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ABSTRACT

Introduction: COVID-19 long-haulers, also
decribed as having ‘‘long-COVID’’ or post-acute
COVID-19 syndrome, represent 10% of COVID-
19 patients and remain understudied.

Methods: In this prospective study, we recrui-
ted 30 consecutive patients seeking medical
help for persistent symptoms ([30 days)
attributed to COVID-19. All reported a viral ill-
ness compatible with COVID-19. The patients
underwent a multi-modal evaluation, including
clinical, psychologic, virologic and specific
immunologic assays and were followed longi-
tudinally. A group of 17 convalescent COVID-
19 individuals without persistent symptoms
were included as a comparison group.
Results: The median age was 40 [interquartile
range: 35–54] years and 18 (60%) were female.

Marc Scherlinger, Renaud Felten, Floriane Gallais,
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in the study.
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Centre National de Référence Des Maladies Auto-
Immunes Et Systémiques Rares, Est/Sud-Ouest
(RESO), Service de Rhumatologie du CHU de
Strasbourg, 1 Avenue Molière, 67200 Strasbourg
Cedex, France

F. Gallais � C. Nazon � S. Fafi-Kremer
Virology Diagnostic Laboratory, Centre Hospitalier
Universitaire de Strasbourg, 3 Rue Koeberlé, 67000
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At a median time of 152 [102–164] days after
symptom onset, fever, cough and dyspnea were
less frequently reported compared with the
initial presentation, but paresthesia and burn-
ing pain emerged in 18 (60%) and 13 (43%)
patients, respectively. The clinical examination
was unremarkable in all patients, although the
median fatigue and pain visual analog scales
were 7 [5–8] and 5 [2–6], respectively. Extensive
biologic studies were unremarkable, and multi-
plex cytokines and ultra-sensitive interferon-a2
measurements were similar between long-haul-
ers and convalescent COVID-19 individuals
without persistent symptoms. Using SARS-CoV-
2 serology and IFN-c ELISPOT, we found evi-
dence of a previous SARS-CoV-2 infection in
50% (15/30) of patients, with evidence of a lack
of immune response, or a waning immune
response, in two patients. Finally, psychiatric
evaluation showed that 11 (36.7%), 13 (43.3%)
and 9 (30%) patients had a positive screening
for anxiety, depression and post-traumatic
stress disorder, respectively.
Conclusions: Half of patients seeking medical
help for post-acute COVID-19 syndrome lack
SARS-CoV-2 immunity. The presence of SARS-
CoV-2 immunity, or not, had no consequence
on the clinical or biologic characteristics of
post-acute COVID-19 syndrome patients, all of
whom reported severe fatigue, altered quality of
life and psychologic distress.

Keywords: Disability; Long-COVID; Pain;
Patient perspective; SARS-CoV-2

Key Summary Points

Why carry out this study?

Long-COVID, or post-acute COVID-19
syndrome, has been reported to occur in
up to 10% of all COVID-19 patients.

Little information is available on the
clinical characteristics and
pathophysiology of this syndrome. In the
present study, we aim to describe these
characteristics and to investigate potential
underlying mechanisms.

What was learned from this study

Among 30 consecutive patients reporting
persistent symptoms (median 6 months)
self-attributed to COVID-19, pain, fatigue
and disability were reported in virtually all
patients.

More than one third of patients suffer
from psychologic disorders such as
anxiety, depression and/or post-traumatic
stress disorder, regardless of SARS-CoV-2
immunity.

At the time of evaluation, only 50% of
patients had cellular and/or humoral signs
of a past SARS-CoV-2, and serology
positivity varied depending on the kit
used.

Exhaustive clinical, biologica and
immunologic evaluations failed to find an
alternative diagnosis or to identify a
specific cytokine signature including type
I interferon.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14786100.
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INTRODUCTION

After SARS-CoV-2 infection, some patients may
continue to experience symptoms for several
months [1], a condition which has been termed
‘‘long-COVID,’’ ‘‘COVID-19 long-haulers,’’ or
post-acute COVID-19 syndrome [2]. These long-
term symptoms contribute to the worldwide
COVID-19 burden and have been extensively
communicated by patients and physicians
[3, 4]. Manifestations of post-acute COVID-19
syndrome are clinically diverse, and multiple
underlying mechanisms are likely to be impli-
cated. Patients who underwent extensive hos-
pitalization due to severe disease may exhibit
chronic lung or heart injury due to the height-
ened immune response [5, 6], micro- or
macrovascular thrombotic neurologic compli-
cations [7] and/or physical deconditioning [8].
Indeed, a recent cohort study found that among
1733 hospitalized COVID-19 patients, 76%
reported persistence of at least one symptom
after 6 months, and objective pulmonary
abnormalities were found in [ 20% [9]. How-
ever, these pathologic mechanisms are less
likely to explain the manifestations in patients
with initially non-severe COVID-19 who go on
to experience long-lasting symptoms. Among
those plausible mechanisms, viral-induced
autoimmunity should be investigated in light of
the accumulating data reporting this phe-
nomenon during or following acute COVID-19
[10]. Although 10% of COVID-19 patients may
show chronic symptoms ([12 weeks) [11], data
on the clinical presentation, biologic charac-
teristics and overall prognosis of such patients
are scarce [9, 12]. Moreover, the virologic defi-
nition of post-acute COVID-19 syndrome in
terms of serology and other specific immuno-
logic assays remains to be precisely established
[12, 13].

The aim of our study was to describe the
clinical and biologic characteristics of post-
acute COVID-19 syndrome by conducting a
multimodal evaluation of consecutive patients
seeking medical help for persistent symptoms
attributed to COVID-19 and to compare their
characteristics to convalescent COVID-19 indi-
viduals without persistent symptoms. This

evaluation also aimed to investigate the poten-
tial underlying mechanisms, including autoim-
munity and psychologic distress.

METHODS

Patients and Ethical Considerations

We screened 34 consecutive patients seeking
medical help for persistent symptoms attributed
to COVID-19 for participation in this system-
atic, prospective study. Patients were recruited
in the ‘‘Grand-Est’’ region of France, the area
with the highest incidence of SARS-CoV-2
infection during the first epidemic wave in
France (February to April 2020) [14]. Informa-
tion about a post-acute COVID-19 syndrome
consultation in our tertiary center was adver-
tised through local media and social networks,
and interested patients were then asked to par-
ticipate in the study. All patients provided
written informed consent. The data from 17
age-matched patients with a history of non-
severe COVID-19 (confirmed with RT-PCR or
serology) at least 3 months before immuno-vi-
rologic assays, and without persistent symp-
toms, were included as controls (these patients
were initially recruited as part of the Study
‘‘SeroCOVHUS,’’ ClinicalTrials.gov Identifier:
NCT04441684, Ethical Committee authoriza-
tion from SUD MEDITERRANEE III, No.
2020.04.15 bis_ 20.04.10.66856). The sera from
5 patients with acute severe COVID-19 (hospi-
talized in the intensive care unit) and from 18
patients with active systemic lupus erythe-
matosus were used as a positive control for
multiplex cytokine and interferon-a2 measure-
ments, respectively. The present study is part of
the ‘‘COVID-HUS’’ study, which was approved
by the Ethics Committee of the University
Hospital of Strasbourg (NCE–2020–51).

Medical Evaluation

All patients were evaluated at our reference
center for rare systemic and autoimmune dis-
eases. Five physicians (MS, RF, EC, LP and JS)
conducted the clinical evaluation with a
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physical examination and a standardized ques-
tionnaire on medical and SARS-CoV-2–related
infection history. Dedicated questionnaires
were used to evaluate subjective symptoms:
DN4 for neuropathic pain [15], Fibromyalgia
Rapid Screening Tool (FiRST [16]) and visual
analog scales for fatigue/pain/dryness. Addi-
tionally, patients underwent systematic blood
testing to rule out alternative diagnoses (full list
in Supplementary File 1).

Virologic and Immunologic Evaluation

As a second step to the clinical evaluation,
immuno-virologic assays were conducted. Test-
ing included an extensive serology evaluation
using four commercial assays: a lateral flow
assay testing for the receptor-binding domain
(RBD) of the spike protein as an antigenic
source (Biosynex BSS IgM/IgG assay); two
enzyme-linked immunosorbent assays (ELISA)
targeting the RBD (Wantai total antibody assay)
and the S1 domain (Euroimmun IgG assay); a
third ELISA testing for anti-nucleocapsid (anti-
N) IgG (Abbott Architect IgG). To explore the
SARS-CoV-2-specific T-cell response, heparin-
anticoagulated blood tubes were collected for
interferon gamma (IFN-c) enzyme-linked
immunospot (ELISPOT) assay. Detailed meth-
ods of SARS-CoV-2 IFN-c ELISPOT are described
in Supplementary File 2. To investigate the
presence of remnant SARS-CoV-2 RNA,
nasopharyngeal and stool RT-PCR were con-
ducted in patients who accepted to take the test
(methods in Supplementary File 2). To complete
the immunologic evaluation, interferon-a2
(IFN-a2), with Single Molecule Array (SIMOA,
Quanterix [17]) and cytokines (interleukin 1b
[IL-1b], IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-
12p70, IL-13, IL-17A, IL18, IFN-c, IP-10, G-CSF,
GM-CSF, MCP-1, MIP-1a, MIP-1b and TNF-a,
using a custom multiplex cytokine assay;
Luminex Thermo Fisher) were measured from
serum samples.

Psychologic Evaluation

A standardized interview was conducted by a
clinical psychologist (R.A.-M.). The interview

aimed at evaluating psychiatric history and
treatments, presence of sleep issues and increase
of anxiolytic use. The impact of the COVID-19
pandemic on quality of life was assessed by
using the Medical Outcomes Study 36-item
Short-form (SF-36) and Health Assessment
Questionnaire (HAQ). Patients’ perspectives on
the pandemic crisis were assessed. Finally, vali-
dated questionnaires, translated into French,
were used to screen for anxiety/depression
(Hospital Anxiety and Depression Scale [HADS-
A/D]) and post-traumatic stress disorder (PTSD
checklist [PCL-5] for the Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth edition
[DSM-5]). Positive screening for these mental
disorders was confirmed with a score C 10 for
HADS-Anxiety, C 7 for HADS-Depression [18]
and C 31 for PCL-5 [19].

Statistics

Quantitative data are reported as medians and
interquartile range (IQR) and were compared by
non-parametric Mann-Whitney tests. Categori-
cal data are reported as numbers (%) and were
compared by chi-square or Fisher exact tests, as
appropriate. To compare initial and persistent
clinical features, McNemar’s test was used with
Bonferroni’s correction for multiple testing.
Statistical analyses were carried out using
GraphPad Prism 7.0. P\ 0.05 was considered
statistically significant.

RESULTS

Patients

Thirty-four consecutive patients seeking help
for persistent symptoms attributed to COVID-
19 contacted our center between June and
August 2020; 30 were included in the study.
Reasons for non-inclusion were refusal of
physical consultation because of geographical
distance (n = 3) or spontaneous improvement
of the condition (n = 1). In total, 60% were
women (18/30) and the median age was
40 years (IQR 35–54). The cohort included two
married couples, and other patients were
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unrelated. Before the initial presentation, none
of the patient reported chronic pain or use of
analgesics. Other characteristics are shown in
Table 1.

Initial Presentation

All patients declared a viral illness compatible
with COVID-19. Initial symptoms occurred
between 1 February and 9 April 2020 and were
mainly characterized by fever (60%), myalgia
(76.7%), cough (73.3%) and anosmia (43.3%)
(Fig. 1, Table 1). Among nine patients who
underwent nasopharyngeal SARS-CoV-2 RT-
PCR within 5 weeks of symptom onset, 55.6%
(5/9) had a positive result, and all RT-PCR tests
conducted after this time were negative
(n = 11). Seven patients visited the emergency
department, and one was hospitalized in a
conventional hospital unit, receiving oxygen
for 7 days, without any other specific treatment.
All other patients were cared for at home. A
total of 13 patients were prescribed treatments:
2 received hydroxychloroquine (400 mg/day), 4
prednisone (1 mg/kg for 5–7 days), 8 antibiotics
(azithromycin, n = 6; amoxicillin, n = 2) and 2
low-dose aspirin. The other 17 patients received
only symptomatic treatment (acetaminophen).

Persistent Clinical Features

Patients were clinically evaluated after a median
of 152 days (IQR 102–164) following the repor-
ted onset of initial symptoms. Seventeen
(56.7%) reported a resolution of initial symp-
toms after a median of 21 days (IQR 15–33),
followed by a resurgence at a median of 21 days
later (IQR 15–44). Conversely, the 13 other
patients had no symptom-free intervals (Fig-
ure S1). Persistent symptoms had a cyclical
pattern in 28 (93.3%) patients and were mostly
represented by fatigue, myalgia and thoracic
oppression (Fig. 1a). Fever, shivering and cough
were significantly less frequent compared with
the initial presentation (p\0.005 for all;
Fig. 1a). Fatigue was severe for most patients
and rated at a median of 7 (IQR 5–8) on a
10-point scale, with pain rated at 5 (IQR 2–6).

Overall, 60% and 43.4% of patients exhib-
ited diffuse paresthesia and burning pain later
after the initial presentation (Fig. 1a). The DN4
questionnaire screening neuropathic pain was
positive (C 4/10) for 50% (15/30) of patients,
and the FiRST questionnaire screening for
fibromyalgia-like symptoms was positive (C 5/
6) for 56.7% (17/30; Figure S2).

The clinical examination, including neuro-
logic examination, was unremarkable. At this
point, no patients received corticosteroids, non-
steroidal antiinflammatory drugs or opioids.
Finally, 16 (53.3%) patients reported a trend
toward a decrease of symptoms over time.

Virologic and Specific Immunologic
Evaluation

Specific analyses related to SARS-CoV-2 infec-
tion were conducted at a median of 174 (IQR
144–215) days after symptom onset. At this
time, 18 (60%) and 6 (20%) patients provided
nasopharyngeal and stool samples for SARS-
CoV-2 RT-PCR; all tests were negative.

Exploration of the cellular immune response
by SARS-CoV-2 IFN-c ELISPOT assay revealed
that 15 (50%) patients had a positive response
to at least SARS-CoV-2 nucleocapsid and spike
proteins (considered ELISPOT-positive, Fig. 2A).
Among ELISPOT-positive patients, 73.3% (11/
15) also had a cellular response against non-
structural SARS-CoV-2 protein compared with
only 1 (6.7%) of ELISPOT-negative patients
(p\ 0.0001). Cellular responses to the spike
protein of human coronavirus 229E and OC43
were similar in both SARS-CoV-2 ELISPOT
groups (100% in ELISPOT-positive vs. 86.7% in
ELISPOT-negative and 80% in ELISPOT-positive
vs. 73.3% in ELISPOT-negative, respectively).

Among patients with a negative IFN-c ELI-
SPOT result, all but one had negative serology
results (Fig. 2a, Table 2). This patient had an
isolated positive anti-S IgG assay. Among the 15
patients with a positive IFN-c ELISPOT result, all
had at least one positive serologic assay. In
detail, 14 (93.3%) had a positive result for anti-
RBD total antibodies, 11 (73.3%) anti-RBD IgG/
IgM, 12 (80%) anti-S IgG and 11 (73.3%) anti-N
IgG (Fig. 2a). We dichotomized the patients
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Table 1 Characteristics of the whole population, including patients with or without cellular and/or humoral immuniza-
tion, and a control group of convalescent COVID-19 patients without persistent symptoms

Characteristics, % (n/N) Total
(N = 30)

Immunized
(N = 15)

Non-
immunized
(N = 15)

Convalescent
COVID-19
(N = 17)

Demographics

Age (median, (IQR)) 40 (35–54) 40 (31–58) 39 (35–45) 40 (31–45)

Female sex 60 (18/30) 46.7 (7/15) 73.3 (11/15) 76.4 (13/17)

Close contact with confirmed COVID-19
patients

43.3 (13/30) 46.7 (7/15) 40 (6/15) 29.4 (5/17)

History of risk factors for severe SARS-CoV-2
infection

BMI (kg/m2), (median, [IQR])

[ 25

[ 30

22.6
[20.4–26.3]

30 (9/30)

20 (6/30)

23.6 [21.2–27.8]

40 (6/15)

26.7 (4/15)

22.4
[19.6–24.5]

20 (3/15)

13.3 (2/15)

22.0 [21.0–25.0]

23.5 (4/17)

0

Diabetes 10 (3/30) 13.3 (2/15) 6.7 (1/15) N/A

Hypertension 3.3 (1/15) 6.7 (1/15) 0 N/A

Myocardial infarction 0 N/A

Cerebrovascular event 6.7 (2/30) 13.3 (2/15) 0 N/A

Respiratory disease 0 N/A

Renal failure 0 N/A

Liver failure 0 N/A

Cancer 3.3 (1/30) 6.7 (1/15) 0 N/A

Smoking

History

Active

43.3 (13/30)

3.3 (1/30)

53.3 (8/15)

0%

33.3 (5/15)

6.7 (1/15)

N/A

Socio-economic

Married 28.6 30.8 26.7 N/A

Working status:

Employed

Unemployed

Retired

83.3 (25/30)

10 (3/30)

6.67 (1/30)

66.7 (10/15)

20 (3/15)

13.3 (2/15)

100 (15/15)

0

0

100 (17/17)

0

0

Education level:

Below high school

High school

B 3 years post-high school

College graduate

6.7 (2/30)

16.7 (5/30)

26.7 (8/30)

50 (15/30)

13.3 (2/15)

26.7 (4/15)

13.3 (2/15)

46.7 (7/15)

0

6.7 (1/15)

40 (6/15)

53.3 (8/15)

0

0

70.6 (12/17)

29.4 (5/17)

BMI, body mass index; all comparisons between immunized and non-immunized patients with persistent symptoms are
non-significant
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into an immunized group (ELISPOT-positive
and at least one positive serologic assay, n = 15)
and a non-immunized group (ELISPOT-nega-
tive, n = 15; Fig. 2b), who exhibited little

difference in terms of baseline characteristics
and clinical features (Fig. 1b, Tables 1 and 2).
Additionally, we compared patients with per-
sistent symptoms to age-matched COVID-19

Fig. 1 Initial and residual clinical features of patients with
persistent symptoms self-attributed to COVID-19. a Resid-
ual symptoms collected at a median of 152 days (IQR
102–164) after initial presentation (n = 30 patients).
Horizontal rectangles indicate symptom prevalence, and
bars are standard error measure. P-values were calculated
with McNemar’s test with Bonferroni correction for

multiple comparisons. b Comparison of initial/residual
symptoms between immunized (red rectangles; positive for
SARS-CoV-2 IFN-c ELISPOT and at least one serologic
assay) and non-immunized (blue rectangles) patients.
Horizontal rectangles and black bars are mean ± standard
error measure. *p\ 0.05 by chi-square or Fisher’s exact test
(if appropriate)
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convalescent individuals without persistent
symptoms (Table 1). Clinical features of these
patients were similar to those with persistent
symptoms (Table 2).

One ELISPOT-positive patient showed a
decreasing signal for anti-N (equivocal to neg-
ative) and anti-S signal (positive to equivocal)
between day 133 and day 251. One patient with
negative results for both IFN-c ELISPOT and
serology assays (conducted 140 days after
symptom onset) previously had a positive
nasopharyngeal RT-PCR SARS-CoV-2 result
early after the first symptoms (Fig. 2b). This
patient also had two negative IgG serology tests
for SARS-CoV-2 at 37 and 85 days after symp-
tom onset (Biosynex ICT and CLIA Cobas
Roche, respectively).

IFN-a2 levels were similar for patients with
persistent symptoms (regardless of their immu-
nity status) and for convalescent COVID-19
patients without persistent symptoms (sam-
pled[ 12 weeks after infection; Fig. 3). Other
cytokine levels were low or non-detectable and
were similar in immunized and non-immunized
post-acute COVID-19 syndrome patients. How-
ever, we found that the level of monocyte
chemotactic protein 1 (MCP-1) was significantly
lower in immunized and non-immunized
groups of post-acute COVID-19 syndrome

patients (23.0 [11.6–33.4] and 14.1 [10.0–15.6]
ng/ml, respectively) compared to the group of
convalescent COVID-19 patients without per-
sistent symptoms (33.3 [24.5–60.5] ng/ml,
p\0.05 and p\ 0.0001, respectively;
Figure S3).

Biologic Evaluation

Biologic analyses (Supplementary File 1) were
conducted at the same time as the clinical
evaluation (152 days [IQR 102–164] after initial
presentation). Routine biologic test results were
within normal limits for all but one patient (an
iron-deficiency anemia that was further inves-
tigated and corrected). Values for markers of
cardiac and muscle injury (troponin and cre-
atine phosphokinase) and coagulopathy (D-
dimers, fibrinogen) were normal. Serology for
HIV, hepatitis C virus and Lyme disease were
negative for all patients.

Screening for autoimmunity revealed low (1/
160) and medium (1/320 to 1/640) titers of anti-
nuclear antibodies in 12 and 3 patients,
respectively. Low to medium anti-nuclear anti-
body titers were numerically more prevalent in
SARS-CoV-2 immunized than non-immunized
patients (66.7% vs. 33.3%, p = 0.067). Screening
for anti-extractable nuclear antigens, anti-dou-
ble-stranded DNA, anti-citrullinated protein
and anti-neutrophil cytoplasmic antibodies as
well as rheumatoid factor was negative for all
patients. Eight patients (4 in each immuniza-
tion group) showed isolated low titers (\3
times normal range) of anti-cardiolipin anti-
bodies, with no history of thrombosis (IgM for
6, IgG for 2), and one patient was positive for
lupus anticoagulant. After 12 weeks, the repeat
antiphospholipid antibodies testing was nega-
tive for all patients.

Taken together, these extensive biologic
studies were unremarkable, and multiplex
cytokine and ultra-sensitive interferon-a2 mea-
surements were similar between COVID-19
long-haulers and convalescent COVID-19 indi-
viduals without persistent symptoms. Using
SARS-CoV-2 serology tests and IFN-c ELISPOT,
we found evidence of a previous SARS-CoV-2
infection in 50% (15/30) of post-acute COVID-

bFig. 2 Specific immunologic responses to SARS-CoV-2 in
30 patients reporting persistent symptoms self-attributed
to long-COVID. a Results of SARS-CoV-2 serologic
assays, according to the result of the SARS-CoV-2
interferon-c (IFN-c) ELISPOT (n = 15/group). Results
for the following assays are shown: anti-RBD total
antibody (Wantai total antibody); anti-RBD IgG/IgM
(Biosynex BSS IgM/IgG assay); anti-S IgG (Euroimmun);
anti-N IgG (Abbott Architect). Columns show the
prevalence of test positivity, and black bars represent
SEM. b Two patterns of patients were identified: those
with objective signs of SARS-CoV-2 immunity (cellular
AND humoral response, n = 15) and those without
(n = 15). Positive IgG was defined as a positive result
against spike, receptor binding domain or nucleocapsid
protein. *One patient with virologically unproven initial
presentation had an isolated anti-S IgG–positive assay
result. IFN-c ELISPOT and 3 other serologic assays were
negative
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Table 2 Description of the clinical features among the included populations

Characteristics, % (n/N) Post-acute COVID-19 syndrome Control

Total

(N = 30)

Immunized

(N = 15)

Non-

immunized

(N = 15)

Convalescent

COVID-19

(N = 17)

SARS-CoV-2 infection

Positive RT-PCR 55.6 (5/9) 80 (4/5) 25 (1/4) 88.2 (15/17)

Hospitalization

Ward

ICU

3.3 (1/30)

3.3 (1/30)

0

6.7 (1/15)

6.7 (1/15)

0

0 0

Initial clinical features

Fever 60 (18/30) 80 (12/15) 40 (6/15) 76.5 (13/17)

Shivers 56.7 (17/30) 60 (9/15) 53.3 (8/15) 47.1 (8/17)

Myalgia 76.7 (23/30) 86.7 (13/15) 66.7 (10/15) 82.4 (14/17)

Arthralgia 43.3 (13/30) 53.3 (8/15) 33.3 (5/15) 29.4 (5/17)

Cough 70 (21/30) 80 (12/15) 60 (9/15) 58.8 (10/17)

Dyspnea 80 (24/30) 80 (12/15) 80 (12/15) 58.8 (10/17)

Thoracic oppression 83.3 (25/30) 66.7 (10/15)* 100 (15/15)* 82.4 (15/17)

Diarrhea 50 (15/30) 46.6 (7/15) 53.3 (8/15) 35.3 (6/17)

Nausea/vomiting 23.3 (7/30) 13.3 (2/15) 33.3 (5/15) 23.5 (4/17)

Anosmia/agueusia 43.3 (13/30) 53.3 (8/15) 33.3 (5/15) 58.8 (10/17)

Fatigue 93.3 (28/30) 100 (15/15) 86.7 (13/15) 94.1 (16/17)

Thoracic pain 36.7 (11/30) 33.3 (5/15) 40 (6/15) 33.3 (5/17)

Cephalalgia 36.7 (11/30) 33.3 (5/15) 40 (6/15) 76.5## (13/17)

Paresthesia 0 0 0 0

Burning pain 0 0 0 0

Immuno-virologic testing

Time between symptom onset and blood test, median (IQR) 174

[144–214]

151 [144–190] 187

[145–213]

96 [94–110]

Positive SARS-CoV-2 serology (according to at least one test) 53.3 (16/30) 100 (15/15) *** 6.7 (1/15)*** 100 (17/17)###

Positive SARS-CoV-2 ELISPOT 50 (15/30) 100 (15/15)*** 0*** 100 (15/15)###

Persistent clinical features

Cyclical pattern of symptoms 93.3 (28/30) 100 (15/15) 86.7 (13/15) N/A

Symptom-free interval between initial presentation and persistent symptoms, if

any (n/N), in days (median [IQR])

56.6 (17/30)

26 [15–44]

60 (9/15)

19 [16–61]

53.3 (8/15)

26 [15–34]

N/A

Fever 10% (3/30) 6.6 (1/15) 13.3 (2/15) N/A

Shivers 13.3 (4/30) 13.3 (2/15) 13.3 (2/15) N/A

Myalgia 53.3 (16/30) 66.7 (10/15) 40 (6/15) N/A

Arthralgia 46.6 (14/30) 60 (9/15) 33.3 (5/15) N/A
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19 syndrome patients, with evidence of a lack of
immune response, or a waning immune
response, in two patients.

Psychologic Evaluation

Psychologic evaluation was carried out by a
phone interview with a clinical psychologist, at
median 224 [202–238] days after initial symp-
tom onset. In all, 10% (3/30) and 26.7% (8/30)
of patients had a history of depression and
anxiety disorders, respectively. Sleep issues were
reported by 23 (73.3%) patients, and 4 (13.3%)
had started an anxiolytic prescription
(Table S1); 5 (16.7%) and 7 (23.3%) reported loss
of employment and financial difficulties.

HADS screening for anxiety and depression
was positive for 11 (36.7%) and 13 (43.3%) of
patients, respectively (Table S1). Using the PCL-
5 questionnaire, nine (30%) patients had scores
compatible with PTSD (Fig. 4). These values did
not differ between immunized and non-imu-
nized groups of post-acute COVID-19 syndrome
patients. Several components of the SF-36 scale,

physical limitations, energy and pain, were
severely affected, equally with no significant
difference between patients immunized, or not,
for SARS-CoV-2 (Figure S4). Family, friends and
colleagues were a major source of support for 20
(66.7%), 18 (60%) and 11/25 (44%) patients,
respectively. Conversely, 7 (23.3%) patients felt
that physicians provided a significant level of
support.

DISCUSSION

In this study, we included 30 consecutive
patients seeking medical help for persistent
symptoms (median of 6 months) self-attributed
to COVID-19. We identified two clinically
comparable groups of post-acute COVID-19
syndrome patients: those with and those with-
out SARS-CoV-2 immunity. In 93% of patients,
persistent symptoms had a cyclical pattern and
were mostly represented by fatigue, thoracic
oppression, myalgia, paresthesia and burning
pain, which agrees with the literature [20, 21].
We failed to find a significant difference in

Table 2 continued

Characteristics, % (n/N) Post-acute COVID-19 syndrome Control

Total

(N = 30)

Immunized (N = 15) Non- immunized

(N = 15)

Convalescent COVID-19

(N = 17)

Cough 26.7 (8/30) 33.3 (5/15) 20 (3/15) N/A

Dyspnea 46.7 (14/30) 53.3 (8/15) 40 (6/15) N/A

Thoracic oppression 56.7 (17/30) 53.3 (8/15) 60 (9/15) N/A

Diarrhea 30 (9/30) 40 (6/15) 20 (3/15) N/A

Nausea/vomiting 10 (3/30) 6.7 (1/15) 13.3 (2/15) N/A

Anosmia/agueusia 10 (3/30) 13.3 (2/15) 6.7 (1/15) N/A

Fatigue 83.3 (25/30) 86.7 (13/15) 80 (12/15) N/A

Thoracic pain 23.3 (7/30) 13.3 (2/15) 33.3 (5/15) N/A

Cephalalgia 36.7 (11/30) 33.3 (5/15) 40 (6/15) N/A

Paresthesia 60 (18/30) 46.7 (7/15) 73.3 (11/15) N/A

Burning pain 43.3 (13/30) 40 (6/15) 46.7 (7/15) N/A

*p\ 0.05, ***p\ 0.001 using chi2 or Fisher’s exact test when comparing the immunized and non-immunized patients with persistent symptoms

#p\ 0.05; ##p\ 0.01, ###p\ 0.001 using chi2 or Fisher’s exact test when comparing the patient without persistent symptoms attributed to SARS-CoV-2

(n = 30) and convalescent COVID-19 patients without persistent symptoms (n = 17). N/A, non-assessable
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persistent clinical features between anti-SARS-
CoV-2 immunized and non-immunized
patients (Fig. 1b), and both groups were char-
acterized by similar pain/fatigue indexes, qual-
ity of life, cytokines levels and psychologic
burden. Additionally, patients with post-acute
COVID-19 syndrome had similar initial clinical
features and interferon-a2 levels compared to
COVID-19-convalescent individuals who had
experienced no persistent symptoms.

Unexpectedly, only half of post-acute
COVID-19 syndrome patients had cellular (IFN-
c ELISPOT-based) and humoral immunity for
SARS-CoV-2 (Fig. 2b). There are three possible
(and non-exclusive) explanations for this result.

First, some patients may have been infected
with SARS-CoV-2, but not developed
detectable immunity. As already described [22],
one of our patients with RT-PCR–proven SARS-
CoV-2 infection had a negative SARS-CoV-2
serology result on several occasions (36, 85 and
140 days after initial symptoms) as well as a
negative IFN-c ELISPOT (after 140 days). Sec-
ond, immunity may have developed in some
patients but subsequently waned over time,
although such reports are discordant in the lit-
erature [23, 24]. In our cohort, one patient with
RT-PCR/ELISPOT-confirmed infection presented
waning IgG serology levels between days 133
and 251, both on anti-N (from equivocal to

Fig. 3 Normal levels of IFN-a2 for patients with
persistent symptoms attributed to COVID-19 compared
to convalescent COVID-19 individuals. Ultra-sensitive
IFN-a2 levels were measured by using Single Molecule
Array (SIMOA) in patients with persistent symptoms self-
attributed to COVID-19 (post-acute COVID-19 syn-
drome) whether they were immunized against SARS-CoV-
2 (positive for SARS-CoV-2 IFN-c ELISPOT and at least
one serologic assay, n = 15) or non-immunized (n = 15).
As a comparison, results from individuals with confirmed

COVID-19 (serology and IFN-c positive) without persis-
tent symptoms (sampled at least 12 weeks after infection;
n = 17) and patients with active systemic lupus erythe-
matosus (n = 18) are shown. Each point corresponds to a
single patient; the central bar shows the median with
interquartile ranges. The red dotted line shows the lower
limit of detection. Ns, non-significant; ***p\ 0.001 versus
all other groups by non-parametric Kruskal-Wallis test
with Dunn’s correction for multiple testing
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negative) and anti-S (from positive to equivocal)
ELISA. Additionally, patients with cellular
immunity might present negative SARS-CoV-2
serology tests, particularly with regard to anti-N
IgG (Fig. 2a) [25]. Finally, some patients may
have presented a non-specific viral illness and
subsequent symptoms, which were falsely
attributed to SARS-CoV-2. The first pandemic
wave was a period of high anxiety for many
people and may have exacerbated pre-existing
psychologic conditions and induced a nocebo
effect in some patients [26]. Although it could
be argued that some of these patients may not,
in fact, have initially developed COVID-19, we
believe it is important to study these patients
without any preconceived ideas, since they may
represent a significant proportion of post-acute
COVID-19 syndrome patients, at least in our
cohort.

The high prevalence of probable anxiety and
depressive disorders (36.7% and 43.3% respec-
tively) is striking. A cohort study in the UK
revealed that the incidence of probable anxiety
and depressive disorders in the general popula-
tion was 24% and 18.1%, respectively, during
the pandemic [27]. A history of reported
COVID-19 was associated with increased risk

anxiety and depression. We also highlighted a
high rate of probable PTSD (33.3%), which is
similar to the 30.8% prevalence observed in a
US study [28]. PTSD reflects the hardship of the
patient’s experience with COVID-19. The per-
sistence of physical symptoms (related or not to
COVID-19) is likely associated with the psy-
chologic burden of the pandemic, synergisti-
cally contributing to the emergence of the post-
acute COVID-19 syndrome and may explain the
high prevalence of psychologic disorders in our
cohort.

Post-acute COVID-19 syndrome is an ill-de-
fined condition characterized by symptoms
persisting for at least 4 to 12 weeks after SARS-
CoV-2 infection, depending on the study
[11, 13]. It is crucial to exclude any alternative
diagnoses before diagnosis of post-acute
COVID-19 syndrome, especially as this latter
does not necessarily require evidence of SARS-
CoV-2 immunity [13, 20]. Deep phenotyping of
our patients did not lead to alternative diag-
noses for any patient. Although most authors
studying post-acute COVID-19 syndrome
focused on patients hospitalized with COVID-
19 [29], a recent study including 958 patients
with mild COVID-19 found persistent

Fig. 4 Prevalence of anxiety/depression disorders and
post-traumatic stress syndrome in patients seeking medical
help for persistent symptoms self-attributed to COVID-
19. Total population (n = 30, gray bar), patients

immunized to SARS-CoV-2 (positive for SARS-CoV-2
IFN-c ELISPOT and at least one serologic assay, n = 15,
red bar) and non-immunized (n = 15, blue bar) are shown.
Data are mean and black bars show SEM
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symptoms after 4 months in 27.8% of cases.
This study, together with ours, suggests that
post-acute COVID-19 syndrome may follow a
mild initial infection in a high number of cases.
The pathophysiologic mechanisms underlying
post-acute COVID-19 syndrome are likely to be
multifactorial in such patients, and physical
deconditioning [30], psychologic disorders [31],
viral encephalitis [7], dysautonomia [32] and
autoimmunity are plausible suspects which
could co-exist. Indeed, autoimmunity has been
documented following COVID-19 [10, 33].
However, viral-induced autoimmunity is likely
transient, as demonstrated by the negative
repeat screening for antiphospholipid antibod-
ies in eight initially positive patients. We did
not find a significant increase in IFN-a2 or other
proinflammatory cytokines between post-acute
COVID-19 syndrome patients and convalescent
individuals without persistent symptoms. The
only difference was a significantly lower level of
MCP-1 in post-acute COVID-19 syndrome
patients, for which higher levels have been
associated with severe disease and blood-brain
barrier permeability [34, 35]. Further studies will
be needed to explore other potential mecha-
nisms at play in such patients (e.g., dysau-
tonomia, neurologic studies).

This study has several limitations. First, our
recruitment was limited to 30 consecutive
patients, which may not allow capturing the
complexity of patients with post-acute COVID-
19 syndrome and thus limits its generalizability.
However, this relatively small cohort allowed
for an extensive multimodal evaluation without
significant missing data. Additionally, the con-
secutive recruitment method limited potential
selection bias. Given our study design, however,
we cannot infer the prevalence of post-acute
COVID-19 syndrome, which has been evaluated
at 10% in the UK [11]. Second, only nine
patients had a RT-PCR test in our cohort in the
5 weeks after symptom onset because RT-PCR
tests were not readily available for mild disease
during the first epidemic wave in France. To
investigate for viral persistence at the time of
clinical evaluation, we asked patients to make
an appointment for nasopharyngeal and stool
RT-PCR tests, which were only carried out by
60% and 20% of patients, respectively. These

tests were negative and argue against viral per-
sistence in clinically accessible sites. Finally, we
cannot exclude that our design implied a
selection bias of patients with psychologic dis-
tress. However, our study did allow to accu-
rately and thoroughly evaluate multiple
biologic and clinical characteristics of patients
seeking medical advice for persistent symptoms
self-attributed to post-acute COVID-19 syn-
drome and will therefore be of use for clinicians
who may be under-prepared to answer these
patients’ questions. Although no treatment has
been approved for post-acute COVID-19 syn-
drome, more than half of our patients reported
a spontaneous and gradual improvement of
symptoms over time, which provides a window
of hope for patients suffering from this disorder.

CONCLUSION

To conclude, our study sheds light on the bur-
den experienced by patients reporting long-
term symptoms self-attributed to COVID-19 as
well as some of the mechanisms at play. A better
recognition and understanding of post-acute
COVID-19 syndrome will help healthcare pro-
viders to better care for these patients.
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