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Long Covid: what is it, and what is needed?

This paper is provided to SAGE and UKRI to raise awareness of the emerging syndrome
that has become known as Long Covid, among both the public, the medical profession
and politicians, and to promote investigation of the predisposing factors, the clinical
features and the pathogenesis of the condition, in order to lead to better diagnosis and
clinical management. The Royal Society identifies questions that need urgent attention
in clinical and laboratory research.

This paper is a pre-print and has not been subject to formal peer-review.

A)
1.

Background and rationale

It is now clear that, while most people infected with
SARS-CoV-2 either remain asymptomatic or recover
quickly and completely, a proportion of infected people
develop persistent symptoms, which can be severely
disabling"®. For brevity, this phenomenon will be called
Long Covid here; see B.3 below.

The precise fraction that fall in this group is poorly
understood at present, as are the factors that
predispose to this prolonged ill health after initial
apparent recovery from the infection. The duration
and the long-term sequelae of Long Covid are also
unknown, the pathogenesis is not understood, and
satisfactory treatment is lacking. These difficulties are
compounded by a lack of awareness of the syndrome,
especially among the public. A wider appreciation

of the incidence and nature of the syndrome is likely
to influence behaviour, in particular compliance with
measures to minimize transmission of the virus. It is
becoming apparent that Long Covid may impose a
significant health burden worldwide.

The remarkably wide range of persistent or recurrent
symptoms reported by individuals following SARS-
CoV-2 infection includes the following:

- severe fatigue

- reduced exercise capacity

- breathlessness

- chest pain or heaviness

. fever

palpitations

cognitive impairment — “brain fog”
+ @anosmia or ageusia

- vertigo and tinnitus

- headache

- peripheral neuropathy

- metallic or bitter taste

skin rash

joint pain or swelling

The syndrome is often accompanied by anxiety
and depression, associated with the protracted and
unpredictable course of the symptoms*.
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These symptoms can appear either immediately after
apparent recovery from an acute illness, or several
weeks later, and can occur in patients whose initial
illness was mild or even asymptomatic. Cases are
reported (anecdotally) in patients ranging in age from
the very young (under 10 years old) to the elderly;

the risk of Long Covid rises with age®. The symptoms
characteristically vary widely within one person from
day to day. The diversity of symptoms and their variable
and unpredictable course have generated confusion

Data. Until recently, the published information on Long
Covid was largely confined to anecdotal reports. In
October 2020 the National Institute of Health Research
published a paper® with vivid descriptions by patients of
their symptoms of Long Covid, and a summary of links
to current work on the management and counselling of
patients, to observational studies on Long Covid, and

a small number of studies of the involvement in the
syndrome of specific organs or systems, such as the
heart.

and uncertainty in both the medical profession and the
public. Consequently, many patients have had their
disabling or alarming symptoms ascribed to anxiety or
depression, or simply dismissed. Long Covid bears a
strong resemblance to an ill-defined syndrome usually
called post-viral fatigue, whose pathogenesis remains
obscure and which is thought by some to lack an
organic basis. The pathophysiology of Long Covid,
which may differ from that in the acute illness, warrants
detailed investigation.

In addition, a number of retrospective observational
studies in Europe have been published describing
persistent symptoms in patients discharged from
hospital following apparent recovery from acute SARS-
CoV-2 infection. These studies, from ltaly, France,

the UK and Switzerland portray a consistent picture

of persistent symptoms, most commonly fatigue and
breathlessness, in a high proportion of individuals
(Table 1).

A prospective study of 201 individuals (mean age 44
years) who were experiencing persistent symptoms 4
months (median 140 days) after the initial onset of illness
found impairment in one or more organs (using blood
investigations, quantitative MRI and questionnaires)

in 70% of the cohort". This study emphasizes the
importance of the condition in the relatively young.
Similar observations of multiorgan involvement were

4. The purpose of this paper is to raise awareness of
this emerging syndrome, Long Covid, among both the
public, the medical profession and politicians, and to
promote investigation of the predisposing factors, the
clinical features and the pathogenesis of the condition,
in order to lead to better diagnosis and clinical
management. We identify questions that need urgent
attention in clinical and laboratory research.

TABLE 1:

Persistent symptoms in Covid-19 survivors

Persistent Fatigue Breathlessness Reference
symptoms (%) () (%)
30 16 63 67 56 7

60 143 87 53 43 1

48° 100 61° 64 50 8
m 120 d 55 42 9
75¢ 58 >64f 515 64 10

® Mean time since onset of symptoms (days)

b Mean time since discharge from hospital (days)

¢ Individuals with significant reduction in EQ5D (standardized measure of quality of life)

4 Total number not given; mean EQ5D = 0.86

¢ ‘Two to three months’

T Individual symptoms not listed; this study focused on MRI, exercise tolerance, spirometry, cognitive function, mental health,
and questionnaires.
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B)

made by MRI in a study of 58 patients by Raman et
al® (see Table 1and notes ¢ above). In survivors of
COVID-19, 3 months after discharge from hospital,
Savarraj et al? found persistent fatigue with or without
other neurological symptoms in 71% of 48 subjects.

These results contrast sharply with a study from
Wuhan, China®™, in which 86% of 131 COVID-19 patients
were asymptomatic 3 to 4 weeks after discharge from
hospital; none had fatigue and only 1.5% had shortness
of breath. In a prospective study in the UK of self-
reported symptoms®, the estimated rates of persistent
symptoms for longer than 28, 56 and 90 days were
14.5%, 51% and 2.2% of initially symptomatic cases
respectively. The reasons for these differences are not
cClear.

Questions that need to be answered on Long Covid

Is it a distinct syndrome or a set of syndromes? It is
not yet clear whether there is a continuous distribution
of disease duration in the SARS-CoV-2-infected
population, or whether the symptoms described
constitute a qualitatively distinct syndrome or
syndromes.

Are there identifiable subgroups of symptoms?
Phenotypic heterogeneity can complicate or confound
studies of pathogenesis and treatment. A longitudinal
mobile phone-based survey of self-reported symptoms
in 4182 individuals® reported two groups of symptoms
in Long Covid in addition to fatigue and headache. One
group consists of predominantly respiratory symptoms
— cough, breathlessness — and the other suggests
multiorgan involvement, with cognitive, gastrointestinal
and cardiac symptoms (cf. Table 1 and refs. 10-12).

What is a satisfactory working case definition of Long
Covid? A working definition is needed to enable
systematic investigation of the incidence, duration

and pathogenesis of Long Covid, and to develop
effective treatments. This working definition may
change as understanding develops, and more than one
phenotypic subgroup may be identified. Definition of
the syndrome is complicated by the diverse number
and type of symptoms reported'*’®; see Section A.2.

For example: Long Covid may be defined as the onset
of persistent or recurrent episodes of one or more of
the following symptoms, within x* weeks of infection
with SARS-CoV-2 and continuing for y* weeks or more
[see list of symptoms in Section A.2].

*The maximum period between acquisition of the
infection (if known) and the onset of symptoms, and the
minimum duration of symptoms, should be specified in
the definition.

This working definition is necessarily broad and

is therefore open to the criticism levelled at early
definitions of AIDS, viz. that it is a collection of diverse
signs and symptoms that may not constitute a single
entity. However, unlike AIDS at the start of the HIV
epidemic it is clear that Long Covid has a single
precipitating cause, SARS-CoV-2 infection; and a
working definition is essential as a starting point for
investigation.

In consultation with NHS England and the World Health
Organisation, NICE is currently formulating definitions
of the syndrome according to the length of persistence
of symptoms. While the general term Long Covid is
likely to continue in use, it may be helpful to distinguish
between two or three categories: for example, COVID
for symptoms persisting up to 3 weeks; Ongoing COVID
for symptoms lasting between 3 and 12 weeks; and
Post-COVID [syndrome] for symptoms persisting longer
than 12 weeks.

What is the incidence of Long Covid, i.e. what
percentage of infected people develop the syndrome
and over what period? And what are the factors that
increase or diminish the risk of Long Covid? The King’s
College London survey® found that one in 20 people
with COVID-19 had symptoms for at least two months:
risk factors included age, female sex, asthma, and a
greater number of symptoms in the acute disease.

Prevention and therapy. Does optimized supportive
management in the acute disease (fluid balance; control
of asthma, diabetes and other co-morbidities) reduce
the risk of Long Covid? Do corticosteroids or antivirals
provide benefit in Long Covid? What are the best
strategies of physical and psychological rehabilitation?

Is there a correlation between the risk of Long Covid
and the viral titre over time?

What is the prognosis of Long Covid? How should
recovery from Long Covid be defined?

What are the mechanisms of pathogenesis?
Investigation into the pathogenesis is of prime
importance: again, it is complicated by the diverse
nature of the symptoms and the organ systems
involved. Although there is minor sequence variation
in the virus', it is more likely that the variation between
patients in the symptoms of Long Covid result from
differences in the host than from different strains of
the virus. It follows that most effort in research on
the pathogenesis is likely to be given to the clinical
physiology of the condition and to the host response
and host genetics™'®. Evidence is needed on the
following:
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Clinical physiology.

- cardiovascular function. There is MRl evidence of
cardiac abnormalities following SARS-CoV2 infection®.
Signs and symptoms of impaired cardiovascular
function are frequently reported, especially a severe
reduction in exercise capacity

- pulmonary function
» neurology

- renal function. The kidneys are often involved in
severe Covid-19; the long-term effects are not yet
known

- muscle strength and function

- mental health

Pathology.

- virology: is there evidence of persistence of the virus,
for example in the blood vessel endothelium, orin
myocardium, or other end organs?

- immunology: does the acquired or innate immune
response to SARS-CoV-2 differ between individuals
with Long Covid and those who make a full recovery?

- inflammation: are there acute or chronic abnormalities
in cytokines, chemokines or other correlates of the
inflammatory response associated with Long Covid?

- biochemistry: are there identifiable differences in
standard analytes in blood by chemistry between
those with Long Covid and those who recover?

- haematology: severe COVID-19 is often accompanied
by widespread thrombosis: does thrombosis also
contribute to Long Covid?

- genetics: are there identifiable genetic polymorphisms
associated with the risk of Long Covid?

Action required

Agree on a working case definition of Long Covid,
either as a single entity, or in a small number of
subtypes: see B.3 above. Strong evidence would be
required to justify such subdivision at this stage.

Cohort studies with appropriate controls. Well-planned
and large-scale cohort studies (repeated examination
of patients over time post infection) are required,
stratified by the key known risk factors including age,
gender, ethnicity, past medical conditions, body mass
index and others; this list of variables will expand

over time as more is understood about the diseases

caused by COVID-19 infection. Some cohort studies
are now in the planning stages, both within the UK
and internationally®?°. Clear and detailed protocols are
required, and their development should take account
of other studies planned and underway internationally,
to facilitate comparisons and to increase sample

sizes in order to improve understanding of the rarer
conditions. Protocols should include both individuals
with a diagnosis (PCR based) and matched controls.
Such studies will follow individuals over time and

the protocols in development should specify what
investigations will be made (e.g. blood samples to
measure virological and immunological markers, chest
X rays, genetic measures, etc) and the precise nature
of any consultation with a clinician or completion of a
questionnaire. Such studies need to be planned for the
long term (> 5 years) and ensure that the participants
accurately represent the diverse UK population. What
is measured in such studies will change over time as
the understanding of the infection and associated
disease improves. These long-term studies should
also investigate the possible long-term sequelae of
COVID-19: physiological insults in the acute disease
may reduce physiological reserve which result in
secondary conditions, especially in the elderly.

Sampling in these cohort studies should be randomized
where possible, to minimize bias due to self-selection
and to take account of the fall-out of participants over
time as is typical in long term cohort studies.

Raise awareness of Long Covid in the general public:
to make them aware that Covid is not always a disease
from which a quick return to full health can be assured,
and that people of any age may develop Long Covid.
The purpose is to improve reporting of the syndrome
and to encourage public support for the measures
aimed at suppressing transmission of the coronavirus.
This information campaign will require sensitive design
and handling, to present the information in a neutral
and objective way in order to avoid any impression of
persuasion by spreading fear.

Patient engagement. Involvement of patient groups

in the work at the earliest stages and cooperation in
development of the work plan will help ensure the
outputs are sensitive to the needs of patients and their
families.
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