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Abstract
Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the
coronavirus disease 2019 (COVID-19) pandemic that has resulted in millions of deaths and a major strain on
health systems worldwide. Medical treatments for COVID-19 (anticoagulants, corticosteroids, anti-
inflammatory drugs, oxygenation therapy and ventilation) and vaccination have improved patient outcomes.
The majority of patients will recover spontaneously or after acute-phase management, but clinicians are now
faced with long-term complications of COVID-19 including a large variety of symptoms, defined as “post-
acute COVID-19 syndrome”. Most studies have focused on patients hospitalised for severe COVID-19, but
acute COVID-19 syndrome is not restricted to these patients and exists in outpatients. Given the diversity of
symptoms and the high prevalence of persistent symptoms, the management of these patients requires a
multidisciplinary team approach, which will result in the consumption of large amounts of health resources
in the coming months. In this review, we discuss the presentation, prevalence, pathophysiology and evolution
of respiratory complications and other organ-related injuries associated with post-acute COVID-19 syndrome.

Introduction
The coronavirus disease 2019 (COVID-19) pandemic has affected millions of patients worldwide in recent
months. The acute symptoms of the disease were reported as early as the spring of 2020. Clinicians
quickly realised that the clinical presentation of the infection varied and that it led to asymptomatic forms
as well as severe forms, although the latter are infrequent. Multisystem involvement due to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has been well described.

Beginning in the first worldwide wave of the pandemic, the importance of the cytokine “storm”, which
affects many organs, including the lungs, heart and brain, raised fears of major sequelae in patients who
survived the severe forms. In addition, over time, survivors were frequently observed to present with
persistent neurological, respiratory or cardiovascular symptoms, constituting what has been called
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“post-acute COVID-19 syndrome” or “long COVID-19” that potentially lasts for weeks or months [1].
These symptoms seem frequent and do not affect only those patients who have experienced the most
severe forms of COVID-19.

This topic is important because these symptoms frequently exert a substantial effect on patients’ quality of
life. Overall, their incidence suggests that a considerable number of patients will be affected.

What are the symptoms of post-acute COVID-19 syndrome? What are their effects? What do we know
about their pathogenesis and their risk factors? Do they disappear over time? What assessments should be
undertaken in these patients? This synthetic review seeks to answer these questions.

Respiratory disorders
Respiratory symptoms
As part of post-acute COVID-19 syndrome, the persistence of respiratory symptoms, especially dyspnoea
and cough, beyond 4 weeks from the onset of symptoms appears to be common. Dyspnoea is the most
frequently respiratory reported symptom after COVID-19. Studies reporting respiratory symptoms from 1 to
12 months after COVID-19 show a prevalence of persistent dyspnoea ranging from 5% to 81% after
hospitalisation [2–8] and ∼14% in non-hospitalised patients with mild COVID-19 [9] (table 1 and figure 1).
The persistence of dyspnoea does not seem to be closely related to the initial severity of COVID-19. Indeed,
dyspnoea has been reported to be as frequent in patients who initially required initial intensive care unit
(ICU) admission as in patients who were initially hospitalised in wards [10] and no correlation has been
observed with the number of days on supplemental oxygen [11], despite more frequent pulmonary function
test abnormalities in patients initially diagnosed with severe COVID-19 [12]. Dyspnoea exerts a major effect
on quality of life [5] and socioeconomic status, as many patients with post-acute COVID-19 syndrome do
not return to work for 6 months after COVID-19 [6]. The mechanisms of dyspnoea after COVID-19 are
multifactorial, including parenchymal sequelae, dysfunctional breathing, cardiovascular dysfunction and
muscular deconditioning [8, 13, 14]. The functional effect of lung parenchymal sequelae is generally limited
[8, 10, 11, 15–17] and dyspnoea progressively improves over time even if a subgroup of patients experiences
persistent dyspnoea up to 1 year after COVID-19 [2].

Cough seems to be less common than dyspnoea after COVID-19, but it can also persist for weeks or
months after SARS-CoV-2 infection and has been reported in 2–42% of patients [3, 5–7, 11, 18, 19]. As
reported for dyspnoea, cough potentially alters quality of life [5]. In a large study conducted on patients
11 months after discharge, no clinical or hospitalisation factors were associated with long-term
post-COVID-19 cough [19]. In a recent review, SONG et al. [18] hypothesised that cough after COVID-19
was due to activation of the vagal sensory nerves, which leads to a cough hypersensitivity state and to
neuroinflammatory events in the brain.

TABLE 1 Prevalence of dyspnoea and cough after COVID-19 reported in the literature

First author or study
group [ref.]

Patients,
n

Time after
discharge

ICU,
%

Mechanical
ventilation, %

Prevalence of
dyspnoea, %

Prevalence
of cough, %

ZHAO [3] 55 3 months 0 0 15 2
DE LORENZO [4] 185 23 days 2.2 0 31 NA
JACOBS [5] 183 35 days NA 5 45 42
BELLAN [8] 238 4 months 12 9 6 3
HUANG [12] 1733 6 months 4 1 26 NA
COMEBAC [7] 478 4 months 30 11 16 5
GONZÁLEZ [15] 62 3 months 100 63 47 34
LERUM [10] 103 3 months 15 9 54 NA
GHOSN [6] 1137 6 months 29 NA 26 12
SHAH [11] 60 3 months NA 20 20 20
WU [2] 83 3 months NA 0 81 NA

6 months 30
9 months 12
12 months 5

FERNÁNDEZ-DE-LAS-PEÑAS [19] 1950 11 months 7 NA 23 3
AUGUSTIN [9] 353 7 months 0 0 14 4

NA: not available.
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The first 1-year follow-up studies after COVID-19 have recently been published. WU et al. [2] showed that
among 83 patients with severe COVID-19 who did not require mechanical ventilation, dyspnoea scores
and exercise capacity improved over time. However, a subgroup of patients had persistent physiological
and radiographic changes after 1 year [2]. By contrast, HUANG et al. [20] showed a slight deterioration of
dyspnoea scores between 6 and 12 months after COVID-19 and an absence of improvement in exercise
capacity and in diffusing capacity of the lung for carbon monoxide (DLCO), while total lung capacity
(TLC) and lung imaging abnormalities gradually recovered. Therefore, the precise evolution of respiratory
symptoms, of functional and radiological lung damage, remains to be determined in long-term prospective
follow-up studies.

Due to the large number of patients with COVID-19 worldwide, the long-term respiratory complications of
COVID-19 may lead to the major use of health resources. Physicians should be aware of this condition
and of the mechanisms that might lead to persistent dyspnoea and cough in these patients to propose
individual management strategies adapted to each condition. Studies reporting respiratory symptoms after
COVID-19 are summarised in table 1 and studies reporting pulmonary function tests after COVID-19 are
summarised in table 2.

Dysfunctional breathing
Dysfunctional breathing is a term describing a group of breathing disorders resulting in dyspnoea and often
non-respiratory symptoms in the absence of or in excess of organic respiratory disease [21].
Hyperventilation syndrome (HVS) is the most frequently studied form of dysfunctional breathing and
severely affects quality of life [22]. Since post-COVID-19 dyspnoea can affect patients with even initially
mild COVID-19 and no evidence of organ damage at re-evaluation [23], a potentially high prevalence of
post-COVID-19 dysfunctional breathing has been suspected early [24]. However, the literature is still
scarce. The Nijmegen Questionnaire is a measure of functional respiratory complaints [25, 26] that has
been used in our COMEBAC (COnsultation Multi-Expertise de Bicêtre Après COVID-19) cohort study to
detect patients with dysfunctional breathing [7]. A positive Nijmegen Questionnaire (score >22 out of 64)
was identified in 20.9% of the 177 patients assessed at an ambulatory care visit for persistent symptoms
and/or hospitalisation in the ICU [7]. Using cardiopulmonary exercise testing (CPET), MOTIEJUNAITE

et al. [27] reported exercise hyperventilation as a major limiting factor in a case series of eight COVID-19
survivors. APARISI et al. [28] also highlighted ventilatory inefficiency during CPET in patients with
post-COVID-19 unexplained dyspnoea, a feature usually observed in patients with HVS. These results
were consistent with the study by TAVERNE et al. [29] which reported that 10 out of 147 (7%) patients
complained of persistent dyspnoea at 3 months that was unexplained by standard investigations. Six
patients had a positive Nijmegen Questionnaire score, hypocapnia at rest and a positive hyperventilation
challenge, consistent with the diagnosis of HVS. Interestingly, brain magnetic resonance imaging (MRI) of
these patients with HVS was normal [29].

The physiopathology of post-COVID-19 dysfunctional breathing/HVS is poorly understood. Anxiety and
depression are common among patients with dysfunctional breathing [30], and some authors have
highlighted the role of severe psychological trauma [31]. One may hypothesise that the negative
socioeconomic effects of the pandemic on mental health might promote the onset of functional respiratory
complaints that are potentially part of a larger post-COVID-19 somatoform disorder. On the other hand,
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FIGURE 1 Visualisation of symptoms that did not exist before COVID-19 and their overlap in 192 patients (of
478 patients) who presented at least one symptom at teleconsultation. Of note, 52 patients had experienced a
new symptom that was not dyspnoea, cognitive or neurological. Reproduced from [7] with permission.
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TABLE 2 Assessment of lung function after COVID-19 reported in the literature

First author
[ref.]

Patients,
n

Time after
discharge

FVC,
% pred

TLC,
% pred

FEV1,
% pred

DLCO,
% pred

Lung function
abnormalities,

n (%)

Low FVC
<80% pred,

n (%)

Low TLC
<80% pred,

n (%)

Low FEV1
<80% pred,

n (%)

DLCO
<70% pred,

n (%)

ZHAO [3] 55 3 months NA NA NA NA 14 (25.5) 6 (10.9) 4 (7.3) NA 9 (16.4)
BELLAN [8] 238 4 months 98.5 (90–109) NA 101 (92–112) 79 (69–89) NA NA NA NA 113 (51.6)
GONZÁLEZ [15] 62 3 months 82±17 84±16 89±19 68±13 NA NA 23 (37.1) NA 50 (82)
LERUM [10] 103 3 months 94 (76–121) NA 92 (84–106) 83 (72–92) NA 7 (7) NA 11 (11) 24 (24)
SHAH [11] 57 3 months 94±16 86±13 93±16 77±16 33 (58) NA NA NA 30 (52)
WU [2] 83 3 months 92 (81–99) 87 (77–98) 90 (76–100) 77 (67–87) NA 19 (23) 22 (27) 25 (30) 46 (55)

6 months 94 (85–104) 91 (82–98) 92 (80–101) 76 (68–90) NA 13 (16) 16 (19) 20 (24) 45 (54)
12 months 98 (89–109) 91 (87–100) 96 (85–110) 88 (78–101) NA 9 (11) 12 (15) 13 (16) 27 (33)

SONNWEBER [151] 145 2 months NA NA NA NA 53 (42) 34 (27) 14 (11) 28 (22) 39 (31)
4 months NA NA NA NA 48 (36) 29 (22) 15 (11) 30 (22) 28 (21)

QIN [152] 647 3 months 90±13 99±24 94±11 83±25 NA 17 (21) NA 5 (6) 31 (38)
GAMBERINI [153] 178 12 months 97±19 NA 100±17 78±22 NA NA NA NA NA

Pulmonary function test data are presented as median (interquartile range) or mean±SD. FVC: forced vital capacity; TLC: total lung capacity; FEV1: forced expiratory volume in 1 s; DLCO: diffusing
capacity of the lung for carbon monoxide; NA: not available.
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since the viral receptor angiotensin-converting enzyme 2 (ACE2) is expressed in the brainstem nuclei
involved in the regulation of ventilation [32], central interference with the respiratory drive should not be
excluded. Data regarding adequate therapeutic strategies are lacking. Management of dysfunctional
breathing/HVS usually includes breathing exercises with a physiotherapist (with a low level of evidence) [33].

In conclusion, functional respiratory complaints may impose a significant healthcare burden following
COVID-19 and dysfunctional breathing/HVS represents a significant proportion of these symptoms. More
studies are needed to evaluate the underlying prevalence, characteristics and pathophysiology of those
symptoms, which are complicated by the current absence of both consensus definitions and diagnostic gold
standards for dysfunctional breathing/HVS.

Radiological sequelae
Post-COVID-19 radiological sequelae vary widely. High-resolution computed tomography (HRCT)
represents the reference examination used for the diagnosis and classification of these sequelae [34]. HRCT
allows a fine analysis of the parenchyma and the detection of pulmonary fibrosis, among other lesions.
Three main categories of post-COVID-19 sequelae can be distinguished: so-called irreversible lesions,
reversible lesions and lesions of undetermined evolution (figure 2).

Post-COVID-19 pulmonary fibrosis is the main irreversible lesion. Histologically, it corresponds to a
pathological reconstruction of the alveolar epithelium with an overproduction of the collagenic extracellular
matrix associated with destruction of the normal pulmonary architecture. Post-COVID-19 pulmonary
fibrosis occurs together with various lesions, such as interstitial abnormalities including reticulation,
irregular pleural interfaces, traction bronchiectases or even honeycomb lesions. These lesions are present in
13–27% of patients, depending on the series and the delay in evaluation [3, 7, 15, 35]. The extent of the
lesions is small to moderate, frequently involving <25% of the pulmonary parenchyma [7]. LI et al. [36]
identified age, body mass index and inflammatory markers (procalcitonin) as the main risk factors for

a)

b) c)

FIGURE 2 a) Sagittal, b) coronal and c) axial multiplanar reconstructions of a thoracic high-resolution computed tomography scan performed at
4 months after COVID-19 showing the sequellar involvement of the pulmonary parenchyma associated with the presence of fibrosing irreversible
lesions with traction bronchiectasis (upper right panel, high magnification image from c), reversible lesion ground-glass opacities (upper left panel,
high magnification image from c) and subpleural linear lesions with indeterminate evolution (lower right panel, high magnification image from c).
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post-COVID-19 pulmonary fibrosis diagnosed from 90 to 150 days. Indeed, these factors are common risk
factors for severe forms of COVID-19 [36]. These lesions are thus more readily found in patients who
have presented with acute respiratory distress syndrome (ARDS) and those admitted to the ICU, with an
incidence that is potentially three times higher for intubated patients than for non-intubated patients [7].
These lesions do not seem to evolve on their own, as follow-up does not show an increase in their
incidence [2].

In terms of potential reversible lesions, we consider ground-glass opacity (GGO)-type anomalies. GGOs,
which are at the forefront of acute COVID-19, are generally considered the HRCT sign of reversible
parenchymal inflammation. Surprisingly, GGOs do not systematically disappear completely at follow-up
and have been observed up to 12 months from the initial COVID-19 diagnosis [2]. The incidence varies
according to the series and is evaluated to range from 7% to 92%, with a probable effect of the delay
between follow-up and the initial infection decreasing over time [2, 7, 12, 35]. Nevertheless, GGOs seem
to be associated with altered pulmonary function tests, and their presence might underlie the persistence of
residual and autonomous inflammation and might subsequently lead to the development or extension of
fibrotic lesions [35].

Finally, lesions with indeterminate status are considered as residual condensations and ventilatory disorders
predominantly located in the subpleural portion of the lung, such as curvilinear opacity. Their evolutionary
profile is poorly characterised because of the lack of iterative follow-up studies; however, based on the
sparse data available, they appear to regress over time [2].

Even if radiological abnormalities are frequently observed during the long-term follow-up of patients with
COVID-19, the effect on pulmonary function tests is modest for most patients. In the COMEBAC cohort
study, 19.3% of the patients reassessed at the ambulatory care visit had fibrotic lesions (with a lesion
extent <25% in 97% of cases) at 4 months [7]. Pulmonary function tests of patients with fibrotic lesions
indicated a mild impairment, with TLC 74.1±13.7% predicted and DLCO 73.3±17.9% predicted [7]. WU

et al. [2] reported the evolution of pulmonary function tests in a prospective, longitudinal, cohort study of
patients admitted to the hospital for severe COVID-19 who did not require mechanical ventilation. The
authors found a mild impairment in DLCO and forced vital capacity (FVC) at 3 months (median
(interquartile range) 77% (67–87%) predicted and 92% (81–99%) predicted, respectively) with a
progressive improvement at 6 months (DLCO 76% (68–90%) predicted and FVC 94% (85–104%)
predicted) and 12 months (DLCO 88% (78–101%) predicted and FVC 98% (89–109%) predicted) [2].

Additionally, given the strong association between symptomatic forms of COVID-19 and pulmonary
embolism, some teams suggest an assessment of the presence of perfusion disorder at a distance from the
initial infection [37, 38]. REMY-JARDIN et al. [39] reported perfusion abnormalities suggestive of
widespread microangiopathy in as many as 65.5% of patients. Four patients in the REMY-JARDIN et al. [39]
study had normal CT scans and perfusion defects detected using double-energy CT. The risk factors and
the evolution of these perfusion disorders are unknown.

In conclusion, the prevalence of radiological abnormalities is much greater than that of objective
ventilatory disorders on respiratory functional explorations, with an unclear link between those two
abnormalities [7]. Similarly, because most studies lack a control group, the abnormalities observed on
HRCT cannot be conclusively identified as being specifically due to SARS-CoV-2 infection or simply the
consequence of the diffuse alveolar damage occurring during pulmonary parenchyma infection and/or
consecutive ARDS.

Potential sequelae of pulmonary embolism
Pulmonary embolism is a common life-threatening complication of COVID-19, but its precise incidence is
poorly known as CT pulmonary angiography (CTPA) was not systematically proposed for the diagnosis of
COVID-19. RIYAHI et al. [40] reported a pulmonary embolism incidence of 25% in 413 patients
hospitalised with COVID-19 suspected of pulmonary embolism. In a prospective study including 106
consecutive patients with COVID-19 who underwent systematic CTPA, JEVNIKAR et al. [38] reported
pulmonary embolism in 15 patients, with an incidence of 14.2% (95% CI 7.5–20.8%). The incidence of
thromboembolic events has even been reported to be higher in severe ICU patients (>50% of patients) [41].
This high incidence of pulmonary embolism was confirmed in a large recent meta-analysis of 27
studies including 3342 patients with COVID-19, where the authors reported pooled incidence rates of
pulmonary embolism and deep vein thrombosis of 16.5% (95% CI 11.6–22.9%) and 14.8% (95% CI 8.5–
24.5%), respectively [42]. The mechanisms of pulmonary embolism in patients with COVID-19 remain a
matter of debate but may be at least partially explained by the pulmonary endothelial dysfunction
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associated with SARS-CoV-2 infection [43–45]. Based on the high incidence of pulmonary embolism and
possible associated endotheliitis of the pulmonary vasculature, one can hypothesise that patients with
COVID-19 may be at risk of developing chronic thromboembolic pulmonary hypertension (CTEPH) [46, 47].
Nevertheless, to date, no series of post-COVID-19 CTEPH have been reported. As CTEPH is usually
characterised by a so-called honeymoon period after an acute pulmonary embolism, physicians should be
aware of this potential complication, which can be easily screened by echocardiography and ventilation/
perfusion lung scans.

Psychiatric symptoms and disorders
Prevalence
After respiratory disorders, psychiatric consequences are the most frequent components of post-COVID-19
syndrome. Understandably, COVID-19 might generate acute psychiatric consequences and symptoms may
persist over time after the acute phase. The anxiety-provoking social and media context, the fear of a
serious form of the disease, the fear of not being able to benefit from appropriate care, especially in the
first weeks of the pandemic, the lack of established curative treatment, the lack of visits from relatives for
hospitalised patients, brain damage caused by the virus itself, and inflammatory and immune imbalance
have favoured anxiety or depressive symptoms. The traumatic experiences of the acute disease and care,
sometimes in degraded conditions, may have favoured the onset of post-traumatic stress. Finally, the
persistence of physical disorders for weeks or months after the acute episode may have contributed to
psychiatric symptoms and disorder prevalence. What is it truly?

Importantly, symptoms, as assessed using simple questionnaires, and disorders, whose diagnosis requires
supervised psychiatric interviews, must be distinguished. The prevalence of psychiatric symptoms in the
months following COVID-19 has been reported in several studies based on self-report questionnaires,
which provided follow-up for 14 days to 6 months. They consistently reported a high prevalence of
insomnia (31–54%), anxiety symptoms (5–46%), depressive symptoms (9–42%) and post-traumatic stress
symptoms (10–57%) (supplementary table S1) [7, 8, 12, 48–69]. In the COMEBAC study cohort, we
reported insomnia in 54% of patients, anxiety symptoms in 31%, depressive symptoms in 22% and
post-traumatic stress symptoms in 14% at 4 months after hospitalisation for COVID-19 [7].

Psychiatric disorders have been less frequently reported because their diagnosis is more difficult to
establish. A recent review and meta-analysis estimated that 53 million additional major depressive
disorders and 76 million additional anxiety disorders are related to the pandemic worldwide since the
beginning of 2020 [70]. Two Italian studies reported a systematic evaluation by qualified psychiatrists of
patients after the acute episode of COVID-19 [55, 71]. One study reported the onset of a new mental
disorder within 3 months of the acute episode in 12% of patients [71]. In the other study, the prevalence of
post-traumatic stress disorder was 30% at 1–3 months after a severe acute episode [55]. However, these
studies did not compare these prevalence rates to populations with conditions other than COVID-19.

Two studies performed by TAQUET and co-workers [72, 73] compared psychiatric disorders in patients with
and without COVID-19 from very large cohorts (236379 and 62354 COVID-19 survivors) based on
electronic medical reports. The incidence of mental disorders was higher in patients with COVID-19 than
in other populations (influenza, other respiratory infections, skin infections, cholelithiasis, urolithiasis or
large bone fractures) [72, 73]. In one of the studies, an anxiety disorder appeared in 7% of patients
6 months after COVID-19 and a mood disorder was observed in 4% [72].

Risk factors
What are the risk factors for presenting persisting psychiatric symptoms or disorders? Typical of
psychiatric symptoms and disorders, female sex is associated with higher levels of anxiety, depressive and
post-traumatic stress symptoms [49] and disorders [71]. In one study, patients with post-traumatic stress
disorder had a more frequent psychiatric history [71]. In another study, younger patients had higher levels
of depression and sleep disturbances 1 month after COVID-19 than older patients [49].

Intuitively, psychiatric disorders should be expected in patients with the most severe forms of acute
COVID-19. However, no convergent evidence has emerged regarding the association between the
prevalence of symptoms or disorders and COVID-19 severity. In one of the large cohorts based on
electronic health records, the incidence of these disorders was higher in patients who presented with a
severe form of the disease (hospitalisation, admission to ICU and acute encephalopathy) [72]. MAZZA et al. [49]
showed that a higher systemic immune-inflammatory index (platelets×neutrophils/lymphocytes) during
acute COVID-19 was associated with anxiety and depression symptoms after 1 month and with depressive
symptoms after 3 months. However, RAMAN et al. [62] did not replicate these findings. In one of the largest
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cohorts of COVID-19 survivors published to date, HUANG et al. [12] reported that psychiatric symptoms
were associated with the most severe cases of acute COVID-19 (i.e. high-flow nasal cannula or mechanical
ventilation) but not with oxygen dependence. However, this association has not been observed in several
other studies [53, 58, 62, 63], including for patients requiring intensive care [12, 63].

Interaction with other post-COVID-19 symptoms
Interestingly, anxiety, depression and post-traumatic stress symptoms have been associated with
concomitant dyspnoea in the months following acute COVID-19 [51, 62, 65]. An association of asthenia
with gastrointestinal symptoms and cognitive disorders has also been reported [51]. In contrast, no
association was observed between neurological symptoms during acute COVID-19 and psychiatric
symptoms 6 months later [74]. In another study, patients with post-traumatic stress disorder had more
physical symptoms persisting 3 months after the acute infection [71]. A recent study using electronic health
records found that psychiatric disorders diagnosed after acute COVID-19 co-occurred more frequently with
non-psychiatric symptoms than after influenza [75].

Altogether, the association between COVID-19 acute severity and subsequent psychiatric symptoms
remains unclear. The results from well-designed prospective cohort studies are needed.

Cognitive consequences
Symptoms and frequency
During the acute phase of COVID-19, clinical evidence of neurological manifestations of the infection
exists. “Impaired consciousness” with somnolence, delirium [76], encephalomyopathy [77], meningitis [78]
and strokes [79–81] have been reported as “neuro-COVID” manifestations. Brain MRI has been described
as abnormal in up to 56% of these patients and a variety of lesions, including ischaemic strokes,
leptomeningeal enhancement and encephalitis, have been observed.

In the post-COVID-19 phase, the issue of neurological sequelae (or de novo manifestations) of the
infection has rapidly emerged. In addition to persistent central nervous system (CNS) impairment in
patients with strokes or documented encephalopathy beginning in the acute phase, evidence for cognitive
dysfunction in patients without acute neuro-COVID-19 and/or with normal brain imaging is increasing. In
fact, cognitive complaints have been reported in several studies within 4–5 months after acute COVID-19,
with marked similarities among countries impacted by the pandemic. These findings were observed by
authors from New York (using the OASIS-D1 mandatory assessment tool) [82], the Netherlands
(Cognitive Failure Questionnaire) [53, 58], Italy (self-report questionnaire or Mini Mental State
Examination evaluation) [4, 51], France (self-report questionnaire) [83], Germany (Telephone Assessment
of Cognitive Status (TICS)) [84], Spain (complete neuropsychological battery) [85], the UK (Montreal
Cognitive Assessment) [62], Bangladesh (telephone assessment) [86], Brazil (TICS) [87] and China
(complete neuropsychological battery) [88]. One difficulty is the heterogeneity in reporting these outcomes
without standardised evaluations. Most studies report the use of screening tools such as the Montreal
Cognitive Assessment and the Mini Mental State Examination for a telephone assessment of cognitive
complaints. Interestingly, although most of these studies evaluated patients after hospital discharge for
COVID-19, some included outpatients with similar cognitive complaints [58].

However, a precise estimation of the exact prevalence of cognitive sequelae is difficult due to the
limitations of most of these studies. Many included a limited number of patients, used only
self-administered questionnaires or did not include a control population. The population included was
sometimes heterogeneous (hospitalised or non-hospitalised patients in the acute phase, initial diagnosis of
COVID-19 with or without a positive PCR test).

When considering only the objective cognitive evaluation, a reduced performance has been globally
reported in 15–40% of patients. One of the first extended reports on cognitive impairment was published
by ALMERIA et al. [85]. They reported on 35 patients from Spain without any prior psychiatric or cognitive
history within 35 days after hospital discharge in the first wave of the pandemic during the spring of 2020.
All patients underwent a large neuropsychological battery of tests evaluating verbal, visual and working
memory, memory coding, attention, process speed, and executive function. Overall, 34% of patients had
cognitive complaints, which were notably not associated with cognitive performance. Patients with
complaints recorded significantly worse scores on anxiety and depression tests, emphasising the link
between cognitive and psychiatric symptoms. Cognitive impairment was associated with headache,
anosmia, oxygen therapy during the acute phase and diarrhoea, suggesting roles for severe initial
manifestations and persistent symptoms in neuropsychological performance. Reduced sustained attention,
executive function, visuospatial processing and memory have been reported compared with controls [84,
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85, 89]. SOLDATI et al. [87] reported that 13% of patients who recovered from COVID-19 met the criteria
for mild cognitive impairment, as observed in patients with other viral infections such as HIV. Notably,
some studies enrolled patients with prior alterations in mental health [87], but some studies excluded these
patients [85], once again limiting the extrapolation of the conclusions.

Putative mechanisms
Neurological symptoms and cognitive dysfunction might result from virus-related CNS damage and/or
non-CNS systemic manifestations such as hypoxia or inflammation [90]. Human coronaviruses are
considered potentially neurotrophic. As with severe acute respiratory syndrome coronavirus (SARS-CoV)
and Middle East respiratory syndrome coronavirus (MERS-CoV), the virus might directly infect neurons,
especially in the olfactory area, through an interaction with ACE2 and then be transported through the
axons to the CNS [91]. The temporal region and the hippocampal area seem to be specifically vulnerable
in animal models of coronavirus infections [92], as observed in non-coronavirus respiratory infections such
as influenza [93], and might be responsible for part of the cognitive dysfunction.

Another indirect role for virus-related CNS dysfunction might be inflammation. Elevated levels of
pro-inflammatory cytokines produced during acute COVID-19 can cross the blood–brain barrier and
activate astrocytes and microglial cells. They in turn induce the release of interleukin-1β, whose receptors
are widely expressed on hippocampal neurons. Additionally, SARS-CoV-2 may decrease ACE2-mediated
brain-derived neurotrophic factor activity, which theoretically prevents excessive microglial activation and
neuronal inflammation. Lastly, elevated levels of serum markers of axonal injury (neurofilament light chain
protein) and astrocytic activation (glial fibrillary acidic protein) have been detected in patients with
COVID-19, indicating potential CNS damage during the acute phase that might persist in the aftermath of
the infection [94, 95].

Finally, other interrelated factors, such as the severity of the initial infection, might account for some of the
symptoms or sequelae. Indeed, profound hypoxaemia and mechanical ventilation [96] or extracorporeal
membrane oxygenation procedures for patients admitted to the ICU might be associated with persistent
cognitive dysfunction and psychological disturbances in the long term, which are perhaps associated with a
risk of cerebral atrophy and ventricular enlargement. The role of the systemic manifestations and the
management of long-term CNS consequences of COVID-19 remain to be investigated.

Cardiac consequences
Acute cardiac injury during COVID-19
In contrast to cognitive or psychiatric consequences, post-COVID-19 cardiac symptoms always result from
sequelae of acute cardiac injury [97]. Indeed, in the acute phase of COVID-19, cardiovascular involvement
is one of the first manifestations of infection [98]. SARS-CoV-2 affects the cardiovascular system through
several mechanisms [99]: invasion of cardiomyocytes by the virus via ACE2, major systemic
inflammation, vascular thrombosis associated with hypercoagulability [100], myocardial ischaemia
resulting from the destabilisation of coronary plaques, hypoxaemia and stress cardiopathy [99].

However, the incidence and nature of acute cardiovascular manifestations of COVID-19 are highly
variable, ranging from an asymptomatic troponin elevation to fulminant myocarditis resulting in
cardiogenic shock [98]. The elevation of troponin levels is found in 20% of patients [101], but it is
non-specific since it may result from myocardial ischaemia, myocarditis, pulmonary embolism or renal
failure. Moreover, increased troponin levels were reported in a similar proportion in patients with ARDS
associated or not with COVID-19 [102]. Cardiac arrhythmias have been reported in 7% of 393 hospitalised
patients (and up to 19% of those who were mechanically ventilated) [103].

Long-term consequences
Based on the variability in the type and incidence of acute COVID-19 cardiac symptoms, the finding that
long-term sequelae remain largely imprecise is not surprising. Palpitations and chest pain were reported in
9% and 5% of patients, respectively, evaluated at 6 months in a Chinese study [12], but they are of course
not specific to any lesions. In the COMEBAC cohort of patients, a left ventricular ejection fraction (LVEF)
<50% was detected at 4 months of the acute episode in 5% of non-intubated patients and 18% of patients
who had received mechanical ventilation [7], but none had LVEF <40%. However, their previous heart
condition was unknown. Interestingly, LVEF <50% was not associated with an increased incidence of
persistent dyspnoea. A recent publication from the French COVID cohort study group reported a similar
prevalence of LVEF <50% and an impairment of diastolic function (8%) at 6 months following
hospitalisation for COVID-19 [104]. However, this diastolic dysfunction was not associated with clinical
symptoms. Impairment of diastolic function has also been reported after the acute episode, even in patients
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with no history of heart disease who had presented only a mild form of COVID-19 [105]. Although right
ventricular systolic dysfunction has been reported in up to 45% of patients admitted for COVID-19 and
associated with increased mortality during the acute phase of the disease [106, 107], the prevalence of
persistent right ventricular abnormalities and their potential clinical implications remain to be determined.

Several studies, all of relatively small size, reported a cardiac MRI evaluation of the myocardium in patients
recovering from COVID-19 [108–111]. They showed the existence of myocardial oedema, necrosis and
fibrosis, which are probably sequelae of previous myocarditis. Approximately 40% of these abnormalities
were not related to myocardial ischaemia [112]. The incidence of these anomalies varies, ranging from
60% [108] to 30% [109, 110] of the patients studied at 3–4 months following the initial attack. These
abnormalities may be present in patients who do not experience acute cardiac manifestations [108].
However, the clinical consequences of these abnormalities are unknown.

In summary, while some patients certainly experience persistent cardiovascular abnormalities 3–6 months
after the initial COVID-19 episode, large-scale studies that describe the exact incidence, consequences, risk
factors and late evolution of these attacks are lacking.

Olfactory and taste disorders
Acute symptoms
During the first COVID-19 wave, a substantial increase in olfactory and taste disorders (OTD, i.e. anosmia,
hyposmia and ageusia) was observed and was mainly reported in SARS-CoV-2-infected patients [113].
OTD was thus considered a major diagnostic criterion for COVID-19 [114]. In patients with mild
COVID-19, the estimated OTD prevalence ranges from 56.5% to 85.9%, according to the OTD evaluation
method [115]. The exact pathophysiology of OTD in patients with COVID-19 remains to be elucidated,
but local mucosal inflammation and olfactory epithelial destruction appear to be the main mechanisms
[116, 117]. Conversely, COVID-19 only appears to exert a limited effect on olfactory nerves and cerebral
areas, at least during the acute phase [118].

Long-term sequelae
OTD long-term follow-up in patients with COVID-19 was studied in several cohorts and predictive factors
of smell recovery remain to be identified [119]. In a large European study, 1363 patients with COVID-19
experiencing OTD were asked to report their olfactory function after OTD onset. At 2 and 6 months, 75%
and 95% of patients recovered olfaction, respectively. A poor prognosis for olfactory recovery was
statistically related to the severity of the baseline olfactory objective evaluation [120]. Smaller studies
reported a similar prevalence, although higher rates have been reported in hospitalised patients [121, 122].

Endocrine sequelae
Based on the known presence of coronaviruses in several endocrine glands [123], and ACE2 expression
observed in human hypothalamus, pituitary, thyroid, gonads and pancreatic islets [124], researchers have
hypothesised that SARS-CoV-2 might affect the endocrine system. Nevertheless, evidence that endocrine
disorders may belong to post-COVID-19 syndrome is unclear.

The most obvious consequences of COVID-19 are glucometabolic control. Indeed, several arguments suggest
the involvement of SARS-CoV-2 in the occurrence of abnormalities in glucose metabolism [125–127].
New-onset hyperglycaemia, insulin resistance and β-cell hyperstimulation have been reported in one study
of patients with COVID-19 without a history of diabetes [128]. In this study, among patients with
new-onset hyperglycaemia at hospital admission for COVID-19, ∼35% of patients had persistent
hyperglycaemia in the next 6 months and overt diabetes was diagnosed in ∼2% of patients. Interestingly,
continuous glucose monitoring of normoglycaemic patients who recovered from COVID-19 showed a
greater duration of glycaemia characterised by a glucose concentration >140 mg·dL−1, higher mean
postprandial glycaemia at 120 min, and higher mean blood glucose and higher nadir blood glucose levels
compared with healthy controls [128]. Therefore, fasting plasma glucose and haemoglobin A1c levels
should be monitored for at least several months after COVID-19 recovery, even in patients without a
history of diabetes.

Alterations in thyroid function have been described in the acute phase of COVID-19 with contradictory
observations. Overt and subclinical thyrotoxicosis have been reported, mostly due to subacute thyroiditis
[129–131]. In a few cases, a clear autoimmune aetiology was found [132]. A non-thyroidal illness pattern
characterised by low thyroid-stimulating hormone (TSH), thyroxine and triiodothyronine levels has also
been observed [132, 133]. However, to date, data on thyroid function after COVID-19 recovery are not
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consistent. In the few studies reporting follow-up (up to 2–3 months), TSH levels had returned to baseline
[7, 129, 130, 132].

Currently, no reports of a clear effect of SARS-CoV-2 on the pituitary are available. Corticotropic
insufficiency has been hypothesised due to the use of high doses of corticosteroids in the acute phase of
COVID-19 and might participate in the fatigue observed in patients with long COVID-19. However, a
recent study, in which adrenal function was evaluated with a short Synacthen test (250 µg intravenous
bolus), showed no difference in baseline or peak cortisol after Synacthen according to disease severity or
history of corticosteroid treatment [134]. Cortisol values and thyroid function tests in this study were not
different between patients with persistent fatigue and those without. Finally, since the presence of ACE2
receptors has been reported in the testicles, the effect of SARS-CoV-2 on gonadal function should be
evaluated [135].

Miscellaneous
In addition to the currently well-described cardiorespiratory, cognitive or psychiatric manifestations of
post-acute COVID, various other clinical manifestations have been described, some persisting symptoms of
the acute phase and some other new-onset symptoms. Their mechanisms remain to be determined.

General asthenia may be the most frequent symptom reported by patients after the initial infection. In all
the reported series analysing fatigue in the 6 months of the post-acute phase, fatigue has been reported in
40–70% of patients [6, 7, 12, 83, 136, 137]. This evaluation depends on the tool used to evaluate asthenia
(e.g. EuroQol EQ-5D-5L in the articles by DAHER et al. [136], GARRIGUES et al. [83] and HUANG et al. [12],
Chalder Fatigue Scale used by TOWNSEND et al. [137], and Modified Fatigue Inventory used in the
COMEBAC study series [7]). Reasons for persistent fatigue certainly arise from multiple origins. GHOSN

et al. [6] reported data from a large French series, and described persistent symptoms at 3 and 6 months
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FIGURE 3 Schematic summary of post-COVID-19 symptoms.
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post-infection. The persistence of symptoms (including fatigue) was associated with female sex, ICU
management and number of symptoms at admission. However, other studies have reported that both
patients with severe and non-severe disease during acute infection may experience persistent fatigue after
6 months [137]. Overall, fatigue is associated with an impaired perception of quality of life, as we and
others have reported, as well as with persistent dyspnoea, cognitive complaints and psychiatric symptoms [138].

However, fatigue might be included in a post-infective fatigue syndrome, as already described for
herpesviruses [139]. Many viruses (especially Epstein–Barr virus and cytomegalovirus) have been
implicated in the emergence of myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) [140, 141].
It has also been described in patients with MERS-CoV infection [142] and SARS-CoV infection [143, 144].
ME/CFS is a poorly understood multisystem disorder that includes severe fatigue, post-exertion malaises and
pain, with substantial reductions in functional activity and quality of life. This disorder might explain some
symptoms observed after SARS-CoV-2 infection, such as muscle weakness, diffuse pain, myalgia and joint
pain, which are reported to various extents in multiple published series [145, 146]. Other functional
symptoms, such as urticaria/pruritus, persistent diarrhoea or weight loss, have also been described. These
often non-specific symptoms have all been described during post-infective ME/CFS [140].

One major difficulty is that a main hypothesis is lacking to explain these various symptoms. Putative
explanations are questioned, such as viral protein persistence in epithelial reservoirs [114], autoimmunity [147],
low-level inflammation (as observed in ME/CFS [148]), mitochondrial dysfunction [149] or virus-induced
dysautonomia [150], which only partially explain cardiopulmonary deconditioning and persistent
dyspnoea. Overall, better knowledge of these persistent symptoms is needed for both physicians and
patients to improve care.

Conclusions
The COVID-19 outbreak has been a major challenge for health systems worldwide, requiring the complete
mobilisation of health resources. As a result of the successive COVID-19 waves, chronic complications of
SARS-CoV-2 infection emerged that were grouped under the term “post-acute COVID-19 syndrome” or
“long COVID-19”. Patients with post-acute COVID-19 syndrome experience multifactorial dyspnoea and
multiple organ involvement, usually with overlapping symptoms, leading to a substantial effect on their
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FIGURE 4 Proposal of a multidisciplinary follow-up algorithm for patients after COVID-19. ICU: intensive care unit; HFO: high-flow oxygen; IMV:
invasive mechanical ventilation; mMRC: modified Medical Research Council; HRCT: high-resolution computed tomography; 6MWT: 6-min walk test;
CPET: cardiopulmonary exercise testing; ENT: ear, nose and throat.
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quality of life (figure 3). Notably, these chronic symptoms are not intimately related to the initial severity
of COVID-19 and some of them might be included in a multisystem disorder such as CFS. Given the
millions of patients infected with SARS-CoV-2 worldwide and the need for multidisciplinary management
of these chronic complications, post-acute COVID-19 syndrome will be a major issue for the various
healthcare providers in the coming months. Based on the literature and the experience of the COMEBAC
study [7], in figure 4 we propose a multidisciplinary screening and follow-up algorithm for patients after
COVID-19, based on questionnaires 4–6 months after COVID-19, possibly during a telephone or remote
consultation, and then according to the symptoms and severity of the initial COVID-19, an ambulatory
multidisciplinary consultation with respiratory, neuropsychological and symptom-oriented assessment.
International collaborations are needed to better define the pathophysiology, prevalence, effects of
treatments and long-term evolution (after 12 months) of post-acute COVID-19 syndrome.
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