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Background.  – Scant  data  are  currently  available  about  a potential  link  between  comorbid  chronic  lung
diseases  (CLD)  and  the  risk  and  severity  of the  coronavirus  disease  2019  (COVID-19)  infection.
Methods.  – To  describe  the  clinical  characteristics  of  and  outcomes  for  patients  with  COVID-19  infec-
tion,  including  patients  with  comorbid  respiratory  diseases,  who  have  been  primarily  hospitalized  in the
pulmonology  department  of Strasbourg  University  Hospital,  France.  In  this  retrospective,  single-center
study,  we  included  all confirmed  cases  of COVID-19  from  March  3  to April  15, 2020.  We  then  compared
the  symptoms,  biological  and  radiological  findings,  and  outcomes  for patients  with  and  without  CLD.
Results.  – Of  the  124  patients  that  were  enrolled,  the  median  age  was  62  years,  and  75  patients  (60%)  were
male.  Overall,  40%  of  patients  (n = 50)  had  preexisting  CLD,  including  chronic  obstructive  pulmonary
disease  (COPD)  (n = 15, 12%)  and  asthma  (n =  19, 15%).  Twenty-eight  patients  were  transferred  to  the
intensive  care  unit  (ICU),  and  six  patients  died  in  our  unit.  CLD  were  not  predictive  of  ICU  hospitalization,

but  a significantly  higher  total  mortality  was  observed  (17.6%  vs.  5.5%,  P < 0.05)  in these  patients.
Conclusions.  – Our  results  suggest  the  lack of  an  over-representation  of CLD  in  COVID-19,  representing
40%  of patients  in  this  cohort  and  even  within  a pulmonology  department.  CLD  were  not  a risk  factor  for
ICU  management.  However,  a tendency  to higher  global  mortality  was  observed  in  COVID-19  patients
with  CLD.  Further  studies  are warranted  to determine  the risk  of  COVID-19  for  patients  with  comorbid

CLD.
Abbreviations: ACOS, asthma-COPD overlap syndrome; COPD, chronic obstruc-
tive pulmonary disease; COVID-19, coronavirus disease 2019; CPAP, continuous
positive airway pressure; ICS, inhaled corticosteroids; ICU, intensive care unit; IQR,
interquartile range; NIV, non invasive ventilation; pO2, partial pressure of oxy-
gen;  pCO2, partial pressure of arterial carbon dioxide; RT-PCR, Real-time reverse
transcriptase-polymerase chain reaction; SARS-CoV-2, severe acute respiratory syn-
drome coronavirus 2.

∗ Corresponding author.
E-mail address: marianne.riou@chru-strasbourg.fr (M.  Riou).

1 Ines Abessolo-Amougou, MD,  Irina Enache, MD,  Manon Grandbastien MD,
Moustapha Hussein, MD, Zuzana Komarova MD,  Justine Leroux, MD,  Louise Manien,
MD,  Natacha Moutard, MD, Anays Piotin MD,  Mohamed Rahli, MD,  Armelle Schuller,
MD,  Hasibe Yucel, MD, Adel Zouzou, MD.

1

s
s
a
t
i
g
c
c
s
t
m
t

https://doi.org/10.1016/j.resmer.2020.100801
2590-0412/© 2020 SPLF and Elsevier Masson SAS. All rights reserved.
. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by
evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
pread worldwide rapidly, with several million individuals infected
nd more than 900,000 deaths [1]. Despite a relative poor charac-
erization of the mechanisms of COVID-19, known complications
ncluding pneumonia and acute respiratory failure led pulmonolo-
ists to prepare for the worst for their patients with comorbid
hronic lung diseases (CLD) [2,3]. Indeed, many respiratory viruses
ause more serious illness in patients with chronic airway diseases,
uch COPD or asthma [4–6]. Moreover, it has been demonstrated

hat SARS-CoV-2 gains entry into Type II pneumocytes through the

embrane-bound angiotensin-converting enzyme 2 (ACE2) recep-
or. In view of these data, we can easily understand why rapidly
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progressive severe diffuse alveolar damage is frequently observed
in COVID-19.

Strasbourg is in a part of France that has had an extremely high
number of cases of COVID-19 since the epidemic started in Febru-
ary 2020. We  report our experiences of patients with COVID-19,
including patients with CLD, who were primarily hospitalized in
the pulmonology department at Strasbourg University Hospital,
France. The aims of the present study were:

• to assess the frequency of comorbid CLD in these patients;
• to compare clinical, biological, and radiological findings and out-

comes of patients with and without CLD.

2. Material and methods

2.1. Patients

This study retrospectively included all 124 consecutive COVID-
19-infected patients that had been primarily hospitalized in the
respiratory care department of Strasbourg University Hospital,
France, between March 3 and April 15, 2020. Since the first out-
break of COVID-19, 60 of 86 beds in our department have been
devoted to the treatment of SARS-CoV-2 pneumonia. Almost all
COVID-19 patients with known CLD hospitalized at the emer-
gency room at Strasbourg University Hospital were referred to our
department. This study was submitted for approbation to the Insti-
tutional Review Board of the French Learned Society for Respiratory
Medicine (CEPRO 2020-041).

2.2. Data collection

Demographic, clinical, laboratory, imaging examination, out-
patient and in-hospital medications, and outcome data were
obtained from medical records in the Strasbourg University Hos-
pital database. Clinical data included any underlying CLD, such as
COPD, asthma, interstitial lung disease, lung cancer, or other causes
of chronic respiratory insufficiency. The observation period started
on the date of hospitalization and ended when the patient left the
pulmonology unit (discharge, transfer to the intensive care unit
[ICU], or death).

2.3. Diagnosis of SARS-CoV-2 infection

Detecting the presence of SARS-CoV-2 RNA from a nasopha-
ryngeal swab was performed for all patients on admission, in
accordance with the protocol of our institution. A low-dose chest
CT (Aquilon PRIME SP, Canon Medical Systems) without injection
of iodine contrast was carried out for 120 patients on admission.
The global percentage of abnormal lung parenchyma was  visu-
ally estimated by a radiologist and classified into four categories:
absent/minimal (< 10%), moderate (10–25%), extensive (26–50%),
and severe/critical (> 50%) [7].

2.4. Statistical analysis

Descriptive analyses of quantitative data comprised the mean or
median and dispersion parameters. Qualitative data were described
according to population sizes and percentages. The Charlson
Comorbidity Index Score was calculated for each patient. We com-
pared COVID-19 patients with and without CLD. On a second time,
patients that had died or been transferred into the ICU were com-

pared to the others. Comparisons between groups were conducted
using the chi-squared test for percentages and the Wilcoxon rank-
sum test for continuous variables. To determine the association
between potential predictors of either transfer to the ICU or death,
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e used multivariate logistic regression analysis. P < 0.05 was  con-
idered statistically significant.

. Results

.1. Baseline characteristics of the total population

All patients had either positive Real-time reverse transcriptase-
olymerase chain reaction (RT-PCR) results for SARS-CoV-2
etection and/or typical COVID-19 images on chest CT scan. Typ-

cal chest CT lesions consisted of diffuse bilateral ground-glass
pacities in subpleural regions and pulmonary alveolar infiltrates
s described in the literature [8]. Global percentages of abnormal
ung parenchyma were > 50% in 20 patients, 26–50% in 36 patients,
0–25% in 40 patients, and < 10% of the total lung parenchyma in
4 patients.

The median age of the patients was  62 years old (interquar-
ile range [IQR]: 54–72), and 60% were male. The median interval
etween the onset of COVID-19 symptoms and hospitalization was

 days (IQR 4–10). The most common symptoms were fever (89%),
ough (87%), dyspnea (80%), fatigue (76%), myalgia (41%), and diar-
hea (41%). Two and 4 patients reported have taken non-steroidal
nti-inflammatory drugs and oral corticosteroids before hospital-
zation, respectively.

The most common extra-respiratory comorbidities were hyper-
ension (39%), diabetes mellitus (21%), sleep apnea syndrome (18%),
nd chronic heart failure (8%). Obesity was present in 36 patients
29%). Forty-five patients (36%) were either active (n = 8) or former
n = 37) smokers. These baseline characteristics are summarized in
able 1.

.2. Patients with CLD

Fifty patients (40%) had a previously diagnosed underlying CLD.
his included 19 asthmatic patients, 15 COPD (including 4 patients
ith asthma-COPD overlap syndrome [ACOS]), 9 lung cancer, 5

hat had other causes of chronic lung disease (obesity hypoven-
ilation syndrome [n = 1], Steinert myotonic dystrophy [n = 1], and
ulmonary interstitial lung disease [n = 3]), and 2 lung transplanted.
ixty-two percent of these patients had a smoking history. In these
atients, the interval between COVID-19 symptoms and hospital-

zation was  shorter, compared to patients without underlying CLD
5 vs. 8 days, P < 0.05). With regards to the chest CT scans on admis-
ion, patients with CLD had less typical images of COVID-19 than
ther patients (64% vs. 98%, P < 0.05), with less extensive pulmonary
amage (Table 1). With the exception of fever, symptoms were sim-

lar in patients without comorbid respiratory diseases, but patients
ith CLD had less crackles (58% vs. 84%) and also more sibilance

18% vs. 2.7%) than other patients (P < 0.05).
Nineteen patients were asthmatic, including 2 patients with

evere asthma. Most of the patients (63.6%) presented with well-
ontrolled asthma, according to the Global Initiative for Asthma’s
uidelines. Eighty percent had atopic asthma. Only one patient
eceived biotherapy and oral corticosteroids.

Among the 15 patients with COPD, median forced expiratory
olume in one second was 41% (IQR 28–57), according to the
ast spirometry that was  performed before hospitalization. One
nd 5 patients were treated with noninvasive ventilation (NIV)
nd oxygen at home, respectively. One patient received long-term
zithromycin three times a week.

Nine patients were previously followed-up for lung cancer,

ncluding six for adenocarcinoma. Five patients had undergone lung
obectomy a few years before the infection. Three patients received
simertinib, Lorlatinib and Alectinib, respectively, and 2 patients
ere treated with chemotherapy.
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Table  1
Demographics and clinical characteristics of patients with or without comorbid respiratory disease hospitalized with COVID-19.

Total
(n = 124)

Patients with comorbid
respiratory diseases
(n = 50)

Others
(n = 74)

P

Clinical characteristics
Male (N/%) 75 (60%) 26 (52%) 49 (48%) 0.11
Age  (years) 62 (54–72) 67 (56–72) 62 (53–71) 0.31
BMI  (kg/m2) 28.2 (24.3–31.1) 28.6 (23.3–30.8) 28.3 (25.5–33.3) 0.79
Arterial  hypertension (N/%) 53 (43%) 18 (36%) 35 (47%) 0.21
Diabetes (N/%) 28 (22%) 9 (18%) 19 (25%) 0.31
Chronic heart failure (N/%) 10 (8%) 5 (10%) 5 (6.7%) 0.51
Former  or active smokers (N/%) 51 (41%) 31 (62%) 20 (27%) 0.0001
Sleep  apnea syndrome (N/%) 22 (18%) 9 (18%) 13 (17.5%) 0.95
Charlson Comorbidity Index Score 3 (2–5) 4 (3–6) 2 (1–4) 0.0003

Underlying comorbid respiratory disease – – – –
COPD  (N/%) – 15 (30%) – –
Asthma  (N/%) – 19 (38%) – –
Interstitial lung disease (N/%) – 3 (6%) – –
Lung  cancer (N/%) – 9 (18%) – –
Lung  transplantation (N/%) – 2 (4%) – –
Obesity  hypoventilation syndrome (N/%) – 1 (2%) – –
Steinert myotonic dystrophy (N/%) – 1 (2%) – –
Interval between symptom onset and hospitalization (days) 7 (4–10) 5 (3–8) 8 (5–11) 0.00001
Positive SARS-CoV-2 RT-PCR results (N/%) 118 (95%) 47 (94%) 71 (96%) 0.62

Chest  CT-scan – – – –
COVID-19 typical images 105 (84.6%) 32 (64%) 73 (98.6%) 0.000001
Pulmonary damages < 10% lung parenchyma 24 (19%) 20 (40%) 4 (5.4%) 0.000001
Pulmonary damages 10–25% lung parenchyma 40 (32%) 12 (24%) 28 (38%) 0.1
Pulmonary damages 26–50% lung parenchyma 36 (29%) 8 (16%) 28 (38%) 0.008
Pulmonary severe damages > 50% (N/%) 20 (16%) 6 (12%) 14 (19%) 0.30

Symptoms – – – –
Fever  110 (89%) 39 (78%) 71 (96%) 0.002
Fatigue  95 (76%) 37 (74%) 58 (78%) 0.57
Myalgia/arthralgia 51 (41%) 20 (40%) 31 (42%) 0.83
Pharyngodinia 6 (5%) 2 (4%) 4 (5.4%) 0.72
Anosmia 25 (20%) 10 (20%) 15 (20%) 0.97
Digestive disorders 51 (41%) 16 (32%) 35 (47%) 0.09
Cough  109 (88%) 45 (90%) 64 (86%) 0.55
Dyspnea 100 (80%) 43 (86%) 57 (77%) 0.21
Thoracic pain 15 (12%) 8 (16%) 7 (9.5%) 0.27
Confusion 6 (5%) 3 (6%) 3 (4%) 0.62
Crackles 91 (73%) 29 (58%) 62 (84%) 0.001
Wheezing 11 (9%) 9 (18%) 2 (2.7%) 0.003

BMI: body mass index (calculated as weight in kilograms divided by height in meters squared); COPD: chronic obstructive respiratory disease; COVID-19: coronavirus disease
2019.  Quantitative variables are presented as median and interquartile range. N (%), where N is the total number patients with available data. Two groups of patients (with or
without  comorbid lung disease) were compared. Respectively, 3 and 2 patients were active smokers in the group of patients with chronic respiratory disease and the other
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group.  The Charlson Comorbidity Index Score was calculated for each patient to com

The 2 lung transplanted patients were treated with immunosup-
pressants (tacrolimus, mycophenolate mofetil and corticosteroids).

3.3. Treatment and outcomes

A total of 28 patients (22%) required ICU management and
mechanical ventilation (Table 2). Six cases died in our unit, and
11 patients underwent therapeutic limitation, including eight with
CLD (the decision not to transfer the patient to the ICU was  made
in the event of clinical aggravation). Up to date, a total of 113 cases
(91%) had been discharged alive.

All patients received antibiotics for pneumonia: 103 (83%)
received cephalosporin, and 73 (59%) received a combination of
cephalosporin and macrolide. Patients were also given antiviral
treatment (lopinavir/ritonavir; n = 14), hydroxychloroquine (n = 50,
40%), and tocilizumab (n = 3, 2%). Patients who were treated with
tocilizumab have participated to the clinical trial CORIMMUNO-
TOCI (NCT04331808).
Ten patients were treated with curative anticoagulation before
hospitalization: 2 with vitamin K antagonists and 8 with direct
oral anticoagulants. Curative anticoagulation with low-molecular-
weight heparin treatment was started in 9 patients; all required
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 all comorbid diseases.

CU and 4 had a proved pulmonary embolism by chest CT angiog-
aphy. During hospitalization, 18 patients received intravenous or
ral corticosteroids.

In terms of ventilatory support, 91 patients (73%) underwent
asal oxygen on admission, including 40 patients with CLD. The
edian maximal oxygen requirement during hospitalization was

 L.min−1. An arterial blood gas test was performed for each patient
n admission, including 93 patients under oxygen. The median par-
ial pressure of oxygen (pO2) and partial pressure of arterial carbon
ioxide (pCO2) were 74 mmHg  (IQR 66–82) and 34 mmHg  (IQR
2–38), respectively. Patients with CLD had higher pCO2 than other
atients (P < 0.05; Table 2), but only five patients had hypercapnia
ver 45 mmHg  at admission, including three patients with COPD.

During hospitalization, 12 patients, including eight patients
ith CLD, underwent NIV to treat either acute respiratory fail-
re with acidosis or continuous airway pressure (CPAP). During
his procedure, limitation of virus aerosolization was  primordial,
sing NIV systems with a minimum air leak and functional expi-

atory filters. One patient used high flow nasal Oxygenotherapy
HFNO) during hospitalization with a favorable issue. No patient
ith sleep apnea syndrome underwent their usual CPAP treatment
uring hospitalization, so as to limit virus aerosolization.
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Table  2
Outcomes of patients with COVID-19 with or without comorbid respiratory disease.

Total
(n = 124)

Patients with comorbid
respiratory diseases
(n = 50)

Others
(n = 74)

P

ICU hospitalization (N/%) 28 (22.5%) 7 (14%) 21 (28%) 0.06
Died  in pulmonology unit (N/%) 6 (5%) 4 (8%) 2 (2.7%) 0.08
Died  (in total) (N/%) 11 (9%) 7 (14%) 4 (5%) 0.09
Discharged alive (N/%) 113 (91%) 43 (86%) 70 (94%) 0.45
Therapeutic limitation (N/%) 11 (9%) 8 (16%) 3 (4%) 0.02
Hospitalization duration (days) 8 (5–13) 10 (6–15) 8 (5–12) 0.12
Oxygen on admission (L.min−1) 2 (0–3) 2 (1–4) 2 (0–3) 0.16
Maximal oxygen requirement (l.min−1) 4 (2–10) 4 (2–15) 4 (2–9) 0.69
Oxygen on admission (N/%) 93 (75%) 40 (80%) 53 (71.6%) 0.29
Nebulization (N/%) 11 (9%) 8 (16%) 3 (4%) 0.02
Noninvasive ventilatory support (N/%) 12 (10%) 8 (16%) 4 (5.4%) 0.05
pO2  on admission (mmHg) 74 (66–82) 69 (63–79) 76 (67–82) 0.62
pCO2  on admission (mmHg) 34 (32–38) 36 (33–43) 34 (32–38) 0.05
pCO2  >45 mmHg at the admission (N/%) 7 (5.6%) 7 (14%) 0 (0%) 0.0009
Respiratory rate on admission (/min) 24 (20–26) 24 (22–26) 24 (20–26) 0.53
Maximal CRP (mg/L) 126 (59–185) 102 (49–158) 142 (77–220) 0.36
Lymphopenia (N/%) 88 (71%) 35 (70%) 53 (71%) 0.84
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Neutropenia (N/%) 3 (2.4%) 

CRP: C-reactive protein; ICU: intensive care unit; pO2: partial pressure of oxygen; p

3.4. Patients transferred to the ICU or that died

Characteristics of patients transferred to the ICU or died are
summarized in Table 3. Median time between admission in hos-
pital and transfer in ICU was 3 days (IQR 1–5). The ICU criteria
were severe hypoxemic respiratory failure defined by desatura-
tion requiring supplemental oxygen at a high rate (a mean of
11 ± 4 L.min−1) or worsening tachypnea with a high respiration
rate (mean 33 ± 6/min). All patients were hypoxemic, despite
oxygen administration (mean pO2 60 ± 7 mmHg) at the time of
transfer to the ICU, and no patient was hypercapnic (mean pCO2
34 ± 4.5 mmHg). These patients had more severe pneumonia on
the chest CT scans that were performed on admission (P = 0.05).
Ten patients developed ventilator-associated pneumonia.

Having an underlying CLD was not a risk factor for admission
into the ICU in the multivariate logistic regression analysis. A ten-
dency of higher mortality in the pulmonology unit for these patients
was observed (8% vs. 2.7%, P = 0.08). However, CLD were not consid-
ered a risk factor for death in the multivariate logistic regression
analysis. Hypoxemia and the severity of the chest CT pulmonary
damage on admission were independently associated with ICU
admission or death (Nagelkerke R square = 0.27, P < 0.04). More-
over, the Charlson Comorbidity Index score was  not predictor of
mortality or ICU admission.

4. Discussion

In response to the COVID-19 pandemic, pulmonologists have
been rapidly confronted with a massive influx of patients that were
infected by SARS-CoV-2. Our data confirm that severe COVID-19
cases are due to pneumonia that is associated with hypoxemic res-
piratory failure [1]. The most common symptoms in our cohort
were fever, tachypnea, cough and crackles. This agrees with prior
literature data [9–12]. Hypoxemia on admission was  a predictor
of either admission into the ICU or of death. Furthermore, moni-
toring oxygen saturation with pulse oximetry and respiration rate
helped identify patients at risk of severe respiratory failure, which
subsequently prompted earlier transfer to the ICU. Moreover, our

study confirmed that the severity of chest CT pulmonary damage
on admission was a predictive factor for admission into the ICU,
suggesting that these patients should be closely monitored during
hospitalization [13].
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4%) 1 (1.3%) 0.33

artial pressure of arterial carbon dioxide.

Only one patient used HFNO during hospitalization. In March
020, during the first outbreak of the pandemic, there was an

mportant concern that HFNO may  increase bio-aerosol disper-
ion in the environment, leading to a trend to avoid HFNO among
OVID-19 patients and to prefer early intubation. To date, the sci-
ntific evidence of generation and dispersion of bio-aerosols via
FNO shows a similar risk to standard oxygen masks, and clinicians

hould consider HFNO in hypoxemic selected Covid-19 patients
14].

ACE2 receptors being abundant on the surface of type I and
I pneumocytes, pulmonologists expected a more severe clinical
resentation and massive hospitalization for COVID-19 in patients
ith CLD [15]. It was confirmed by 2 meta-analyses in patients
ith COPD [16,17]. In a large cohort of patients with COVID-19,

oncomitant CLD were associated with worse outcomes [9].
However, contrary to these expectations, patients in our cohort

ith CLD were not hospitalized more often than other patients.
n our study, 40% of patients had preexisting CLD. Asthma was
he main cause (19 patients, 15.3%) and COPD was the second-

ost common cause (15 patients, 12%), including four patients with
COS. As the risk of COVID-19 infection in patients with underly-

ng CLD in the general population remains unknown, and general
ata on COVID-19 in asthma or COPD patients appear discordant,

t is difficult to conclude about the frequency of hospitalization
f the patients with CLD [11,12,18–21]. A recent article has high-
ighted a low incidence of COVID-19 in COPD patients (24 cases in
590) [22]. This aligns with a recent meta-analysis that included 10
tudies involving 3402 patients hospitalized for COVID-19, which
evealed a COPD rate of 0.95% [23]. As a pulmonology care unit, we
xpected even more patients with comorbid CLD, especially since
hese patients were primarily referred to us for hospitalization at
trasbourg University Hospital. The percentages of patients with
LD in our cohort are relatively similar to those reported in the
eneral French population, which emphasizes the absence of over-
epresentation of comorbid CLD in COVID-19, especially since these
esults are based on pulmonology hospitalizations [24,25]. Our
esults align with recent data from the American Centers for Disease
ontrol (CDC) [26]. Moreover, these data must be interpreted with
aution owing to asthma and COPD being heterogeneous diseases

ith a large number of subtypes and phenotypes.

Several hypotheses have been proposed to explain the absence
f over-representation of comorbid respiratory diseases in COVID-
9:
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Table  3
Demographics and clinical characteristics of COVID-19 patients that were transferred into ICU or died compared to the others.

Covid-19 patients that were transferred into ICU or died
(n = 34)

Other (n = 90) P

Clinical characteristics
Male (N/%) 25 (73%) 50 (55%) 0.06
Age  (years) 68 (55–76) 60 (53–70) 0.10
BMI  (kg/m2) 28.6 (24.3–31.1) 27.4 (24.3–30.4) 0.85
Arterial hypertension (N/%) 18 (53%) 32 (35.5%) 0.07
Diabetes (N/%) 7 (20%) 20 (22%) 0.84
Heart  failure (N/%) 3 (9%) 7 (8%) 0.84
Former or active smokers (N/%) 17 (50%) 34 (38%) 0.21
Sleep  apnea syndrome (N/%) 7 (20%) 15 (16%) 0.61
Charlson Comorbidity Index Score 3 (2–5) 3 (1–4) 0.38
Comorbid respiratory disease (all causes, N/%) 11 (32%) 39 (43%) 0.26
COPD  (N/%) 4 (12%) 11 (12%) 0.94
Asthma (N/%) 2 (6%) 17 (19%) 0.07
Interval between symptoms and hospitalization (days) 7 (4–10) 7 (4–10) 0.71
Positive SARS-CoV-2 RT-PCR results (N/%) 32 (94%) 86 (95%) 0.74

Chest  CT-scan on admission
Pulmonary damages < 10% lung parenchyma 5 (15%) 19 (21%) 0.42
Pulmonary damages 10–25% lung parenchyma 6 (17%) 34 (38%) 0.03
Pulmonary damages 25–50% lung parenchyma 11 (32%) 25 (28%) 0.61
Pulmonary severe damages > 50% (N/%) 12 (35%) 8 (9%) 0.05
Oxygen on admission (L.min−1) 3 (2–5) 1 (0–3) 0.004
Maximal oxygen requirement (L.min−1) 13 (9–15) 2.5 (1–4) 0.0001
Nebulization (N/%) 3 (9%) 8 (9%) 0.99
Noninvasive ventilatory support (N/%) 3 (9%) 9 (10%) 0.84
pO2 on admission (mmHg) 76 (66–85) 73 (65–83) 0.77
pCO2 on admission (mmHg) 35 (33–39) 34 (32–38) 0.76
pCO2 > 45 mmHg on admission (N/%) 1 (3%) 6 (6.6%) 0.42
Respiratory rate on admission (/min) 24 (22–30) 22 (20–26) 0.04
Respiratory rate on transfer (/min) 32 (28–40) 18 (16–20) 0.0002
Therapeutic limitation 6 (17.6%) 5 (5.5%) 0.03
Maximal CRP (mg/L) 218 (111–269) 123 (51–158) 0.000006
Lymphopenia (N/%) 30 (88%) 61 (68%) 0.02
Neutropenia (N/%) 0 3 (3.3%) 0.28
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BMI: body mass index (calculated as weight in kilograms divided by height in meters
2019;  pO2: partial pressure of oxygen; pCO2: partial pressure of arterial carbon dio
corresponds to the value at the time of hospital discharge.

• an underdiagnosis of comorbid CLD, which is also observed in the
general population [27]: in a range of reported studies, as well
as in our cohort, COPD was identified through known diagnosis,
which may  itself be underestimated. In addition, no spirometry
was performed during hospitalization, due to a high-risk of virus
aerosolization;

• the French COVID-19 containment strategy: early on, patients’
associations and the media warned patients with CLD to self-
isolate through preventive actions. Indeed, these patients may
have begun respecting these containment rules prior to the
general population. Preventive measures (i.e., social distancing,
respiratory hygiene, handwashing, and wearing face coverings
in public settings) are beneficial to protect the general pub-
lic and persons with underlying medical conditions. Moreover,
increased adherence to daily inhaler medication therapy has been
reported for patients with asthma or COPD, during the first weeks
of the COVID-19 pandemic [28];

• a protective role of CLD against COVID-19: reduced ACE2 gene
expression in airway cells from asthmatic allergic patients
has been previously described [29], which could contribute to
decreased susceptibility to COVID-19 in these patients. Impor-
tantly, non-atopic asthma was not associated with reduced ACE2
expression. Conversely, it has recently been demonstrated that
smokers and those with COPD have increased airway expression
of ACE2 [30]. The relevance of these findings still must be con-
firmed in larger cohort studies. Moreover, specific autoimmune

responses that are elicited by the chronic disease itself could also
play a protective role [31,32];

• the potential protective role of therapies in CLD: Iwabuchi
et al. reported three cases of COVID-19 pneumonia that were

d
p
n
p

5

ed); COPD: chronic obstructive respiratory disease; COVID-19: coronavirus disease
 For patient not transferred in ICU or died (other), the respiratory rate on transfer

successfully treated with ciclesonide inhalation [33]. Inhaled
corticosteroids (ICS), either alone or in combination with
bronchodilators (long-acting muscarinic antagonists and ß-2
agonists), which are employed in both asthma and COPD, have
been shown to inhibit in-vitro coronavirus replication and
cytokine production [34]. In view of these data, ICS might (at
least partially) mitigate local inflammation in the lungs and
inhibit proliferation of the virus by antiviral activity [35]. Peters
et al. reported lower expression of ACE2 and transmembrane
protease serine 2 (TMPRSS2) in the sputum cells of asthmatic
patients taking ICS [36]. Conversely, ICS use in asthma and COPD
has been associated with an increased risk of upper respira-
tory tract infections and change in the lung microbiome [37,38].
Macrolides, which are at times prescribed as long-term therapy in
COPD, could represent another beneficial treatment in COVID-19,
although the mechanisms of azithromycin against SARS-CoV-2
are still unclear [39]. Further controlled studies are warranted to
confirm the ICS’ potential benefits in COVID-19.

In our cohort, two  lung transplant recipients were hospital-
zed for COVID-19. One of these patients did not exhibit severe
nfection, while the other displayed severe infection and required
mmediate transfer to the ICU for mechanical ventilation. Cur-
ently, data on COVID-19 in solid organ transplant recipients are
imited [40]. No patients with pulmonary arterial hypertension
PAH) were hospitalized for COVID-19 in our pulmonology unit

uring the observation period. PAH-specific medication, such as
hosphodiesterase-5 inhibitors and endothelin receptor antago-
ists, may  exert protective effects in these patients, in terms of the
aucity of hospitalized PAH-COVID-19 patients [41].
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In our study, CLD were not a risk factor for ICU management.
However, a tendency to higher global mortality was observed in
patients CLD, though this was not considered a risk factor for death
in the multivariate logistic regression analysis. Similar results have
been described in a recent metanalysis [42], and data from two
studies have revealed a higher mortality rate of 60% [43,44]. In our
cohort, these results could be partially explained by more medical
decisions about therapeutic limitations for patients with advanced
lung disease. In our center, therapeutic limitation was  a collegial
decision that involved ICU staff, pulmonary department staff, and
patient and family discussion.

There are several limitations to this study. First, it was a single-
center retrospective study, and we only considered patients that
were primarily hospitalized in the conventional pulmonology unit.
Data on patients with CLD that were directly managed in the ICU
were not taken into account. Furthermore, CLD include a lot of
different diseases with various prognosis (COPD with long term
oxygen therapy versus asthma for example). Lastly, COPD and
asthma are underdiagnosed in the general population, and sev-
eral patients that were hospitalized in our unit could have had no
known COPD or asthma diagnosis. Our report only includes short-
term data, and we are unaware of long-term outcomes in these
patients, particularly in terms of respiratory consequences.

5. Conclusions

Our results suggest the lack of an over-representation of CLD
in COVID-19, even within a pulmonology department. CLD were
not a risk factor for ICU management. However, a tendency to
higher global mortality was observed in COVID-19 patients with
CLD. Further studies are needed to better describe and understand
the mechanisms of COVID-19 in this patient subgroup.
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