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Abstract

:

Long COVID-19 (LC) is a poorly understood, multifactorial condition that persists for at least three months following SARS-CoV-2 infection. The underlying pathophysiological mechanisms responsible for the wide range of associated symptoms—including fatigue, brain fog, and respiratory issues—remain unclear. However, emerging evidence suggests that the reactivation of latent viral infections, such as Epstein-Barr virus, cytomegalovirus, and varicella-zoster virus, may significantly contribute to the complexity of LC. These latent viruses can be reactivated by SARS-CoV-2, contributing to a chronic inflammatory state that prolongs symptomatology. This review confirms the potential involvement of latent viral infections in LC and examines whether these infections play an independent role or act synergistically with other factors. In addition, recent studies have highlighted viral persistence and immune dysregulation as key elements in LC. Our findings suggest that preventative strategies, including vaccination and antiviral treatments during the acute phase of COVID-19, show potential in reducing LC risk by preventing viral reactivation. However, tailored diagnostic and therapeutic strategies targeting these latent infections are urgently needed. Identifying biomarkers of viral reactivation, particularly for high-risk populations, could be considered another effective strategy to mitigate LC severity. Further research is crucial to better understand the interactions between SARS-CoV-2 and latent infections, and to improve the prevention and treatment of LC.
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1. Introduction


Long COVID-19 (LC) is a complex, multifactorial condition affecting millions worldwide. It is characterized by the persistence of symptoms unexplained by other diseases, continuing for at least three months after the onset of acute infection. The pattern of symptoms is variable.



The pathophysiological mechanisms responsible for these symptoms have yet to be clearly defined. However, the potential role of latent viral infections in the intricate web of LC-related mechanisms has gained increasing attention. Particular interest has focused on the interactions between EBV, CMV, VZV, HHV-6/7, and HIV, and their contribution to LC symptomatology.



It remains unclear whether these latent infections play an independent role in LC or if they synergistically induce a chronic inflammatory state responsible for symptomatology.



In this review, we aim to assess the role of latent viral infections in the development of LC and propose hypotheses that could guide future studies, ultimately leading to targeted diagnostic and therapeutic strategies to improve the quality of life for affected patients—a critical need in a field that remains poorly understood.



For this review, we conducted a narrative analysis of the literature using Pubmed database, including reviews, meta-analyses, original articles, and systematic reviews from the past 10 years.




2. Long COVID


2.1. Definitions


Severe Acute Respiratory Syndrome CoronaVirus-2 (SARS-CoV-2) represents one of the most significant pandemics of the last millennium due to its rapid global spread and capacity to acquire mutations. During the pandemic, COVID-19 was associated with approximately 7 million deaths and a hospitalization rate of up to 20% [1,2], often involving severe complications [3].



The pandemic was declared over in May 2023, but the SARS-CoV-2 virus continues to circulate. As of September 2024, over 7 million individuals have been affected globally [3], although hospitalizations and related complications have significantly decreased, particularly among those excluding elderly, frail, and comorbid patients. Among these vulnerable groups, the risk of complications and hospitalization has remained high since 2021, when 3.97 million deaths were recorded [3].



Overall, the virus continues to circulate steadily, albeit with a lower lethality. However, the sharp reduction in vaccination campaigns has led to a significant drop in vaccination coverage. This results in an increased risk of complications for the frail population, particularly those who cannot be vaccinated or for whom the vaccine has not induced an adequate immune response [4].



While no specific therapy has been established against SARS-CoV-2, various therapies have shown potential protective effects, influencing disease severity. Among these, direct oral anticoagulants have been noted for cardiovascular patients [5], hormonal replacement therapy for post-menopausal women [6,7], and statins in patients with pre-existing cardiovascular conditions [8,9].



Recovery from COVID-19 is often complete. However, adverse clinical events may occur, even among healthy individuals. This is increasingly recognized as post-COVID-19 or LC [10], a usually disabling condition that gained widespread recognition only recently. The incidence of LC is currently estimated to be between 11% [11] and 20% [12], with up to 65 million people affected by LC as of 2024 [13]. LC is characterized by symptoms persisting for three months or more following acute COVID-19, with symptoms and signs lasting at least two months without other identifiable causes [14]. LC is responsible for significant morbidity, consequences ranging from mild to life-threatening, and significantly impacts everyday functioning. Therefore, the World Health Organization (WHO) defines LC as a condition characterized by symptoms that affect everyday life, after SARS-CoV-2 infection [15]. The latest LC definition, dated 2024, according to NASEM (National Academies of Sciences) is a chronic condition that occurs after SARS-CoV-2 infection, present for at least three months, that can affect more than one organ system, and has a significant impact on the patient’s life [16]. Notably, given that it encompasses over 200 symptoms, its specificity may be limited. This definition does not require documentation of previous COVID or necessitate that LC be a diagnosis of exclusion. Given that it includes over 200 symptoms, its specificity is limited. In the end, LC represents a pressing public health issue for at least three reasons: firstly, its incidence is alarmingly high; secondly, there is a lack of effective preventive or therapeutic interventions; and thirdly, the symptoms of LC are notably persistent. A meta-analysis involving 1.2 million individuals with symptomatic SARS-CoV-2 infection found that 15.1% (95% UI, 10.3–21.1%) experienced symptoms of LC persisting even 12 months after initial infection [17].




2.2. The Broad Spectrum of Long COVID Symptoms


The spectrum of LC symptoms is wide and varies in severity. It is well-established that LC significantly impairs quality of life. More than 200 symptoms have been described to date [12] (Figure 1). These symptoms predominantly affect cardiopulmonary, naso-oropharyngeal, musculoskeletal, and neuro-psychological systems. Therefore, the most common clinical manifestations may include fatigue, mental clouding, sleep–wake rhythm alterations, arthralgia, myalgia, pharyngitis, fever, headache, gastrointestinal symptoms, rash, depression, and anxiety [18]. Another review highlighted dyspnea, cough, joint and chest pain, altered smell and taste, and diarrhea, in addition to fatigue, myalgia, and headache, as some of the most common symptoms of LC [19].



In a Dutch study involving 4231 patients with a history of COVID-19, matched with 8462 control participants, findings indicated that symptoms such as chest pain, difficulty breathing, pain on exhalation, muscle pain, ageusia or anosmia, general fatigue, and other autonomic dysregulation were more common among post-COVID patients (21.4%) compared to controls (8.7%). These core symptoms were also found to have increased to at least moderate severity between 90–150 days after COVID-19 diagnosis [20].



In a systematic review of 2100 studies, among 250,351 COVID survivors more than half of them experienced LC 6 months after recovery. Mobility impairments, pulmonary abnormalities, and mental health disorders were the most common long-term effects [21].



Among the LC symptoms there are various mental health conditions, and, among them, the impaired cognition called ‘brain fog’ [22]. Psychiatric disorders, even major depressive episodes, are among the most prevalent symptoms in LC [23,24] and attention must be paid in this setting to adequately treat them.



Moreover, one-third of the population had general symptoms that were not included in any cluster, the most frequently reported were cognitive and autonomic dysfunctions frequently affect LC patients [25] chronic fatigue, post-exertional malaise [26,27], altered smell, altered taste, and diarrhea [28].



Di Gennaro et al., in a systematic review of 120,970 people found that the incidence of any LC symptom was 56.9% among them neurological symptoms were 19.7% (95% CI 17.4–22.1), especially difficulty in concentration (14.6%), headache, anosmia, memory deficit and cramps (over 10%). Respiratory disorders were present in a quarter of LC participants (101,849 participants, 24.5%), particularly dyspnea (24.1%) and poor exercise tolerance (16.6%). Cardiac diseases affected 11% of participants, the majority presented palpitations (11.2%) [29].



In summary, the most frequently complained symptoms were, according to a recent meta-analysis, fatigue, and weakness, followed by dyspnea, difficulty in doing the same daily activities, taste and/or smell dysfunction, depression, muscular and/or joint pain, affected sleep, anxiety, cough, and headache [30].




2.3. Identified Risk Factors for Long COVID


The relationship between LC symptoms and the severity of acute COVID-19 infection remains a topic of debate. On one hand, more symptomatic patients (five symptoms or more in the first week of infection) were found more susceptible to LC, irrespective of age and gender [31], and in mild–moderate COVID, LC symptoms seem to be more common [32]. In other studies, the persistence of symptoms was found to be independent of the initial severity of COVID [31]. In summary, LC affects survivors of COVID-19 at all disease severity, and this is one of the most controversial features. Hospitalized patients with severe COVID-19 in the acute phase seem to be at higher risk of symptoms persistence [33,34]. In a 452-patient cohort who received intensive care unit (ICU) treatment for COVID-19, one year later, 74.3% reported the presence of physical symptoms, with weakness being the most common at 38.9%. Additionally, 26.2% reported psychological symptoms, and 16.2% cognitive symptoms [35]. Even in children, hospitalization during acute phase [36] was correlated with an increased risk of developing LC. This risk was influenced by several factors such as the SARS-CoV-2 variant (Alpha and original strains), the presence of comorbidities, and age, with children aged 5–11 years and those over 12 years being particularly at risk [36].



Since LC affects patients irrespective of the severity of the initial illness, the aim of the current literature is to identify a high-risk profile to assess prompt intervention or, at least, more attention. In literature, there is compelling evidence linking age, female gender, smoking, and pre-existing comorbidities (asthma, obstructive pulmonary disease, untreated sleep apnea, diabetes mellitus, connective tissue disorders, obesity) [29]. Moreover, hospital admission during acute COVID-19 [37,38], the need for oxygen therapy, symptom burden (including dyspnea at presentation and chest pain), abnormal auscultation findings, and the presence of comorbidities such as asthma [28] were also linked to an increased risk of developing LC.



A study based on 4182 patients showed that 5 symptoms during the acute phase predicted significant LC in both sexes: fatigue, headache, dyspnea, hoarse voice, and myalgia, and in patients over 70 years old, the loss of smell. Regarding pre-existing comorbidities asthma was confirmed as a ‘risk factor’, while obesity, cardiovascular diseases, and diabetes seemed to be excluded [39]. Conversely, many works underlined that cardio-vascular diseases, firstly hypertension followed by diabetes, smoking, chronic cardiovascular or lung disease, and chronic kidney failure are strong predictors of LC [40,41].



	-

	
Age and gender







A meta-analysis of 54 studies involving 1.2 million patients from 22 countries revealed a notable gender and age gap. It was found that LC was more common in women aged 20 years or older (10.6%) compared to men of the same age group (5.4%) three months after symptomatic SARS-CoV-2 infection [17]. Accordingly, a review by Koc et al., underlined that females are five times more likely to be at risk for LC than men [42]. Moreover, LC general, neurological, and cardiovascular symptoms were reported more frequently in females than in males [29]. While female sex is reasonably a risk factor for LC, the impact of age remains a topic of debate. In a cohort of 558 patients, people aged over 70 years (22%) showed a greater risk of developing LC ongoing symptoms lasting 4 weeks or more compared to patients aged 18–49 years (10%) [39]. By contrast, in a meta-analysis, older age was also associated with a lower risk of LC, with those aged 30–39 years having a 6% lower risk and those aged more than 70 years having a 25% lower risk compared to those aged 18–30 years. In summary, LC risk was found to follow a gradient of decreasing age [28,43].



	-

	
Smoking







Daily and former cigarette smoking was associated with LC among survivors [44]. Furthermore, a strong association between smoking and LC, particularly concerning respiratory, cardiovascular, and cognitive symptoms was found [45]. This association may be attributed to mechanisms involving immune dysregulation [46] or the underlying inflammatory status [47]. Moreover, smoking may prolong the recovery period for manifestations of LC [48]. Consequently, the data suggest that smoking cessation is advisable for LC prevention.



	-

	
Obstructive sleep apnea and obstructive pulmonary disease asthma







In a US cohort of 121,379 COPD, current daily and former smokers showed higher odds of LC [44]. In a cohort of 24,803 American patients affected by obstructive sleep apnea, its association with LC was demonstrated, especially in the untreated patients [49]. A multicenter Japanese study involving 1066 patients identified asthma and the need for mechanical ventilation as independent risk factors for prolonged dyspnea at both 6- and 12-months post-COVID-19 [50]. Among pulmonary diseases, pre-existing asthma or rhinitis have been discussed as potential LC risk factors [51,52]. However, a recent meta-analysis of 13 studies involving 9967 patients concluded that the exposure of individuals with pre-existing asthma or rhinitis to LC varied significantly, with proportions ranging from 11% to 90% [53].



	-

	
Autoimmune conditions







The relationship between autoimmune disorders and LC is bidirectional. In the autoimmune population, a study of 1615 patients found a 29.8% prevalence of LC, with neurological/psychological symptoms reported by 83.1% of the affected individuals. Additionally, 84% of those with LC reported an impact on their quality of life [54]. Conversely, COVID-19 was associated with an increased risk of developing autoimmune and autoinflammatory connective tissue disorders [55].



	-

	
Obesity







Obesity is a well-known risk factor for COVID-19 severity [56], maybe due to chronic inflammation, impaired lung function, and obesity-related conditions, which are also risk factors for COVID-19 [57]. Even if LC pathogenesis is not well-known, it was described as a SARS-CoV-2 driven brown adipose tissue dysfunction [58], of crucial importance since adipose tissue is an important SARS-CoV-2 reservoir [59]. The SARS-CoV-2 affected adipose tissue may augment systemic inflammation dysregulating its pro-inflammatory chemokines (VPF, VEGF, etc.) production, with subsequent prolonged recovery after acute infection [60]. Moreover, BMI was also associated with an increased risk of persistent symptoms. In a huge meta-analysis, individuals with a BMI greater than 30 kg/m2 showed a 10% higher LC risk compared to those with a BMI ranging between 18.5–25 kg/m2 [28].



	-

	
Diabetes and cardiovascular diseases







Even if a case-control study in a cohort of hospitalized COVID-19 patients (145 diabetic patients vs. 290 controls) did not find a clear correlation between pre-existing diabetes and LC [61], a meta-analysis of 18 studies including 259,978 patients showed that patients with diabetes had a significant risk of LC [62]. Even patients affected by ischemic heart disease showed a 1.28 times higher LC risk according to a meta-analysis of five studies including 201,906 patients [62].



	-

	
Pediatric population







In this population, the risk factors associated with LC overlap with those in the general adult population, as is moreover evidenced by a systematic review of 16 observational studies age, allergic rhinitis, obesity, previous respiratory disease, female sex, asthma, comorbidities, cardiac disease, hospitalization, and severe forms of COVID-19 are likely to be associated with an increased risk of LC [63].



	-

	
HIV-positive population







It was found that HIV patients carried a higher LC risk with respect to the general healthy population, because the dysfunction of the immune system would result in a higher risk of viral persistence and altered response to infection. Analyzing a sample of 39,405 HIV and COVID-19 patients, about 52% developed at least one of LC symptoms. Results from the random-effects model showed that HIV infection was associated with an increased risk of LC (odds ratio 2.20; 95% confidence interval 1.25–3.86) [64].





3. Pathophysiological Mechanisms


COVID-19 could lead to the persistence of symptoms even after the end of acute infection, as has already been demonstrated for SARS-CoV-1 and MERS-CoV.



Although it has been possible to define the risk factors associated with LC, the pathophysiological mechanisms underlying this syndrome are still not well understood. Understanding them would play a crucial role in the prevention, treatment, or regression of this condition. There is not enough data in the literature to clearly define the pathological basis of the disease. The available studies have evaluated and identified the probable pathophysiological mechanisms, but none have been able to demonstrate the underlying mechanisms of this syndrome, as illustrated in Figure 2.



One of the most accepted theories hypothesizes that this syndrome may be related to immune dysregulation leading to viral persistence, altered microbiota, autoimmunity, endothelins [65] metabolic dysregulation, and post-intensive syndrome. Specifically, elevated levels of cytokines were found in these patients compared to healthy controls, which would be associated with the persistence of symptoms [66].



In another study, 19 systematic reviews and 46 primary studies were analyzed instead, which overall showed that pathophysiological mechanisms with strong evidence were immune system dysregulation, cerebral hypoperfusion, and altered pulmonary gas exchange. Other mechanisms with moderate evidence were endothelial damage and hypercoagulation, mast cell activation, and vascular receptor autoimmunity [67].



More recent hypotheses view LC as a multifactorial disease in which several underlying mechanisms are recognized, including viral persistence, reactivation of latent virus, immune dysregulation secondary to a chronic inflammatory state, endothelial inflammation, and immune thrombosis; of lesser importance would be alterations in the gut microbiome, multiple tissue damage, and self-immunity [68].



3.1. Endothelial Inflammation and Immune Thrombosis


The inflammatory state induced by acute SARS-CoV-2 infection may result in a persistent state of hypercoagulability and subsequent risk of thrombotic events. This risk appears to be directly proportional to the severity of the acute infection.



At present, the mechanisms are not very clear, but this condition may be related to inflammation-induced endothelial damage [69] as well as to the formation of autoantibodies with prothrombotic activity, including those against fibrinogen.



Indeed, vascular endothelial cells are known to express ACE2, but it remains controversial how they can support viral replication; however, direct infection of the endothelium or the indirect effects of the inflammatory cascade could lead to systemic endothelial inflammation with all its consequences.



A recent study shows that out of a sample of 113 patients with LC, 40 had typical symptoms and analysis of serum samples showed persistence, at 6-month follow-up of serological markers of tissue damage and signs of thromboinflammation, characterized by markers of endothelial activation, such as von Willebrand factor (vWF), and red blood cell lysis. These patients also showed evidence of antibody-mediated activation of the classical complement pathway, which was associated with elevated levels of anti-CMV (cytomegalovirus, also known as human herpesvirus 5) and anti-EBV (Epstein-Barr virus) immunoglobulin G (IgG) antibodies [70].




3.2. Dysregulated Immune Response and Autoimmunity


Another mechanism hypothesized to trigger LC is the chronic inflammatory state [71]. This would lead to a depletion of immune cells and chronic tissue damage, resulting in the persistence of symptoms long after the initial infection [72].



This could explain the shorter duration of LC in patients treated with dexamethasone in the acute phase, as observed in a study by Badenes Bonet et al. Cortisone would act early by modulating the inflammatory state, thereby reducing the risk of immune dysregulation secondary to a persistent inflammatory state and thereby predicting chronic tissue damage [73].



Importantly, however, studies on this topic are highly controversial and conflicting.




3.3. Viral Persistence and Reactivation of Latent Infections


However, viral persistence appears to be the most robust hypothesis for LC [74,75] as the virus, after an initial acute phase, would localize in a latent form in certain target organs, considered as “sanctuaries”, and through replication would lead to a chronic inflammatory state and direct cellular damage.



Evidence suggests a link between levels of viral activity during the early acute phase of infection and risk of LC [76].



Several studies have attempted to identify the main sites of viral localization in a “chronic” phase of infection.



One of the most recent theories identifies the intestine as one of the potential “sanctuaries’’ where the virus is preserved. Indeed, intestinal biopsies have shown that there is a concentration of viral proteins in these tissues, including nucleocapsid and spike proteins, in specific regions of the intestine. However, it remains unclear which cells are predominantly involved and how they may facilitate viral persistence and replication even long after initial infection [77].



Another possible site of viral persistence is the lung. One study demonstrated the presence of SARS-CoV-2 RNA in 80 percent of lung samples collected [78].



Based on these assumptions, several studies have shown that prevention by vaccines [79,80] or treatment of acute infection with antivirals show a protective effect against LC.



A recent systematic review identified 517 studies evaluating a total sample of 2683 hospitalized and 307,409 non-hospitalized patients. This review shows that treatment of the acute phase of the disease with either remdesivir or nirmatrevir/ritonavir has a protective effect on LC. This suggests that viral persistence and thus possible latency of the virus in some “sanctuaries” may be responsible, at least in part, for the symptomatology of the LC syndrome [79].



Therefore, the best prevention strategy for LC seems to be the prevention of acute infection, although sometimes the vaccine is not able to prevent the latter, it has still been shown to be able to alleviate LC-related symptoms [81].





4. Long COVID Pathway: Consequence or Co-Protagonist of Reactivation of Latent and Chronic Infections?


Of particular interest is the role of some latent infections in the scenario of the mechanisms underlying LC; in fact, it is not well understood whether these infections are a direct consequence of SARS-CoV-2 infection or whether they cooperate in the pathophysiological process responsible for the symptomatic makeup of LC.



Latent infections are characterized by their ability to camouflage themselves in host cells in a non-replicative form due to the suppressive action of the immune system. However, conditions of direct or indirect immunosuppression promote reactivation of dormant viruses, resulting in activation of viral replication and manifestation of the disease in an active form.



According to some hypotheses, the state of immune dysregulation and activation of the interferon cascade induced by acute SARS-CoV-2 infection can be considered as the main trigger for the reactivation of some herpesviruses (EBV, CMV, HHV-6, VZV, HSV) [10,18,82,83,84], which would be responsible, at least in part, for the symptomatic parade of LC.



A recent review has analyzed the possible relationship between latent viral reactivation and the complex pathways underlying LC.



	-

	
Epstein-Barr virus (EBV): A ubiquitous virus acquired by approximately 90% of the population at least once during life and may be asymptomatic if acquired during childhood. In the young adult, the clinical manifestation is characterized by marked asthenia, general malaise, pharyngo-tonsillitis, fever, headache, generalized lymphadenopathy, splenomegaly, abdominal pain, nausea and inappetence (some overlapping with the symptomatic parade of LC) [85]. Diagnosis of infection is based on clinical and microbiologic criteria. The most specific diagnostic test is the detection of specific antibodies (IgM and IgG anti-VCA, IgG anti-EBNA). The presence of anti-EBNA levels excludes acute primary infection [86]. Simultaneous activation of VCA IgM and EBNA-1 IgG indicates reactivation of latent EBV infection. After resolution of the acute phase, EBV can persist indefinitely in the host in latent form, particularly in B cells without self-manifestation. However, following conditions of immunodepression, the virus may reactivate in lytic form, leading to damage and cell death and sometimes presenting in a clinically overt form with symptoms like those of LC [85]. The pathophysiological hypotheses that EBV induces the damage responsible for the characteristic symptoms of LC are controversial and require further confirmatory studies. However, several mechanisms secondary to a chronic inflammatory state induced by previous SARS-CoV-2 infection that would promote the transition from the latent state to the lytic phase of EBV are possible. A first hypothesis suggests that the virus in the lytic phase amplifies the inflammatory state already induced by SARS-CoV-2 and contributes to the damage [87]. Another hypothesis suggests that EBV cooperates in the genesis of cellular damage with direct action on target cells [88]. The final hypothesis is that EBV plays a role in inducing immune dysregulation by triggering autoreactivity and contributing to the pathogenesis of autoimmune diseases (e.g., multiple sclerosis) [87]. To evaluate the possible interaction of the virus with the pathophysiological mechanisms of LC, the most typical approach is to identify the antibody response to EBV. Available studies have used different approaches to identify viral reactivation. One study found a potential correlation between the presence of LC symptoms, such as fatigue and neurocognitive symptoms at 4 months after initial diagnosis, which were independently associated with serologic evidence of recent EBV reactivation in the absence of viral DNA [89]. Other studies have shown a correlation between the presence of an immune response to EBV and other herpesviruses, but the role of these pathogens has not yet been elucidated [90,91]. A potential role for EBV in the mechanisms responsible for multiple sclerosis has recently been hypothesized; it appears that EBNAs may show molecular mimicry with host proteins that induce autoimmune responses [92,93,94]. Although there is insufficient evidence in the literature to confirm these hypotheses, they are of great importance in terms of prevention and treatment. Indeed, one possible strategy could be the administration of antivirals at the time of reactivation to reduce the damage associated with it. Unfortunately, no effective treatments are currently available, although some, such as acyclovir, valacyclovir and high-dose ganciclovir, have shown efficacy in vitro but not in vivo [95]. It would be necessary to intensify research in this direction to optimize the parade of symptoms associated with LC.




	-

	
Cytomegalovirus (CMV): The study of the association between CMV and LC was particularly surprising. In fact, CMV seems to act as a protective factor against the occurrence of neurocognitive symptoms in LC. There is insufficient evidence in the literature, and what is available is controversial. A recent study analyzed the effect of seropositivity for CMV and LC symptoms and showed that in this category of patients there was a lower risk of developing neurocognitive symptoms of LC (Odds Ratio (OR) = 0.52, p = 0.036). In addition, there was no evidence of an association with other non-neurocognitive symptoms [89].







The interplay between seroconversion to CMV and LC pathways remains poorly understood. It is possible that individuals with CMV seroconversion develop a more robust immune response to SARS-CoV-2. Alternatively, it is possible that CMV-induced immunoregulatory pathways, including interleukin-10 (IL-10) secretion, may dampen local inflammation in areas of CMV reactivation, thereby reducing the risk of autoimmunity responsible for the neurological symptoms of LC [96].



	-

	
Human Immunodeficiency Virus (HIV): The situation is different in HIV-positive patients. It is well known that HIV-infected people have a higher risk of developing LC symptoms than the general population, probably due to disease-related immune dysfunction. In a study of 39,405 HIV-positive patients with COVID-19, 52% of them developed at least one LC symptom. This confirms and supports the hypothesis that immune dysfunction leading to immunodeficiency or altered inflammatory pathways may promote viral persistence by inducing the onset of symptoms such as mental clouding and neurocognitive symptoms. One study also showed that a high prevalence of EBV antibodies was observed in these patients compared to patients who did not have them (51.9% vs. 32.1%, respectively, p < 0.01) [89], motivating the possible correlation with symptoms such as fatigue.




	-

	
Varicella Zoster Virus (VZV): Virus responsible for chickenpox; after initial infection, this virus remains in a latent form in the nerve ganglia and, following predisposing conditions such as immunodepression or other infections, can reactivate and manifest itself in an active form with the appearance of intensely painful and itchy vesicles. Clinical symptoms are self-limiting; however, neurological symptoms such as neuritis, neuropathy, and, in rare cases, encephalopathy and meningitis may occur. Recently, an association between LC and VZV reactivation has been observed. This hypothesis would explain the occurrence of vesicular lesions and neuropathic manifestations that worsen the clinical picture of LC patients [97].








5. What Strategies Are in Place?


Based on this evidence, although still unconfirmed, it is therefore possible to intervene early in the complex processes that lead to LC. It is important to pay special attention to frail patients, in whom the development of LC could complicate the very delicate balance that characterizes them. In particular, it is necessary to carry out studies that reveal the underlying pathological mechanisms in order to target diagnostic and therapeutic pathways, paying special attention to certain categories of patients who are most at risk.



Because of the knowledge currently available, several approaches can be envisaged, but are not yet supported by robust evidence



5.1. Prevention


Prevention aims to intervene before disease manifestation. It aims to identify early markers of reactivation of infection in order to prevent disease progression.



Another possibility lies in Herpes zoster vaccine, now indicated for a limited cohort of patients, in fact it would play a role in preventing LC symptoms.



One strategy in this regard would be to implement serologic testing protocols for latent viruses, particularly in frail patients with severe and prolonged symptoms. Serologic testing for EBV, VZV, CMV, and other herpesviruses would allow early detection of reactivation of latent infections and early intervention. The primary goal would be to identify early markers of viral reactivation (e.g., antibodies to an EBV antigen).




5.2. Therapeutic Strategies


Although there is currently no proven efficacy of antivirals against herpesvirus reactivation, as has been widely discussed, there is a need to conduct clinical trials aimed at identifying drugs that interact with the mechanisms that induce viral reactivation, thereby favoring a reduction in the symptomatology and severity of LC symptoms.



Another possibility lies in the possibility of modulating the induced inflammatory state and immune dysregulation secondary to SARS-CoV-2 infection and concomitant reactivated infections to reduce induced cellular damage.



In HIV-positive patients, it would also be desirable to consider the use of targeted antiviral therapies during the acute phase of COVID-19 to reduce the risk of developing LC, given the close association between seropositivity and LC.



In patients with evidence of VZV reactivation, treatment with acyclovir or valacyclovir is indicated to limit viral replication and prevent further complications in an already immunocompromised patient.





6. Discussion


LC is a prevalent and debilitating condition, independent of the severity of the initial acute infection. Despite the extensive documentation of LC symptoms [6,13,14], there remains a limited understanding of the associated risk factors and pathogenetic mechanisms, which has subsequent therapeutic implications. Regarding potential clinical risk factors, age, female gender, smoking, and pre-existing comorbidities especially asthma, obstructive pulmonary disease, untreated sleep apnea, diabetes mellitus, connective tissue disorders, obesity were described [23,24,35,36]. In addition, hospitalization during the acute phase [31,32,33] and smoking [38] have been identified as potential risk factors. However, pathogenetic mechanisms are still unknown. Current literature primarily focuses on several proposed mechanisms, including viral persistence, reactivation of latent viruses, immune dysregulation secondary to a chronic inflammatory state, endothelial inflammation, and immune thrombosis. To a lesser extent, alterations in the gut microbiome, multiple tissue damage, and autoimmunity have also been suggested as contributory factors [68]. The most intriguing hypothesis posits that acute SARS-CoV-2 infection can be considered as the main trigger for the reactivation of some herpesviruses, especially EBV, VZV, HHV-6 and HIV [75,76,77]. These viruses share numerous clinical and pathogenetic characteristics with LC. In particular, EBV, VZV, HIV, and CMV have been linked to some of the neurological, dermatological symptoms, and general malaise and fatigue observed in LC [78,79,80,81,82,83,84,85,86,87,88,89,90]. The hypothesis regarding EBV suggests that the virus could be reactivated into a lytic phase due to the chronic inflammation induced by SARS-CoV-2, or as a consequence of an autoimmune process. For this reason, to evaluate the possible interaction of the virus with the pathophysiological mechanisms of LC, available studies have used different approaches to identify viral reactivation, the most common methods are to identify the antibody response to latent viruses, especially EBV chronic inflammatory state [80,81,82,83,84,85,86,87].




7. Conclusions


In conclusion, COVID-19 remains a poorly understood condition with substantial consequences for the quality of life and well-being of affected individuals. This highlights the need for further research to better manage this ongoing health crisis, which continues to evolve, albeit in a less overt manner.




8. Future Directions


In our opinion, two aspects should be underlined. The first is to anticipate, in the setting of LC, the eventual EBV/VZV/HHV-6/HIV viral re-activation diagnosis and to identify new and specific biomarkers and risk factors of both LC and latent viral reactivation.



The second is to provide prompt, targeted treatments. Despite the current lack of proven antiviral efficacy against herpesvirus reactivation, clinical trials should focus on identifying drugs that can prevent viral reactivation and thereby mitigate LC symptoms.



Expanding the cohort of patients for whom the herpes zoster vaccine is indicated would also be appropriate.



Another possibility lies in the reduction of inflammatory state.
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Figure 1. Long COVID symptoms clusters. 






Figure 1. Long COVID symptoms clusters.
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Figure 2. Summary of the probable pathophysiological mechanisms. 
