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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak first
occurred in late 2019 in China. The associated condition, coronavirus disease 2019
(COVID-19), causes a range of symptoms including fever, cough, loss of taste and
smell, fatigue, headache, and breathing difficulties [1-3]. Although symptoms are
mild in most affected individuals, COVID-19 is associated with severe illness in
some patients, and has a case-fatality rate of around 1% [4]. In the absence of a
specific cure for the condition, the initial management of patients consisted of
symptomatic management, and the use of supportive technology available in the
clinic such as ventilators [5, 6]. Although only a small proportion of infected indi-
viduals are severely affected, the widespread and rapid transmission of COVID-19
resulted in immense acute pressure on healthcare systems throughout the world.
Various infection control measures, such as the mandatory wearing of face cover-
ings, school closures, and lockdowns were implemented, in part to reduce this acute
pressure on health systems.

Whilst the initial phases of the response to COVID-19 naturally focused on refin-
ing the acute management of the disease (lasting no more than 3 weeks in most
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Fig. 22.1 Commonly reported symptoms of long-COVID. (Image created using Biorender.com)

individuals [7]), it quickly became apparent that, in common with many other viral
diseases, recovery from COVID-19 was extremely delayed in some individuals [7],
a phenomenon described as ‘post-acute sequelae of COVID-19 (PASC)’, ‘post-
COVID-19 condition’, ‘post-COVID-19 syndrome’, ‘chronic COVID syndrome
(CCS)’ or simply ‘long-COVID’ [8-12]. This syndrome affects multiple organs and
systems, and symptoms include tiredness, weakness, shortness of breath, muscle
aches and pains, prolonged loss of taste and smell, and difficulty concentrating
(Fig. 22.1). Owing to the very high prevalence of COVID infections worldwide,
long-COVID is likely to have substantial impacts on morbidity, and healthcare
resource use for the foreseeable future. This chapter will summarize the current
state of knowledge with respect to long-COVID, with a particular focus on the defi-
nition, epidemiology, and clinical implications of the condition.

Biological and Historical Context

Long-COVID must be understood in the context of the wider body of knowledge
about recovery from viral illness, and, of post-viral syndromes [13]. The similar
condition Severe Acute Respiratory Distress Syndrome (SARS), also caused by a
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coronavirus is associated with long terms symptoms characteristic of Chronic
Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) (fatigue, myalgia, and
depression) [13]. Importantly, these symptoms are persistent and severe—prevent-
ing individuals from returning to work for up to 20 months post-infection. The
mechanism behind these adverse effects is imperfectly understood, however, for
SARS it was demonstrated that the virus could enter the brain via the olfactory
route, resulting in activation of inflammatory pathways. Long-COVID has also been
likened to post-Ebola syndrome which also manifests with joint and muscle pain,
and fatigue [14].

Definitions of Long-COVID

Owing to the syndromic nature of long-COVID, its complex pathophysiology, vari-
ety of symptoms (in terms of nature, onset, and duration), and the absence of a
biological test, long-COVID essentially becomes a diagnosis of exclusion in patients
who have had a confirmed or suspected COVID-19 infection, and for which other
causes for the clinical presentation cannot be found [15]. Formal definitions of long-
COVID have been proposed by the National Institute for Health and Care Excellence
(NICE) [11] in the United Kingdom (UK) and by the World Health Organization
(WHO) [8] (Table 22.1). Importantly the definitions make clear that symptoms may
be ongoing and unresolved from the initial infection or may recur (or appear for the
first time) at some point after apparent recovery from the acute infection.

Table 22.1 Summary of international definitions of Long-COVID

Organization | Country Definition Reference

NICE UK The term ‘long-COVID’ is commonly used to describe | [11]
signs and symptoms that continue or develop after
acute COVID-19. It includes both ongoing symptomatic
COVID-19 (from 4 to 12 weeks) and post-COVID-19
syndrome (12 weeks or more)

WHO International | Post COVID-19 condition occurs in individuals with a | [8]
history of probable or confirmed SARS CoV-2 infection,
usually 3 months from the onset of COVID-19 with
symptoms and that last for at least 2 months and
cannot be explained by an alternative diagnosis.
Common symptoms include fatigue, shortness of
breath, cognitive dysfunction but also others and
generally have an impact on everyday functioning.
Symptoms may be new onset following initial recovery
from an acute COVID-19 episode or persist from the
initial illness. Symptoms may also fluctuate or relapse
over time
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Symptoms and Pathophysiological Mechanisms
in Long-COVID

Whilst the pathophysiology of a diverse and complex syndrome is likely to be dif-
ficult to fully elucidate, it is nevertheless helpful to undertake efforts to understand
the condition with a view to developing diagnostic tests and treatments for long-
COVID. It has been suggested that the symptoms of long-COVID may result from
direct damage to tissues as a result of the infection, thrombolysis, excessive unregu-
lated inflammation or virus-induced activation of autoreactive T and B cells [16].
Recent investigations into viral persistence in COVID-19 and immune responses to
infection have been extremely instructive in shedding light on mechanistic aspects
of long-COVID.

Recent autopsy studies have clearly demonstrated widespread and persistent sys-
temic infection with SARS-CoV-2. A study of 44 COVID-19 patients demonstrated
that SARS-CoV-2 RNA could be detected in a range of anatomical sites (including
the brain) for as long as 230 days. Interestingly, the study found little evidence of
inflammatory responses to infection outside of the lung, and thus further investiga-
tion is necessary to better understand the causal links between prolonged infection
with SARS-CoV-2, and the clinical symptoms of long-COVID [17].

Further light on the immune response to COVID-19 was shed by a larger pro-
spective multicentre cohort study of 215 patients which compared immunoglobulin
signatures in COVID-19 patients and healthy controls [16]. The investigators found
that the development of long-COVID was associated with a distinct immunoglobu-
lin signature (based on IgM and IgG3); and when this was combined with clinical
and demographic information, it contributed to an effective risk stratification scor-
ing system. This has important implications for identifying patients most likely to
suffer from long-COVID but is also informative with respect to pathophysiological
mechanisms—particularly with respect to specific inflammatory mediators which
might prove to be therapeutic targets.

The wide range of symptoms reported and associated with long-COVID clearly
demonstrates the systemic nature of the condition, and the range of organs affected.
Studies of COVID-19 in large populations have reported a wide range of reported
symptoms including tiredness, weakness, shortness of breath, muscle aches and
pains, loss of taste and smell, and difficulty concentrating (Fig. 22.2).

Clearly, different patients experience different symptoms, and the pathological
mechanisms accounting for the symptoms are likely to represent a variety of
responses to persistent SARS-CoV-2 infection in different organs and tissues.

It has been suggested that chronic fatigue following COVID-19 may result from
inflammation and congestion in the glymphatic system, resulting in reduced drain-
age of cerebrospinal fluid within the central nervous system [19]. Dyspnoea is likely
to result from damage to the lung tissues (particularly endothelial cells) during the
acute infection, particularly in individuals with existing respiratory disorders. Loss
of taste and smell may result from viral entry (via non-neuronal ACE2) into cells of
the olfactory system, causing inflammation and impairing olfactory nerve function.
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% Prevalance

Weakness/tiredness - 1.04 (0.99, 1.08)
Shortness of breath - 0.77 (0.73,0.8)
Loss of smell - 0.76 (0.72,0.79)
Loss of taste 0.57 (0.54, 0.6)
Difficulty concentrating 0.54 (0.51,0.58)

Muscle ache 0.52 (0.49, 0.55)
Headache 0.48 (0.45,0.51)
Worry/anxiety 0.43 (0.41,0.46)
Low mood/not enjoying anything 0.43 (0.4, 0.46)

Cough

Memory loss/confusion
Vertigo/dizziness = 0.31 (0.29, 0.33)
Chest pain - 0.29 (0.26, 0.31)
Palpitations = 0.25 (0.23,0.27)
=

=

0.43 (0.4, 0.46)

-
-
-
-
Trouble sleeping - 0.46 (0.43,0.49)
=
=
=
= 0.42 (0.4,0.45)

Sore throat 0.22 (0.2,0.24)
Loss of appetite 0.22 (0.2,0.24)

Nausea/vomiting = 0.16 (0.14,0.18)
Abdominal pain = 0.16 (0.14,0.17)
Diarrhoea = 0.11  (0.09, 0.12)
Fever = 0.06 (0.05, 0.07)
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Fig. 22.2 Prevalence of long-COVID symptoms in the United Kingdom: Estimated percentage of
people living in private households with self-reported long-COVID by symptom. Data current at
February 2022, plotted using data released from the UK Office of National Statistics [18]

Cardiovascular abnormalities following COVID are clearly an important cause
for concern in the management of patients [19], and biomarker manifestations of
cardiac damage can be detected many weeks after infection [20]. However, as this
topic is the subject of specifically focused chapters within this volume, the mecha-
nisms will not be discussed further here.

Epidemiology of Long-COVID

As time has progressed, and more of the world’s population has been exposed to
COVID-19 it is to be expected that the prevalence of long-COVID will increase
proportionally. Indeed, this has been seen in health surveillance data. Interestingly,
in the United Kingdom, data from the Office of National Statistics suggests that the
incidence of reported long-COVID syndromes is increasingly steadily, both for
individuals who have had a relatively recent COVID-19 infection (within 12 weeks),
but also for those with much more temporally distant infections—up to 12 months
previously (Fig. 22.3).
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Fig. 22.3 Time course of the prevalence of long-COVID symptoms in the United Kingdom. Black
Squares: Estimated percentage of people living in private households with self-reported long-
COVID of any duration (4-week period prior to reporting date). Red Circles: Estimated percentage
of people living in private households with self-reported long-COVID who first had (or suspected
they had) COVID-19 at least 12 weeks previously (4-week period prior to reporting date). Blue
Triangles: Estimated percentage of people living in private households with self-reported long-
COVID who first had (or suspected they had) COVID-19 at least 12 months previously (4-week
period prior to reporting date). Data current at February 2022, plotted using data released from the
UK Office of National Statistics [18]

Clearly these data must be interpreted with caution, as symptoms are largely self-
reported, and causality cannot be ascribed, nevertheless, the data do support the
expected rise in the long-term complications of infection over time.

The REACT-2 study in the UK provided the opportunity for a large and detailed
study of long-COVID symptoms. The investigators recruited over half a million
participants and asked about their previous history of COVID infection and ques-
tioned in detail about 29 symptoms associated with long-COVID by previous
researchers. The results highlighted the high prevalence of ongoing morbidity fol-
lowing acute COVID infection—nearly 15% of participants experienced at least
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one symptom which lasted 12 weeks or more. Multivariate analysis was conducted
to identify independent predictors of long-COVID following acute infection. Long-
COVID appeared to be associated with a more severe initial infection, female sex,
increasing age, obesity, and smoking [21].

A smaller study of 4182 users of the ‘COVID Symptom Study’ app compared
the attributes of patients with COVID symptoms which resolves in less than 10 days,
with those whose symptoms lasted at least 28 days, 8 weeks, and 12 weeks. The
findings were in accordance with the REACT-2 trial. Long-COVID symptoms
included fatigue, headache, dyspnoea, and anosmia and were associated with severe
acute illness (>five symptoms in the acute phase), and demographics outlined above
female, older age and obesity. The authors were able to validate their findings by
developing a predictive model and testing it in an independent sample, which was
modestly predictive (area under the receiver operator characteristic curve was
76%) [22].

Importantly, it appears that vaccination reduces the reported incidence of long-
COVID. A large cross-sectional study of 951 patients with PCR-confirmed COVID
infections (67% of whom were vaccinated, predominantly with the BNT162b2
mRNA vaccine [23]) and 2437 controls allowed for the study of association between
vaccination status and the development of long-COVID. Following adjustment for
time and measured confounding demographic variables, there was a substantial and
statistically significant reduction in a range of long-COVID symptoms: fatigue
(RR = 0.36), headache (RR = 0.46), weakness (RR = 0.43), and persistent muscle
pain (RR = 0.32). The effect was strongest in double-vaccinated individuals. The
authors concluded that vaccination may prevent against the development of long-
COVID. Clearly these results (which are currently only available as a pre-print)
cannot tell us about the effects of other vaccines in different populations, but they
clearly add another important piece of evidence supporting the overwhelming ben-
efit/risk ratio for vaccination [24].

Clinical Implications of Long-COVID

The implications of long-COVID must be considered both on an individual and a
population level. The most commonly reported symptoms (described above) are
likely to have implications for individuals’ ability to work in the short term, and
(based on the high reported prevalence) may have significant implications for
healthcare resources. However, in otherwise healthy individuals, common long-
COVID symptoms are unlikely to be life threatening. Nevertheless, particular con-
sideration should be given to outcomes of long-COVID in particular at-risk groups.

The impact of COVID (and long-COVID) on individuals at high risk of cardio-
vascular disease is covered at length elsewhere in this volume, so will not be dis-
cussed in detail here. However, it is important to note that multiple factors related
to COVID (ranging from direct cardiac damage in acute infections, thromboembo-
lism, and delayed routine care) are likely to result in poor outcomes for those
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patients at high risk of cardiovascular events [25, 26]. Indeed, a large cohort study
(153,750 individuals with COVID-19 and 5,637,647 non-infected controls), has
demonstrated a substantial increase in the incidence of a range of cardiovascular
events in the 12 months following acute infection with COVID-19 [26]. These
findings are biologically plausible if widespread SARS-CoV-2 infection results in
systemic inflammation, in light of recent advances in knowledge of the contribu-
tion of inflammation to the aetiology of atherosclerotic cardiovascular disease
[2,27-33].

As the likelihood of long-COVID has been shown to increase with age [21, 22],
the implications of the condition requires careful consideration in older adults.
Indeed, the complications of long-COVID appear to be more severe in those aged
over 65 years, than for other lower respiratory tract infections, with an increased
risk of respiratory failure, dementia, and post-viral fatigue [34]. Therefore, older
adults may require close monitoring and care following COVID to spot the early
signs of clinical deterioration.

At the other extreme of life, the impact of long-COVID in children also
requires specialist consideration. In many children, COVID is asymptomatic or
mild, and symptoms are short-lived. In one large study, less than 2% of children
reported symptoms after 56 days [35, 36]. However, rarely, children experience
severe and life-threatening late effects of COVID, such as paediatric inflamma-
tory multi-system syndrome temporally associated with SARS-CoV-2 (PIMS-TS)
which can even occur after a mild or asymptomatic index infection [37]. Urgent
attention is required in order to better predict those at risk of this devastating
condition, and to manage recovery. Recent findings from the LATE-COVID-Kids
study have identified younger age, higher levels of antithrombin III, and higher
heart rate as being associated with increased risk of developing PIMS-TS [38].
These findings require validation in a range of populations to reach further con-
clusions and consensus.

Beyond the level of individual patients, long-COVID clearly has implications on
the delivery of healthcare, from the specific management of patients with the condi-
tion, and that fact that healthcare professionals throughout the world are struggling
to ‘catch up’ with routine healthcare screening and interventions which ceased or
were dramatically scaled back during the pandemic [1]. Data on the prevalence of
long-COVID suggests that health and social workers are more likely to be affected
than individuals in any other professional group [18] (almost certainly reflecting the
very high rates of COVID infection acquired by these individuals as a result of their
patient-facing contact). Severe long-COVID (as with other post-viral conditions)
clearly impacts upon an individual’s ability to return to work, therefore it is to be
expected that a larger than usual level of illness absence of healthcare professionals
will persist for the foreseeable future.

Inevitably in the context of a rapidly-developing body of knowledge, guidelines,
and treatment recommendations will be continuously developed and refined.
However, current guidelines mainly focus on the reactive management of specific
symptoms, and supporting the patient to return to their activities of daily life
[11,12].
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Conclusions and Future Directions

The ubiquitous worldwide spread of COVID-19 has resulted in an inevitable grow-
ing problem of the post-viral syndrome, known as long-COVID. The syndrome
manifests in a variety of ways, but common symptoms include tiredness, weakness,
shortness of breath, muscle aches and pains, loss of taste and smell, and difficulty
concentrating. These symptoms result in significant morbidity, and there is, as yet,
not cure for the condition. Whilst careful studies have shed some light onto the
potential mechanisms of the disease (which may involve persistent systemic infec-
tion and the activation of specific inflammatory pathways), a much greater under-
standing of the pathophysiology of long-COVID, and of post-viral syndromes in
general is necessary to allow fully validated risk prediction scores to be developed.
This will enable identification of patients most at risk and inform optimal manage-
ment of such patients. In the meantime, it must be remembered that ‘prevention is
better than cure’, and promising data suggest that individuals who are vaccinated
are less likely than unvaccinated individuals to experience long-term sequalae of
COVID if they later develop an infection.

Declaration of Interest P.E.P. owns four shares in AstraZeneca PLC and has received honoraria
and/or travel reimbursement for events sponsored by AKCEA, Amgen, AMRYT, Link Medical,
Mylan, Napp, Sanofi.
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