26:402–14. doi: 10.1177/1073858420941476 
	 122. Ackermann, M, Verleden, SE, Kuehnel, M, Haverich, A, Welte, T, Laenger, F , et al. Pulmonary vascular Endothelialitis, thrombosis, and angiogenesis in Covid-19. N Engl J Med. (2020) 383:120–8. doi: 10.1056/NEJMoa2015432 
	 123. Wei, J, Yang, H, Lei, P, Fan, B, Qiu, Y, Zeng, B , et al. Analysis of thin-section CT in patients with coronavirus disease (COVID-19) after hospital discharge. J Xray Sci Technol. (2020) 28:383–9. doi: 10.3233/xst-200685 
	 124. Liu, M, Lv, F, Huang, Y, and Xiao, K. Follow-up study of the chest CT characteristics of COVID-19 survivors seven months after recovery. Front Med (Lausanne). (2021) 8:636298. doi: 10.3389/fmed.2021.636298 
	 125. Han, X, Fan, Y, Alwalid, O, Li, N, Jia, X, Yuan, M , et al. Six-month follow-up chest CT findings after severe COVID-19 pneumonia. Radiology. (2021) 299:e177–86. doi: 10.1148/radiol.2021203153 
	 126. McElvaney, OJ, McEvoy, NL, McElvaney, OF, Carroll, TP, Murphy, MP, Dunlea, DM , et al. Characterization of the inflammatory response to severe COVID-19 illness. Am J Respir Crit Care Med. (2020) 202:812–21. doi: 10.1164/rccm.202005-1583OC 
	 127. Moodley, YP, Scaffidi, AK, Misso, NL, Keerthisingam, C, McAnulty, RJ, Laurent, GJ , et al. Fibroblasts isolated from normal lungs and those with idiopathic pulmonary fibrosis differ in interleukin-6/gp 130-mediated cell signaling and proliferation. Am J Pathol. (2003) 163:345–54. doi: 10.1016/s0002-9440(10)63658-9 
	 128. Cui, S, Chen, S, Li, X, Liu, S, and Wang, F. Prevalence of venous thromboembolism in patients with severe novel coronavirus pneumonia. J Thromb Haemost. (2020) 18:1421–4. doi: 10.1111/jth.14830 
	 129. Zheng, B, Daines, L, Han, Q, Hurst, JR, Pfeffer, P, Shankar-Hari, M , et al. Prevalence, risk factors and treatments for post-COVID-19 breathlessness: a systematic review and meta-analysis. Eur Respir Rev. (2022) 31:220071. doi: 10.1183/16000617.0071-2022 
	 130. Griesel, M, Wagner, C, Mikolajewska, A, Stegemann, M, Fichtner, F, Metzendorf, MI , et al. Inhaled corticosteroids for the treatment of COVID-19. Cochrane Database Syst Rev. (2022) 3:Cd015125. doi: 10.1002/14651858.Cd015125 
	 131. Tobler, DL, Pruzansky, AJ, Naderi, S, Ambrosy, AP, and Slade, JJ. Long-term cardiovascular effects of COVID-19: emerging data relevant to the cardiovascular clinician. Curr Atheroscler Rep. (2022) 24:563–70. doi: 10.1007/s11883-022-01032-8 
	 132. Xie, Y, Xu, E, Bowe, B, and Al-Aly, Z. Long-term cardiovascular outcomes of COVID-19. Nat Med. (2022) 28:583–90. doi: 10.1038/s41591-022-01689-3 
	 133. Shi, S, Qin, M, Shen, B, Cai, Y, Liu, T, Yang, F , et al. Association of cardiac injury with mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. (2020) 5:802–10. doi: 10.1001/jamacardio.2020.0950 
	 134. Dani, M, Dirksen, A, Taraborrelli, P, Torocastro, M, Panagopoulos, D, Sutton, R , et al. Autonomic dysfunction in 'long COVID': rationale, physiology and management strategies. Clin Med (Lond). (2021) 21:e63–7. doi: 10.7861/clinmed.2020-0896 
	 135. Sheldon, RS, Grubb, BP 2nd, Olshansky, B, Shen, WK, Calkins, H, Brignole, M , et al. 2015 heart rhythm society expert consensus statement on the diagnosis and treatment of postural tachycardia syndrome, inappropriate sinus tachycardia, and vasovagal syncope. Heart Rhythm. (2015) 12:e41–63. doi: 10.1016/j.hrthm.2015.03.029
	 136. Gee, ME, Watkins, AK, Brown, JN, and Young, EJA. Ivabradine for the treatment of postural orthostatic tachycardia syndrome: a systematic review. Am J Cardiovasc Drugs. (2018) 18:195–204. doi: 10.1007/s40256-017-0252-1 
	 137. Schreglmann, SR, Büchele, F, Kägi, G, and Baumann, CR. Pyridostigmine bromide versus fludrocortisone in the treatment of orthostatic hypotension in Parkinson's disease - reply. Eur J Neurol. (2018) 25:e27–8. doi: 10.1111/ene.13541 
	 138. Patel, UK, Mehta, N, Patel, A, Patel, N, Ortiz, JF, Khurana, M , et al. Long-term neurological sequelae among severe COVID-19 patients: a systematic review and Meta-analysis. Cureus. (2022) 14:e29694. doi: 10.7759/cureus.29694 
	 139. Theoharides, TC, Cholevas, C, Polyzoidis, K, and Politis, A. Long-COVID syndrome-associated brain fog and chemofog: Luteolin to the rescue. Biofactors. (2021) 47:232–41. doi: 10.1002/biof.1726 
	 140. Sarkar, I, Sen, G, Bhattacharya, M, Bhattacharyya, S, and Sen, A. In silico inquest reveals the efficacy of Cannabis in the treatment of post-Covid-19 related neurodegeneration. J Biomol Struct Dyn. (2022) 40:8030–9. doi: 10.1080/07391102.2021.1905556 
	 141. Magoon, R, Bansal, N, Singh, A, and Kashav, R. Methylene blue: subduing the post COVID-19 blues! Med Hypotheses. (2021) 150:110574. doi: 10.1016/j.mehy.2021.110574 
	 142. Gorna, R, Mac Dermott, N, Rayner, C, O'Hara, M, Evans, S, Agyen, L , et al. Long COVID guidelines need to reflect lived experience. Lancet. (2021) 397:455–7. doi: 10.1016/s0140-6736(20)32705-7 
	 143. Sateia, MJ, Buysse, DJ, Krystal, AD, Neubauer, DN, and Heald, JL. Clinical practice guideline for the pharmacologic treatment of chronic insomnia in adults: an American Academy of sleep medicine clinical practice guideline. J Clin Sleep Med. (2017) 13:307–49. doi: 10.5664/jcsm.6470 
	 144. Summary of the clinical practice guideline for the treatment of depression across three age cohorts. Am Psychol. (2022) 77:770–80. doi: 10.1037/amp0000904 
	 145. Locke, AB, Kirst, N, and Shultz, CG. Diagnosis and management of generalized anxiety disorder and panic disorder in adults. Am Fam Physician. (2015) 91:617–24.
	 146. Summary of the clinical practice guideline for the treatment of posttraumatic stress disorder (PTSD) in adults. Am Psychol. (2019) 74:596–607. doi: 10.1037/amp0000473 
	 147. American Psychiatric Association. (2022). Clinical practice guidelines. Available online at: https://www.psychiatry.org/psychiatrists/practice/clinical-practice-guidelines (accessed November 13, 2022).
	 148. Cho, RHW, To, ZWH, Yeung, ZWC, Tso, EYK, Fung, KSC, Chau, SKY , et al. COVID-19 viral load in the severity of and recovery from olfactory and gustatory dysfunction. Laryngoscope. (2020) 130:2680–5. doi: 10.1002/lary.29056 
	 149. Gorzkowski, V, Bevilacqua, S, Charmillon, A, Jankowski, R, Gallet, P, Rumeau, C , et al. Evolution of olfactory disorders in COVID-19 patients. Laryngoscope. (2020) 130:2667–73. doi: 10.1002/lary.28957 
	 150. Lechien, JR, Chiesa-Estomba, CM, Beckers, E, Mustin, V, Ducarme, M, Journe, F , et al. Prevalence and 6-month recovery of olfactory dysfunction: a multicentre study of 1363 COVID-19 patients. J Intern Med. (2021) 290:451–61. doi: 10.1111/joim.13209 
	 151. Brandão Neto, D, Fornazieri, MA, Dib, C, di Francesco, RC, Doty, RL, Voegels, RL , et al. Chemosensory dysfunction in COVID-19: Prevalences, recovery rates, and clinical associations on a large Brazilian sample. Otolaryngol Head Neck Surg. (2021) 164:512–8. doi: 10.1177/0194599820954825 
	 152. Fjaeldstad, AW. Prolonged complaints of chemosensory loss after COVID-19. Dan Med J. (2020) 67:A05200340.
	 153. Brann, DH, Tsukahara, T, Weinreb, C, Lipovsek, M, van den Berge, K, Gong, B , et al. Non-neuronal expression of SARS-CoV-2 entry genes in the olfactory system suggests mechanisms underlying COVID-19-associated anosmia. Sci Adv. (2020) 6:31. doi: 10.1126/sciadv.abc5801 
	 154. Addison, AB, Wong, B, Ahmed, T, Macchi, A, Konstantinidis, I, Huart, C , et al. Clinical olfactory working group consensus statement on the treatment of postinfectious olfactory dysfunction. J Allergy Clin Immunol. (2021) 147:1704–19. doi: 10.1016/j.jaci.2020.12.641 
	 155. Crook, H, Raza, S, Nowell, J, Young, M, and Edison, P. Long covid-mechanisms, risk factors, and management. BMJ. (2021) 374:n1648. doi: 10.1136/bmj.n1648 
	 156. Hirsch, JS, Ng, JH, Ross, DW, Sharma, P, Shah, HH, Barnett, RL , et al. Acute kidney injury in patients hospitalized with COVID-19. Kidney Int. (2020) 98:209–18. doi: 10.1016/j.kint.2020.05.006 
	 157. Bowe, B, Xie, Y, Xu, E, and Al-Aly, Z. Kidney outcomes in long COVID. J Am Soc Nephrol. (2021) 32:2851–62. doi: 10.1681/ASN.2021060734 
	 158. Huang, C, Huang, L, Wang, Y, Li, X, Ren, L, Gu, X , et al. 6-month consequences of COVID-19 in patients discharged from hospital: a cohort study. Lancet. (2021) 397:220–32. doi: 10.1016/s0140-6736(20)32656-8 
	 159. Liu, F, Long, X, Zhang, B, Zhang, W, Chen, X, and Zhang, Z. ACE2 expression in pancreas May cause pancreatic damage after SARS-CoV-2 infection. Clin Gastroenterol Hepatol. (2020) 18:2128–30. doi: 10.1016/j.cgh.2020.04.040 
	 160. Dennis, A, Wamil, M, Alberts, J, Oben, J, Cuthbertson, DJ, Wootton, D , et al. Multiorgan impairment in low-risk individuals with post-COVID-19 syndrome: a prospective, community-based study. BMJ Open. (2021) 11:e048391. doi: 10.1136/bmjopen-2020-048391 
	 161. Ruggeri, RM, Campennì, A, Siracusa, M, Frazzetto, G, and Gullo, D. Subacute thyroiditis in a patient infected with SARS-COV-2: an endocrine complication linked to the COVID-19 pandemic. Hormones. (2021) 20:219–21. doi: 10.1007/s42000-020-00230-w 
	 162. Husain-Syed, F, Slutsky, AS, and Ronco, C. Lung-kidney cross-talk in the critically ill patient. Am J Respir Crit Care Med. (2016) 194:402–14. doi: 10.1164/rccm.201602-0420CP 
	 163. Sisó-Almirall, A, Brito-Zerón, P, Conangla Ferrín, L, Kostov, B, Moragas Moreno, A, Mestres, J , et al. Long Covid-19: proposed primary care clinical guidelines for diagnosis and disease management. Int J Environ Res Public Health. (2021) 18:350. doi: 10.3390/ijerph18084350 
	 164. Xie, Y, Choi, T, and Al-Aly, Z. Association of Treatment with Nirmatrelvir and the risk of post-COVID-19 condition. JAMA Intern Med. (2023) 183:554–64. doi: 10.1001/jamainternmed.2023.0743 
	 165. Boglione, L, Meli, G, Poletti, F, Rostagno, R, Moglia, R, Cantone, M , et al. Risk factors and incidence of long-COVID syndrome in hospitalized patients: does remdesivir have a protective effect? QJM. (2022) 114:865–71. doi: 10.1093/qjmed/hcab297 
	 166. Donnelly, SC. Does anti-viral treatment in acute COVID infection decrease the risk of developing the Long-COVID syndrome? QJM. (2022) 114:841–2. doi: 10.1093/qjmed/hcab319 
	 167. Jarrott, B, Head, R, Pringle, KG, Lumbers, ER, and Martin, JH. "LONG COVID"-a hypothesis for understanding the biological basis and pharmacological treatment strategy. Pharmacol Res Perspect. (2022) 10:e00911. doi: 10.1002/prp2.911 
	 168. Chen, P, Behre, G, Hebert, C, Kumar, P, Farmer Macpherson, L, Graham-Clarke, PL , et al. Bamlanivimab and etesevimab improve symptoms and associated outcomes in ambulatory patients at increased risk for severe coronavirus disease 2019: results from the placebo-controlled double-blind phase 3 BLAZE-1 trial. Open Forum Infect Dis. (2022) 9:ofac172. doi: 10.1093/ofid/ofac172 
	 169. Tixagevimab and Cilgavimab (Evusheld) for pre-exposure prophylaxis of COVID-19. JAMA. (2022) 327:384–5. doi: 10.1001/jama.2021.24931 
	 170. Utrero-Rico, A, Ruiz-Ruigómez, M, Laguna-Goya, R, Arrieta-Ortubay, E, Chivite-Lacaba, M, González-Cuadrado, C , et al. A short corticosteroid course reduces symptoms and immunological alterations underlying Long-COVID. Biomedicine. (2021) 9:540. doi: 10.3390/biomedicines9111540 
	 171. Goel, N, Goyal, N, Nagaraja, R, and Kumar, R. Systemic corticosteroids for management of 'long-COVID': an evaluation after 3 months of treatment. Monaldi Arch Chest Dis. (2021) 92:1981. doi: 10.4081/monaldi.2021.1981 
	 172. Townsend, L, Dyer, AH, McCluskey, P, O’Brien, K, Dowds, J, Laird, E , et al. Investigating the relationship between vitamin D and persistent symptoms following SARS-CoV-2 infection. Nutrients. (2021) 13:430. doi: 10.3390/nu13072430 
	 173. Barrea, L, Verde, L, Grant, WB, Frias-Toral, E, Sarno, G, Vetrani, C , et al. Vitamin D: a role also in Long COVID-19? Nutrients. (2022) 14:625. doi: 10.3390/nu14081625 
	 174. Al-Aly, Z, Bowe, B, and Xie, Y. Long COVID after breakthrough SARS-CoV-2 infection. Nat Med. (2022) 28:1461–7. doi: 10.1038/s41591-022-01840-0 
	 175. Ayoubkhani, D, Bosworth, ML, King, S, Pouwels, KB, Glickman, M, Nafilyan, V , et al. Risk of long COVID in people infected with severe acute respiratory syndrome coronavirus 2 after 2 doses of a coronavirus disease 2019 vaccine: community-based, matched cohort study. Open Forum Infect Dis. (2022) 9:ofac464. doi: 10.1093/ofid/ofac464 
	 176. Dietz, TK, and Brondstater, KN. Long COVID management: a mini review of current recommendations and underutilized modalities. Front Med. (2024) 11:1430444. doi: 10.3389/fmed.2024.1430444 
	 177. Gao, P, Liu, J, and Liu, M. Effect of COVID-19 vaccines on reducing the risk of Long COVID in the real world: a systematic review and Meta-analysis. Int J Environ Res Public Health. (2022) 19:422. doi: 10.3390/ijerph191912422 
	 178. Notarte, KI, Catahay, JA, Velasco, JV, Pastrana, A, ver, AT, Pangilinan, FC , et al. Impact of COVID-19 vaccination on the risk of developing long-COVID and on existing long-COVID symptoms: a systematic review. EClinicalMedicine. (2022) 53:101624. doi: 10.1016/j.eclinm.2022.101624 
	 179. COVID-19 Vaccine Tracker. (2022). 4 vaccines approved for use in Saudi Arabia. Available online at: https://covid19.trackvaccines.org/country/saudi-arabia/ (accessed December 24, 2022).
	 180. Public Health Authority KSA. (2021). Interim guidelines for the use of SARS-CoV-2 vaccine. Available online at: https://covid19.cdc.gov.sa/professionals-health-workers/interim-guidelines-for-the-use-of-sars-cov-2-vaccine/ (accessed December 24, 2022).
	 181. AlBahrani, S, AlBarrak, A, Al-Musawi, T, AlGubaisi, NA, Almalki, M, Hakami, FH , et al. COVID-19 vaccine had a significant positive impact on patients with SARS-COV-2 during the third (Omicron) wave in Saudi Arabia. J Infect Public Health. (2022) 15:1169–74. doi: 10.1016/j.jiph.2022.09.005
	 182. Alkhafaji, DM, Al Argan, RJ, Alwaheed, ASG, Alelq, A, Albaker, W, Bukhari, H , et al. The Impact of COVID-19 Vaccine on Rate of Hospitalization and Outcome of COVID-19 Infection in a Single Center in the Eastern Province of Saudi Arabia. Research Square (2021) 1:1–12. doi: 10.21203/rs.3.rs-903562/v1
	 183. Tayar, E, Abdeen, S, Abed Alah, M, Chemaitelly, H, Bougmiza, I, Ayoub, HH , et al. Effectiveness of influenza vaccination against SARS-CoV-2 infection among healthcare workers in Qatar. J Infect Public Health. (2023) 16:250–56. doi: 10.1016/j.jiph.2022.12.016
	 184. Taghioff, SM, Slavin, BR, Holton, T, and Singh, D. Examining the potential benefits of the influenza vaccine against SARS-CoV-2: a retrospective cohort analysis of 74,754 patients. PLoS One. (2021) 16:e0255541. doi: 10.1371/journal.pone.0255541 
	 185. Koc, HC, Xiao, J, Liu, W, Li, Y, and Chen, G. Long COVID and its management. Int J Biol Sci. (2022) 18:4768–80. doi: 10.7150/ijbs.75056 
	 186. Alhraiwil, NJ, Al-Aqeel, S, AlFaleh, AF, AlAgeel, AA, AlAbed, MA, and Al-Shroby, WA. Impact of COVID-19 on the 937 telephone medical consultation service in Saudi Arabia. Int J Telemed Appl. (2022) 2022:4181322. doi: 10.1155/2022/4181322
	 187. Ministry of Health (MOH). (2022). MOH launches clinic for ‘Long COVID’ care. Available online at: https://www.moh.gov.sa/en/Ministry/MediaCenter/News/Pages/News-2022-03-30-002.aspx (accessed December 24, 2022).
	 188. AlShareef, Y, AlShammary, SA, Abuzied, Y, AlAsseri, Y, and AlQumaizi, KI. Impact of one-stop clinic on the clearance of COVID-19 surgical backlog. Int J Health Sci. (2022) 16:27–31.
	 189. Gallagher-Allred, CR, Voss, AC, Finn, SC, and McCamish, MA. Malnutrition and clinical outcomes: the case for medical nutrition therapy. J Am Diet Assoc. (1996) 96:361–9. doi: 10.1016/s0002-8223(96)00099-5
	 190. Katona, P, and Katona-Apte, J. The interaction between nutrition and infection. Clin Infect Dis. (2008) 46:1582–8. doi: 10.1086/587658 
	 191. Morais, AHA, Aquino, JS, da Silva-Maia, JK, Vale, SHL, Maciel, BLL, and Passos, TS. Nutritional status, diet and viral respiratory infections: perspectives for severe acute respiratory syndrome coronavirus 2. Br J Nutr. (2021) 125:851–62. doi: 10.1017/s0007114520003311 
	 192. Cao, W, and Li, T. COVID-19: towards understanding of pathogenesis. Cell Res. (2020) 30:367–9. doi: 10.1038/s41422-020-0327-4 
	 193. Martineau, AR, Jolliffe, DA, Hooper, RL, Greenberg, L, Aloia, JF, Bergman, P , et al. Vitamin D supplementation to prevent acute respiratory tract infections: systematic review and meta-analysis of individual participant data. BMJ. (2017) 356:i6583. doi: 10.1136/bmj.i6583 
	 194. Jolliffe, DA, Camargo, CA Jr, Sluyter, JD, Aglipay, M, Aloia, JF, Ganmaa, D , et al. Vitamin D supplementation to prevent acute respiratory infections: a systematic review and meta-analysis of aggregate data from randomised controlled trials. Lancet Diabetes Endocrinol. (2021) 9:276–92. doi: 10.1016/s2213-8587(21)00051-6 
	 195. de Oliveira, GLV, Oliveira, CNS, Pinzan, CF, de Salis, LVV, and Cardoso, CRB. Microbiota modulation of the gut-lung axis in COVID-19. Front Immunol. (2021) 12:635471. doi: 10.3389/fimmu.2021.635471
	 196. Liu, YS, Liu, Q, Jiang, YL, Yang, W, Huang, H, Shi, C , et al. Surface-displayed porcine IFN-λ3 in Lactobacillus plantarum inhibits porcine enteric coronavirus infection of porcine intestinal epithelial cells. J Microbiol Biotechnol. (2020) 30:515–25. doi: 10.4014/jmb.1909.09041 


Copyright
 © 2025 AlShamrani, Farahat, Assiri, AlHajjar, Albarrak, AlHashemi, AlZunitan, AlAqeel, AlYami and Memish. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Consensus based recommendations for the management of post-COVID long-term sequelae (Long COVID): a regional perspective



		1 Introduction



		2 Methods



		3 Results and discussion



		3.1 Definition of Long COVID



		3.2 Pathophysiologic mechanisms



		3.3 Symptoms



		3.4 Risk factors



		3.5 Impact of viral strain variance on Long COVID



		3.6 Assessment of Long COVID



		3.7 Role of primary care in the management of Long COVID



		3.8 Long COVID healthcare pathway



		3.9 Management of symptoms



		3.10 Fatigue



		3.11 Cough



		3.12 Dyspnea



		3.13 Chest pain



		3.14 Cardiovascular abnormalities



		3.15 Cognition and mental health



		3.16 Olfactory and gustatory dysfunction



		3.17 Musculoskeletal symptoms



		3.18 Other commonly reported manifestations



		3.19 Effect of acute COVID-19 treatment on reducing risk of Long COVID



		3.20 Proactive measures to reduce the impact of Long COVID



		3.21 Vaccination



		3.22 Establishing one stop clinics for Long COVID



		3.23 Nutrition and lifestyle medicine



		3.24 Improving disease awareness









		4 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-12-1453167-g001.jpg
/Endocrine system and metabolicfunction

 Autoimmune attack against pancreatic beta-cell antigens

« Hyperglycaemia induced due to hypometabolic state and
steroid medication

* Dysfunction of hypothalamic-pitutary axis

* Thyroiditis/thyrotoxicosis

/Male Reproductive system

« impaired bloocktestis barrier

« Dysfunctional hypothalamuspituitary-gonad axis
« Hypogonadism

« Vialorchits and testicuar injury

« Elevated testosterone levels

« Reduced sperm mo
« nflammation of semiriferous tubules
« nflration of inflammatory cells

Female Reproductive system

« Binding to ACE2 receptors i reproductive tssues
« Hormonal imbalance

« Hypothalamic-pituitary-adrenal (HPA) and

.. hypothalamic-pititary-gonadal (HPG) axes

Puimonary system
« Fibrotic pulmonary parenchymal remodelling
« Local effects of nflammatory response
« nfiltration of cells in lungs
« Increase in biomarkers such as Lipocalin-2, MMP-7 and HGF.
« Vagus nerve inflammation and dysfunction

~
e

7
~

)
7

Nervous system
 Direct neutrophism and inflammation

 Neuroinflammation in hypothalamic microglia

 Hypometabolic/ahered metaboli states of neurons

« Distuption of mitochondrial function in neurons and
microglia

 Immune mediated disruption of the autonomic nervous
system

Cardiovaseular system
« Acute myocarditis and cardiomyopathy

« Auto-antibodies against GPCRs

« Dysregulation of RAAsystem

OV effects of elevated inflammatory cytokines.

« Increased infiltraion of cells

« Formation of neutrophil extracellular traps

« Platelet activation and immune-thrombic mechanisms.

« Actvation of contact-dependent pathway of coagulation
Hypoa-inducible transcription factors and

(Gastrointestinal and billary system
‘Down regulated cytokines such as IFN-y, CXCL8, CXCL2 and IL1
Intrahepatic microangiopathy and cholangiopathy






OPS/images/fmed-12-1453167-g002.jpg
A

Poople who had COVID-19
n the community, with new
o ongoing symploms.

Porsstont
symptoms
(>3 wooks)

Patients had hospltaized
With COVID-19

¥ Chest X-ray
¥ CT imaging of lungs
¥ Gasometry

 Liver profile

+ Rheumatoi
factor/antinuclear
+ antibodies/complement

vECG
v BNP
v D-dimer
+ Troponin
+ Anti-cardiolipin

Stabiol non-ife-
threatering symploms.

Mid or moderate
‘symptoms
Basic
‘SingleMultle complex_Assessments | Single specialisy _Assessmens,
Sympoms ° SpecalzedMOT

dlnc

+ Neuro-psychiatric
assessment

8 ) ¥ other assessments
) including (but not limited
to) physical examination

and vital parameters.

Laboratory blood tests
+ Complete blood count, hemogram
VHbAIC

 C-reactive protein

 ESR and ferri

+ Nutitional profile (Vit D, B12, folate)
+ Creatine phosphokinase

fa patont recovers from






OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Consensus based
recommendations for the
management of post-COVID
long-term sequelae (Long
COVID): a regional perspective












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






