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Abstract. The novel coronavirus SARS-CoV-2 was first identified in China in December 2019 and has since 
spread worldwide. People with Cystic Fibrosis (CF) have reduced survival mainly because of respiratory fail-
ure due to chronic pulmonary infections. Therefore, CF patients should be considered to have an increased 
risk of developing severe manifestations in case of SARS-CoV-2 infection. Surprisingly, the results of recent 
studies concerning SARS-CoV-2 infection in patients with CF show that in these patients the infection rate 
was lower than that of the general population. Various factors have been considered to explain a possible 
protective effect of CF against SARS-CoV-2 infection.
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Introduction

In December 2019 a new severe acute respiratory 
syndrome Coronavirus 2 (SARS-CoV-2) were identi-
fied in Wuhan, the capital of Hubei, China, causing 
numerous cases of severe pneumonia often followed by 
acute respiratory distress syndrome (ARDS) (1). Since 
then SARS-CoV-2 disease (termed COVID-19) has 
taken alarming proportions worldwide. By 24 March 
2020, SARS- CoV-2 had infected more than 381,000 
people across 195 countries and killed more than 
16,000: a pandemic as declared by the World Health 
Organization (2). 

Cystic fibrosis (CF) is a inherited, autosomal 
 recessive disorder caused by mutations in the gene 
 encoding an anion channel termed Cystic Fibrosis 
Transmembrane conductance Regulator (CFTR). 
People with CF have reduced survival mainly  because 
of respiratory failure due to chronic pulmonary infec-
tions. Therefore, CF patients should be considered to 
have an increased risk of developing severe manifesta-
tions in case of SARS-CoV-2 infection.

In this review we reported the results of recent 
studies concerning SARS-CoV-2 infection in patients 
with CF.

SARS-CoV-2 Infection

The 2019 novel CoV (SARS-CoV-2) belongs to 
human CoVs (HCoVs) that also include 229E, OC43, 
HKU1, NL63, SARS-CoV, and Middle East respira-
tory syndrome (MERS). CoV. 229E and NL63 are 
members of the Betacoronavirus, whereas others of the 
Alphacoronavirus.

All HCoVs are enveloped RNA viruses and have 
a zoonotic origin from bats, rodents, or domestic ani-
mals (3). Among these, four HCoVs (229E, NL63, 
OC43 and HKU1) typically infect only the upper res-
piratory tract and cause relatively minor symptoms (4). 
However, there are three coronaviruses (SARS- CoV, 
MERS- CoV and SARS- CoV-2) that can spread 
in the lower respiratory tract and cause pneumonia, 
which can be fatal (4).
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Cell entry of SARS-CoV-2 is mediated by the 
spike (S) protein expressed on the surface of the vi-
rus particles, giving the characteristic ‘crown’ appear-
ance. The S protein comprises two subunits: S1 and S2. 
Firstly, S1 binds to a cellular receptor, the angiotensin-
converting enzyme 2 (ACE2) which is present on the 
plasma membrane of airway epithelial cells, goblet 
secretory cells and type II pneumocytes.  S1 binding 
to ACE2 triggers endocytosis of the SARS- CoV-2 
virion. Within the endosome, the S1 subunit is cleaved 
away by cellular proteases, transmembrane serine pro-
tease 2 (TMPRSS2), and the S2 subunit drives the fu-
sion of viral and cellular membranes, releasing the viral 
package into the host cytoplasm (5). 

It has been recently proposed that SARS-CoV-2 
uses a dual strategy: its spike protein could also in-
teract with sialic acid receptors of the cells in the up-
per airways, in addition to the known interaction with 
ACE-2 in the lower airways. This mechanism may 
explain the high diffusion speed of this virus (6). The 
loss of pulmonary ACE2 function induced by SARS- 
CoV2 infection could result in a dysfunction of the 
renin- angiotensin system (RAS), which influences 
blood  pressure and fluid/electrolyte balance, enhanc-
ing inflammation and vascular permeability in the air-
ways (7). 

Once SARS-CoVs have infected the host cells, 
and viral genome is released into the cell cytoplasm, 
several signaling cascades take place inducing a hug 
pro-inflammatory response. Viral infection in airway 
epithelial cells could cause high levels of virus-linked 
pyroptosis, a form of programmed cell death that is 
is a trigger for the subsequent inflammatory response, 
involving increased secretion of the pro-inflammatory 
cytokines and chemokines such as IL-6, IFNγ, MCP1 
and IP-10.  

Severe cases of SARS-CoV-2 infection progress 
to acute respiratory distress syndrome, a condition that 
is characterized by the secretion of such cytokines and 
chemokines attracting immune cells, notably mono-
cytes, macophages, and T lymphocytes, but not neu-
trophils, from the blood into the infected lungs (7). 

In most individuals, recruited cells clear the in-
fection in the lung, the immune response recedes and 
patients recover. However, in some patients, a dysfunc-
tional immune response occurs, which triggers a cy-
tokine storm and symptoms of sepsis that determines 

multi-organ damage leading to organ failure, especially 
of the cardiac, hepatic and renal systems (8,9).

Although the strong containment measures im-
posed by italian government, Italy was dramatically 
affected by SARS COV2 infection, particularly in 
the northern regions (Lombardia, Emilia-Romagna, 
Veneto, Piemont) with a very high overall Italian case 
fatality rate (CFR) of 7.5% (range 3.1– 16.7%) com-
pared with European countries with a similar popula-
tion (10).

It is known that COVID-19 affects elderly popu-
lation 3–4 times more than average with men being 
more likely to be infected than women. Therefore, Ital-
ian mortality may be attributable to a large proportion 
of elderly persons in the Italian population, at greater 
risk of being affected by the virus and of dying, because 
of comorbidities like diabetes, cardiovascular diseases, 
or cancer.

It has been recently reported that also pediatric 
patients can develop COVID-19-disease.  An Italian 
multicentre study reported that at 10 April 2020 168 
children aged 1 day to 17 years has been infected by 
COVID 19 and thirty-three children (20%) had un-
derlying chronic diseases such as chronic lung disease 
and congenital malformations or complex genetic syn-
dromes (12). 

Cystic Fibrosis and Respiratory Viruses

CF is a lethal, inherited, autosomal recessive dis-
order that affects approximately 80,000 people world-
wide, most common in Caucasians, and is caused by 
CFTR gene mutations.

The gene was identified in 1989 and to date, more 
than 2000 CFTR mutations have been classified with 
over 300 known to be disease causing. The commonest 
and most well characterised genetic abnormality is a 
deletion of three base pairs encoding a phenylalanine 
residue at position 508 on chromosome 7 (Phe508; 
Δ508) (13). 

People with CF have reduced survival mainly be-
cause of respiratory failure due to chronic pulmonary 
infections. Moreover, CF is a multiorgan disease that 
leads to exocrine pancreatic insufficiency resulting in 
malabsorption, malnutrition and impaired growth. 
Other classic disease manifestations are excessive salt 
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loss via sweat, male infertility, diabetes, and sinusitis 
(13, 14). In a recent study, the median survival in UK 
was estimated to be 46 years in males and 41 years in 
females for babies born with CF now who are F508del 
homozygous (15). 

Mutations in CFTR reduce the availability of 
functional CFTR channels in the apical cell mem-
brane of airway epithelial cells leading to a dramatic 
reduction in chloride and bicarbonate secretion, a 
decrease in the volume and pH of the airway surface 
 liquid and hypersecretion of sticky mucus. Fluid deple-
tion together with abnormally adherent mucus leads 
to decreased mucociliary clearance and poor bacterial 
clearance from the lungs (13).

The intense inflammatory reaction to this airway 
infection consists of chemokine and cytokine expres-
sion (IL-8) and tumor necrosis factor (TNF) and mu-
cin secretion as well as polymorphonuclear leukocytes 
(PMNs) accumulation and the associated release of 
serine proteases, which are themselves proinflamma-
tory stimulants (13). 

In addition, mutations in CFTR also results in 
abnormal innate immunity and dysregulated inflam-
mation. Infact, the dysfunctional CFTR negatively 
affects the epithelial innate immune function through 
a constitutive activation of the nuclear factor κ light-
chain enhancer of activated B cells (NF-κB) pathway 
with increased IL-8 production and neutrophil accu-
mulation; moreover, in cystic fibrosis epithelial cells, 
the surface expression of toll-like receptor -4 (TLR4) 
is reduced, resulting in decreased in type I IFN regula-
tion. This defect contributes in turn to the diminished 
activation of pulmonary dendritic cells (DCs), critical 
for immune surveillance and for orchestrating appro-
priate T-cell signaling (16-19). 

Thus, in CF the airways become susceptible to 
dramatic inflammation and chronic infection, in par-
ticular by Pseudomonas aeruginosa and Staphylococcus 
aureus. In this environment, pulmonary exacerbations 
(PEx) caused by acquisition of new infectious agents, 
are associated with an acute decline in lung function 
and adverse impact on patients’ quality of life, and de-
spite very intensive treatment may does not completely 
recover (20). 

Respiratory viruses are detected approximately in 
28 to 48% of CF patients with PEx; hence, viruses may 
be important triggers of exacerbation in CF. Wat et al.   

demonstrated that influenza A and B and Rhinovirus 
are major viruses causing PEx in CF (21). Moreover, 
Viviani et al (22). in a multicenter study worldwide 
showed that H1N1 pandemic infection in 2009 had a 
significant impact on CF patients (110 infected by A/
H1N1): 53 % required intravenous antibiotic therapy 
and 48 % were hospitalized. Six patients required in-
tensive care unit and 3 died during the course of the 
infection.

Previous studies have shown that respiratory syn-
cytial virus (RSV) were also important in CF exacer-
bations, with the highest incidence in young children 
(23). It has been postulated that bacterial infection-
induced changes in host mucosa may modulate the 
innate immune responses to viral infection given that 
the infection of CF airway epithelia cells with P. aer-
uginosa reduced the interferon response to Rhinovirus 
and increased the viral load (24). Conversely, Ramsey 
et al. (25) were unable to demonstrate any significant 
adverse effect of viral infections on lung functions in 
patients with CF. This study also suggested that viral 
infections may possibly protect against Pseudomonas 
acquisition. Consistently with this hypothesys, Smith 
et al. (26) comparing PEx with and without rhinovi-
rus concomitant infection, found that those children 
in whom a non-rhinovirus was identified had a signifi-
cantly greater decline in FEV1, whereas patients with 
rhinovirus infection had fewer declines. 

Cystic Fibrosis and SARS-COV2 Infection

Since viral infections play a key role on the course 
of CF with pulmonary disease, CF patients should be 
considered to have an increased risk of developing se-
vere manifestations in case of SARS-CoV-2 infection. 

A recent multinational report (27) described 40 
CF patients (median age 33 years) with SARS-COV2 
infection across 8 countries (Australia, Canada, France, 
Ireland, Netherlands, New Zealand, UK and US). 31 
out 40 (78%) were symptomatic, 33% required oxygen, 
10% were admitted to an Intensive Care Unit (ICU) 
and one patient required invasive ventilatory support. 
Twenty-eight out 40 (70%) recovered from SARS-
CoV-2 infection, with no deaths. 

The median age of this cohort was 33 years, 
higher than the general CF population. This adult 
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 predominance in CF may reflect the picture for SARS-
CoV-2 in the general population (28). Moreover, only 
43% of this cohort are male, unlike current reports of 
60–75% of male in the general population admitted in  
hospital (29). 

The Italian situation is quite similar to the inter-
national one as shown by The Italian Cystic Fibrosis 
Registry Questionnaire, reporting 13 CF patients re-
sulted SARS-CoV-2 positive in the February-May 
2020 period (30). All SARS-CoV-2 positive CF pa-
tients were resident in endemic areas in Northern Italy 
regions and acquired infection from family members. 
CF patients had generally mild respiratory symptoms: 
61,5% of patients (N=8) were treated at home; 38,5% 
(N=5) were hospitalised. No patient needed ICU. 
Eleven patients (85%) had recovered at the date of the 
answer to the questionnaire (May 15th 2020). Two pa-
tients were still COVID-19 positive. 

These observations, as well as data from other Eu-
ropean countries (five patients with CF in France have 
been reported to have SARS-CoV-2 infection, seven 
in the UK, five in Germany and three in Spain) (28) 
suggest that unexpectedly, the incidence of SARS-
CoV-2 amongst the CF population (0.07%) appears 
to be lower than the average incidence in the general 
populations (0.15%) (27). The apparent lower rate in 
CF may be partly attributable to the lower average age 
of the CF population. 

A variety of factors has been advocated as protec-
tive toward SARS COV2 in CF patients, for example 
use of long-term antibiotic therapy such as azithro-
mycin. It has been demonstrated that azithromycin 
has an anti-inflammatory effect (31) as well as an an-
tiviral effects in a model of COPD (32). Moreover, it 
has been suggested that mutations in the CFTR gene 
may alter the protein abundance of ACE2 and TM-
PRSS2 in such a way to mitigate the effects of SARS-
CoV-2 infection on lung damage (33). 

It is also worth noting that the low rate of SARS 
COV2 infection in CF patients may be maight also 
be due to the fact that people with CF usually adopt 
shielding and protective self-isolation to avoid the risk 
of cross infection.

Since the start of the pandemic in Italy, the Cyst-
ic Fibrosis Centre in Parma strongly recommended 
self-isolation for CF patients. Recommendations for 

preventive measures that were already established in 
this population, such as wearing face masks, practis-
ing careful hand hygiene, and segregation between 
patients were reinforced. CF adult patients were en-
couraged to perform home working and to avoid group 
activities like gym or dance. Moreover, the routine CF 
clinic was cancelled to avoid viral spread among CF 
patients. Only urgent visits were performed; in addi-
tion, respiratory function testing were discontinued. 
Phone calls and email contacts were used to monitor 
the clinical condition of patients and to provide thera-
peutic plan. 

On other hand cancelling routine CF clinics may 
have a negative impact on the course of the disease 
over time. Anecdotically, we reported three case of 
CF adolescents, males, who had severe worsening in 
pulmonary function and kyphoscoliosis due to a pro-
longed immobility during lockdown period.

Conclusions 

CF has been susceptible to various respiratory 
virus, almost with severe consequences. However, the 
role of viral infections in CF pulmonary decline may 
be controversial. 

Worlwide few patients with CF, mainly adults, 
are becoming infected with SARS-CoV-19, without 
apparent effect on cystic fibrosis disease severity. These 
findings suggest that CF patients may be somehow 
protected by SARS-CoV-2-dependent severe lung 
disease. However, the medium and long-term impact 
of SARS-CoV-2 amongst infected patients is still not 
known. Further studies on a larger population of CF 
patients are needed to determine the real impact of 
SARS-CoV-2 on CF lung disease.
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