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Editorial on the Research Topic

Updating long COVID: mechanisms, risk factors, and treatment

Introduction

The rapid spread of the coronavirus disease, 2019 (COVID-19) has provoked the most

unprecedent sanitary crisis of this century leading to up to 776million confirmed cases and

more than 7 million deaths worldwide (WHO, 2023). In fact, the Severe Acute Respiratory

Syndrome Coronavirus 2 (SARS-CoV-2), the pathogen responsible of COVID-19, has

become one of the most investigated virus due to a total explosion of research thanks to

the publication of thousands and thousands of papers in a relatively small period of time.

Extensive research aiming to decrease the severity and mortality of COVID-19 has

been published. For instance, administration of antivirals at an early stage of the acute

COVID-19 phase has shown to decrease mortality rate, hospitalization stay, and COVID-

19 severity (Zur et al., 2024). Similarly, the development of COVID-19 vaccines has been

one of the most important advances in the fight against SARS-CoV-2. Thus, vaccines have

demonstrated to be effective for reducing the risk of severe COVID-19 and also associated

mortality (Dinagde et al., 2024); however, vaccines have not been effective for preventing

SARS-CoV-2 contagion (Wang et al., 2022). In fact, SARS-CoV-2 trophism has resulted

in the appearance of several variants in a short period of time (Jagst et al., 2024). The

worldwide spread of new variants of concern has led to reinfections (Sciscent et al., 2021).

Albeit all the progress and efforts done for fighting against SARS-CoV-2, another

growing healthcare problem derived from COVID-19 is the presence of long-lasting or

persistent symptoms once the acute infection has passed. The presence of persistent long-

lasting symptoms after the acute infection has received several and heterogenous names

from the beginning of the pandemic (Yang et al., 2024), being long-COVID (Fernández-

de-las-Peñas, 2022) or post-COVID-19 condition (Soriano et al., 2022) the terms most

accepted. Some meta-analyses have reported that up to 25–30% of COVID-19 survivors

exhibit post-COVID symptomatology one (Chen et al., 2022; Han et al., 2022) and two

(Fernández-de-las-Peñas et al., 2024; Rahmati et al., 2023) years after an acute SARS-CoV-

2 infection. Further, a recent meta-analysis estimated a pooled worldwide prevalence of

long-COVID of 41.8% (95% CI 39.7–43.9%) (Sk Abd Razak et al., 2024), although this

rate is based on studies including COVID-19 survivors infected during the first year of the

pandemic, mostly with the historical strain and Delta variable. In fact, it has been found
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that the average direct medical costs of a patient with post-COVID

symptoms ranges fromUS $1,264 to 79,315 (Faramarzi et al., 2024).

Nevertheless, several gaps in different aspects of post-

COVID-19 condition exist. The aim of the Research Topic

“Updating long COVID: mechanisms, risk factors, and

treatment” published in Frontiers has focused on several

aspects of post-COVID-19 condition, a topic of emerging

relevance due to the presence of millions of “long-haulers”

worldwide. In this Editorial, we discuss the following topics:

1, mechanisms underlying post-COVID-19 condition; 2,

clustering of post-COVID symptoms; and 3, risk factors of

post-COVID-19 condition.

Mechanisms underlying
post-COVID-19 condition

Several hypotheses such as viral persistence, long-lasting

inflammation, endothelial dysfunction, alteration in microbiota,

immune dysregulation/autoimmunity or autonomic dysfunction

have been proposed for explaining the presence of post-COVID

symptoms (Fernández-de-las-Peñas et al., 2023). However, the

heterogeneity of post-COVID symptoms suggests an association

with different predominant pathophysiological mechanism

operating on each symptom. In this Research Topic, papers

investigated different mechanisms potentially associated with

post-COVID fatigue and neurocognitive symptoms.

da Silva et al. investigated the presence of autonomic

dysfunction in individuals with post-COVID-19 condition and

reported a long-lasting sympathetic predominance during the

head-up tilt test. The presence of an autonomic dysfunction could

explain general post-COVID symptomatology such as fatigue or

even post-exertional malaise, which is experienced by almost

50% of long-haulers (Pagen et al., 2023). In a pilot study,

Hofmann et al. found that the presence of post-COVID fatigue

was associated with a reduction of superoxide anion (O·-2)

formation, suggesting that oxidative stress induces chronic fatigue-

like symptoms in these patients. In such scenario, a long-lasting

oxidative stress state may also explain the development of post-

exertional malaise.

Yao et al. observed a reduced overall brain activity and

a rearrangement of several brain functional networks in a

small sample of individuals who had been infected with

COVID-19. This study did not include subjects with post-

COVID-19 condition since evaluations were conducted 28

days after the main infection, but authors proposed that the

presence of brain abnormalities soon after an acute SARS-

CoV-2 infection could be related to damage of the nervous

system by the virus explaining the potential development of

post-COVID neurocognitive symptomatology (Yao et al.). Thus,

the narrative review by Zhao et al. discussed the mechanisms

of neurodegenerative post-COVID diseases by examining the

pathways of central nervous system infection by SARS-CoV-2.

Current evidence supports that chronic inflammation and

abnormal immune responses can lead to neuronal damage and

long-term post-COVID neurocognitive symptomatology (Zhao

et al.).

Clusters and post-COVID
symptomatology

Due to the heterogeneity of post-COVID symptomatology,

different attempts to identify subgroups (cluster) of

patients. In fact, two different types of clusters by grouping

of symptoms (e.g., neurological, cardiorespiratory or

systemic/inflammatory cluster) or by prognosis (e.g., improved,

non-improved, stable) have been identified (Kuodi et al.,

2023). In the current Research Topic, both types of clustering

were investigated.

Chen et al. identified the clinical features of three clusters

based on the evolution or prognosis of symptoms based on

the 3-month change in symptom number: remittent, persistent,

or incident. These authors found that the incident phenotype

was younger, had lower hospitalization rate but a greater

number of post-COVID symptoms associated with systemic

corticosteroid administration during the acute SARS-CoV-2

infection than the persistent or remittent phenotypes (Chen

et al.).

Núñez et al. classified groups of patients by their different

type of post-COVID symptoms and identified respiratory

and neurocognitive symptoms clusters. Thus, the study by

Carmona-Cervelló et al. found a heterogeneous battery of

neurocognitive post-COVID symptoms associated with the

presence of deficits in executive functions. This study suggests that

one post-COVID symptom cluster e.g., neurocognitive, can also

present different associated symptomatology (Carmona-Cervelló

et al.). Finally, Fernández-de-las-Peñas et al. investigated the

longitudinal evolution of three post-COVID neurocognitive

symptoms (e.g., brain fog, memory loss, and concentration

loss) during the first two tears after the infection and, overall,

they found a decreasing trend as expressed by exponential

bar plots.

Risk factors

Different meta-analyses identifying potential risk factor

associated with post-COVID symptoms have been published

(Tsampasian et al., 2023; Luo et al., 2024). These meta-analyses

found that female sex, older age, severe COVID-19, previous

medical comorbidities, longer hospitalization stay, and high body

mass index were associated with a higher risk of post-COVID-19

condition (Tsampasian et al., 2023; Luo et al., 2024).

In the current Research Topic, a Colombian study reported

that female sex, severe COVID-19 (requirement of mechanical

ventilation), some medical co-morbidities e.g., such as Chronic

Obstructive Pulmonary Disease (COPD) or rheumatic disease and

longer hospitalization stay, but not older age, were associated

with a higher risk of developing long-COVID (Martínez-Ayala

et al.). A study conducted in Brazil also found that female sex

and medical co-morbidities such as hypertension were also a risk

factor associated with the presence of long-COVID (Eduvirgem

et al.). This Brazilian study identified that suffering from a

higher number of COVID-10 associated-onset symptoms and

being infected with the historical strain during the first wave of
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the pandemic were factors associated with a higher risk of long-

COVID (Eduvirgem et al.). It seems that female sex is the risk

factor most associated with the development of post-COVID-19

condition, whereas other factors, e.g., older age, severe COVID-

19, or longer stay at hospital, depend on the study design. Finally,

two papers published in the current Research Topic observed

not only female sex as a risk factor for post-COVID symptoms

but also that clinical post-COVID symptoms are experienced

differently between females and males (Marcilla-Toribio et al.)

and that women showed different serological biomarkers, e.g.,

lower ferritin and procalcitonin levels but higher TNF levels

at the acute COVID-19 phase than males (Delfino et al.).

Current and previous findings will support that healthcare

systems should consider long-COVID from a sex perspective

at all.

In conclusion, this Research Topic has permitted to

advance in current knowledge of long-COVID by providing

further evidence on some underlying mechanisms (such

as autonomic dysfunction, hyper-oxidative stress, chronic

brain inflammation, and abnormal immune responses),

confirming the presence of different post-COVID clusters

and also confirming that female sex is probably the risk

factor most predominantly associated with the development

of this condition.

As Guest Editors of this Research Topic, we would like to

thank to the reviewers for their comments, to all contributors

for their valuable papers, and to Frontiers Research Topic

staff for their collective support and assistance during

this process.
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