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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus responsible
for coronavirus disease 2019 (COVID-19), has caused severe illness and mortality on a
global scale, with an impact not witnessed since the 1918–19 Spanish influenza pandemic [1].
Long-term symptoms following the acute phase of COVID-19 (i.e., long COVID) were
observed since the first phases of the epidemic [2] and have been documented in various
studies conducted since 2020, also published in the Journal of Clinical Medicine [3,4].

Reportedly, around 65 million individuals worldwide have long COVID. This esti-
mate is based on an incidence rate of 10% those infected with COVID-19 and more than
600 million recorded cases of COVID-19 [5]. Recent reviews investigating the prognostic
factors associated with the risk of developing long COVID found significant association
with acute COVID-19 severity, female gender, and previous comorbidities such as obe-
sity, pulmonary diseases, and diabetes mellitus [6,7]. Conversely, the role of old age, a
relevant risk factor regarding severe outcomes in COVID-19 patients, is still controversial.
Two reviews [8,9] found higher risk of long COVID-19 symptomatology associated with
old age, whereas the meta-analyses by Maglietta et al. [6] and Notarte et al. [7] did not find
any significant association.

2. Lesson Learned

Mechanisms contributing to the pathophysiology of long COVID include direct pul-
monary and extra-pulmonary cytotoxicity and viral-independent mechanisms such as
immune dysregulation and perivascular inflammation, which contribute to the disruption
of the endothelial–epithelial barrier with the invasion of white blood cells (i.e., monocytes
and neutrophils) and the extravasation of an exudate at tissue level. It has been observed
that several organs/systems may be affected by such mechanisms:

(1) Extravasation of the exudate into the alveolar space, as observed with other forms
of acute respiratory distress syndrome (ARDS), may lead to a fibrotic state and the
development of pulmonary fibrosis [3];

(2) Thrombo-inflammation provokes potential hypercoagulability. The activation of the
inflammatory mechanisms in this context (i.e., endothelial injury, complement and
activation, platelet–leukocyte interactions, neutrophil extracellular traps, release of
pro-inflammatory cytokines, and disruption of normal coagulant) are consistent with
venous thromboembolism (VTE) and arterial occlusions [10,11].

(3) Mechanisms sustaining cardiovascular sequelae in post-acute COVID-19 include
direct effects, down-regulation of ACE2, and immunological damage and potential
inflammation of myocardium, pericardium, and the conduction system. COVID-19
may also maintain arrhythmias due to an increased catecholaminergic state resulting
from IL-6, IL-1, and tumor necrosis factor [11].

The interplay of the above-mentioned systemic derangements may also contribute to
the pathologic changes seen in the central nervous system, the endocrine and dermatologi-
cal manifestations, and the alteration of the gut microbiome [1].
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Long COVID patients include a heterogeneous group; they range from subjects with
frailty and organ damage following admissions in intensive care unit (ICU) to those
with mild COVID-19 but persistent organ damage or those with a spectrum of remitting-
relapsing symptoms such as fatigue, ‘’brain fog”, weakness, or chronic pain, which signifi-
cantly affect the quality of life (QoL) after recovery.

The World Health Organization (WHO) published a clinical case definition of long
COVID. However, still, there are neither diagnostic criteria to define patients with such a
condition nor agreements in the health outcomes or symptoms that should be measured
in people living with this disease. The WHO, in fact, acknowledges that “while com-
mon symptoms of long COVID can include fatigue, shortness of breath and cognitive
dysfunction over 200 different symptoms have been reported that can have an impact on
everyday functioning”.

To ensure that the most important outcomes/symptoms are assessed consistently, a
collection of outcomes which should be measured and reported (i.e., a “core set”) in adults
with post-COVID-19 conditions in clinical research and practice has been suggested. They
include: (1) fatigue; (2) pain; (3) post-exertion symptoms; (4) work or occupational and
study changes; (5) survival; and (6) clusters of symptoms and conditions for cardiovas-
cular, respiratory, neurological, cognitive, mental health, and physical outcomes. Muscle
and joint symptoms and conditions did not meet the a priori consensus criteria for inclu-
sion in the core set, although they were rated of high importance among patients with
long COVID [12].

The timeframe of symptoms healing is non-linear, and a complete picture of the
natural history of long COVID-19 disease is still unclear. Most of the present studies
address mortality and morbidity outcomes at one year after COVID-19 infection. However,
a recent study [13], investigating the association between factors related to the acute phase
of the disease and the presence of residual symptoms after one year from hospitalization,
reported a persistence of post-COVID symptoms in up to 60% of the patient population at
a mean follow-up of 17 months. The most frequent symptoms were fatigue and dyspnea,
both neuropsychological disturbances.

3. Future Implications

Given the potential burden estimates of long COVID, the health of millions might be
affected. This population of patients seeks medical advice, stresses already-overwhelmed
healthcare systems, and has the potential to exacerbate the fragmentation of care.

Although the research into long COVID has been expansive and has accelerated, the
actual evidence is not sufficient to provide solid guidance on treatment recommendations
aimed to improve outcomes for people with long COVID. Clinical guidelines still focus on
symptoms’ management, and various treatment options are being evaluated.

In addition, healthcare professionals involved in the care of acute COVID-19 survivors
are likely to oversee, after hospital discharge, the recognition, documentation, investigation,
and management of new symptoms, as well the follow-up of organ-specific complications
developed during acute illness. Moreover, the evaluation and tracking over time of the
impact of long COVID-19 on clinical, cognitive, psychological, and behavioral domains is
not coordinated, thus yielding to the relevant implications for rehabilitation and long-term
assistance planning [14].

There are some positive examples [15] of clinical studies showing beneficial effects
of rehabilitation through therapy based on aerobic, respiratory, and low-load strength
exercises, which seems to be an effective and safe strategy for the recovery of some post-
COVID-19 sequelae.

However, the information is still sparce and fragmented and more randomized con-
trolled studies are needed to ensure an adequate level of evidence across the full set of core
symptoms and outcomes that characterize long COVID.

To ensure an adequate response to the long COVID crisis, we need a more compre-
hensive approach that contemplates the following: (1) research that builds on existing
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knowledge and engages patient experience in clinical studies; (2) professional societies
and government agencies that develop training and education programs for the relevant
healthcare stakeholders; and (3) public communication campaigns informing about long
COVID and its risks.

To avoid the challenges we have witnessed in the care of the acute phase of the disease,
the following requirements may be considered:

(1) A thorough estimate on the impact of long COVID in terms of the clinical and social
needs of the affected individuals, their access to healthcare services, and their health-
care resource use. Several countries have set up specialized clinics [16] and patient
support groups have been developed to improve the general understanding of long
COVID and identify the needs of healthcare systems. However, to plan appropri-
ate healthcare services and streamline the allocation of public health resources, it is
essential to determine the burden and the needs of affected individuals;

(2) A clear definition of long COVID, a common diagnostic–therapeutic protocol, and a
harmonization of outcome measures to streamline the care of these patients [17]. As
previously mentioned, an attempt to harmonize case definition and clinical diagnosis
has been successfully made with the creation of the core outcomes set;

(3) An interdisciplinary cooperation for comprehensive care in the outpatient setting,
including rehabilitation services and telemedicine (TH). Recent experiences strongly
support the vision that a coordinated approach which involves screening evaluation
via TH consultation, followed by a multidisciplinary assessment in outpatient clinics,
is likely the most effective way to manage the complexity of long COVID. It is also
crucial for healthcare systems and hospitals to establish a coordinating framework,
where specialists from multiple disciplines can provide integrated care;

(4) The involvement and integration in the COVID-19 teams (and in the patients’ care)
of primary care physicians (PCP) because of their central role in the management
of outpatients’ medical and non-medical needs and their ability to provide holistic
support (while avoiding over-investigations) and proper access to secondary and
tertiary care [18]. In fact, the effective management of long COVID requires recognition
of the condition and proper consideration of the patient’s experience. It also requires
a skilled, generalist assessment of the multisystem disorder and judicious referral to
specialists’ services as appropriate.

Therefore, a holistic and evidenced-based approach to medical care beyond specialist
care is required, and plans must be made to accommodate the needs of long COVID patients
in the healthcare system.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.;

Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601–615. [CrossRef]
2. Carfì, A.; Bernabei, R.; Landi, F. Gemelli against COVID-19 Post-Acute Care Study Group. Persistent Symptoms in Patients after

Acute COVID-19. JAMA 2020, 324, 603–605. [CrossRef] [PubMed]
3. Ambardar, S.R.; Hightower, S.L.; Huprikar, N.A.; Chung, K.K.; Singhal, A.; Collen, J.F. Post-COVID-19 Pulmonary Fibrosis: Novel

Sequelae of the Current Pandemic. J. Clin. Med. 2021, 10, 2452. [CrossRef] [PubMed]
4. Mølhave, M.; Leth, S.; Gunst, J.D.; Jensen-Fangel, S.; Østergaard, L.; Wejse, C.; Agergaard, J. Long-Term Symptoms among

Hospitalized COVID-19 Patients 48 Weeks after Discharge-A Prospective Cohort Study. J. Clin. Med. 2021, 10, 5298. [CrossRef]
[PubMed]

https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.1001/jama.2020.12603
https://www.ncbi.nlm.nih.gov/pubmed/32644129
https://doi.org/10.3390/jcm10112452
https://www.ncbi.nlm.nih.gov/pubmed/34205928
https://doi.org/10.3390/jcm10225298
https://www.ncbi.nlm.nih.gov/pubmed/34830580


J. Clin. Med. 2023, 12, 3450 4 of 4

5. Davis, H.E.; McCorkell, L.; Vogel, J.M.; Topol, E.J. Long COVID: Major findings, mechanisms and recommendations. Nat. Rev.
Microbiol. 2023, 21, 133–146. [CrossRef] [PubMed]

6. Maglietta, G.; Diodati, F.; Puntoni, M.; Lazzarelli, S.; Marcomini, B.; Patrizi, L.; Caminiti, C. Prognostic Factors for Post-COVID-19
Syndrome: A Systematic Review and Meta-Analysis. J. Clin. Med. 2022, 11, 1541. [CrossRef] [PubMed]

7. Notarte, K.I.; de Oliveira, M.H.S.; Peligro, P.J.; Velasco, J.V.; Macaranas, I.; Ver, A.T.; Pangilinan, F.C.; Pastrana, A.; Goldrich, N.;
Kavteladze, D.; et al. Age, Sex and Previous Comorbidities as Risk Factors Not Associated with SARS-CoV-2 Infection for Long
COVID-19: A Systematic Review and Meta-Analysis. J. Clin. Med. 2022, 11, 7314. [CrossRef] [PubMed]

8. Iqbal, F.M.; Lam, K.; Sounderajah, V.; Clarke, J.M.; Ashrafian, H.; Darzi, A. Characteristics and predictors of acute and chronic
post-COVID syndrome: A systematic review and meta-analysis. EClinicalMedicine 2021, 36, 100899. [CrossRef] [PubMed]

9. Thompson, E.J.; Williams, D.M.; Walker, A.J.; Mitchell, R.E.; Niedzwiedz, C.L.; Yang, T.C.; Huggins, C.F.; Kwong, A.S.F.;
Silverwood, R.J.; Di Gessa, G.; et al. Long COVID burden and risk factors in 10 UK longitudinal studies and electronic health
records. Nat. Commun. 2022, 13, 3528. [CrossRef] [PubMed]

10. Corrao, S.; Gervasi, F.; Di Bernardo, F.; Natoli, G.; Raspanti, M.; Catalano, N.; Argano, C. Immunological Characteristics of
Non-Intensive Care Hospitalized COVID-19 Patients: A Preliminary Report. J. Clin. Med. 2021, 10, 849. [CrossRef] [PubMed]

11. Ortega-Paz, L.; Capodanno, D.; Montalescot, G.; Angiolillo, D.J. Coronavirus Disease 2019-Associated Thrombosis and Coagu-
lopathy: Review of the Pathophysiological Characteristics and Implications for Antithrombotic Management. J. Am. Heart Assoc.
2021, 10, e019650. [CrossRef] [PubMed]

12. Munblit, D.; Nicholson, T.; Akrami, A.; Apfelbacher, C.; Chen, J.; De Groote, W.; Diaz, J.V.; Gorst, S.L.; Harman, N.;
Kokorina, A.; et al. A core outcome set for post-COVID-19 condition in adults for use in clinical practice and research: An
international Delphi consensus study. Lancet Respir. Med. 2022, 10, 715–724. [CrossRef] [PubMed]

13. Ranucci, M.; Baryshnikova, E.; Anguissola, M.; Pugliese, S.; Ranucci, L.; Falco, M.; Menicanti, L. The Very Long COVID:
Persistence of Symptoms after 12-18 Months from the Onset of Infection and Hospitalization. J. Clin. Med. 2023, 12, 1915.
[CrossRef] [PubMed]

14. Bonizzato, S.; Ghiggia, A.; Ferraro, F.; Galante, E. Cognitive, behavioral, and psychological manifestations of COVID-19 in
post-acute rehabilitation setting: Preliminary data of an observational study. Neurol. Sci. 2021, 43, 51–58. [CrossRef] [PubMed]

15. Bernal-Utrera, C.; Montero-Almagro, G.; Anarte-Lazo, E.; Gonzalez-Gerez, J.J.; Rodriguez-Blanco, C.; Saavedra-Hernandez, M.
Therapeutic Exercise Interventions through Telerehabilitation in Patients with Post COVID-19 Symptoms: A Systematic Review.
J. Clin. Med. 2022, 11, 7521. [CrossRef] [PubMed]

16. Menges, D.; Ballouz, T.; Anagnostopoulos, A.; Aschmann, H.E.; Domenghino, A.; Fehr, J.S.; Puhan, M.A. Burden of post-
COVID-19 syndrome and implications for healthcare service planning: A population-based cohort study. PLoS ONE 2021,
16, e0254523. [CrossRef] [PubMed]

17. Yelin, D.; Wirtheim, E.; Vetter, P.; Kalil, A.C.; Bruchfeld, J.; Runold, M.; Guaraldi, G.; Mussini, C.; Gudiol, C.; Pujol, M.; et al.
Long-term consequences of COVID-19: Research needs. Lancet Infect. Dis. 2020, 20, 1115–1117. [CrossRef] [PubMed]

18. Greenhalgh, T.; Knight, M.; A’Court, C.; Buxton, M.; Husain, L. Management of post-acute covid-19 in primary care. BMJ 2020,
370, m3026. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41579-022-00846-2
https://www.ncbi.nlm.nih.gov/pubmed/36639608
https://doi.org/10.3390/jcm11061541
https://www.ncbi.nlm.nih.gov/pubmed/35329867
https://doi.org/10.3390/jcm11247314
https://www.ncbi.nlm.nih.gov/pubmed/36555931
https://doi.org/10.1016/j.eclinm.2021.100899
https://www.ncbi.nlm.nih.gov/pubmed/34036253
https://doi.org/10.1038/s41467-022-30836-0
https://www.ncbi.nlm.nih.gov/pubmed/35764621
https://doi.org/10.3390/jcm10040849
https://www.ncbi.nlm.nih.gov/pubmed/33669527
https://doi.org/10.1161/JAHA.120.019650
https://www.ncbi.nlm.nih.gov/pubmed/33228447
https://doi.org/10.1016/S2213-2600(22)00169-2
https://www.ncbi.nlm.nih.gov/pubmed/35714658
https://doi.org/10.3390/jcm12051915
https://www.ncbi.nlm.nih.gov/pubmed/36902702
https://doi.org/10.1007/s10072-021-05653-w
https://www.ncbi.nlm.nih.gov/pubmed/34642823
https://doi.org/10.3390/jcm11247521
https://www.ncbi.nlm.nih.gov/pubmed/36556137
https://doi.org/10.1371/journal.pone.0254523
https://www.ncbi.nlm.nih.gov/pubmed/34252157
https://doi.org/10.1016/S1473-3099(20)30701-5
https://www.ncbi.nlm.nih.gov/pubmed/32888409
https://doi.org/10.1136/bmj.m3026

	Introduction 
	Lesson Learned 
	Future Implications 
	References

