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Shareable abstract (@ERSpublications)
There was a higher risk of developing severe COVID-19 and a higher mortality rate among patients
with chronic respiratory diseases. This study suggests that these patients should have priority
access to SARS-CoV-2 vaccination. https://bit.ly/3bcp2HC
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Abstract
Background Influenza epidemics were initially considered to be a suitable model for the COVID-19
epidemic, but there is a lack of data concerning patients with chronic respiratory diseases (CRDs), who
were supposed to be at risk of severe forms of COVID-19.
Methods This nationwide retrospective cohort study describes patients with prior lung disease hospitalised
for COVID-19 (March–April 2020) or influenza (2018–2019 influenza outbreak). We compared the
resulting pulmonary complications, need for intensive care and in-hospital mortality depending on
respiratory history and virus.
Results In the 89530 COVID-19 cases, 16.03% had at least one CRD, which was significantly less
frequently than in the 45819 seasonal influenza patients. Patients suffering from chronic respiratory failure,
chronic obstructive pulmonary disease, asthma, cystic fibrosis and pulmonary hypertension were under-
represented, contrary to those with lung cancer, sleep apnoea, emphysema and interstitial lung diseases.
COVID-19 patients with CRDs developed significantly more ventilator-associated pneumonia and
pulmonary embolism than influenza patients. They needed intensive care significantly more often and had
a higher mortality rate (except for asthma) when compared with patients with COVID-19 but without
CRDs or patients with influenza.
Conclusions Patients with prior respiratory diseases were globally less likely to be hospitalised for
COVID-19 than for influenza, but were at higher risk of developing severe COVID-19 and had a higher
mortality rate compared with influenza patients and patients without a history of respiratory illness.

Introduction
On 11 March 2020 a global pandemic caused by a new coronavirus (severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)) was declared. The virus, which was first identified in December 2019, is
responsible for coronavirus disease (COVID-19), a new disease with a predominant respiratory tropism.

Patients suffering from chronic respiratory diseases (CRDs), such as chronic respiratory failure (CRF),
asthma, chronic obstructive pulmonary disease (COPD), interstitial lung diseases (ILDs), pulmonary
hypertension, sarcoidosis or cystic fibrosis (CF), were immediately considered to be at risk of severe forms
of COVID-19 [1]. Indeed, COVID-19 is responsible for various respiratory symptoms from cough
with dyspnoea to acute respiratory distress syndrome (ARDS) in its most severe presentation [2, 3].
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In parallel, it has been shown that COVID-19 patients have an increased risk of venous thromboembolic
disease [4]. There is concern that the respiratory complications of COVID-19 could be deleterious in
patients with prior CRDs. However, clinical experience and published data covering the outbreak period
have suggested that there was a surprisingly low proportion of patients with CRDs among patients with
COVID-19, especially in its most severe forms [1, 5, 6].

Other viral respiratory diseases, and in particular influenza, are well known for their ability to induce
severe respiratory complications [7], including ARDS, mainly in frail elderly people and in patients with
severe comorbidities (obesity, diabetes, or heart or respiratory failure) [8]. Thus, the first Chinese and
Italian epidemiological data, both on the mode of transmission and the respiratory tropism of
SARS-CoV-2, initially led to a comparison of the pandemic to influenza epidemics in terms of spread and
mortality [5]. This also explains the early recommendations for the prevention of the spread of
SARS-CoV-2 infection, which were heavily based on knowledge acquired through the management of
influenza epidemics. Existing knowledge of influenza was also used to define populations at risk of severe
disease, particularly individuals with CRDs.

In a previous study by our group including 89530 in patients with COVID-19 identified over a 2-month
period and 45819 seasonal influenza inpatients identified over a 3-month period, we found that patients
diagnosed with COVID-19 were significantly less likely to have a history of CRDs than patients
hospitalised for influenza [9].

Using the French national hospital database, the aim of our study was to describe and compare CRDs in
hospitalised patients suffering from COVID-19 or influenza (2018–2019 season), and to describe and
compare respiratory complications for COVID-19 patients with CRDs with COVID-19 patients without
CRDs and with influenza patients.

Methods
Database
A retrospective cohort study was conducted using the national Programme de Médicalisation des Systèmes
d’Information (PMSI) database, which is designed to include discharge summaries for all inpatient
admissions to public and private hospitals in France. Diagnoses identified during the hospital stay are
coded according to the International Statistical Classification of Diseases and Related Health Problems,
10th Edition (ICD-10) and procedures performed during hospitalisation are coded according to the French
Common Classification of Medical Procedures (CCAM).

Study design and participants
Using the methodology described in the study by PIROTH et al. [9], all patients hospitalised for COVID-19
from 1 March 2020 to 30 April 2020 were included and identified by the primary diagnoses, related
diagnoses or associated diagnoses using ICD-10 codes U0710, U0711, U0712, U0714 or U0715,
regardless of their age (i.e. 89530 COVID-19 patients). For the influenza cohort, all patients hospitalised
during the 2018–2019 influenza outbreak period (admitted from 1 December 2018 to 28 February 2019)
and identified by ICD-10 codes J09, J10 or J11 (as primary diagnoses, related diagnoses or associated
diagnoses) were included, whatever their age (i.e. 45819 influenza patients).

For each inpatient stay, we extracted age, sex, transfer to the intensive care unit (ICU) and hospital death.
We also identified all diagnoses recorded in the discharge abstracts for the included hospital stays
(COVID-19 and influenza) related to CRDs (CRF, lung cancer, pulmonary hypertension, sleep apnoea,
COPD, emphysema, asthma, pulmonary sarcoidosis, ILDs and CF with pulmonary manifestations) and
respiratory complications (acute respiratory failure, pulmonary embolism, ventilator-acquired pneumonia
(VAP), pneumocystis pneumonia, aspergillosis pneumonia, pleural empyema, lung abscess and
pneumothorax). We considered that patients suffered from VAP if they presented a community-acquired
pneumonia and had a ventilation procedure. We also collected data on obesity, diabetes, hypertension,
heart failure and atherosclerotic heart disease. The ICD-10 and CCAM codes used are presented in
supplementary table S1.

This study was approved by the French Ethics and Scientific Committee for Research, Studies and
Evaluation in Health (CESREES; 9 June 2020) and the French Institute of Health Data (INDS; 15 June
2020, registration 1611357), and authorised by the French Data Protection Authority (CNIL; 3 July 2020,
registration number DR-2020-250).
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Statistical analysis
We described and compared age, sex and all diagnoses related to CRDs in patients hospitalised for
COVID-19 or influenza. We also compared these CRDs in COVID-19 and influenza patients, depending
on age grouped into nine classes (<18, 18–30, 31–40, 41–50, 51–60, 61–70, 71–80, 81–90 and >90 years).

For each CRD, we then described and compared the need for intensive care, in-hospital mortality and all
diagnoses related to respiratory complications in the COVID-19 and seasonal influenza groups.

Next, we compared the need for intensive care, in-hospital mortality and all diagnoses related to respiratory
complications in the COVID-19 group between patients with and without CRDs. COVID-19 patients with
CRDs were considered as a whole and then separately for each CRD in the sensitivity analyses. In the first
sensitivity analysis, we classified our CRD patients as a single category. When several CRD codes were
listed in the patient’s discharge abstract, we prioritised in order to retain only one, in the following order:
CF with pulmonary manifestations, lung cancer, COPD, asthma, pulmonary sarcoidosis, ILDs,
emphysema, sleep apnoea, pulmonary hypertension and CRF (we selected the first CRD in this list). The
second sensitivity analysis, to overcome the difficulty in prioritising CRD, included patients with only one
CRD.

All identified respiratory diseases or complications are accounted for in relation to the patient. In other
words, if a patient had one of the conditions at least once during one of the stays for COVID-19 or for
influenza, then the patient was considered to have had the condition. Categorical data are provided as
frequencies (percentage). Continuous data are provided as mean with standard deviation and as median
(interquartile range (IQR)). The different variables studied were compared using the Chi-squared test or
Fisher’s exact test for categorical data and the t-test or Mann–Whitney test for continuous data.

To estimate the risk of transfer to the ICU and the risk of in-hospital mortality in COVID-19 patients with or
without CRDs, we performed three logistic regressions adjusting on obesity, diabetes, hypertension, heart
failure, atherosclerotic heart disease, sex and age as a continuous variable: 1) a global model including CRDs
overall, 2) we used the same model with CRDs as disjunctive variables using the prioritisation defined earlier
(first sensitivity analysis) and 3) a model with CRDs as disjunctive variables for patients with only one CRD
(second sensitivity analysis). For each of the models, patients without CRDs were considered as the
reference. Adjusted odds ratios (aORs) with 95% confidence intervals are given.

The statistical significance threshold was set to p<0.05. All analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC, USA).

Results
The characteristics of the patients suffering from CRDs among the 89530 COVID-19 patients and the 45
819 influenza patients and for each of the viral epidemics are detailed in table 1. Among the patients
suffering from COVID and seasonal influenza, 14351 (16.03%) and 9131 (19.93%), respectively,
presented at least one CRD. Among COVID patients with CRDs, 80.91% of them had only one CRD.
There were significantly fewer patients with a history of CRF, COPD, asthma, CF and pulmonary
hypertension in the COVID-19 compared with the seasonal influenza cohort (p<0.0001 for all). On the
contrary, COVID-19 patients were more likely to have a diagnosis of lung cancer, sleep apnoea,
emphysema and ILDs (p<0.0001 for all, except for lung cancer p=0.0098). The proportion of pulmonary
sarcoidosis did not significantly differ between the two groups. After stratification by age (supplementary
table S2), lung cancer and emphysema were more often found among elderly COVID-19 patients (aged
81–90 and >70 years, respectively), whereas sleep apnoea was more often found in younger patients (aged
31–40 years). Pulmonary hypertension, COPD, asthma and CF were less frequent among COVID-19
patients regardless of age strata, except, interestingly, for asthma in patients aged <18 years.

Among the patients with CRDs, we described and compared disease progression and prognosis in the case
of SARS-CoV-2 or influenza infection. For the respiratory complications in patients with CRDs stratified
by disease (table 2 and supplementary table S3), we found that COVID-19 patients developed significantly
more VAP than influenza patients. Regarding underlying CRDs, VAP was significantly more frequent in
COVID-19 patients suffering from pulmonary hypertension, sleep apnoea, emphysema, asthma, pulmonary
sarcoidosis and ILDs. However, VAP was significantly more frequent for influenza patients suffering from
CRF or lung cancer. No difference was observed for COPD and CF. On the contrary, COVID-19 patients
presented pulmonary embolism significantly more often than influenza patients, except for those with lung
cancer or pulmonary sarcoidosis. In the COVID-19 group, patients diagnosed with sleep apnoea, asthma,
pulmonary sarcoidosis and ILDs were significantly more likely to require intensive care than other patients
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(table 2). In contrast, in the influenza group, patients with CRF, lung cancer and COPD were significantly
more often treated in the ICU. Concerning in-hospital mortality (table 2), patients with CRDs were
significantly more likely to die in the COVID-19 group, except for patients with CF.

Next, we compared the occurrence of respiratory complications, need for intensive care and in-hospital
mortality in patients suffering from COVID-19 with and without CRDs. We observed a significant increase
in the occurrence of each complication (except for pneumocystis pneumonia), need for intensive care and
in-hospital mortality in patients with CRDs (table 3). In multivariate analyses, the risk of both ICU care
and in-hospital mortality was increased for COVID-19 patients with CRDs compared with COVID-19
patients without CRDs (aOR 1.34, 95% CI 1.28–1.41; and aOR 1.19, 95% CI 1.14–1.25; respectively).
The first sensitivity analysis using CRD prioritisation (table 4) showed that COVID-19 patients with lung
cancer, COPD, sleep apnoea, emphysema and ILDs had significantly more complications (for most
complications) than COVID-19 patients without CRDs. With the exceptions of CF and pulmonary
sarcoidosis, patients with CRDs had significantly more acute respiratory failure. With the exceptions of CF
and CRF, patients with CRDs had significantly more VAP. Excluding CF, lung cancer and CRF, all other
CRDs significantly increased the risk of need for intensive care (table 4 and crude odds ratios in table 5).
Excluding CF, asthma and emphysema, all other CRDs significantly increased the risk of in-hospital
mortality (table 4 and crude odds ratios in table 5). It should be noted that lung cancer reduced the risk of
VAP and need for intensive care, and that asthma reduced the risk of in-hospital mortality. In multivariate
analyses in COVID-19 patients (table 5), we still found that, compared with patients without CRDs, lung
cancer reduced the risk of need for intensive care (aOR 0.77, 95% CI 0.63–0.94), while the other CRDs
increased it (except for CF and CRF). Concerning mortality, multivariate analysis (table 5) showed that
sleep apnoea and pulmonary hypertension were no longer associated with the risk of death, while
pulmonary sarcoidosis became associated with this risk (aOR 2.11, 95% CI 1.36–3.26). Because of the
relationship between sleep apnoea and obesity (36.5% of obesity in sleep apnoea patients and 7.11% in
patients without CRDs), we took into account this possible interaction in our model, but it did not
influence our results. The other CRDs were still associated with the risk of in-hospital mortality (except for
emphysema). This was particularly true for lung cancer, which multiplied the risk of death by more than
3.5 (aOR 3.67, 95% CI 3.20–4.21).

The results of the second sensitivity analysis including COVID-19 patients with only one CRD were
generally consistent with the previous results (supplementary tables S4 and S5). However, patients with
COPD were no longer associated with the risk of need for intensive care and patients with ILDs were no
longer associated with the risk of in-hospital mortality in multivariate analysis (supplementary table S5).

TABLE 1 Respiratory history of patients hospitalised in France for COVID-19 (1 March 2020 to 30 April 2020) or
seasonal influenza (1 December 2018 to 28 February 2019)

COVID-19 2018–2019 seasonal influenza p-value

Patients 89530 45819
Male 47495 (53.05) 22118 (48.27) <0.0001
Age 65±20 59±32 <0.0001
Obese (BMI ⩾30 kg·m−2) 8611 (9.62) 2491 (5.44) <0.0001
Diabetes 17050 (19.04) 7352 (16.05) <0.0001
Hypertension 29622 (33.09) 12921 (28.20) <0.0001
Heart failure 7134 (7.97) 6266 (13.68) <0.0001
CRF 1433 (1.60) 1830 (3.99)# <0.0001
Sleep apnoea 3581 (4.00)# 1443 (3.15) <0.0001
Pulmonary hypertension 341 (0.38) 247 (0.54)# <0.0001
COPD 4866 (5.44) 4637 (10.12)# <0.0001
Asthma 3273 (3.66) 2230 (4.87)# <0.0001
CF with pulmonary manifestations 20 (0.02) 79 (0.17)# <0.0001
Lung cancer 977 (1.09)# 431 (0.94) 0.0098
Emphysema 1426 (1.59)# 553 (1.21) <0.0001
Pulmonary sarcoidosis 159 (0.18) 81 (0.18) 0.9732
ILDs 1611 (1.80)# 471 (1.03) <0.0001

Data are presented as n, n (%) or mean±SD, unless otherwise stated. BMI: body mass index; CRF: chronic
respiratory failure; COPD: chronic obstructive pulmonary disease; CF: cystic fibrosis; ILD: interstitial lung disease.
#: significantly increased prevalence (p<0.05).
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Discussion
This nationwide survey highlights that patients with COPD, asthma and CRF were less frequent among
patients hospitalised during the first wave of the COVID-19 epidemic when compared with previous seasonal
influenza epidemics. In contrast, patients with lung cancer, sleep apnoea, emphysema and ILDs were

TABLE 2 Respiratory morbidity of patients hospitalised in France for COVID-19 (1 March 2020 to 30 April 2020) or seasonal influenza (1 December
2018 to 28 February 2019) according to pulmonary comorbidity at admission

CRF Lung
cancer

PH Sleep
apnoea

COPD Emphysema Asthma Pulmonary
sarcoidosis

ILD CF

COVID-19
Patients 1433 977 341 3581 4866 1426 3273 159 1611 20
Pulmonary
embolism

36 (2.5)# 44 (4.5) 38 (11.1)# 152 (4.2)# 151 (3.1)# 101 (7.1)# 114 (3.5)# 8 (5.0) 93 (5.8)# 0 (0.0)

VAP 117 (8.2)¶ 49 (5.0)¶ 49 (14.4)# 692 (19.3)# 457 (9.4) 237 (16.6)# 354 (10.8)# 30 (18.9)# 311 (19.3)# 1 (5.0)
Pneumocystis
pneumonia

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Aspergillosis
pneumonia

13 (0.9) 1 (0.1)¶ 1 (0.3) 18 (0.5) 32 (0.7) 17 (1.2) 23 (0.7) 0 (0.0) 15 (0.9) 1 (5.0)

Pleural empyema 1 (0.1) 6 (0.6) 0 (0.0) 3 (0.1)¶ 3 (0.1) 2 (0.1) 2 (0.1) 1 (0.6) 3 (0.2) 0 (0.0)
Lung abscess 2 (0.1) 6 (0.6) 0 (0.0) 5 (0.1) 3 (0.1) 6 (0.4) 2 (0.1) 0 (0.0) 9 (0.6) 0 (0.0)
Pneumothorax 8 (0.6) 10 (1.0) 4 (1.2) 29 (0.8) 25 (0.5) 39 (2.7) 14 (0.4) 1 (1.6) 25 (1.6) 1 (5.0)
ICU 320 (22.3)¶ 117 (12.0)¶ 97 (28.5) 1172 (32.7)# 986 (20.6)¶ 405 (28.4) 640 (19.6)# 53 (33.3)# 527 (32.7)# 2 (10.0)
In-hospital death 413 (28.8)# 402 (41.2)# 96 (28.2)# 672 (18.8)# 1229 (25.3)# 312 (21.8)# 310 (9.5)# 32 (20.1)# 363 (22.5)# 0 (0.0)

Seasonal influenza
Patients 1830 431 247 1443 4637 553 2230 81 471 79
Pulmonary
embolism

28 (1.5)# 16 (3.7) 6 (2.4)# 16 (1.1)# 59 (1.3)# 11 (2.0)# 14 (0.6)# 1 (1.2) 10 (2.1)# 1 (1.3)

VAP 250 (13.7)¶ 39 (9.1)¶ 17 (6.9)# 138 (96.6)# 423 (9.1) 62 (11.2)# 91 (4.1)# 4 (4.9)# 58 (12.3)# 2 (2.5)
Pneumocystis
pneumonia

0 (0.0) 2 (0.5) 0 (0.0) 1 (0.1) 1 (0.0) 0 (0.0) 2 (0.1) 2 (2.5) 1 (0.2) 0 (0.0)

Aspergillosis
pneumonia

16 (0.9) 6 (1.4)¶ 1 (0.4) 10 (0.7) 34 (0.7) 11 (2.0) 12 (0.5) 1 (1.2) 7 (1.5) 4 (5.1)

Pleural empyema 3 (0.2) 1 (0.2) 0 (0.0) 5 (0.4)¶ 3 (0.1) 0 (0.0) 2 (0.1) 1 (1.2) 3 (0.6) 0 (0.0)
Lung abscess 2 (0.1) 3 (0.7) 0 (0.0) 2 (0.1) 8 (0.2) 2 (0.4) 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Pneumothorax 7 (0.4) 3 (0.7) 1 (0.4) 6 (0.4) 15 (0.3) 13 (2.4) 8 (0.4) 0 (0.0) 7 (1.5) 2 (2.5)
ICU 621 (33.9)¶ 92 (21.4)¶ 74 (30.0) 376 (26.1)# 1121 (24.2)¶ 175 (31.7) 274 (12.3)# 12 (14.8)# 122 (25.9)# 4 (5.1)
In-hospital death 201 (11.0)# 87 (20.2)# 28 (11.3)# 77 (5.3)# 383 (8.3)# 39 (7.1)# 55 (2.5)# 5 (6.2)# 65 (13.8)# 1 (1.3)

Data are presented as n or n (%). CRF: chronic respiratory failure; PH: pulmonary hypertension; COPD: chronic obstructive pulmonary disease; ILD:
interstitial lung disease; CF: cystic fibrosis; VAP: ventilator-acquired pneumonia; ICU: intensive care unit. #: significantly more frequent in the
COVID-19 group (p<0.05); ¶: significantly more frequent in the seasonal influenza group (p<0.05).

TABLE 3 Respiratory morbidity, need for intensive care and mortality of patients hospitalised in France for
COVID-19 (1 March 2020 to 30 April 2020) according to presence of chronic respiratory disease (CRD)

CRD No CRD p-value

Patients 14351 75179
Pulmonary embolism 590 (4.11)# 2496 (3.32) <0.0001
Respiratory bacterial co-infection 1841 (12.83)# 5962 (7.93) <0.0001
Pneumocystis pneumonia 0 (0.00) 3 (0.00) 1.0000
Aspergillosis pneumonia 80 (0.56)# 130 (0.17) <0.0001
Pleural empyema 19 (0.13)# 53 (0.07) 0.0165
Lung abscess 28 (0.20)# 75 (0.10) 0.0020
Pneumothorax 123 (0.86)# 251 (0.33) <0.0001
Acute respiratory failure 5387 (37.54)# 18930 (25.18) <0.0001
ICU 2985 (20.80)# 12119 (16.12) <0.0001
In-hospital death 3363 (23.43)# 11222 (14.93) <0.0001

Data are presented as n or n (%). ICU: intensive care unit. #: significantly increased prevalence (p<0.05).
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over-represented among patients hospitalised for COVID-19 when compared with influenza. Compared with
COVID-19 patients without CRDs, those with CRDs were more likely to need ICU care and to die.
However, patients with CRF, lung cancer and COPD in the COVID-19 group were significantly less likely to
be admitted to the ICU compared with the influenza group. Moreover, when comparing risk of requiring
intensive care, we observed that patients with lung cancer were admitted less frequently than patients without

TABLE 4 Respiratory morbidity, need for intensive care and mortality of patients hospitalised in France for COVID-19 (1 March 2020 to 30 April
2020): comparison between patients with and without chronic respiratory disease (CRD) (disjunctive variables using prioritisation#)

CF Lung
cancer

COPD Asthma Pulmonary
sarcoidosis

ILDs Emphysema Sleep
apnoea

PH CRF No
CRD

Patients 20 (0.1) 977 (6.8) 4682 (32.6) 2973 (20.7) 138 (1.0) 1385 (9.7) 794 (5.5) 2623 (18.3) 230 (1.6) 529 (3.7)
Pulmonary
embolism

0 (0) 44 (4.5)¶ 142 (3.0) 106 (3.6) 8 (5.8) 81 (5.9)¶ 58 (7.3)¶ 112 (4.3)¶ 27 (11.7)¶ 12 (2.3) 3.3

VAP 1 (5.0) 49 (5.0)+ 445 (9.5)¶ 323 (10.9)¶ 26 (18.8)¶ 277 (20.0)¶ 132 (16.6)¶ 517 (19.7)¶ 33 (14.4)¶ 39 (7.4) 7.9
Pneumocystis
pneumonia

0 0 0 0 0 0 0 0 0 0 0

Aspergillosis
pneumonia

1 (5.0)¶ 1 (0.1) 32 (0.7)¶ 15 (0.5)¶ 0 (0.0) 13 (0.9)¶ 6 (0.8)¶ 8 (0.3) 1 (0.5) 3 (0.6) 0.2

Pleural empyema 0 (0) 6 (0.6)¶ 3 (0.1) 2 (0.1) 1 (0.7) 3 (0.2) 2 (0.3) 2 (0.1) 0 (0) 0 (0) 0.1
Lung abscess 0 (0) 6 (0.6)¶ 2 (0.0) 2 (0.1) 0 (0) 9 (0.7)¶ 6 (0.8)¶ 2 (0.1) 0 (0) 1 (0.2) 0.1
Pneumothorax 1 (5.0) 10 (1.0)¶ 25 (0.5)¶ 13 (0.4) 1 (0.7) 23 (1.7)¶ 26 (3.3)¶ 19 (0.7)¶ 2 (0.9) 3 (0.6) 0.3
ARF 3 (15.0) 344 (35.2)¶ 1845 (39.4)¶ 853 (28.7)¶ 43 (31.2) 632 (45.6)¶ 297 (37.4)¶ 1068 (40.7)¶ 99 (43.0)¶ 203 (38.4)¶ 25.2
ICU 2 (10.0) 117 (12.0)+ 960 (20.5)¶ 570 (19.2)¶ 47 (34.1)¶ 453 (32.7)¶ 213 (26.8)¶ 851 (32.4)¶ 59 (25.7)¶ 91 (17.2) 14.9
In-hospital death 0 (0) 402 (41.2)¶ 1163 (24.8)¶ 266 (9.0)+ 29 (21.0) 296 (21.4)¶ 147 (18.5) 466 (17.8)¶ 64 (27.8)¶ 152 (28.7)¶ 16.1

Data are presented as n (%) or %. CF: cystic fibrosis; COPD: chronic obstructive pulmonary disease; ILD: interstitial lung disease; PH: pulmonary
hypertension; CRF: chronic respiratory failure; VAP: ventilator-associated pneumonia; ARF: acute respiratory failure; ICU: intensive care unit. #: each
CRD patient was classified in only one single CRD category (when there were several CRD codes on the discharge abstract of a patient, we decided
to prioritise in order to retain only one, using the following order: CF with pulmonary manifestations, lung cancer, COPD, asthma, pulmonary
sarcoidosis, ILDs, emphysema, sleep apnoea, PH and CRF); ¶: significantly more frequent in the CRD group compared with the group with no CRD
(p<0.05); +: significantly less frequent in the CRD group compared with the group with no CRD (p<0.05).

TABLE 5 Risk of requiring intensive care and mortality for patients hospitalised in France for COVID-19 (1
March 2020 to 30 April 2020) according to chronic respiratory disease (CRD) (disjunctive variables using
prioritisation#)

ICU Death

OR (95% CI) Adjusted OR (95% CI) OR (95% CI) Adjusted OR (95% CI)

No CRD 1 1 1 1
CF 0.63 (0.15–2.73) 0.60 (0.1–2.60)
Lung cancer 0.78 (0.64–0.94)¶ 0.77 (0.63–0.94)¶ 3.64 (3.20–4.14) 3.67 (3.20–4.21)
COPD 1.47 (1.37–1.58) 1.16 (1.07–1.26) 1.72 (1.61–1.84) 1.14 (1.06–1.22)
Asthma 1.35 (1.23–1.48) 1.23 (1.12–1.36) 0.51 (0.45–0.58)¶ 0.82 (0.71–0.94)¶

Pulmonary sarcoidosis 2.94 (2.07–4.19) 2.65 (1.83–3.84) 1.38 (0.92–2.09) 2.11 (1.36–3.26)
ILDs 2.77 (2.47–3.11) 2.42 (2.14–2.72) 1.41 (1.24–1.61) 1.20 (1.05–1.38)
Emphysema 2.09 (1.78–2.45) 1.83 (1.56–2.16) 1.18 (0.99–1.42) 1.01 (0.83–1.22)
Sleep apnoea 2.74 (2.52–2.98) 1.39 (1.27–1.53) 1.12 (1.02–1.25) 0.95 (0.85–1.06)
Pulmonary hypertension 1.97 (1.46–2.65) 1.73 (1.27–2.37) 2.01 (1.50–2.68) 1.24 (0.91–1.67)
CRF 1.18 (0.94–1.49) 1.03 (0.81–1.30) 2.10 (1.74–2.54) 1.30 (1.06–1.59)

Odds ratios adjusted on obesity, diabetes, hypertension, heart failure, atherosclerotic heart disease, sex and
age as a continuous variable. ICU: intensive care unit; CF: cystic fibrosis; COPD: chronic obstructive pulmonary
disease; ILD: interstitial lung disease; CRF: chronic respiratory failure. #: each CRD patient was classified in only
one single CRD category (when there were several CRD codes on the discharge abstract of a patient, we
decided to prioritise in order to retain only one, using the following order: CF with pulmonary manifestations,
lung cancer, COPD, asthma, pulmonary sarcoidosis, ILDs, emphysema, sleep apnoea, pulmonary hypertension
and CRF); ¶: CRDs significantly less at risk (p<0.05).
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CRDs, which may have been the result of ethical considerations during the crisis. However, all patients with
a respiratory disease in the COVID-19 group had a higher mortality risk compared with the influenza group.

Obesity [10], diabetes [11], hypertension [12] and, especially, age [13] have been widely described as the
main risk factors for developing severe forms of COVID-19. On the contrary, patients with respiratory
diseases, in particular asthma and COPD, seem to be less likely to be severely affected [12, 14–17]. For
example, two studies conducted in the New York City area, which was an early COVID-19 hotspot, found
that COPD was a comorbid condition in only 5.4% of cases [18, 19], while it was found in 18% of
patients hospitalised for influenza from 15 November 1999 to 15 April 2000 [20]. Regarding asthma
(3.66% in our national COVID-19 cohort), a low prevalence is also generally reported [21, 22], with some
exceptions [23]. This is also the case with patients with CF, for whom the incidence of severe COVID-19
seems to be lower than in the general population [24, 25].

Our study adds data for COPD, asthma and CF, which were also less frequent in the COVID-19 group.
This could be explained by several reasons. First, these fragile individuals may have been more careful and
implemented more strict preventive measures, as already reported [17, 26]. Second, the general lockdown
applied during most of the study period led to a considerable decrease in air pollution [27], which is
known to favour lung disease exacerbation [28], even in COVID-19 [29]. Third, the COVID-19 epidemic
occurred later in the year than influenza and the weather was unusually warm. Since the cold is also
described as influencing respiratory health, the effect of climate could be advocated here [30]. Fourth,
COPD, asthma and CF are often treated by inhaled corticosteroids (ICSs). This treatment might have
protected against COVID-19 since some in vitro models show that certain ICSs suppress SARS-CoV-2
replication and cytokine production [14, 31]. However, no study has confirmed this hypothesis and there is
currently no evidence that ICS use protects against COVID-19 [26, 32, 33].

On the contrary, emphysema, lung cancer, ILDs and sleep apnoea were more frequent in patients hospitalised
for COVID-19 than for influenza. The results for emphysema and lung cancer differed according to patient age.
There were more patients with emphysema only among hospitalised COVID-19 patients aged >70 years. The
same was observed for lung cancer, which was only significantly more present in elderly patients (aged 81–
90 years) in the COVID-19 group. No previous data support an increased risk of COVID-19 for these two
conditions. The difference between emphysema and COPD seemed to be linked to the patient’s profile. Indeed,
only 30% of patients with emphysema had COPD and only 3.3% had ILDs (combined pulmonary fibrosis and
emphysema). These cases may correspond to smokers with emphysema but without obstructive syndrome.
COVID-19 patients had significantly more emphysema in the oldest age groups; these were probably patients
with emphysema without obstructive syndrome, for whom age seems to be the most important risk factor for
developing COVID-19. Some publications underline the risk of severe COVID-19 and increased mortality risk
in patients with ILDs [34]. However, GUIOT et al. [35] found that only 1% of patients with ILDs were
hospitalised for COVID-19 (one in the ICU) among 401 patients in a single Belgian centre. Our results suggest
the need to be cautious regarding ILD patients and the risk of SARS-CoV-2 infection.

The high prevalence of sleep apnoea syndrome in the population of patients hospitalised for COVID-19 could
be explained by the fact that the risk factors for severe SARS-CoV-2 pneumonia (obesity, hypertension and
diabetes, as previously described) are also well-known comorbidities of sleep apnoea [36]. Accounting for a
potential interaction between obesity and sleep apnoea did not change our results for ICU and mortality risk.
Moreover, obstructive sleep apnea has been identified as a risk factor for severe COVID-19 (including
hospitalisation, ICU admission, mechanical ventilation or death [37]) and it may be an important predictor of
poor outcomes in obese patients [38].

We identified several key points in our analysis of pulmonary complications and prognosis in patients
hospitalised for COVID-19 with a history of respiratory disease. First, these patients developed significantly
more VAP. Previous work reports that COVID-19 patients developed less respiratory bacterial co-infections
than patient hospitalised for influenza [39]. The small number of patients with COVID-19 who developed
respiratory bacterial co-infections made it possible (due to a lack of specific code for VAP and inconsistent ICU
practices) to consider that community-acquired pneumonia crossed with codes for ventilation acts as VAP.
Second, they developed significantly more pulmonary embolism than patients hospitalised for influenza and
significantly more pulmonary complications than patients without CRDs hospitalised for COVID-19 [9]. Third,
we found that patients hospitalised for COVID-19 and presenting CRDs were more likely to be admitted to the
ICU, and mortality was increased compared with both patients hospitalised for influenza (except for lung
cancer and COPD) and patients hospitalised for COVID-19 without CRDs. These data confirm that pulmonary
diseases including CRF and asthma are associated with a risk of severe disease and mortality in SARS-CoV-2
infection, as indicated by national studies in the UK [31] and Sweden [40]. Nevertheless, while BLOOM et al.
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[31] observed an increased mortality for patients with severe asthma and COVID-19, we observed a significant
decrease in mortality compared with patients without CRDs. This decrease could be explained by protective
effect of ICSs, as previously suggested by BLOOM et al. [31], and by the small proportion (∼10.0–10.8% in
BLOOM et al. [31]) of severe asthma in our nationwide population. In COVID-19 patients with COPD (5.4%),
ICU admission was less frequent, but we also observed higher in-hospital mortality in the COVID-19 group
than in the influenza group. These data are consistent with previously cited publications and several reviews
[41, 42]. In contrast to influenza infection, only few publications underline the role of CRDs in the
development of severe forms of COVID-19 and even less so for hospital admission for COVID-19. This can be
seen in a meta-analysis by ZHENG et al. [43], which reported that underlying respiratory disease had an OR of
5.15 for critical care or death. Regarding mortality, KHAN et al. [44] found that the mortality risk in COVID-19
doubled in patients with respiratory disease [44].

We were unable to assess whether vaccination against influenza could explain the differences in morbidity
and mortality in our study. Indeed, influenza vaccination, which is recommended for patients with CRDs,
may have protected them from the most severe forms of influenza. Regardless, our data suggest that this
category of patients should benefit from greater vigilance and be hospitalised at the slightest clinical sign
of severe COVID-19. A more aggressive therapeutic approach may also be worth considering. Finally, our
data suggest that patients with CRDs should have priority access to SARS-CoV-2 vaccination.

Our study has several limitations. First, there may have been testing biases between viruses because probably
more patients were tested for COVID-19 than for influenza during the 2018–2019 season. Testing practices
were also more standardised during the health crisis than during typical seasonal influenza epidemics. However,
tests systematically done in the ambulatory setting for COVID-19 likely did not influence the number of
hospitalised patients, particularly those admitted to the ICU. Second, the comparison between COVID-19 and
seasonal influenza was done on two different years and the 2018–2019 influenza season is not necessarily
representative of all seasonal influenzas, even if it was one of the most severe epidemics in the past 5 years in
France. Although some COVID-19 patients may have had influenza at the same time, the influenza epidemic
was ending at the start of the COVID-19 epidemic, limiting this possibility. Our study concerns only
hospitalised patients and the characteristics of patients who died from COVID-19 outside of hospital may not
reflect those described in our study. For respiratory history, certain CRDs may have been diagnosed during
hospitalisation, potentially inducing a bias regarding the increased number of these diseases. For COVID-19
patients, this bias could include lung cancer, emphysema and ILDs due to the more frequent use of computed
tomography pulmonary angiography for COVID-19 diagnosis, and because of the risk of pulmonary embolism,
as previously reported [45]. Another possible limitation is misclassification-related or underdetection-related
bias for comorbidities even if coding quality is checked by medical information professionals in each hospital
to correct the diagnoses and to increase the recorded comorbidity level. These potential biases may concern
comorbidities which were only identified during the stays for COVID-19 or for influenza, seeing as we cannot
always distinguish between acute and chronic conditions. However, this misclassification bias is likely to be
nondifferential for the majority of comorbidities, except for ILDs, for which the same code is used for
pre-existing ILDs and for ILDs linked to the fibrosing ARDS complication. Finally, some relevant variables
were not available such as treatments and tobacco consumption, which is not always coded in the discharge
abstract because it does not necessarily impact patient care during hospitalisation.

In conclusion, our study highlights, on a national scale, that patients with CRDs, including COPD, asthma
and CRF, were under-represented among hospitalised COVID-19 patients compared with hospitalised
influenza patients. Nevertheless, we also confirmed that patients with respiratory diseases were at risk of
developing severe COVID-19 and had a high mortality rate. The low proportion of patients with
respiratory conditions found among the COVID-19 population could potentially be because vulnerable
individuals followed the lockdown rules more stringently. We must therefore bear in mind that these
patients are at risk of severe disease and not drop our guard too fast, even if only few of them were
hospitalised during the first wave of COVID-19. Influenza and SARS-CoV-2 vaccination will be a key
public health priority for these patients.
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