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Coronavirus disease 2019 (COVID-19), a life-threatening infectious disease caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first identified in
the Chinese city of Wuhan in late 2019 and has subsequently spread worldwide, reaching
pandemic proportions [1]. At the time of writing (i.e., May 2023), COVID-19 has already
caused nearly 7 million official deaths, according to World Health Organization (WHO)
statistics [2]. Although the WHO COVID-19 emergency committee recently decided to
no longer classify COVID-19 as an international public health emergency, SARS-CoV-2
infections and/or reinfections still cause a large number of deaths worldwide, with an
excess mortality still estimated at approximately 10,000 deaths per day [3]. In addition to
the still significant organic injuries that can develop during an acute SARS-CoV-2 infection,
particularly in frail, old and unvaccinated individuals, there is now established evidence
that the so-called post-viral syndrome (i.e., a common consequence of many viral infections
encompassing a kaleidoscope of organic and psychiatric disorders) [4] is a fairly common
sequela of COVID-19 in officially recovered patients, variously termed “post-COVID”,
“long-haul COVID”, “long COVID” and so forth.

The use of a uniform, validated and trustworthy definition of the term “long COVID”
is certainly the most important issue when it comes to this condition, because the use
of different terms can only lead to great confusion. A specific ICD-10-CM (International
Classification of Diseases, Tenth Revision, Clinical Modification) code has been developed
for recognizing the post-viral clinical syndrome that develops after SARS-CoV-2 infection.
Such a diagnosis code U09.9 (post-COVID-19 condition, unspecified) refers specifically to
patients presenting suggestive symptoms that are new or persist for at least three months
after diagnosis of a SARS-CoV-2 infection and that persist for more than two months
without other reasonable explanations [5]. While this definition is certainly reasonable from
a clinical standpoint, the spectrum of abnormalities and/or functional impairments that
develop after recovering from an acute SARS-CoV-2 infection is broad and not necessarily
limited to the—always obvious—clinical signs and symptoms. For this very reason, we
recently proposed to also include “radiological/laboratory abnormalities” among the
possible changes observed in patients with long COVID [6]. For example, fatigue is a
paradigmatic symptom in patients with long COVID (in fact, it is the most common
prolonged physical consequence), encompassing a multifactorial pathogenesis [7]. On the
other hand, lower than normal hemoglobin levels have been described in a large number
of patients after recovering from SARS-CoV-2 infections [8], and this lower hemoglobin
level can therefore be considered an important cause of fatigue that could be misrecognized
or misdiagnosed, especially when patients have sedentary habits. Nevertheless, anemia
should always be considered as a long COVID condition when it develops after an acute
SARS-CoV-2 infection. Consequently, anemic patients, whether symptomatic or not, should
be classified as having long COVID. Similarly, a variety of fibrotic abnormalities have
been reported in patients with long COVID [9]. Although many biological or functional
anomalies may remain asymptomatic over a long period of time, they are very likely to
become symptomatic with advancing age and physiological decline. Therefore, it seems
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appropriate to include a set of objectives (i.e., biochemical, metabolic and structural) but
still asymptomatic signs of parenchymal injury in the definition of long COVID to allow
a more timely and accurate identification of patients at risk of becoming symptomatic in
the future.

As a result of the high clinical, social and even economic burden, the epidemiol-
ogy of long COVID deserves special focus. According to WHO data (although we cer-
tainly acknowledge that the numbers are greatly underestimated due to undertesting
and/or underreporting) [2], the number of European subjects with an officially reported
SARS-CoV-2 infection at the end of April 2023 was approximately 276 million out of
749 million inhabitants (i.e., 36.8%) [10]. The analogous situation in the United States is
103 million SARS-CoV-2 cases out of 331 million inhabitants (i.e., 31.1%), thus having a very
similar prevalence. Applying these numbers on a broader scale, one might conclude that up
to one-third of the entire world’s population may have experienced a SARS-CoV-2 infection,
and many more will do so in the future, as this virus will remain among us (and live with
us) for a long time to come [11].

According to recent data published by the Global Burden of Disease Long COVID
Collaborators, the official prevalence of long COVID may be as high as 0.9% of all infected
individuals 12 months after symptom onset [12]. However, a recent meta-analysis pub-
lished by O’Mahoney et al. including 194 studies with 735,006 subjects [13] estimated that
approximately 45% of individuals who survived a SARS-CoV-2 infection had at least one
unresolved COVID-19 symptom at 6 months, irrespective of the hospitalization status.
Important information was also provided by a meta-analysis by Han and colleagues [14],
who concluded that the pooled prevalence of fatigue and/or weakness and dyspnea and/or
breathless at 1 year follow-up was 28% (95%CI: 18–39%) and 18% (95%CI: 13–24), respec-
tively. During the same one-year period, Mugdal et al. found in their meta-analysis that
57% of individuals who had recovered from a SARS-CoV-2 infection still reported at least
one unresolved symptom [15]. Taking for granted these latter figures (i.e., a prevalence of
approximately 50% of persistent symptoms), a total number of 138 and 51 million people
in Europe and in the United States, respectively, may have longstanding COVID-related
complaints. According to the most recent Heart Disease and Stroke Statistics 2023 Update
published by the American Heart Association (AHA) [16], 29.3 and 28.6 million U.S. citi-
zens have been diagnosed with diabetes or have cardiovascular disease, respectively. The
epidemiologic burden of either of these conditions is half of that potentially caused by long
COVID, which must hence now be considered a primary public health problem which is
expected to impose a dramatic public health burden on all those who will seek treatment
for their post-COVID disturbances.

This is indeed an epidemic within the pandemic, paving the way for a series of
important considerations, as summarized in Table 1.

Table 1. Preparing for the next pandemic.

X Continue the scientific research on coronaviruses and other pathogens
X Preserve wildlife reservoirs and stop environmental disruption;
X Increase healthcare preparedness (both diagnostic and clinical)

First, we must all clearly acknowledge that the pandemic is not over. Although
the severity of acute infection has gradually declined over time due to virus attenuation,
natural immunity, widespread vaccination and improved therapeutic management [17],
it would be extremely dangerous to relegate SARS-CoV-2 to an endemic, benign disease.
Therefore, scientific research on the biology, clinical epidemiology, prevention and treatment
of COVID-19 must continue. We must not repeat the mistake of 20 years ago when the
SARS epidemic may have been underestimated by policy makers and much of the scientific
community [18].

Regardless of the future clinical impact of COVID-19, the incidences of zoonotic
spillover (i.e., the relative ease with which coronaviruses and other pathogens can be
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repeatedly transmitted from animals to humans) have increased exponentially in recent
decades. This is certainly fostered by invasion of wildlife reservoirs and gradual disruption
of the environment that has increased the proximity between wildlife (e.g., bats), domestic
animals and humans [19]. Therefore, a new sustainable and adaptive relationship between
humanity and nature needs to be created.

Last but not least, one of the most important lessons learned from this pandemic is
that most health systems worldwide were inadequately prepared. Response capacities in
several areas of clinical (e.g., emergency departments, intensive and subintensive care units,
pneumology and infectious disease departments) and diagnostic (e.g., virology, microbiol-
ogy and general laboratory services) medicine were quickly overwhelmed, resulting in a
sizable number of patients being underdiagnosed, undertreated or mistreated [20]. In the
future, therefore, it will be important to develop reliable approaches to streamline diagnos-
tics and medical care that can be rapidly activated to address not only pandemics, but also a
kaleidoscope of other natural threats that are becoming increasingly common, such as earth-
quakes, volcanic eruptions, thunderstorms/hurricanes, severe snow/ice storms, floods,
tidal waves, drought, firestorms/wildfires, war/civil disorder, terrorism and bioterrorism.
As the ancient Latin saying goes, “errare humanum est, perseverare autem diabolicum”
(i.e., “to err is human, but persisting [in error] is diabolical”).

Further lines of research should then be pursued, including the study of the genetic
and immunological determinants of COVID-19, particularly with regard to inborn errors of
metabolism, viral persistence and/or reactivation, along with the possible role of super-
antigens in immune activation and autoimmunity [21]. For example, congenital defects in
interferon (IFN)-γ and IFN-α/β immunity have a strong influence on the severity of many
viral infections, including those caused by SARS-CoV-2. Recently, a specific genotype of
tyrosine kinase 2 (TYK2) was found to impair IFN-γ production and to be responsible for
nearly 1% of tuberculosis cases, whilst neutralizing autoantibodies to IFN-α/β were found
to be present in up to 15% of patients with critical COVID-19 illness [22]. Both inherited
and acquired defects in type I INF immunity are also known to influence susceptibility to
development of severe or even critical forms of SARS-CoV-2 infection in both children and
adults [23]. Thus, a deeper understanding of these important immunologic perturbations
will pave the way to better unravel the pathogenesis of COVID-19 and to develop an
effective treatment that can be used in the acute phase of the infection and also as potential
treatments for patients with long COVID.
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