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Abstract: Coronavirus disease 2019 (COVID-19) is a multisystem illness caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which can manifest with a multitude of symp-
toms in the setting of end-organ damage, though it is predominantly respiratory. However, various
symptoms may remain after acute SARS-CoV-2 infection, and this condition is referred to as “Long
COVID” (LC). Patients with LC may develop multi-organ symptom complex that remains 4–12 weeks
after the acute phase of illness, with symptoms intermittently persisting over time. The main symp-
toms are fatigue, post-exertional malaise, cognitive dysfunction, and limitation of functional capacity.
Pediatric patients developed the main symptoms of LC like those described in adults, although there
may be variable presentations of LC in children. The underlying mechanisms of LC are not clearly
known, although they may involve pathophysiological changes generated by virus persistence,
immunological alterations secondary to virus–host interaction, tissue damage of inflammatory origin
and hyperactivation of coagulation. Risk factors for developing LC would be female sex, more than
five early symptoms, early dyspnea, previous psychiatric disorders, and alterations in immunological,
inflammatory and coagulation parameters. There is currently no specific treatment for LC, but it
could include pharmacological treatments to treat symptoms, supplements to restore nutritional,
metabolic, and gut flora balance, and functional treatments for the most disabling symptoms. In
summary, this study aims to show the scientific community the current knowledge of LC.

Keywords: SARS-CoV-2; long COVID; symptomatology; therapy; pathways; biomarkers

1. Introduction

Since the end of 2019, Coronavirus disease 2019 (COVID-19), a multisystem illness
caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which can
manifest with a multitude of symptoms in the setting of end-organ damage, though
predominantly respiratory, has emerged [1]. SARS-CoV-2, with devastating consequences
for humanity, has transformed normalcy for the world [2]. At least 200 million cases
of COVID-19 disease and 4 million deaths have been reported [3]. To date, the current
availability of drugs to treat SARS-CoV-2, such as the use of convalescent plasma, antiviral
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drugs, dexamethasone, monoclonal antibodies, and immunomodulators, could contribute
to the control of SARS-CoV-2 infection, although their effectiveness is limited [4]. The
majority of confirmed cases of COVID-19 by detection of viral RNA by Real Time Reverse
Transcriptase-Polymerase Chain Reaction (RT-PCR) techniques [5] present with flu-like
symptomatology, muscle aches, runny nose, sore throat, gastrointestinal symptoms, and
loss of the senses of smell and taste [4]. However, 20% of patients develop severe symptoms
associated with respiratory difficulties and pneumonia. In addition, coagulation disorders,
septic shock, multiorgan failure, and complications secondary to a systemic inflammatory
response are associated with increased mortality [6]. Recent evidence has demonstrated
that a variety of symptoms may remain after acute SARS-CoV-2 infection and this condition
is referred to as “Long COVID” (LC) [7].

In August 2020, post-acute symptoms of COVID-19 were already reported in patients
being seen in primary care [8]. In September 2020, the World Health Organization (WHO)
published an update recognizing the existence of long-lasting effects following SARS-CoV-
2 infection [9]. It is from this document that the WHO urges governments to recognize
the long-term effects of COVID-19 and to ensure access to health services (primary care,
special care and rehabilitation) for these patients. As early as November 2020, the Centers
for Disease Control and Prevention (CDC) (Atlanta, GA, USA) began reporting the full
range of short- and long-term health effects associated with COVID-19 that have been
updated. Subsequently, the National Institutes of Health (NIH) (Bethesda, Rockville,
MD, USA) described the condition of LC as sequelae extending beyond four weeks after
initial infection [10]. In addition, The National Institute for Health and Care Excellence
(NICE) created in December 2020 a guideline for the management of the long-term effects of
COVID-19 [11]. The Ministry of Health of the Government of Spain generated the document
“Scientific and technical information Coronavirus disease, COVID-19” in January 2021,
which offers a specific LC section explaining the following: “patients with LC exhibit
compromise and deterioration in the structure and function of multiple organs, and that
it affects many people causing great health and social impact in the pandemic”. This
document makes a clear distinction between sequelae arising from severe acute illness and
LC [12]. Already in February 2021, a new policy report from the European Observatory
on Health Systems and Policies documented the responses to LC in different countries
of the European Union (EU). In addition, this document discusses how patients, and
healthcare professionals, are driving some of these responses. Finally, this paper includes
a call for recognition of the wide range of health impacts of LC from people reporting
ongoing symptoms at 12 weeks post-SARS-CoV-2 infection [13]. Therefore, there is a
need for information on LC for all patients (who have seen their quality of life completely
diminished after infection and who for a long time have not been recognized as sick) and
health professionals to try to reduce the uncertainty of action and help make decisions in
the clinical setting.

2. Material and Methods
2.1. Search Strategy

This study is a narrative review that sought to evaluate updated information on a
new and emerging condition, which has been described with various terms “Persistent
COVID”, “Long COVID” or “Chronic COVID”. A search was carried out between June and
September 2021 in the databases: Medline (PubMed), SciELO, and Cochrane Library Plus.
Plus. Several terms (Mesh) were used as keywords for the search: Long COVID, Persistent
COVID, COVID long-effects, COVID long-term effects, post COVID, COVID complications,
COVID recurrent, COVID sequelae, and chronic COVID. The Boolean operators “AND”
and “OR” were used as a search nexus. The search was completed with documents from
official Spanish and international institutions.

After searching the articles in the databases, the search titles were cross-checked to
identify duplicates and potential publications to add. After reading the abstract, a full text
review of the selected articles was performed.



J. Clin. Med. 2021, 10, 5799 3 of 18

2.2. Inclusion and Exclusion Criteria

The following inclusion criteria were applied to select articles: (i) Full text access;
(ii) being a review, clinical trial, observational study, case report/study; (iii) articles that
identified or provided information about: pathways, etiology, symptomatology, biomark-
ers, disability, and pediatric at a later stage than acute COVID-19; (iv) human studies;
(v) papers whose publication date was between 2020 and 2021; (vi) languages were re-
stricted to English, German, French, Italian, Spanish, and Portuguese. Regarding exclusion
criteria, the criteria applied were: (i) Publications not related to Long COVID; (ii) duplicate
papers; (iii) animals’ studies; (iv) articles published before 2020.

3. Description of Long COVID (LC)

It is necessary to have clear concepts for the diagnosis, identification, treatment,
management, and handling of LC patients to distinguish it from other pathologies related
to SARS-CoV-2 infection. To date, it is possible to differentiate between acute COVID-19,
sequelae derived from COVID-19 and LC (Figure 1). The patient with acute COVID-19 is
one who manifests signs and symptoms of COVID-19 from the onset of infection, and which
may extend up to 4 weeks after infection. The patient with sequelae of COVID-19, often
referred to as post-COVID, may have a history of severe acute involvement by SARS-CoV-2
infection. Given the severity of the infection, these patients may have increased risk factors
for hospital admission and that they present symptoms derived from sequelae following
the structural damage of the complications suffered. The general features presented by this
type of patient with sequelae are adult males (65–75 years) with associated comorbidities.
All patients with sequelae have had access to RT-PCR for the diagnosis of the infection,
when they received hospital care, and have received advanced health care and remained
under follow-up in hospital consultations [14].

Figure 1. Long COVID, Sequelae of COVID-19 and Acute COVID-19.

On the other hand, the patients with LC may develop multi-organ symptom complex
that remains 4–12 weeks after the acute phase of illness, with symptoms intermittently
persisting over time and cases are not considered to have a disease-free period, although
the clinical picture is fluctuating [15]. From the clinical point of view, the symptomatology
does not disappear; it may be changeable or there may be outbreaks, but there is no clinical
endpoint. Therefore, there is no period of healing of the acute phase and there is no post-
COVID moment. Most LC patients were infected in the first months of 2020, i.e., in the first
wave of the pandemic, and their diagnosis by RT-PCR during the acute phase of COVID-19
was only confirmed when it became accessible. Moreover, in LC patients with a limited
medical evaluation access (e.g., telehealth), their COVID-19 diagnosis was subsequently
confirmed by validated cellular immunity laboratory studies [16]. The patients with LC
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are the “great forgotten” of the health system and there is no explanation for an alternative
underlying disease. It would be necessary to study whether in the patient with LC there is
any biomarker or alteration in tissues or organs that is not detected by routine diagnostic
tests. This would entail performing other more specific tests [17].

There may be an overlap in the interpretation between acute LC and post-COVID-19.
With respect to acute post-COVID-19, there is currently no evidence for specific physiolog-
ical changes (predictive of chronicity) at 12 weeks, and therefore it would be preferable
to use the term persistent COVID-19 for symptoms of any duration beyond 4 weeks. In
addition, the use of the prefix “post” implies that the acute infection and any active disease
process have resolved, which is currently unknown. Thus, in acute post-COVID-19, there
is a nuance that differentiates it from LC, and at a time when the clinical COVID has
disappeared, patients are truly post-COVID. However, in the case of patients with LC,
it is not possible to identify, beyond the fluctuation of symptoms, a moment in which
the disease is overcome, i.e., a post-COVID moment. In addition, post-acute manifesta-
tions present as residual symptoms that persist after recovery from acute infection; organ
dysfunction that persists after initial recovery; and new syndromes that develop after an ini-
tially asymptomatic or mild infection. The patient with acute post-COVID-19 may present
with additional symptoms that persist over time in addition to their sequelae. However,
the clinical presentation of the LC patient is not compatible with post-COVID-19 because,
although there is no fixed pattern in all patients, the symptomatology often presents with
flare-ups in which symptoms may become more severe and new clinical manifestations
may appear [14–16].

The global standardization of population health diagnostic information carried out
by the WHO, through the International Classification of Diseases (ICD) in its eleventh
edition, which comes into force in 2022, includes the following codes in reference to
the identification of LC: (a) RA02: Post-COVID-19 disease; and (b) RA03: Multisystem
inflammatory syndrome associated with COVID-19 [18]. This identification is probably
insufficient, and it is necessary to establish a code that specifically denominates them
and differentiates them from other entities that can occur in post-COVID-19 disease or
from other associated multisystemic inflammatory syndromes. In this sense, we could
follow those guides established by the National Institute for Health and Clinical Excellence,
Scottish Intercollegiate Guidelines Network and Royal College of General who consider two
entities within the definition of prolonged COVID-19 [11]: continuous symptomatic COVID-19:
signs and symptoms of COVID-19 from 4 to 12 weeks; Post COVID-19 syndrome: signs
and symptoms that develop during or after a COVID-19 compatible infection, continue
for more than 12 weeks and are not explained by an alternative diagnosis. In addition,
the French Haute Autorité de Santé specifies three criteria to identify cases suffering from
“Symptômes Prolongés COVID-19” [19]: having presented with a symptomatic form of
COVID-19, continuing with one or more of the initial symptoms 4 weeks later, and these
symptoms that cannot be explained by any other diagnosis.

4. Mechanism of Action of SARS-CoV-2 in the Etiopathogenesis of Long COVID (LC)

The underlying mechanisms in LC are not clearly known, although some hypothe-
ses have been established that could involve the following: pathophysiological changes
generated by the persistence of the virus located in tissue reservoirs or cells of the im-
mune system where it would remain active, immunological alterations secondary to the
virus–host interaction that would generate an aberrant immune response, tissue damage
of inflammatory origin that continues after the response to acute infection and by the
hyperactivation of coagulation and platelets, although each clinical symptom of LC could
have its own pathways [7,20].
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4.1. Alterations of the Immune Response
4.1.1. Dysregulation of the Immune System

Altered immune response in LC patients due to persistence of infection results in
inadequate innate immune response, reduced activity of the interferon system, pathological
changes in inflammatory mechanisms, malfunction of macrophages in early stages, alter-
ations in the induction of adaptive immune response through stimulation of effector T cells
with proinflammatory properties and ineffective in eliminating SARS-CoV-2 [14,20,21].

Dysregulation of the immune system in LC patients is characterized by an increase
in Interferon gamma (IFN-γ) and Interleukin (IL)-2 cytokines, pathological changes in
populations of CD4+, CD8+ lymphocyte subpopulations, the monocytic CD14+ and CD16+
subset, deficits of B lymphocytes and monocytes, alterations in the cellular response to
SARS-CoV-2 antigens (S, M, N, P proteins) and decreased levels of the Chemokine (C-C
motif) ligands 4 (CCL4) [21]. All this presents different profiles of clinical relevance, with
an inflammatory profile marked by a decrease in CD4+ and an increase in IFN-γ, CD8+
and Natural Killer (NK) cells. On the other hand, the immune profile is characterized by
an increase in CD4+ and CD8+ cells [22]. The immune response in LC patients induces the
activation of effector T cells with proinflammatory properties and the ability to generate
an effective immune response to eliminate the virus, but without adequate recruitment
signals to attract activated T cells [21]. Recovered COVID-19 patients had elevated levels
of proinflammatory IL-17A, stem cell factor (SCF), IL-12p70, IL-1β, macrophage inflam-
matory protein-1 (MIP-1β), and pro-angiogenic macrophage inflammatory protein 1β,
brain-derived neurotrophic factor, and vascular endothelial growth factor at 6 months after
infection compared to subjects without disease [23]. This could reflect that in recovered
patients there is a pattern of chronic inflammation and angiogenesis. These alterations
of the immune system are different from COVID-19 sequelae patients where excessive
inflammation predominates with plasma levels of IL-6 and IL-10, and an increased immune
activity rate for activation, recruitment, and modulation processes which take place to
restore dysregulated T cells [14].

The persistence of SARS-CoV-2 infection could be caused by an inadequate or deficient
innate immune response in the interferon production and secretion system, pathologically
increased inflammatory mechanisms, and dysfunction of macrophage activity in the early
stages of infection. In addition, the alteration of the adaptive immune response, mani-
fested by a marked lymphopenia with disproportion in the concentrations of lymphocyte
subpopulations in favor of virgin cells that follow inadequate temporal kinetics, would
explain the unfavorable evolution of some patients [7,21]. Moreover, the cause of the
inadequate immune response in LC patients could be a consequence of alterations in
the genetic component of immunity—haplotype of the major histocompatibility complex
(MHC) or of the existence of polymorphisms with phenotypic alterations in the genes
that give rise to the appearance of a pathological immune response [24]. Immunologic
recovery after COVID-19 is complex, with profound persistent cellular abnormalities that
correlate with a change in the nature of the inflammatory response. Increased oxidative
phosphorylation and reactive oxygen species-associated inflammation replace those driven
by TNF-α and IL-6, establishing changes in late immune-metabolic inflammatory patterns,
which in conjunction with unresolved immune cell defects, if maintained, would contribute
to persistent symptoms and development of LC [25].

4.1.2. Presence of Autoantibodies

The participation of B cells in autoimmunity must be considered in the etiopathogene-
sis of LC. In this sense, the presence and high reactivity of autoantibodies in SARS-CoV-2
infection has been described that would act against immunomodulatory proteins (cy-
tokines/chemokines; complement components and cell surface proteins) and would result
in the perturbation of immune function [22,26]. In fact, autoantibodies against interferons,
neutrophils, connective tissues, cyclic citrullinated peptides and cell nuclei have been identified
in serological samples in 10–50% of moderate and severe patients with COVID-19 [26] and
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elevated concentrations of antiphospholipid autoantibodies in 52% of severe patients hos-
pitalized with SARS-CoV-2 infection [27]. Therefore, the presence of these autoantibodies
would condition the inadequate immune response and impair virological control by in-
hibiting immunoreceptor signaling and altering the composition of peripheral immune
cells. All this contributes decisively to the immunopathology of COVID-19, aggravating
its symptoms or maintaining them over time [28]. In this sense, other diseases of autoim-
mune origin such as lupus and rheumatoid arthritis develop symptoms (fatigue, joint pain,
concentration difficulties and headache), which are very similar to those suffered by LC
patients [22].

4.1.3. Thyroid Dysfunction

Altered thyroid function has been reported in 15–20% of patients with COVID-19.
Thyroid dysfunction could play a role in the etiopathogenesis of LC-associated autoimmu-
nity [29,30]. Altered thyroid activity would cause autoreactive T cells to escape negative
selection in the thymus, i.e., SARS-CoV-2 would act by stimulating the loss of the periph-
eral tolerance system in the thyroid. Thus, T cells would contribute to tissue injury and
would be responsible for the pathophysiology of LC in a similar manner in autoimmune
diseases [29].

4.1.4. Nutritional Deficiencies

Specialized pro-resolving mediators (SPMs) are produced by cells of the innate im-
mune system [31]. SPMs are synthesized from the stereoselective enzymatic conversion
of essential fatty acids (arachidonic acid, eicosapentaenoic acid (EPA), docosapentaenoic
acid$-3, and docosahexaenoic acid (DHA)) [32]. For EPA and DHA, anti-inflammatory
properties have been proposed because they compete with arachidonic acid in reduc-
ing proinflammatory eicosanoids [31]. SPMs are grouped into four families: lipoxins,
resolvins, proteins and maresins. These endogenous mediators share basic physiological
properties in regulating host responses to actively enhance the resolution of infectious
inflammatory response mechanisms, such as the following: reducing host proinflammatory
cytokine/chemokine production, limiting neutrophil trafficking, stimulating phagocytosis
of apoptotic cells by macrophages, killing bacteria, and degrading cellular debris through
G protein-coupled receptors (GPCRs), and protecting organs and/or tissues [31,32].

In COVID-19, SPMs could stimulate the resolution of lung inflammation and reduce
tissue damage in patients by early termination of SARS-CoV-2 infection to stop the cy-
tokine storm. In addition, it could be used in decreasing chronic inflammation in the
post-acute phase, which would generate a potential use of SPMs in LC [33,34]. In LC
patients, nutritional profiles are unbalanced, favoring proinflammatory lipid mediators
over SPMs [33]. In other words, nutritional strategies could be considered to increase
endogenous production of SPMs or their supply in sufficient quantities to allow them to
develop their function [33].

On the other hand, a high percentage of COVID-19 patients hospitalized during the
acute phase were deficient in vitamin D and omega-3 fatty acids [35,36]. Thus, it could be
hypothesized that it would be advisable to follow a healthy diet rich in food that provides
omega-3, vitamin C, vitamin D, Zinc and Selenium to attenuate the symptoms of LC, since
all the targets for the origin of this syndrome point to the immune system [37]. Regarding
vitamin D, there are currently two theories regarding the recommendation to increase its
intake (mainly with supplements) to prevent or treat LC: (i) there is insufficient evidence to
adopt a nutritional recommendation; (ii) recommend vitamin D supplementation above
the recommended daily intakes because high levels of vitamin D have been correlated
with lower rates of infection and a lower risk of hospitalization, due to the direct relation-
ship with immunity and its effects of modulating tissue damage, mainly at the muscular
level [38]. As for omega-3 fatty acids, the most recent evidence has demonstrated the im-
portant role they play in the resolution of inflammation of infectious etiology, as a substrate
of the MPE, which is implicated in many of the symptoms of la LC [33,34]. The use of
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therapeutic nutrients to improve and/or reinforce the diet in the recovery phase of the
disease is also recommended, as well as the intake of vitamin complexes [37]. In this regard,
supplementation with B-complex vitamins, specifically vitamin B12, is recommended, since
it has been shown that people with LC had low reserves of this vitamin before becoming
infected with SARS-CoV-2, which could favor the chronification of symptoms [26]. The
administration of the glycophosphopeptide food supplement AM3 (an immunomodu-
latory agent) has been proposed to attenuate the inflammatory response, modulate the
immune response and attenuate muscle damage in SARS-CoV-2 infection [4]. Pending
further research that will shed lighter and specify the benefits that certain nutrients may
have in the prevention of LC and the improvement of its symptoms, the best option for
these patients is to adopt a dietary style that includes foods with proven effects on the
proper functioning of the immune system. In other words, one means of this adaptation is
to establish a “pro-immunity menu” that fully coincides with the Mediterranean Dietary
pattern [39].

4.2. Inflammatory State
4.2.1. Continued Inflammatory Response

The inflammatory response is a normal physiological defense against pathogen infec-
tion and tissue damage. The basic physiological aspects that occur in the inflammatory
process are firstly, the focalization of the response, which tends to circumscribe the area
of fight against the aggressor agent. Secondly, the inflammatory response is of immediate
action, of urgency and therefore, preponderantly non-specific, although it can favor the
later development of a specific response. Thirdly, the inflammatory focus attracts immune
cells from nearby tissues. The vascular alterations will also allow the arrival of immune
mediators from the blood. Fourthly, when the causes of the aggression have disappeared
or have been eliminated by the inflammatory response itself, repair processes are initiated
and the inflammation ends rapidly [40]. However, in many chronic diseases, the inflam-
matory response continues and leads to significant tissue and organ damage. Thus, an
abnormally prolonged and exacerbated inflammatory response would be closely related
to the etiopathogenesis of some chronic diseases, especially of autoimmune origin, such
as rheumatoid arthritis, inflammatory bowel disease, systemic lupus erythematosus, gout
and diabetes [41].

SARS-CoV-2 infection triggers an inflammatory storm, the so-called “cytokine storm
syndrome (CTS)”, by the whole virus or fragments of the virus, in its acute or quiescent
phase. This event is an immunopathological feature of COVID-19 and has been asso-
ciated with disease severity and with persistence of symptoms. CTS is a very severe,
life-threatening complication of SARS-CoV-2 infection. After the initial early infection and
pulmonary phase, some patients exhibit a hyperinflammatory response, with macrophage
activation, mediated primarily through IL-1 and IL-6. Elevated C-reactive protein (CRP)
and ferritin (FER) have been proposed as biomarkers to monitor the clinical course and de-
termine treatment selection for patients with COVID-19 [42]. CTS generates high oxidative
stress and thus involvement of the mitochondrial membrane, the organelle with which we
are able to produce energy [41].

After this period of initial hyperinflammation induced by CTS, multisystem inflam-
matory syndrome (MIS) may appear 2–6 weeks after SARS-CoV-2 infection [26,28]. These
patients present with elevated levels of systemic proinflammatory markers (CRP, IL-6,
FER, and D-dimer) and/or vascular endothelium-related markers (associated with lung
damage). In addition, these patients may present with severe shock, cardiac, gastroin-
testinal, or neurological symptoms and biomarkers. MIS suggests the involvement of
a dysregulated adaptive immune system with a high degree of residual inflammation.
Therefore, post-SARS-CoV-2 MIS symptoms may lead to LC [26]. Increased fluorine-18
Fluorodeoxyglucose (18F-FDG) uptake on positron emission tomography with multislice
tomography (PET/CT) has been reported in patients who have overcome SARS-CoV-2
infection but with continued symptomatology for at least 1 month which could indicate
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persistent inflammation in the bone marrow and blood vessels [43]. Continued or unfin-
ished inflammation could be one of the causes of the pathophysiology of LC, and could be
associated with inflammation-related symptoms, myalgia, joint pain and fatigue [26].

SARS-CoV-2 induces pneumonia, characterized by the presence of lymphopenia and
the existence of immune dysregulation and hyperinflation as an accompanying event
of the critical illness caused by this virus [44]. The renewal and generation of B- and
T-cell lymphocytes in an attempt to compensate for lymphopenia may generate elevated
inflammation and contribute to LC [26]. In addition, lymphopenia correlates with persistent
dissemination of SARS-CoV-2, which may further perpetuate chronic immune activation
in LC [45].

4.2.2. Gut Microbiota Imbalance

Pathological changes in the intestinal microbiome appear in numerous diseases of
etiology associated with chronic inflammation processes. In addition, microbiota–gut–
brain axis activity involves modulation of brain–gut neurotransmitter systems by the gut
microbiome [46]. Gut dysbiosis has been observed among patients with COVID-19, lasting
between 10–30 days after resolution of COVID-19. Intestinal dysbiosis was also correlated
with increased severity of COVID-19 and increased plasma levels of inflammatory biomark-
ers and prolonged 6-week fecal excretion of SARS-CoV-2 [46,47]. That is, dysbiosis of the
gut microbiota after disease resolution could contribute to the persistence of gastrointesti-
nal and neurological symptoms in LC patients [48]. Therefore, it is necessary to study the
role of the gastrointestinal tract and microbiota in the inflammatory processes of LC.

4.3. Viral Persistence

The infection produced by SARS-CoV-2 is systemic, affecting the entire body, rather
than a single part or organ, as has been demonstrated in autopsies of patients where the
presence of the virus has been found in multiple organs: lungs, pharynx, heart, liver, brain
and kidneys. This establishes the possibility that there is a dissemination route, which
could be through the peripheral nerves [49]. Systemic involvement and dissemination
seem to contribute to viral persistence, causing latent or chronic infection. Viral persistence
causes an immunological alteration to persist over time, resulting in chronic inflammation
with long-lasting COVID-19 symptoms. In this sense, LC patients may not be able to
completely eliminate SARS-CoV-2 after the acute infection phase due to an altered immune
response [7]. The virus may remain latent in some reservoir (immune system tissue or cell)
and periodically reactivate when changes in immune system homeostasis occur, causing
outbreaks of symptomatology, but not making the virus detectable in the upper respiratory
tract [49]. Therefore, persistence of SARS-CoV-2 in the body is possible, which may induce
some level of immune activation contributing to an LC [8].

There is a history of viruses that do not insert into DNA and become chronic in certain
subpopulations, such as hepatitis C virus, poliovirus, and Ebola virus [49]. With respect to
SARS-CoV-2, cases have been reported of patients who remained positive for up to three
months and even cases of prolonged dissemination in the respiratory tract for up to four
months, evaluated by RT-PCR [26]. In addition, SARS-CoV-2 has been found to be hosting
and distributed in various locations in the gastrointestinal tract, lungs, blood and in the
olfactory mucosa where it would migrate to the central nervous system [49].

Recently, SARS-CoV-2 nucleic acids and proteins have been discovered in the small
intestine of 50% of asymptomatic COVID-19 cases at 4 months after disease onset [22]. In
addition, dissemination of SARS-CoV-2 in feces has also been detected for up to 8 weeks,
even in the absence of gastrointestinal symptoms [50]. The persistence of SARS-CoV-2
at the intestinal level could be the origin of an unresolved inflammation process in the
LC by active replication of SARS-CoV-2 in gastric and intestinal cells where there is an
overexpression of ACE2 receptors. This situation could induce an increased fecal shedding
of SARS-CoV-2 in patients [51]. In acute SARS-CoV-2 infection, gastrointestinal symptoms
(loss of appetite, nausea, vomiting, diarrhea, and abdominal discomfort) affect between
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10–20% of patients. In LC patients it affects more than 30%. Therefore, the persistence
of SARS-CoV-2 in the gastrointestinal tract would be the cause of the gastrointestinal
manifestations of LC [26].

Metabolic Alterations

Systemic or persistent SARS-CoV-2 infection exerts a significant impact on metabolism.
Metabolomic analysis reveals abnormally elevated levels of ketone bodies (acetoacetic acid,
3-hydroxybutyric acid and acetone) and 2-hydroxybutyric acid (marker of hepatic oxidative
stress), increases in hepatic glutathione synthesis and transaminase activity (aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)) and depletion of essential
amino acids, tyrosine and glutamine. This corroborates that SARS-CoV-2 induces liver
damage associated with dyslipidemia and oxidative stress [52]. There is a hypothesis that
these alterations could also exist to some extent in LC, although it remains to be determined
whether LC is a cause or a consequence of the disease and how it can be transferred to
clinical practice, although it is surely an accompanying alteration and a reflection of the
disease.

4.4. Coagulopathies

SARS-CoV-2-induced infection generates multi-organ dysfunction that triggers some
coagulopathies that may result in hemorrhage and thrombocytopenia, hypercoagulation,
pulmonary intravascular coagulation, microangiopathy, venous thromboembolism or arte-
rial thrombosis. Acute COVID-19 infection is also characterized by dysregulated circulating
inflammatory biomarkers such as the following: hyperactivated platelets, damaged ery-
throcytes, blood micro-clot accumulation in the lungs, increased D-dimer levels above
twice normal, slightly prolonged prothrombin time (1–3 s above normal), and, late in
the disease, decreased fibrinogen levels. Patients with acute COVID-19 may experience
thrombocytopenia that can lead to life-threatening disseminated intravascular coagulation
(DIC) [53,54].

The symptomatology of LC may be mainly due to the presence of persistent circu-
lating blood clots from the acute phase that are resistant to fibrinolysis. Failure of the
fibrinolytic process has been described during acute COVID-19 and in patients with LC
symptoms. Plasma proteins in COVID-19 and LC plasma samples are highly resistant
to degradation with trypsin. The formation of aberrant and fibrinolysis-resistant blood
micro-clots caused by increased α2-antiplasmin (α2AP) or plasmin inhibitor antifibrinolytic
action inhibiting the degradation of the fibrin networks of clots (for which plasmin is re-
sponsible). In addition, α2AP is associated with the mediation of inflammatory responses
by stimulating the production of proinflammatory cytokines (IL-1, IL-6, TNF-α) that induce
hypercoagulability and inflammatory immune responses. Dysregulation of mediators in
the system in the circulation could be essential contributors in the pathophysiology of
coagulation/multiple fibrinolysis of acute SARS-CoV-2 and LC infection [55]. Although
there are significant differences of deregulated molecules when comparing samples from
acute COVID-19 patients with patients with LC, which could be explained by the prolonged
inflammatory state and persistent viral infection in LC [56]. Therefore, the development
of LC could be associated with: (i) Development of hypercoagulability with significant
increases in circulating inflammatory molecules; (ii) Presence of circulating micro-clotting
and hyperactivation of thrombocytes; (iii) Generation of an aberrant fibrinolytic system,
which induces hypo-fibrinolysis and persistent micro-clotting, in the presence of elevated
levels of α2AP [56].

5. Clinical Characteristics of Long COVID

The clinical characterization should be made under the premise that LC is a multiorgan
symptomatic complex that affects those patients who have suffered from COVID-19 by the
persistence of symptoms beyond 4–12 weeks after infection with SARS-CoV-2, regardless
of the severity of the acute phase and whether the diagnosis of the infection was made by
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laboratory or clinical tests (due to the low availability of tests), with a frequently fluctuating
or flare-like presentation of symptoms, causing disability to the sufferer, without the
existence of an explanation by an alternative underlying disease [57].

5.1. Incidence

Determining the incidence of LC is complex due to the novelty of the disease, the
lack of rigorous clinical registries and the absence of specific surveillance of LC. In the
community population (25–69 years) in the United Kingdom, it was estimated that 1 in
5 persons with COVID-19 had symptoms beyond 5 weeks (21% (95% CI 19.9–22.1)) and
1 in 10 beyond 12 weeks (9.9% (95% CI (6.7–14.79)). A higher incidence was reported
in women (23.6% (95% CI 22.2–25.0)) than in men (20.7% (95% CI 19.3–22.1)) [58,59].
In a patient cohort of more than twenty thousand patients in the US population aged
18–89 years, 30% showed symptoms compatible with LC at 30 days, 25% at 60 days and
15% at 90 days after suffering a SARS-CoV-2 infection with diagnosis confirmed by RT-
PCR [60]. Other studies [21,61] estimate the incidence of LC at 10% of those infected. When
other populations are considered that include heterogeneous groups of patients (severe
and very severe acute illness and hospitalized patients), prevalence’s of up to 80% of those
affected appear [62]. It is necessary to consider that in these patients the true persistence of
symptoms is mixed with the sequelae of the severe acute disease that produces structural
damage and consequent clinical manifestations.

5.2. Symptomatology

The symptoms and signs reported by people with LC are extremely numerous and
varied (Figure 2) [63], which could perhaps be related to the different causes of the persis-
tence of symptoms, which adds to the complexity of the syndrome in terms of its diagnosis,
follow-up and its requirement for multidisciplinary health care [7]. Regarding the common
symptomatology in LC patients, the following stand out: intermittent clinical presentation,
exacerbation of symptoms with physical or mental effort and the so-called “mental fog”,
which encompasses multiple symptoms associated with cognitive impairment such as
memory loss, disorientation, interference in executive functions or problems in learning
and concentration, and limitation of functional capacity [64].

Figure 2. Symptomatology associated with Long COVID.
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The demographic profile of an LC patient is one of any age, sex, and condition.
Half of the LC patients are between 36–50 years, 80% are women, and mostly without
associated comorbidities prior to COVID-19. The mean persistence of symptoms is 3 to
6 months, the most frequent being fatigue, 77.7%, post-exertional malaise, 72.2%, and
cognitive dysfunction, 55.4%; the majority of LC patients present general symptoms, 98.3%,
neurological, 88.0%, and psychological/emotional, 88.3% [60,64,65].

A high percentage of patients with LC experience psychological or emotional distur-
bances such as the following: low mood, hopelessness, sadness, high levels of anxiety,
difficulty sleeping, fear and stress. The etiology of the psychological consequences of
SARS-CoV-2 infection could be multiple, stemming from the direct effects of viral infection,
brain infection, cerebrovascular disease, medical interventions, social isolation, concern
about infecting others, stigma, and the impact of a new disease. In addition, the source of
emotional disturbances (distress, uncertainty, hopelessness, sadness, loneliness) may be
part of a process of adaptation/acceptance to the new LC situation [60,64,65].

Skin lesions as a symptom in patients with LC are diverse and, in many cases, are rem-
iniscent of skin lesions caused by other viruses such as Parvovirus B19. Papulosquamous
eruptions and erythema pernio are the most common and could be triggered by persistent
inflammatory states after acute SARS-CoV-2 infection. Other common dermatological
lesions in LC are alopecia and “COVID toes”, and necrotic skin lesions related to the use of
vasopressors or decubitus ulcers [66].

6. Pediatric Long COVID

The pediatric population is not the population group with the highest incidence or
severity in the COVID-19 pandemic, although cases of symptomatology compatible with
LC are beginning to be described in this age cohort [67]. In the pediatric population,
the symptomatology of acute COVID-19 was mild in most patients. Symptoms of LC at
2–3 weeks after infection were: dermatological involvement [66], neurological, ophthal-
mological and psychiatric symptoms and to a lesser extent MIS [14]. A study in a Spanish
population [68], adolescents or preadolescents, described LC with a “constitutional symp-
tomatology” where persistent low-grade fever, intense asthenia and intense headache
were its most frequent manifestations. Moreover, these symptoms were disabling for the
children, as reported by their parents, and approximately 50% of the patients were seen in
hospital emergency departments or primary care at least once but did not require hospital
admission [68]. A study in Dutch patients aged 2 to 18 years [69], with suspected LC,
reported symptomatology of fatigue (87%), dyspnea (55%) and concentration difficulties
(45%). Of the sample of 89 patients, 36% of the children suffered severe limitations in
the function of daily living [69]. In this regard, pediatric patients developed the main
LC symptoms similar to those described in adults [70,71] (fatigue, headache, decreased
physical capacity, cognitive impairment, decreased quality of life), and children were even
unable to complete a school day 6 months after SARS-CoV-2 infection [70]. Moreover,
persistence of LC symptoms can range from 3 to more than 5 months after resolution of
COVID-19, showing 1 or 2 symptoms and 3 or more for 35.7% and 22.5% respectively of
a sample of 129 Italian children [72]. Of note, in one of the first studies to report LC in
children, based on a case series study, 4 out of 5 children were female [73].

7. What Is the Likelihood of Long COVID?

Vaccines against COVID-19 protect against this disease because they induce immu-
nity against the SARS-CoV-2 virus that causes it, i.e., they reduce the risk of it causing
symptoms and having health consequences. However, they do not prevent transmission
of the virus [74]. Considering that approximately 1 in 5 people have symptoms 5 weeks
after infection and 1 in 10 people have symptoms 12 weeks after infection [21,61], it is
necessary to establish the probability of developing LC when SARS-CoV-2 infection has
been confirmed to initiate the diagnostic approach, treatment, and follow-up of patients.
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The development of more than five [75,76] or more than ten [77] symptoms during
the first week of acute SARS-CoV-2 infection was associated with an increased risk of
developing LC. These first-week symptoms were fatigue (97.7%), intermittent headache
(91.2%), dyspnea, and anosmia [78]. Women with psychiatric pathology and/or treatment
are risk factors for developing LC [79,80]. In addition, higher rates of LC have been reported
in women than men after hospital discharge [26]. Therefore, the female sex may have
a higher probability of developing LC. However, other authors describe that men and
woman are equally likely to develop LC [71,77,81]. Other factors that could predict the
occurrence of include old age (+70 years) and the presence of comorbidities [75,78]. In
adults older than 70 years, loss of smell (which is less common) was the most predictive of
LC (OR = 7.35), ahead of fever (OR = 5.51) and hoarse voice (OR = 4.03). Regarding the
likelihood of developing LC, two studies [82–84] have reported no association between LC
and the initial severity of acute COVID-19. However, being a critically ill patient or severe
patient of acute SARS-CoV-2 infection, with long stay in the hospital or intensive care unit
(ICU) with mechanical ventilation are risk factors [26,85].

8. Disability Associated with Long COVID

The disability of the LC process, together with that generated by its symptoms, trans-
lates into significant muscle loss and functional deficits that negatively impact quality of life.
The most disabling symptoms are asthenia/fatigue, malaise, headache, muscle and joint
pain, dyspnea, chest pressure/pain, decreased concentration and anosmia [64]. In Spain,
the survey of symptoms and disability produced in LC patients [86] showed disability for
daily tasks: household activities, personal hygiene, work activity, family obligations, and
leisure activities. In patients affected by LC and who consider that it produces moderate
or severe disability, it is necessary to analyze the impact on functionality, independence,
and work capacity. The Baecke Physical Activity Short Questionnaire (BPAQ) test could
be used to assess the average level of physical activity at work, sport, and leisure [87]. In
addition, it is necessary to complete the assessment with quality-of-life scales, such as the
SF-36 [88].

9. Basic Biomarkers in Long COVID

The evaluation of the LC patient should allow differential diagnosis with other patholo-
gies presenting similar signs or symptoms. Currently, given that there is no specificity of
laboratory tests in LC, biomarker evaluation should be based on physical examination
findings and symptomatology [89]. Variations in D-dimer, CRP, and lymphocyte levels
appeared consistent and may serve as possible biomarkers of LC [26,90]. However, other
studies have found no changes in proinflammatory biomarkers between LC patients and
patients without LC symptoms [80–82]. The differences may be due to the patient sample
and methodology. In addition, it may be due to the wide variety of LC symptoms and their
presentation in the form of recurrent flares [63]. This situation of multiple and fluctuating
symptoms, in relation to disease activity and patient status, of inflammatory biomarkers is
like those of autoimmune diseases and chronic inflammatory diseases [26,91].

Some scientific–medical societies and patient collectives have proposed a series of
basic analytical parameters that should be evaluated after exceeding the 4–6 weeks in which
acute SARS-CoV-2 infection should be resolved, but symptoms persist in patients [92]. The
basic biomarkers to analyze would be the following: Complete blood count and erythrocyte
sedimentation rate (ESR); Glucose; Lipid profile; Renal profile: creatinine, urea, glomerular
filtrate; Ions: sodium, potassium; Liver profile: Bilirubin, ALT and AST, GGT, alkaline
phosphatase; Albumin; LDH; CRP; Thyroid function tests; Iron metabolism; Vitamin B12,
folate, Vitamin D; Minerals (calcium, phosphorus); Coagulation tests.

In addition, it should be completed with antibody determination tests and cellular
immunity studies. Antibodies acting against SARS-CoV-2 can usually be detected in the
first weeks of infection. The presence of antibodies indicates that the person was infected
with SARS-CoV-2, regardless of the severity of the acute illness or even whether he or
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she was asymptomatic [93]. However, it has been observed that a certain percentage of
patients with SARS-CoV-2 infection had no anti-SARS-CoV-2 IgG antibodies detected,
with no certainty as to whether this is a lack of humoral immune response or a technical
weakness. In approximately 10% of patients with mild cases of COVID-19, it is not possible
to find anti-SARS-CoV-2 IgG. Moreover, this B-lymphocyte-mediated response is limited,
and the antibodies may disappear over time. For this reason, the study of cell-mediated
immunity is proposed [18,21]. The T cell response is of longer duration and allows the
generation of a rapid response in case of a second contact with the virus. Recent studies
have identified T cells reactive to SARS-CoV-2, both in severe cases of COVID-19 and
in mild or asymptomatic cases [94]. The basic cellular immunity study may include the
following immune biomarkers: IFN-γ, IL-2, B and T lymphocytes, CD14+ and CD16+,
cellular response against SARS-CoV-2 antigens (S, M, N, P proteins), NK and CCL4 [92]. In
addition, the FDA has recently validated the first test to detect specific cellular immunity:
T-Detect COVID test developed by Adaptive Biotechnologies [95].

The Spanish Society of General and Family Physicians (SEMG) has implemented a
basic care kit for the LC patient, which could help to collect the most relevant signs and
symptoms in the study of LC [96]. This kit includes evaluation of symptoms and their evo-
lution; Complete anamnesis and by systems/devices; Clinical evaluation scales; Physical
examination; Complementary tests; Immunological and inflammatory biomarkers; Study
of comorbidities; Physical health; Emotional health; Social health; Functional status [96].

10. Potential Treatment of Long COVID

No specific treatment for LC is currently available because of the great symptomatic
variability, the multiple organs involved and knowledge of the pathophysiological mech-
anism causing the symptoms. The etiopathogenic origin of the symptoms could be con-
sidered for the therapeutic approach. Thus, viral persistence, exacerbated inflammatory
state and immune hyperresponsiveness would be therapeutic targets in LC [7,26]. It is
possible that several therapeutic targets may be used simultaneously, given the varied
symptomatologic profile of the LC patient. The treatments described are hypotheses since
the limited evidence available at the present time does not allow us to recommend their
use. Potential pharmacological treatments would be aimed at treating clinical symptoms,
i.e., experimental systemic treatments aimed at the etiological and integral treatment of
the disease. This could include those that reestablish nutritional, metabolic, and intestinal
flora balances, by means of drugs or nutritional supplements. In addition, local and/or
symptomatic treatments could be used, based on current knowledge, for the most frequent
and/or disabling symptoms. Two main groups of symptoms, physical symptomatology
and emotional/cognitive symptomatology could be the best candidates for treatment.
Symptomatic treatment can include changes to healthy lifestyle behaviors, pharmaco-
logical treatments targeting specific symptoms, physiotherapy, physical, olfactory and
cognitive rehabilitation, psychological intervention, respiratory training, speech therapy,
occupational therapy and prescription of physical exercise [92]. The practice of regular
physical activity (PA) has been shown to be an effective therapy for most chronic diseases
and microbial infections with preventive/therapeutic benefits, considering that exercise in-
volves primary immune mediators and/or anti-inflammatory properties. These properties
of PA would make it a useful complementary tool for prevention, which can also enhance
recovery and improve the quality of life of patients affected by the different conditions
resulting from COVID-19 infection [97]. Therefore, given the multisystemic nature of LC,
multiple specialists should participate in the patient care process to implement therapeutic,
rehabilitative, and individual care plans that facilitate comprehensive care of the patient
with the aim of improving his or her quality of life.

11. Conclusions

The pandemic has brought us a wave of a new chronic and disabling disease called
LC, which should be explored further. According to the data, so far, at least 10% of acute
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COVID-19 survivors develop LC. More specifically, 1 in 5 people have some symptoms
after 5 weeks of infection and 1 in 10 people have some symptoms after 12 weeks of infec-
tion [21,61]. This leads to an estimate of approximately 6 million patients developing LC
and its long-term consequences are worrisome because LC can affect regardless of the initial
severity of the disease. This article could decrease uncertainty and aid the understanding
of this new disease by addressing the background, involvement, mechanisms of action in
the etiopathogenesis of the disease, the clinic, pediatric LC, the likelihood of developing
LC, LC-associated disability, biomarkers for follow-up, and potential treatments. However,
much remains unknown about LC, particularly its risk factors, its multiple symptomatic
presentations, and pathophysiology, ranging from long-term damage to multiple organ
systems, immune dysregulation, to unresolved inflammation of multiple origins. There-
fore, LC remains a syndrome whose etiopathogenesis and treatment should be further
investigated.
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