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Article history: Objectives: Various symptoms and considerable organ dysfunction persist following infection with severe
Received 9 May 2021 acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Uncertainty remains about the potential mid-
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and long-term health sequelae. This prospective study of patients hospitalized with coronavirus disease
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2019 (COVID-19) in Liége University Hospital, Belgium aimed to determine the persistent consequences

of COVID-19.
Keywords: Methods: Patients admitted to the University Hospital of Liége with moderate-to-severe confirmed
long COVID COVID-19, discharged between 2 March and 1 October 2020, were recruited prospectively. Follow-up at 3
post-COVID and 6 months after hospital discharge included demographic and clinical data, biological data, pulmonary
ch;ﬁgglg function tests (PFTs) and high-resolution computed tomography (CT) scans of the chest.

Results: In total, 199 individuals were included in the analysis. Most patients received oxygen supple-
mentation (80.4%). Six months after discharge, 47% and 32% of patients still had exertional dyspnoea and
fatigue. PFTs at 3-month follow-up revealed a reduced diffusion capacity of carbon monoxide (mean 71.6
+ 18.6%), and this increased significantly at 6-month follow-up (P<0.0001). Chest CT scans showed a high
prevalence (68.9% of the cohort) of persistent abnormalities, mainly ground glass opacities. Duration of
hospitalization, intensive care unit admission and mechanical ventilation were not associated with the
persistence of symptoms 3 months after discharge.
Conclusion: The prevalence of persistent symptoms following hospitalization with COVID-19 is high and
stable for up to 6 months after discharge. However, biological, functional and iconographic abnormalities
improved significantly over time.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

post-acute COVID-19

Introduction

In December 2019, a novel coronavirus - severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) - was detected in
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and multi-organ failure (Frix et al., 2020; Guiot et al., 2020a;
Radermecker et al., 2020; Schoneveld et al., 2021). For most pa-
tients, the infection is mild with low-grade fever and cough, but
15% of patients experience respiratory impairment combined with
diffuse alveolar damage, pulmonary (hyper)inflammatory infiltrates
and microvascular thrombosis associated with elevated levels of in-
flammatory markers, and require hospital care (Radermecker et al.,
2020; Fang et al., 2021). In addition to respiratory symptoms, mul-
tiple organs can be affected. Disorders include thrombotic com-
plications, myocardial dysfunction and arrhythmia, acute coro-
nary syndromes, acute kidney injury (AKI), gastrointestinal symp-
toms, hepatocellular injury, hyperglycaemia and ketosis, neurolog-
ical illnesses, ocular symptoms and dermatological complications
(Gabarre et al., 2020; Gupta et al., 2020; ladecola et al., 2020;
Li et al., 2020; Ronco et al., 2020). AKI in hospitalized patients
is high, with prevalence ranging from approximately 20% to ap-
proximately 80% according to the definition used for AKI and the
type of hospitalization [usual vs intensive care unit (ICU)]. AKI
has been associated with death (Cheng et al., 2020; Wu et al.,
2020; Chan et al, 2021; Chatterjee et al, 2021). To date, few
and discrepant results are available regarding the evolution of
patients with AKI and/or proteinuria (Bouquegneau et al., 2021;
Delanaye et al, 2021; Gupta et al., 2021).

More recently, data have emerged that symptoms related to
COVID-19 persist after the acute phase of infection. Terminol-
ogy found in the literature mainly refers to ‘post-COVID condi-
tions’, ‘long COVID’, ‘post-COVID syndrome’ or ‘post-acute COVID-
19’ (Amenta et al., 2020; National Institute for Health and Care Ex-
cellence, 2020; Ayoubkhani et al., 2021). The National Institute for
Health and Care Excellence (2020) has defined long COVID as ‘signs
and symptoms that develop during or after an infection consistent
with COVID-19 which continue for more than 12 weeks and are
not explained by an alternative diagnosis’.

The incidence, natural history and aetiology of these symp-
toms have not been determined to date, and may vary de-
pending on numerous factors including viral, individual or treat-
ment features. A growing number of studies have highlighted
that a noteworthy proportion of patients who have suffered
from SARS-CoV-2 infection experience ‘post-COVID syndrome’
(Salamanna et al., 2021). Learning more about the whole range
of short- and long-term health effects associated with COVID-
19 has become a key priority. Tools constructed from patients’
lived experiences would provide validated and reliable instruments
to monitor the symptoms and impact of ‘post-COVID syndrome’
(Tran et al., 2021). Chopra et al. (2021) reported a high death
rate within 60 days of discharge. For most patients who sur-
vived, ongoing physical and psychological morbidities were com-
mon. Carvalho-Schneider et al. (2021) confirmed that two-thirds
of adults with non-critical COVID-19 had complaints 2 months
after symptom onset, mainly anosmia/ageusia, dyspnoea or fa-
tigue. Garrigues et al. (2020) found that patients with COVID-
19 discharged from hospital experienced persistent symptoms,
most commonly fatigue and dyspnoea, for up to 3 months af-
ter diagnosis. Huang et al. (2021) presented the results of a
large study with long-term follow-up, and reported that fatigue
or muscle weakness, sleep difficulties, and anxiety or depres-
sion were common, even 6 months after symptom onset. More
severely ill patients had higher risk of pulmonary diffusion ab-
normality, fatigue or muscle weakness, and anxiety or depres-
sion. In addition, lung function was altered, with reduced diffu-
sion capacity and long-term lung abnormalities shown on imag-
ing, mainly represented by ground glass opacities (GGOs) and in-
terstitial lung abnormalities (Guiot et al., 2020b,c). More recently,
Ayoubkhani et al. (2021) quantified rates of organ-specific dysfunc-
tion in individuals with COVID-19 after discharge from hospital
compared with a matched control group from the general popu-
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lation. Mean follow-up in the study by Amenta et al. (2020) was
140 days. Admission to hospital for COVID-19 was associated with
increased risk of re-admission and death after discharge. Rates of
multi-organ dysfunction after discharge were higher in individ-
uals with COVID-19 compared with those in the matched con-
trol group, suggesting extrapulmonary pathophysiology. Long-term
complications after COVID-19 are thus associated with severity
but not limited to hospitalized patients (Hirschtick et al., 2021).
A Danish population-based cohort study found that the absolute
risk of severe post-acute complications after SARS-CoV-2 infec-
tion not requiring hospital admission was low (Lund et al., 2021).
Blomberg et al. (2021) found that young, home-isolated adults
with mild COVID-19 were at risk of long-lasting dyspnoea and cog-
nitive symptoms. Kashif et al. (2021) also reported various post-
viral sequelae, the most common being fatigue, in patients follow-
ing recovery from mild COVID-19.

These data indicate that the toll of COVID-19 extends well
beyond hospitalization. Studies aimed at determining long-term
pathophysiology across organ systems are needed urgently. As
such, this prospective study investigated patients hospitalized with
COVID-19 to determine the persistent consequences of COVID-19,
and to characterize risk factors associated with the symptoms of
long-term COVID-19.

Methods
Study design and participants

Patients admitted to the University Hospital of Liége with
moderate-to-severe confirmed COVID-19, discharged between 2
March and 1 October 2020, were recruited prospectively. Inclusion
criteria were: (1) age >16 years; (2) confirmed SARS-CoV-2 infec-
tion; and (3) hospitalization at the University Hospital of Liége,
Belgium. Recruitment was performed on a voluntary basis.

All patients who died before the first follow-up visit, those for
whom no recommended follow-up was available, and those who
declined to participate were excluded from the study.

All discharged patients met uniform discharge criteria according
to standard clinical care.

The protocol was approved by the Ethics Committee of CHU
Liege (No. B707201422832; ref: 2021-131).

Clinical and biological parameters

The following variables were considered at patient admission:
age; weight; height; body mass index (BMI); history of hyperten-
sion (based on medical records and/or the presence of antihyper-
tensive medications at admission); history of diabetes (based on
medical records and/or the presence of specific therapy at ad-
mission); active smoking; and history of chronic kidney disease
(CKD) (based on medical records, not biological data). Biologi-
cal data of interest were considered at the closest time to dis-
charge (maximum 72 h before discharge). All biological data were
generated from a single laboratory (Unilab, CHU de Liége) ac-
credited for ISO 15189 Guideline (regulatory standard for medi-
cal labs). The following variables were measured: C-reactive pro-
tein (CRP), procalcitonin, serum creatinine, lactate dehydrogenase
(LDH), albumin, sodium, potassium, total calcium and bicarbon-
ate (Abbott Alinity instrument); leukocytes, lymphocytes, platelet
counts and haemoglobin (Sysmex SE-9000 Hematology analyzer);
and D-dimer (Innovance D-Dimer kit on the Siemens CS5100 auto-
mate).

AKI was defined by the Kidney Disease Improving Global Out-
comes (KDIGO) AKI criteria (Kellum et al., 2013). The KDIGO crite-
ria for AKI applied serum creatinine variations alone. The baseline
serum creatinine value was defined using the most recent value
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found in the centralized electronic medical records of CHU Liege
preceding the current admission. Whenever data were not avail-
able, the serum creatinine level measured at the time of admis-
sion was used as the baseline value. Estimated glomerular filtra-
tion rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration formula (Levey et al., 2009). Renal data
on 30 patients from this cohort have been published previously
(Bouquegneau et al., 2021).

Pulmonary function tests

Pulmonary function tests (PFTs) were performed in the rou-
tine respiratory laboratory at Liége University Hospital. Forced ex-
piratory volume in 1 s (FEV;) and forced vital capacity (FVC)
were measured in accordance with the recommendations of the
European Respiratory Society (ERS) (Laszlo, 2006). The results
were expressed in millilitres and % predicted. The Tiffeneau in-
dex or FEV;/FVC was expressed as a percentage. Total lung capac-
ity (TLC) was measured by body plethysmography according to the
ERS recommendations. The diffusion capacity of carbon monox-
ide (DLCO) and DLCO/AV were measured using the single-breath
carbon monoxide gas transfer method, and expressed as % pre-
dicted (Sensor Medics 2400 He/CO Analyzer System, Bilthoven,
The Netherlands). In addition, differences between pre- and post-
COVID-19 PFTs were evaluated when available.

CT scanner description

All CT images used in the study were acquired on one of five
multi-detector CT scanners (Siemens Edge Plus: Siemens Healthi-
neers; Erlangen, Germany, GE Revolution CT, GE Brightspeed: GE
Healthcare Chicago, Illinois, USA) available at the University Hos-
pital of Liege. As CT images were collected prospectively as part
of standard care, no standardized scan protocol was available over
the complete dataset. Two thoracic radiologists performed CT scan
analysis (PC: 3 years of experience, CD: 6 years of experience).

Statistical analysis

Results were summarized using mean and standard deviation
(SD) or median and interquartile range (IQR) for quantitative vari-
ables. Qualitative variables were presented as frequency tables
(number and percentage).

Chi-squared test and Fisher’s exact test, as appropriate, were
used to compare proportions, and non-parametric Kruskal-Wallis
test was used to compare quantitative variables. Linear or logis-
tic regression models were used to analyse the impact of patient
characteristics and the severity of hospital stay on clinical and pul-
monary consequences. Student’s t-test for paired observations was
used to analyse changes in pulmonary data pre- vs post COVID.
Changes in CT scans and biological parameters were studied with
McNemar’s test and signed rank test for paired observations.

Results were considered significant at the 5% level (P<0.05).
Missing data were not replaced and calculations were always per-
formed using the maximum number of data available. Data analy-
sis was performed using SAS Version 9.4 for Windows. R Version
3.6.1 was used for the figures.

Results
Patients’ characteristics

In total, 199 individuals were included in the analysis (Table S1,
see online supplementary material). The demographic, clinical and

treatment characteristics of the patients are given in Tables S1 and
S2 (see online supplementary material). The mean age was 60.5 +
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13.9 years, and 63.3% of subjects were male. Mean BMI was 28.6
kg/m? (Table S1, see online supplementary material). The percent-
ages of comorbidities were high: 44.4% for hypertension, 36.2% for
diabetes and 36.4% for obesity. In addition, 20.6% of subjects had a
chronic pulmonary disease.

The median duration of hospitalization was 9 days (Table S2,
see online supplementay material). Most patients received oxygen
supplementation (80.4%; Table S2, see online supplementary ma-
terial). Approximately one-quarter (26.1%) of patients were hospi-
talized in an ICU, 16.6% had endotracheal intubation, >80% were
treated with hydroxychloroquine and the huge majority (90.4%)
also received antibiotics (Table S2, see online supplementary ma-
terial).

Evolution of symptomatology

Persistence of symptoms was analysed systematically. Figure 1
represents the symptoms at 1 month, 3 months and 6 months af-
ter discharge. The most common symptoms were exertional dysp-
noea and fatigue, followed by cough and chest pain (Figure 1 and
Table S3, see online supplementary material). Shortness of breath
was present in 53% of individuals at 1 month after discharge, and
remained highly prevalent at 3 (41%) and 6 (47%) months after dis-
charge. Fatigue was common 1 month after discharge. Surprisingly,
the prevalence of fatigue increased at 3 months after discharge
(41%). A high proportion of individuals still complained about fa-
tigue 6 months after discharge (32%). Dry cough was common at
1 month after discharge (12%). The proportion of individuals pre-
senting with a dry cough remained high at 3 and 6 months after
discharge (11% and 9%, respectively). The prevalence of chest pain
decreased from 10% at 1 month after discharge to 5% at 6 months
after discharge. In contrast, there was a slight increase in the pro-
portion of patients presenting with memory impairment over time.
The proportion of individuals presenting with symptoms after dis-
charge was high and remained elevated at 6 months after dis-
charge. The most common symptoms at 1, 3 and 6 months after
discharge were shortness of breath and fatigue.

Changes in biological data

Changes in biological data are presented in Table 1. The level
of haemoglobin increased significantly from discharge to 1 month
after discharge, and from 1 month after discharge to 3 months af-
ter discharge (P<0.0001). At discharge, 37.5% had anaemia, and this
number decreased to 15.5% at 3 months after discharge.

The percentage of lymphocytes increased significantly from dis-
charge to 1 month after discharge (P<0.0001). The level of D-dimer
decreased significantly from discharge to 1 month after discharge
(P=0.001), and further diminished from 1 month after discharge
to 3 months after discharge (P<0.0001). The median CRP value
decreased significantly after discharge, and returned to normal at
1 month after discharge (P<0.0001). eGFR did not differ at dis-
charge and at 1 month after discharge (Table 1), but decreased sig-
nificantly at 3 months after discharge (P<0.0001) in 38 patients
with data available for 1 and 3 months after discharge. Exclud-
ing the patient with AKI during hospitalization, median eGFR re-
mained significantly different at 1 and 3 months after discharge
[92.0 mL/min/1.73 m? (IQR 74.1-101.6) and 86.5 mL/min/1.73 m?2
(IQR 70.9-95.2), respectively; n=31]. Mean eGFR remained in the
normal range for followed patients. From the 73 patients with
eGFR data available at 3 months after discharge, 17 patients had
eGFR <60 mL/min/1.73 m?; of these, 14 (82.4%) patients had eGFR
<60 mL/min/1.73 m?2 at hospital admission.

Twenty-one patients developed AKI during hospitalization, with
eight patients needing renal replacement therapy, excluding the
three patients on chronic haemodialysis before admission; all five
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Table 1
Evolution of biological data
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At discharge(+ 72 h)

Follow-upafter 1 month

Follow-upafter 3 months

Days since hospital discharge, median (IQR)
WBC (10*/mm?)

N

Median (IQR)

n (%) out of range?

P-value evolution®
Haemoglobin (g/dL)

N

Median (IQR)

n (%) <lower range?

P-value evolution®
Lymphocytes (%)

N

Median (IQR)

n (%) out of range?
P-value evolution”
Lymphocytes (10°/mm?)

N

Median (IQR)

n (%) out of range®

P-value evolution®
D-dimer (pg/L)

N

Median (IQR)
n (%) out of range?
P-value evolution®
TGO (ASAT) aspartate aminotransferase (U/L)
N
Median (IQR)
n (%) out of range®
P-value evolution®
TGP (ALAT) alanine aminotransferase (U/L)
N
Median (IQR)
n (%) out of range?
P-value evolution®
Creatinine
N
Median (IQR)
n (%) >upper range?
P-value evolution®
GFR estimation (CKD-EPI)
N
Median (IQR)
n (%) <60
P-value evolution®
Creatinine (without IRA patients)
N
Median (IQR)
n (%) >upper range?
P-value evolution®
GFR estimation (without IRA patients)
N
Median (IQR)
n (%) <60
P-value evolution®
Creatinine kinase (UI/L)
N
Median (IQR)
n (%)>upper range?®
P-value evolution®
CRP (mg/L)
N

Median (IQR)

n (%) >upper range?

P-value evolution”
Ferritin (pg/L)

N

Median (IQR)

n (%) >upper range?

P-value evolution®

178
6.0 (4.8-7.4)
52 (29.2)

176
123 (10.8-13.5)
66 (37.5)

176
24.5 (18.1-30.3)
45 (25.6)

176
1.5 (1.1-1.8)
42 (23.9)

75
841 (501-1534)
57 (76.0)

168
35 (24-58)
87 (51.8)

167
47 (23-89)
15 (9.0)

179
0.84 (0.70-1.0)
41 (22.9)

179
90.7 (76.8-101.2)
26(14.5)

161
0.80 (0.70-0.95)
27 (16.8)

161
92.8 (80.9-101.8)
14 (8.7)

94
58.5 (35.0-118)
13 (13.8)

180
20.4 (9.0-48.1)
158 (87.8)

31
671 (386-1012)
27 (87.1)

34 (28-46)

57
6.2 (53-7.8)
9 (15.8)

0.69 (n=53)

55
12.9 (11.9-14.0)
12 (21.8)

<0.0001 (n=50)

55
29.6 (24.8-37.3)
9 (16.4)

<0.0001 (n=50)

54
1.5 (1.2-2.3)
4(7.4)

<0.0001 (n=49)

46
446 (258-737)
20 (43.5)

0.0010 (n=16)

54
26 (22-31)

10 (18.5)
0.0078 (n=44)

55
28 (17-45)

0 (0.0)

0.0002 (n=45)

58
0.83 (0.76-0.99)
12 (20.7)

0.90 (n=54)

58
90.7 (72.2-100.1)
8 (13.8)

0.28 (n=38)

51
0.83 (0.73-0.95)
8 (15.7)

0.37 (n=48)

51
92.0 (74.1-101.6)
5(9.8)

0.41 (n=48)

59
54.0 (22.0-99.0)
7 (11.9)

0.66 (n=22)

53
5.6 (1.3-6.7)

18 (34.0)
<0.0001 (n=49)

50
179 (127-332)
21 (42.0)

93 (84-106)

71
6.9 (5.5-8.4)
12 (16.9)

0.57 (n=37)

71
13.9 (12.4-15.2)
11 (15.5)

<0.0001 (n=35)

71
31.4 (24.4-37.6)
10 (14.1)

0.90 (n=35)

68
2.0 (1.7-2.5)
4 (5.9)

0.86 (n=34)

72
322 (190-599)
24 (33.3)
<0.0001 (n=28)

72
26 (24-32)

16 (22.2)
0.0030 (n=34)

72
26 (20-36)
0 (0.0)

0.90 (n=34)

73
0.94 (0.77-1.1)
24 (32.9)
<0.0001 (n=38)

73
83.7 (63.2-93.1)
17 (23.3)

<0.0001 (n=38)

59
0.90 (0.74-1.0)
13 (22.0)

0.0001 (n=31)

59
86.5 (70.9-95.2)
8 (13.6)

0.0001 (n=31)

61
112.0 (53.0-150.0)
11 (18.0)

<0.0001 (n=33)

70
2.7 (1.4-4.9)
17 (24.3)

0.28 (n=36)

63
95 (46-171)

13 (20.6)
<0.0001 (n=28)

IQR, interquartile range ; WBC, white blood cells ; GFR, glomerular filtration rate; CRP, C-reactive protein.
a Reference ranges: WBC (10°/mm?): 4.6-10.1; haemoglobin (g/dL): 11.7-15.0; lymphocyte (%): 17.5-45.5; lymphocyte (10}/mm?*): 1.1-3.7; D-dimer
(pg/L): <500; TGO (ASAT) (U/L): 5-34, TGP (ALAT) (U/L): <150; creatinine (mg/dL): 0.55-1.02; GFR (MDRD) (mL/min/1.73 m?): <60; creatinine kinase
(UI/L): 29-168; CRP (mg/L): 0.0-5.0; ferritin (pg/L): 5-204.
b Signed rank test for paired observations, at discharge vs 1 month after discharge, or at 1 month after discharge vs 3 months after discharge

(n=number of paired observations available).
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At 3 months from discharge
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Fatigue 1

Exertional dyspnea

patients were weaned off dialysis at discharge. Median protein-

Dry cough

Chest pain

Headaches {

Loss of appetite

Myalgia 1

Dyspnea at rest 1

Figure 1.

Anosmia

Ageusia?
Rhinorrhea
Memory impairment 1
Diarrhea

Productive cough

Paresthesia/dysesthesias 1

Changes in symptoms.

Pulmonary function tests

uria (n=145) was 301 (IQR 174-583) at discharge and 80 (IQR 59-

Pharyngeal pain

Confusion

Nauseas

Vomiting 1

Fever1

125) mg/g (n=40) at 1 month after discharge (P<0.0001) (data not
shown). No further decrease was observed at 3 months after dis-
charge [76 (IQR 56-138) mg/g (n=31); not significant].

Of the overall population, 156 patients were evaluated; of these,
128 patients did not present any chronic lung disease based on
medical history. Of the 28 patients of the population with chronic
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Table 2
Pulmonary function tests of patients at follow-up (3 months).

International Journal of Infectious Diseases 109 (2021) 209-216

n n (%) Mean + SD Median (IQR)
Delay between discharge and follow-up 156 101 £+ 34 94 (77-119)
FEV; (L) 156 2.73 £ 0913
FEV; (% predicted) 156 90.8 + 20.8
FEV; <80% predicted 156 34 (21.8)
FVC 156 3.41 4+ 1.08
FVC (% predicted) 156 88.6 + 18.2
FVC <80% predicted 156 43 (27.6)
Tiffeneau index % 156 79.7 + 9.07
Tiffeneau index <70% 156 17 (10.9)
DLCO 132 6.04 + 2.04
DLCO (% predicted) 132 71.6 £ 18.6
DLCO <75% predicted 132 72 (54.6)
DLCO_AV 132 1.25 + 0.320
DLCO_AV (% predicted) 132 87.8 + 20.6
DLCO_AV <80% predicted 132 46 (34.9)
TLC 85 536 + 1.45
TLC (% predicted) 87 87.7 £21.9
TLC <80% predicted 87 31 (35.6)
FRC 73 3.32 £ 1.03
FRC (% predicted) 73 102.2 +29.2
FRC <80% predicted 73 14 (19.2)
RV 79 2.00 £ 0.742
RV (% predicted) 79 89.6 + 30.0
RV <80% predicted 79 29 (36.7)
sGaw 72 0.940 + 0.332
sGaw (% predicted) 58 87.3 + 34.1
sGAw <80% predicted 58 24 (41.4)

FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; DLCO, diffusion lung capacity for carbon monoxide; AV,
alveolar ventilation; TLC, total lung capacity; FRC, functional residual capacity; RV, residual volume; sGaw, specific conductance;

SD, standard deviation; IQR, interquartile range.

Table 3
Changes in chest computed tomography scan at 3 months.
Baseline Follow-up Evolution P-value
Delay between baseline evaluation and - 94 (76-114)
follow-up visit, median (IQR)
n (%) Ground glass opacities 145 (98.0) 102 (68.9) <0.0001?
n (%) Bronchiectasis 5(3.4) 10 (6.8) 0.059°
n (%) Reticular pattern 5(3.4) 7 (4.7) 0.32¢
n (%) Honeycombing 3 (2.0) 1(0.7) 0.16%
n (%) Pleural effusion 15 (10.1) 6 (4.0) 0.020?
n (%) Crazy paving 91 (61.5) 8 (5.4) <0.0001°
n (%) Thin condensations 128 (86.5) 101 (68.2) <0.0001?
n (%) Organizing pneumonia 9 (6.1) 1(0.7) 0.011°
n (%) Condensation 69 (46.6) 20 (13.5) <0.0001°
Lung involvement (%)
Mean + SD 3244+ 214 104 + 149 -22.0 £+ 23.1 <0.0001°

IQR, interquartile range; SD, standard deviation.
4 McNemar test.
b Student’s t-test.

lung disease, 36% were suffering from chronic obstructive pul-
monary disease.

Interestingly, the whole patient population exhibited low DLCO
(71.6 + 18.6%) (Table 2). Both FEV; and FVC were in normal ranges
(90.8 + 20.8% and 88.6% + 18.2, respectively).

Table 3.

Some patients were evaluated with PFTs at 3 months and 6
months after discharge. Reassuringly, they exhibited a significant
improvement in several parameters including FEV,, FVC and DLCO
(Table S4, see online supplementary material).

Changes between pre- and post-COVID-19 PFTs were evaluated.
The median re-assessment between two PFTs (first before COVID-
19 infection, second at follow-up) was at 22 + 51 months. Data are
shown in Table S5 (see online supplementary material). Patients
presented a significant decrease in FVC and DLCO after COVID-19.
Median FVC decreased from 87.3 + 18.9% to 81.6 + 19.7% of pre-
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dicted values (P<0.05). DLCO also decreased significantly from 65.4
+ 26.0 to 58.0 + 21.1% predicted.

Chest CT scan evaluation

Changes in CT scans over time were evaluated at 3 months [me-
dian 94 days (IQR 76-114)] for 149 patients. Compared with CT
scans performed at hospital admission, the main persistent pattern
was GGOs (68.9% of the cohort) with thin condensations (68.2%),
condensations (46.6%) and crazy paving (6.8%). Re-evaluation of CT
scans showed that most images were improved with a significant
reduction in GGOs (P<0.0001), pleural effusion (P<0.05), organiz-
ing pneumonia (P<0.05), condensations (P<0.0001), crazy paving
(P<0.0001) and condensations (P<0.0001). No significant differ-
ences were found between the two CT scans in terms of honey-
combing, reticular pattern and bronchiectasis. As expected, quan-
tification of lung involvement identified a substantial decline in
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COVID-19 lesions from a mean of 32.4 + 21.4% to 10.4 + 14.9% at
3 months after discharge.

Characterization of patients with persistent symptoms

The persistence of symptomatology was correlated with clinical
and demographic features (Table S6, see online supplementary ma-
terial) and with selected biological data (haemoglobin, D-dimer),
PFTs (DLCO) and chest CT scan (GGOs) (Table S7, see online sup-
plementary material). Unfortunately, it was not possible to deter-
mine a typical clinical or biological profile of patients at risk of
presenting long-term symptoms. In particular, duration of hospi-
talization, ICU admission and mechanical ventilation were not as-
sociated with the persistence of symptoms at 3 months after dis-
charge.

More patients (56.6%) with decreased DLCO had persistent
symptoms compared with patients with normal DLCO (31.8%),
although the P-value was at the limit of statistical relevance
(P=0.051) (Table S7, see online supplementary material).

Discussion

For some individuals, COVID-19 can cause symptoms that last
for weeks or months after the infection has gone. Post-COVID con-
ditions are being seen in a growing number of patients report-
ing a constellation of symptoms after SARS-CoV-2 infection that
are persistent, debilitating, and have yet to be fully explained by
known or measurable mechanisms (Burke and Rio, 2021). Pioneer-
ing studies have shown that COVID-19 survivors often suffer from
fatigue or muscle weakness, sleep difficulties, and anxiety or de-
pression for up to 6 months after infection (Bellan et al., 2021;
Huang et al., 2021). In addition, individuals discharged from hos-
pital after COVID-19 have increased rates of multi-organ dysfunc-
tion compared with the expected risk in the general population
(Ayoubkhani et al., 2021). The prevalence of post-COVID condi-
tions seems to be associated with severity (Lund et al., 2021),
although a recent report suggested that this is also common in
young home-isolated adults with mild COVID-19 (Blomberg et al.,
2021). Augustin et al. (2021) observed the ongoing presence of
shortness of breath, anosmia, ageusia or fatigue as long-lasting
symptoms even in non-hospitalized patients at 4 and 7 months
post-infection.

This study found a very high prevalence of extreme tired-
ness and shortness of breath for up to 6 months after discharge
in patients hospitalized for COVID-19. The prevalence of anos-
mia/ageusia was low in this study compared with other recent re-
ports (Augustin et al., 2021).

Surprisingly, the frequency of these symptoms remained high
and stable over time, indicating that longer follow-up is needed to
determine their duration. A better understanding of the causes of
symptom persistence is needed to provide solutions and to design
prevention strategies.

The severity of the persistent symptoms was not correlated
with PFTs or CT scan images. Interestingly, PFT re-assessment did
not find any significant decrease in lung volume, but an isolated
reduction in DLCO. Of note, patients who had benefited from pre-
vious PFT evaluation were suffering from a significant reduction in
FVC and DLCO at 3 months after discharge. Contrary to what was
seen in PFTs, a clear improvement in CT scan images was noted
over time, with significant residual lesions at 3 months after dis-
charge in up to 68.9% of the cohort (mainly GGOs and thin con-
densations).

Based on these observations, the alveolar and vascular lung le-
sions seen in patients with COVID-19 may explain the reduction
in DLCO as well as the persistent lung abnormalities at 3 months.
The high prevalence of thromboembolic events is also a potential
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parameter to consider in the reduction of DLCO over time with-
out any restrictive or obstructive lung disease based on the PFT
assessment. Reinforcing this hypothesis, the median level of D-
dimer remained elevated over time. Other studies have demon-
strated a higher rate of thromboembolic events in survivors of
COVID-19 at 6 months of follow-up, raising the question of the
number of undiagnosed cases of segmental or subsegmental pul-
monary embolism (Al-Aly et al., 2021)). The endothelial inflamma-
tion classically described in COVID-19 remains a good hypothesis
for the increased incidence of pulmonary embolism, and poten-
tially the leading cause of the persistent reduction in DLCO over
time with a specific increase in D-dimer level (Radermecker et al.,
2020). Together with direct cellular damage and the robust innate
immune response with inflammatory cytokine production, the pro-
coagulant state and endothelial damage induced by SARS-CoV-2 in-
fection may contribute to various organ-specific sequelae of post-
acute COVID-19 (Nalbandian et al., 2021; Nauen et al., 2021).

The mid- and long-term renal consequences of SARS-CoV-2 in-
fection remain unknown. In this study, no discharged survivors
required prolonged renal replacement therapy (n=5). Although
COVID-19 was associated with a high prevalence of AKI (10.9%),
few follow-up data are available to evaluate the long-term impact
and risk of CKD. Large cohort studies have demonstrated that >70%
of patients recovered from AKI at discharge (Charytan et al., 2021).
In the present study cohort, patients with eGFR <60 mL/min/1.73
m? at 3 months are in majority patients who have eGFR <60
mL/min/1.73 m? at hospital admission and probably are patients
with CKD prior to admission. The significant, but probably not
clinically relevant, difference between eGFR at 1 month and 3
months after discharge remains in the normal range (eGFR >60
mL/min/1.73 m?2). Loss of lean mass during hospitalization may ex-
plain the lower creatinine observed at 1 month after discharge,
with the likely increase in lean mass at 3 months after discharge
explaining the increase in creatinine.

This study had several limitations, including the limited number
of participants and the absence of a control group of non-COVID-
19 patients. Loss to follow-up may also have been non-random, so
the proportion of patients with adverse outcomes may be biased.

This study confirmed the very high prevalence of persistent
symptoms following hospitalization for COVID-19, and revealed
worrying stability of post-COVID symptoms over time. High per-
centages of biological, functional and iconographic abnormalities
were observed several months after discharge. In contrast with
symptomatology, these objective parameters improved over time.

In conclusion, the long-term consequences of COVID-19 should
not be neglected and will likely represent an additional burden on
the healthcare system in terms of human and economic resources.
Understanding the natural history of COVID-19 sequelae and the
elements involved is a key priority to mitigate the long-term ef-
fects of COVID-19 on multiple organs and tissues.
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