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Abstract

Purpose To describe the clinical course of COVID-19 in patients with cystic fibrosis (CF) and to identify risk factors for
severe COVID-19.

Methods We conducted a prospective study within the Italian CF Society. CF centers collected baseline and follow-up data
of patients with virologically confirmed SARS-CoV-2 infection between March 2020 and June 2021. Odds ratios (ORs) for
severe SARS-CoV-2 (as defined by hospital admission) were estimated by logistic regression models.

Results The study included 236 patients with positive molecular test for SARS-CoV-2. Six patients died, 43 patients were
admitted to hospital, 4 admitted to intensive care unit. Pancreatic insufficiency was associated with increased risk of severe
COVID-19 (OR 4.04, 95% CI 1.52; 10.8). After adjusting for age and pancreatic insufficiency, forced expiratory volume in
one second (FEVp) <40% (OR 4.54, 95% CI 1.56; 13.2), oxygen therapy (OR 12.3, 95% CI 2.91-51.7), underweight (OR
2.92,95% CI 1.12; 7.57), organ transplantation (OR 7.31, 95% CI 2.59; 20.7), diabetes (OR 2.67, 95% CI 1.23; 5.80) and
liver disease (OR 3.67, 95% CI 1.77; 7.59) were associated with increased risk of severe COVID-19, while use of dornase
alfa was associated with a reduced risk (OR 0.34, 95% CI 0.13-0.88). No significant changes were observed in FEVp from
baseline to a median follow-up of 2 months (median difference: 0, interquartile range: — 4; 5, P=0.62).

Conclusion Clinical features indicative of severe form of CF are associated with increased risk of COVID-19 hospitalization.
SARS-CoV-2 infected patients do not experience a deterioration of respiratory function.
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Introduction

Cystic fibrosis (CF) is a genetic recessive disease caused by
mutations of the CF Transmembrane Conductance Regu-
lator (CFTR) gene. CFTR mutations affect the production
and/or function of the CFTR ion channel altering chloride
transport in many organs, most frequently the pancreas and
the lungs. The main clinical features of CF are in fact fat

< Carla Colombo
carla.colombo @unimi.it

Extended author information available on the last page of the article

malabsorption, corrected by pancreatic enzyme replacement
therapy, and recurrent respiratory infections, which cause
structural and functional lung deterioration since the first
years of life.

Patients with respiratory diseases are considered at high
risk of developing severe COVID-19 [1], and this is true also
for CF patients for whom higher incidence and hospitaliza-
tion rates were documented as compared to the age-matched
general population [2].

However, most of the so far available data were col-
lected during the first wave of the pandemic, when diag-
nostic capacity was suboptimal, stringent physical distance
measures were in place and vaccines against SARS-CoV-2
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were not available. More recently, with the implementation
of the vaccine campaign, distancing measures were relaxed,
and new variants of SARS-CoV-2 started to circulate. Some
of the new variants showed increased transmissibility and
uncertain consequences on the protection given by previous
infections and vaccines [3, 4].

This study aimed at evaluating the clinical course and
risk factors for severe COVID-19 among patients with CF
who were infected by SARS-CoV-2 from the beginning of
the pandemic up to June 2021 in Italy.

Methods

We carried out a prospective multicentre cohort study within
the Italian Cystic Fibrosis Society involving 20 out of 32 CF
centers and covering about 80% of the Italian CF population.
All centers were compliant with the standard of care for
CF which encompasses the diagnosis and treatment of this
multisystemic disease [5].

Centers were asked to collect baseline and follow-up
data of patients who had undergone nasopharyngeal swab
for symptoms suggestive of COVID-19 or for having been
in contact with a positive/suspected case between March
2020 and June 2021. The following symptoms were consid-
ered indicative of COVID-19: fever, cough, asthenia, anos-
mia, dysgeusia, shortness of breath, sore throat, headache,
myalgia and diarrhea [6]. Swab samples were tested with
polymerase chain reaction (PCR) analysis for SARS-CoV-2
detection. Patients with a positive PCR test were reported to
the coordinating center for inclusion in this study.

A specifically designed report form was used to collect
demographic, clinical, anthropometric, microbiological and
respiratory function data as well as symptoms, CF mainte-
nance and COVID-19 treatments. The clinical course of the
disease was evaluated in terms of vital status, admission in
intensive care unit (ICU), need for oxygen supplementation
and non-invasive and invasive ventilation. Changes in forced
expiratory volume in one second (FEV,) were also evalu-
ated from baseline (pre-SARS-CoV-2 infection) to the first
follow-up visit after the end of symptoms or to the first visit
after testing positive for SARS-CoV-2 for asymptomatic
patients. Baseline FEV, value was obtained for each patient
by averaging the last three measurements. The Global Lung
Function Initiative 2012 reference equations were used to
obtain predicted values [7].

We evaluated a series of potential risk factors for severe
COVID-19 (defined by hospital admission) collected at
baseline visit, including sex, age, pancreatic insufficiency,
severely impaired respiratory function (FEV, as percent of
predicted, FEVp <40%), chronic P. aeruginosa infection,
underweight, organ transplant, CF-related diabetes and
liver disease, current medical treatment (oxygen therapy,
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CFTR modulators [8], inhaled steroids, dornase alfa and
azithromycin).

Underweight was defined as BMI-for-age percentile < Sth
for patients aged 2—19 and as BMI < 18.5 kg/m? for older
patients [9]. BMI percentiles were obtained using the Italian
growth standards [10].

As a measure of association between each putative risk
factor and severe COVID-19, we estimated the odds ratio
(OR) of hospitalization for COVID-19 and corresponding
95% confidence intervals (Cls) through logistic regression
models. Multivariable models were also fit to verify if each
significant association found at the univariate analysis was
independent from age and pancreatic insufficiency (consid-
ered as a proxy of severe genotype). Due to the limited num-
ber of patients requiring hospitalization, no further covari-
ates were included in the models to avoid overfitting. The
statistical significance of each risk factor was tested using
the likelihood ratio test between nested models, namely the
model with and without the risk factor.

Since CF is a progressive condition and usually adult
patients have a more advanced lung disease than younger
patients, we evaluated the risk factors for severe COVID-19
in this subgroup of patients by restricting the multiple vari-
able regression analysis to patients aged > 18 years.

FEVp data measured at baseline and at follow-up visit
were compared using the Wilcoxon signed-rank test. Sub-
group analyses were also performed according to baseline
characteristics, between symptomatic and asymptomatic
patients and between those who developed severe COVID-
19 and those who did not. Comparisons between subgroups
were made using the Wilcoxon sum-rank test. All tests were
two-tailed with a=0.05.

Results

Table 1 gives the demographic and clinical characteristics
as well as the COVID-19 symptoms complained by the 236
patients reported by the Italian CF centers. Their median age
was 25 years (Interquartile range, IQR 16-36, range 0-78),
FEVp values (median 85, IQR 63-100) indicated on average
a moderate impairment of lung function, 19 subjects were
organ transplant recipients (18 lungs and one liver). The
most common COVID-19 symptoms were: fever (reported
in more than half of the patients), cough and asthenia (both
reported in about one-third of the patients). Fifty-two (22%)
patients were asymptomatic. The median duration of symp-
toms was 13 days, although 26 out of 178 (14.6%) symp-
tomatic patients with available data on symptoms duration
reported symptoms for more than 30 days and four patients
had symptoms lasting 90 days or more. The characteristics
of patients with symptom duration > 90 days are shown in
the Supplemental Table S1.
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Table 1 Characteristics and symptoms of patients with cystic fibrosis
infected by SARS-CoV-2 between March 2020 and June 2021 in Italy

No %
Total number of patients 236 100
Sex
Females 130 55.1
Males 106 449
Age in years
0-19 81 343
20-39 110 46.6
>40 45 19.1
CFTR genotype
F508del homozygous 53 22.5
F508del heterozygous 117 49.6
Other mutations 66 28.0
Pancreatic insufficiency 164 69.5
P. aeruginosa infection
Chronic 83 352
Intermittent 40 16.9
First infection 1 0.4
B. cepacia complex infection 5 2.1
Diabetes 51 21.6
Liver disease 65 27.5
Chronic kidney disease 4 1.7
ABPA 7 3.0
Transplant recipients 19 8.1
CF maintenance treatment
Antibiotics 104 44.1
Azithromycin 80 33.9
Inhaled steroids 98 41.5
Oral steroids 23 9.7
Steroids (Administration route unknown) 4 1.7
Dornase alfa 60 25.4
Highly effective CFTR modulator therapy® 19 8.1
Other CFTR modulator therapies 35 14.8
Oxygen therapy 11 4.7
Underweight® 24 10.2
FEV, (% of predicted) <40%° 17 8.0
COVID-19 symptoms
Fever 131 55.5
Headache 54 229
Dyspnea 34 14.4
Cough 89 37.7
Increased sputum 23 9.7
Chest pain 8 34
Rhinitis 37 15.7
Pharyngodynia 37 15.7
Anosmia 15 6.4
Dysgeusia 21 8.9
Nausea 9 3.8
Diarrhea 29 12.3
Asthenia 83 35.2

Table 1 (continued)

No %
Myalgia 14 59
Joint pain 50 21.2
Asymptomatic 52 22.0

Data are presented as numbers and percentages

ABPA allergic broncho-pulmonary aspergillosis, CFTR cystic fibrosis
transmembrane conductance regulator, COVID-19 coronavirus dis-
ease 2019, IQR interquartile range, FEV, forced expiratory volume in
one second

Ivacaftor alone (4 patients) or in combination with tezacaftor and
elexacaftor (15 patients) were considered highly effective CFTR mod-
ulator therapies

"Underweight was defined as BMlI-for-age percentile <5th for
patients aged 2-19 years and BMI< 18.5 kg/m? for older patients.
Percentage of underweight was computed on patients aged >2 years
(N=230) and excluding one patient with missing anthropometric val-
ues

“Data not available for 24 patients, of whom 16 were too young (i.e.,
aged < 6 years) to perform a spirometry test
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Fig. 1 Number of patients reported by the Italian cystic fibrosis cent-
ers between March 2020 and June 2021 with documented SARS-
CoV-2 infection. The x-axis indicates the month of the positive test
for SARS-CoV-2
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Figure 1 shows the number of patients infected by SARS-
CoV-2 by month. Most cases (N=217, 91.9%) were reg-
istered during the second and the third wave of the pan-
demic in Italy (September 2020-June 2021), with a peak
during the months of October and November 2020 when
40 (16.9%) and 55 (23.3%) cases were observed, respec-
tively. With the start of the vaccination campaign for all
patients aged > 16 years in mid-March 2021, the number of
reported cases decreased progressively and only one case
was reported in June 2021.

Table 2 shows the treatment received and the out-
come of the disease. More than 70% of patients received
azithromycin or other antibiotics, around 1/3 were treated
with steroids, a minority received antiviral (7.6%) or anti-
thrombotic (8.9%) drugs and only four patients were treated
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Table 2 Treatment and clinical course of COVID-19 in patients with
cystic fibrosis infected by SARS-CoV-2 between March 2020 and
June 2021 in Italy

No %
COVID-19 treatment
Antiviral drugs 18 7.6
Hydroxychloroquine 7 3.0
Azithromycin 67 28.4
Other antibiotics 99 419
Steroids 73 30.9
Monoclonal antibodies 4 1.7
Anti-thrombotic drugs 21 8.9
Clinical course
Hospitalization 43 18.2
Intensive care unit 4 1.7
Additional oxygen therapy 17 7.2
Intensive ventilation 2 0.8
CPAP 11 4.7
ECMO 1 0.4
Change in FEVp at follow-up, median 0 (— 4;5)
IQR*?

Clinically recovered 230 97.5
Died 6 2.5

Data are presented as numbers and percentages, unless otherwise
specified

CPAP continuous positive airway pressure therapy, ECMO extracor-
poreal membrane oxygenation, IQR Interquartile Range, FEVp forced
expiratory volume in one second expressed as percentage of the pre-
dicted value

*Data were not available for 43 patients: for 26 patients spirometry
data at follow-up were not collected, 13 patients were too young (i.e.,
aged < 6 years) to perform a spirometry, 4 patients died with COVID-
19 as cause of death

with monoclonal antibodies. Forty-three patients (10 chil-
dren and 33 adults) (18.2%) required hospital admission, 4
patients (one child and 3 adults) (1.7%) were admitted to
ICU and six patients (2.5%) died at the age of 14, 15, 33,
39, 48 and 78. All deceased patients were pancreatic insuf-
ficient with chronic P. aeruginosa infection; two patients
were lung transplanted, underweight in oxygen therapy and
with baseline FEVp <40%. COVID-19 was a contributing
cause of death in four patients, while death was not related
to COVID-19 for the other two patients: one patient who
fully recovered from COVID-19 died after 2 months due to
a respiratory exacerbation while waiting for lung transplant;
the other patient who had been included in the transplant list
before SARS-CoV-2 infection, died two weeks after receiv-
ing lung-liver-pancreas transplantation due to complications.
All the other patients (N =230, 97.5%) fully recovered with-
out important sequelae.

Figure 2 shows the OR for severe COVID-19 according to
some selected demographic and clinical variables. Sex and
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age were not significantly associated with severe COVID-19,
although the OR for age >40 years (2.13, 95% CI 0.88-5.10)
indicated an increased risk as compared to younger patients
(10-19 years). All the other clinical variables were associ-
ated with an increased risk of severe COVID-19, with organ
transplant and oxygen therapy being the risk factors showing
the highest ORs. No significant associations were found for
CFTR modulator use and inhaled steroids. The OR indi-
cated a reduced risk among patients receiving dornase alfa
(although not significant, P=0.062) and an increased risk
among those receiving azithromycin.

In the multivariable analysis, adjusted for age and pan-
creatic insufficiency, most associations remained significant,
with the only exception of chronic P. aeruginosa infection
(Table 3). The adjusted OR indicated a significant reduced
risk of severe COVID for patients receiving dornase alfa.
When we restricted the analysis to adult patients, most of the
associations found in the main analysis resulted attenuated,
and were no longer significant for diabetes and underweight
(Supplemental table S2).

FEVp data collected after a median number of 61 days
(IQR 32-96 days) from the end of COVID-19-related symp-
toms or from the day asymptomatic patients tested positive
for SARS-CoV-2 indicated no significant differences from
baseline measures. Median FEVp at baseline was 85%
(IQR63; 100) and 83% (IQR 62; 100) at recovery and the
median difference between the two measurement was: 0
(IQR - 4;5), P=0.619.

Seventeen out of 186 patients (9.1%) with available data
at baseline and at follow-up had a FEVp reduction > 10%.
Their baseline characteristics are shown in the Supplemental
table S3. Median age was 25 years (range 6—50 years), most
were pancreatic insufficient (13, 76.5%), one was lung trans-
planted, none had severely impaired lung function or was in
oxygen therapy at baseline, none of them died.

Figure 3 shows the subgroup analysis of changes in
FEVp after COVID-19. Median changes were all close to
zero and no significant differences were detected between
all the groups considered, with the only exception of a slight
increase in FEVp among patients with advanced lung dis-
ease at baseline.

Discussion

Our study indicates that about 20% of the patients with CF
infected by SARS-CoV-2 in Italy developed severe COVID-
19. Organ transplantation was identified as a major risk fac-
tor of severe COVID-19, and some clinical characteristics
of CF, including pancreatic insufficiency, severe impairment
of respiratory function, chronic infection by P. aeruginosa,
underweight, and presence of the two major comorbidities of



Clinical course and risk factors for severe COVID-19 among Italian patients with cystic fibrosis:... 675

Fig.2 Odds ratios (ORs) and

corresponding 95% confidence No-h‘(’)fspﬁgﬁ;;sﬁ;q(‘ijr;"g OR [95% Cl] Pt
intervals for severe COVID-19 P -
in patients with cystic fibro- Sex (M vs F) 21(19.8) vs 22 (16.9) —o—i 1.21[0.63; 2.35] 0.568
sis infected by SARS-CoV-2 Age (20-39 vs 0-19) 17 (15.5) vs 13 (16.0) ——0— 0.96 [0.44; 2.10] 0.143
between March 2020 and June Age (40+ vs 0-19) 13 (28.9) vs 13 (16.0) —o—— 2.13[0.88; 5.10]
. . PI (Yes vs No) 38(23.2) vs 5 (6.9) ——o0—-H 4.04 [1.52;10.75] 0.005
2021 in Italy, accord.mg to . FEVAp (<40% vs >=40%) 9 (52.9) vs 30 (15.4) R — 6.19[2.21;17.31] <0.001
selected demographic and clini- Oxygen (Yes vs No) 8 (72.7) vs 35 (15.6) — o 14.48 [3.66;57.25] <0.001
cal characteristics. HE highly Chronic Pa infection (Yes vs No) 22 (26.5) vs 21 (13.7) —— 2.27 [1.16; 4.43] 0.017
effective CFTR modulators; Underweight (Yes vs No) 9 (37.5) vs 33 (16.1) ——— 3.13[1.26; 7.74] 0.014
oM moderately effective. *P Organ transplant (Yes vs No) 12 (63.2) vs 31 (14.3) ——i 10.29 [3.76;28.15] <0.001
values were obtained using the Diabetes (Yes vs No) 19 (37.3) vs 24 (13.0) —o—— 3.98[1.96; 8.11] <0.001
likelihood ratio test between Liver disease (Yes vs No) 23 (35.9) vs 20 (11.6) —o0— 4.26 [2.14; 8.51] <0.001
two nested models (i.e., the null CFTR modulators (HE vs None) 2 (10.5) vs 33 (18.1) +—o0—+—— 0.53[0.12; 2.41] 0.512
. . CFTR modulators (OM vs None) 8 (22.9) vs 33 (18.1) ———o0— 1.34[0.56; 3.21]
model and the model mCludmg Dornase alfa (Yes vs No) 6 (10.0) vs 37 (20.1) ——o0—— 0.42[0.17; 1.05] 0.062
the variable of interest) Inhaled steroids (Yes vs No) 21 (21.4) vs 22 (15.9) — o 1.44[0.74; 2.79] 0.283
Azithromycin (Yes vs No) 24 (30.0) vs 19 (12.2) —o0— 3.09 [1.57; 6.08] 0.001
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Table 3 Odds ratios (ORs) for severe COVID-19 obtained from logis-
tic regression models adjusted for age and pancreatic insufficiency in
patients with cystic fibrosis infected by SARS-CoV-2 between March
2020 and June 2021 in Italy, according to selected clinical character-
istics

OR [95% CI] P*

FEV1p (<40% vs >40%) 4.54 [1.56-13.19] 0.005
Oxygen (Yes vs No) 12.27 [2.91-51.68] <0.001
Chronic Pa infection (Yes vs No) 1.77 [0.84-3.73] 0.135
Underweight (Yes vs No) 2.92 [1.12-7.57] 0.028
Organ transplant (Yes vs No) 7.31 [2.59-20.65] <0.001
Diabetes (Yes vs No) 2.67 [1.23-5.80] 0.013
Liver disease (Yes vs No) 3.67 [1.77-7.59] <0.001
CFTR modulators (HE vs None) 0.42 [0.09-2.02] 0.501
CFTR modulators (OM vs None) 0.97 [0.39-2.41]

Inhaled steroids (Yes vs No) 1.20 [0.59-2.43] 0.621
Dornase alfa (Yes vs No) 0.34 [0.13-0.88] 0.026
Azithromycin (Yes vs No) 2.58 [1.27-5.25] 0.009

HE highly effective modulators, OM Other CFTR modulators

*P values were obtained using the likelihood ratio test between two
nested models (i.e., the null model and the model including the vari-
able of interest)

CF, namely CF-related diabetes and liver disease were also
associated to an increased risk.

Use of dornase alfa was found to be associated with
reduced risk of severe COVID-19. Our study also indicates
that most patients fully recovered, although around 10% of
them had a significant reduction in FEVp after recovery.

These findings agree with what was documented during
the first wave of the pandemic in multinational reports based
on Registry data of patients with CF infected by SARS-
CoV-2 showing higher hospitalization rates among patients

Median difference

No. of patients [1aR] P

Sex .

F 100 P 0.0[-4.1,4.0] 0.329
M 88 P 0.3[-3.2,6.0]

Age class

0-19 56 SN — 0.0[-5.1,5.0] 0.734
20-39 96 —a— 0.0 [-3.2:4.0]

>=40 36 —— 0.5[-2.5:5.2]
Pancreatic insufficiency .

No 51 = 0.2[-4.3;3.5] 0.815
Yes 137 —— 0.0 [-4.0:5.0]
FEVp<40% :

No 175 | e | 0.0 [-4.4,4.5] 0.009
Yes 13 : p—a— 4.0[1.0;6.0]
Oxygen therapy (pre-infection) :

No 181 P 0.0[-4.1,5.0] 0.157
Yes 7 | 3.0[1.54.2]
Chronic Pa infection

No —e 0.0 [-4.0,4.0] 0.526
Yes 74 —r— 1.0 [-3.85.0]
Underweight .

No 167 —— 0.0 [-3.0;5.0] 0.589
Yes 20 | e | -0.2[-7.2,5.2]

Lung transplantation

No I —) 0.0[-4.3;5.0] 0.849
Yes 15 —— 0.0 [-2.5;2.5]
Diabetes

No 141 I S 0.0[-4.1;5.0] 0.584
Yes 47 —a— 0.0 [-3.5:3.0]

Liver disease :

No 139 | e | 0.2[-4.8;5.2] 0.365
Yes 49 = 0.0 [-3.0;2.0]
COVID-19 symptoms

No 36 —_ay 0.0[-8.2,2.0] 0.247
Yes 152 — 0.0 [-3.25.0]
Dyspnea at presentation .

No 161 —— 0.0[-4.3;5.0] 0.731
Yes 27 = 0.0 [-1.6;4.0]
Requiring hospitalization

No 1 —— 0.0[-3.0;5.0] 0.459
Yes 33 | ——— 0.0 [-6.0;4.0]

T T T T 1
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Fig.3 Changes in forced expiratory volume in one second (expressed
as percentage of predicted) from baseline to follow-up visit (first visit
after the end of symptoms or after testing positive for SARS-CoV-2
for asymptomatic patients) in patients with cystic fibrosis infected by
SARS-CoV-2 between March 2020 and June 2021 in Italy, according
to baseline characteristics and clinical course of the disease. Symbols
indicate the median value, bars show the 25th and the 75th percen-
tile. The Wilcoxon sum-rank test was used to compare FEVp changes
between groups. Pa Pseudomonas aeruginosa.
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with severe lung function impairment and among transplant
recipients [2, 11].

Increasing concern has been raised on the severity of
SARS-CoV-2 infection in non-CF organ transplant recipients
due to chronic immunosuppressive treatment [12, 13]. In a
case—control study [14] on non-CF lung transplant recipi-
ent patients (median age 60 years) based on 24 cases with
COVID-19 and 48 controls free of SARS-CoV-2 infection,
COVID-19 was associated with increased risk of secondary
bacterial infection, need of bronchoscopy and readmission
for respiratory exacerbation. Ninety-day mortality was not
significantly different between cases and controls but the
comparison was based on only 2 deaths among cases and
one death among controls. In a French study [15] includ-
ing 35 lung transplant recipients infected by SARS-CoV-2
(median age 50 years, including 11 patients with CF), most
patients (~90%) required hospitalization, 13 were admitted
to ICU, and among them seven received intensive mechani-
cal ventilation. Over a follow-up of 50 days, five patients
died. In our cohort of patients with CF, probably due to the
younger age, SARS-CoV-2 infection was less severe with 12
out of 19 transplant recipients (63%) requiring hospitaliza-
tion; only one patient was admitted to ICU, none received
intensive ventilation, however 2 patients died.

We also found that the clinical features of classic CF,
including pancreatic insufficiency, poor respiratory func-
tion and inadequate nutritional status were associated with
increasing risk of hospitalization. Patients with pancreatic
insufficiency have a more severe form of CF and may have
suboptimal nutritional status and worse respiratory func-
tion, both conditions being important prognostic factors in
CF [16, 17]. Thus, our data suggest that these patients are
also more vulnerable to SARS-CoV-2 infection and require
special attention.

Similar to what has been found in the general population,
the presence of comorbidities, such as diabetes and liver
disease, increases the risk of severe COVID-19 also in the
CF population [18, 19].

As previously reported for the first pandemic wave [20],
CF patients infected by SARS-CoV-2 presented unspecific
symptoms, which could have been easily mistaken for a typi-
cal pulmonary exacerbation. However, for a non-negligible
share of the symptomatic population (~15%), they lasted
more than one month. In addition, during the first wave
of the pandemic, most COVID-19 cases were reported in
Northern Italy [20], while during the subsequent waves,
all the Italian centers involved in this study documented
COVID-19 cases.

With regard to CF maintenance therapy, we did not find
a significant association between CFTR modulator therapy
and reduced risk of severe COVID-19. CFTR modulators
are oral drugs which improve CFTR function (potentia-
tors) or facilitate its trafficking toward the cell membrane
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(correctors). Some of them proved to be highly effective in
improving the clinical manifestations of the disease, while
others showed only slight/moderate effects [21]. The poten-
tial role of CFTR modulators in preventing hospitalization
in CF patients with COVID-19 was also evaluated in a study
based on a research network of Health Care Organizations in
the USA, which found a reduced risk, although not statisti-
cally significant (OR 0.57, 95% CI 0.30-1.08), among 68
patients with CF treated with CFTR modulators as compared
with 353 untreated patients [22].

Of interest, patients receiving dornase alfa showed a
reduced risk of severe COVID-19. Dornase alfa is a recom-
binant human deoxyribonuclease (DNase), which cleaves
extracellular DNA released by the breakdown of neutrophils
in the infected lungs of CF patients, thus reducing the vis-
cosity of the respiratory secretions and improving ciliary
clearance [23]. Interestingly, neutrophil extracellular trap
formation was also identified as one of the pathogenetic
mechanisms of COVID-19 [24].

Azithromycin, a commonly used antibiotic in CF, was
initially proposed as a potential treatment for COVID-19 due
to its immunomodulatory properties and mild antiviral activ-
ity, but its efficacy has not been proven [25]. We found that
azithromycin treatment was associated with an increased
risk of severe COVID-19. However, this association may
reflect the severity of lung disease (P. aeruginosa and other
Gram-negative bacterial infections and recurrent pulmonary
exacerbations) among patients receiving azithromycin rather
than a real effect of the treatment.

Monoclonal antibodies have been shown to reduce SARS-
CoV-2 viral load and to prevent severe COVID-19 [26];
however, in the present study, we could not evaluate their
effect on the course of the infection in this high-risk popula-
tion. Indeed, at the time of the study, this therapeutic strat-
egy was not available in many of the participating centers
and it was administered only to four of our patients (none of
whom died and two were hospitalized).

To our knowledge, this is the first study showing that res-
piratory function of patients with CF, as measured by FEVp,
does not deteriorate after SARS-CoV-2 infection. We did
not observe a significant reduction in FEVp even among the
more vulnerable patients, such as transplant recipients, those
with poor respiratory function and malnutrition as well as
among those who experienced severe COVID-19.

Sequelae of COVID-19 on respiratory function in non-CF
patients have not been clearly described and mainly involve
residuals symptoms up to 6 months from hospital discharge
[27, 28]. The clinical significance of this condition, which
was defined as long COVID, is not fully understood; how-
ever, advanced age, severe symptoms in the acute phase,
pneumonia, acute respiratory distress syndrome and need
of mechanical ventilation were identified as main risk fac-
tors [29-31]. In addition, post-infection data on non-CF
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patients showed altered respiratory function [27, 28], with
impaired carbon monoxide diffusion capacity of the lungs
(DLCO) in~40% of the patients, restrictive patterns in~15%
and broncho-obstructive syndrome in~7% [32]. However,
these abnormalities could not be directly related to COVID-
19 since it is not possible to exclude a pre-existing respira-
tory involvement, as pre-infection respiratory assessment
tests were not available. According to the British Thoracic
Society (BTS), the evaluation of pulmonary function test
must be performed at three months post-discharge, espe-
cially in patients suspected of having pulmonary sequelae
[33]. In those studies, most respiratory assessment tests were
performed one month after the onset of COVID-19 or one
month after discharge [31, 34, 35], probably too early to
discriminate how much of these changes reflect long-term
respiratory complications and how much are due to the
inflammation resulting from the acute event.

The detailed information collected on baseline charac-
teristics, treatment and outcomes and the completeness of
the information are certainly among the main strengths of
the study. They provide new insights in the clinical conse-
quences of SARS-CoV-2 infection on CF patients as well as
on risk factors for severe COVID-19.

Our study has some limitations. First, the follow-up
was relatively short and only the short-term clinical con-
sequences of SARS-CoV-2 infection could be described.
Second, we measured only FEVp to evaluate the effects of
SARS-CoV-2 infection on respiratory function; other more
sensitive measures might provide different results, espe-
cially in younger patients who usually show FEVp values
within the normal range [36]. Third, risk factors for severe
COVID-19 were evaluated mostly in a population of cases
presenting with symptomatic infection. Since at the time of
the study large-scale antibody testing among the CF popula-
tion was not in place, the study could not include all infected
patients with asymptomatic infection. Fourth, we could not
evaluate the different impact of SARS-CoV-2 variants as
virus genome was not sequenced. However, the alfa vari-
ant (B.1.1.7) was the main variant circulating in Italy dur-
ing the study period, while new variants started to circulate
only in May 2021 [37]. Finally, it should be noted that since
the beginning of the pandemic patients with CF have been
considered a vulnerable population and were more likely
to be hospitalized even if they had a less severe form of
COVID-19.

In conclusion, clinical features indicative of severe form
of CF are associated with increased risk of hospital admis-
sion due to COVID-19. However, most patients infected by
SARS-CoV-2 do not experience a relevant deterioration of
respiratory function. The reduced risk of severe COVID-
19 among patients receiving dornase alfa warrants further
investigation.
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