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Long-term Follow-up in Adult Patients with
Cystic Fibrosis and Deep Intronic Splicing
Variants
Seguimiento a largo plazo en pacientes adultos con fibrosis quística y variantes de splicing en regiones profundas de los intrones
Dear Editor,
Bi-allelic pathogenic variants in the cystic fibrosis transmembrane conductance regulator (CFTR) gene are the cause of
cystic fibrosis (CF).1 More than 2000 specific variants have been
reported to date. Most of these alterations are detected in exons
and exon-intron boundaries (splicing variants). Changes in the
promoter region, full or partial gene deletions, and more recently,
deep intronic splicing variants (DISV) account for the remaining
cases. DISV are alterations in the DNA sequence of intronic regions
that generate cryptic splicing sites that favour the transcription
of intronic sequences (pseudoexons) in mRNA molecules. These
pseudoexons serve as templates for the synthesis of dysfunctional
proteins, such as the CFTR protein in the case of CF, or create
premature stop codons in the pre-mRNA molecules that result
in nonsense mediated decay. These pathogenic variants could
account for a majority of the 2–5% of remaining unknown variants
in both cystic fibrosis (CF) and CFTR-related disorders (CFTRRD) patients. The study of intronic sequences requires complex
and expensive technology.2 We implemented next-generation
sequencing (NGS) to study CF patients in our Genetic Laboratory
in 2014 and were able to identify DISV in the second allele of four
historical clinical CF cases that have been followed-up in our CF
Unit during the last decades.
In order to assess the role of DISV on CF diagnosis, we present 4
cases of patients with clinical suspicion of CF but with incomplete
genotype, in whom we detected DISV by NGS technologies.3
We used the CFTR MASTRTM Dx kit (Multiplicom, Niel, Belgium)
directed to the 27 CFTR coding exons, selected intronic regions or
variants and part of the CFTR promoter region.4 Cases 1–3 were
diagnosed as CF during childhood by clinical manifestations and
positive sweat test. However, only one mutated allele was detected
in each patient during infancy. Case 4 was followed–up in our Unit
since the age of 19.
The clinical and demographic characteristics of the patients are
shown in Table 1.
The deep intronic variant c.1680-883A>G (rs1554388867,
Legacy name c.1811+1637A>G, intron 12) was detected in cases
1–3, and the variant c.870-1113 870-1110del (rs397508809,
Legacy name c.1002-1110 1113del, intron 7) in case 4. In the first
three cases, CF was diagnosed during childhood owing to clinically compatible symptoms and positive sweat tests. The fourth
case was initially classified as CFTR-RD at 19 years of age because
of clinically compatible symptoms, an inconclusive sweat test
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(<60 mmol/L Cl− ), and the detection of a single variant in the genetic
analysis. CF was confirmed genetically 20 years later following the
detection of a DISV in the second allele. This patient presented a
severe phenotype with altered lung function, low body mass index
(BMI), great extent of bronchiectasis, and a significant delay in diagnosis that could have negatively affected disease progression.
The deep intronic variant c.870-1113 870-1110del, which was
found in case 4, is located in intron 7 of the CFTR gene and alters
the mRNA splicing process creating a pseudoexon with a 101
nucleotide sequence between exons 6b and 7. This variant was
initially identified in one patient with a clinically compatible phenotype and a negative sweat test, and in three Italian patients with
a classic CF phenotype.5,6 Moreover, 17 patients with CF from other
studies have also been diagnosed with this pathogenic variant.7–9
The patients have been reported as manifesting a wide spectrum
of phenotypes including severe disease, delayed diagnoses, higher
frequencies of diffuse bronchiectasis, with or without colonisation
by Pseudomonas aeruginosa, pancreatic sufficiency (PS) that may
progress to pancreatic insufficiency (PI) (as in our case 4 patient at
32 years old), and positive or inconclusive sweat tests. The variability of the phenotype has been related to levels of aberrant
mRNA, which is affected by the expression of splicing factor SRp75.
Decreasing levels of this factor have been shown to correct abnormal splicing of the variant.7
The deep intronic variant c.1680-883A>G is a more recently
described variant located in intron 1210 that results in aberrantly
spliced transcripts due to the inclusion of a pseudo-exon. Only three
cases with this splicing intronic variant have been referenced in the
literature and included in the CFTR-France Database.11 These three
reported patients were diagnosed during childhood (2 months, 5
months, and 3 years) and were compound heterozygous with a
positive sweat test, with or without PI, with respiratory symptoms at diagnosis, and without further follow-up data.11 Our three
patients with this intronic variant (cases 1–3) now aged 49, 19
and 22 years respectively, are the only ones with available longterm follow up and progression data. They were diagnosed during
childhood with positive sweat tests, are compound heterozygous
for severe pathogenic variants and have PI, bilateral bronchiectasis, bronchial colonisation by Staphylococcus aureus, Achromobacter
sp. or Pseudomonas aeruginosa, sinusitis and/or nasal polyposis, and
preserved lung function, except for case 3, who had very impaired
lung function and required a lung transplant at the age of 21. Our
data support the involvement of this variant with a severe CF phenotype, in similar manner to c.1680-877G>T and c.1680-886A>G
variants,12 and shows the long-term evolution of these patients
when they are subjected to careful follow-up measures (case 3
was referred to our Cystic Fibrosis Unit just for lung transplant).
Bonini et al.10 developed oligonucleotides that can correct aberrant
splicing with the use of target site blocker treatment (TSB), opening the alternative of a tailored therapy for the causative defect.
The use of other techniques capable of correcting aberrant splicing
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Table 1
Clinical characteristics.
Case 1

Case 2

Case 3

Case 4

Deep intronic splicing variant

c.1680-883A>G
(Intron 12)

c.1680-883A>G
(Intron 12)

c.1680-883A>G
(Intron 12)

Variant second allelea (Legacy
name)
Gender
Age at diagnosis of CF, years
Age at deep intronic splicing
variant detection, years
Current age, years
Symptoms at diagnosis

c.254G>T
(G85V)
Female
5
41

c.3909C>G
(N1303K)
Male
3
18

c.3909C>G
(N1303K)
Female
6
21

c.870-1113 8701110del
(Intron 7)
c.1521 1523delCTT
(delF508)
Female
39
39

49
Repeated episodes
of bronchitis
83
ND
Staphylococcus
aureus

19
Repeated episodes
of pneumonia
101
ND
Achromobacter sp.

22
Repeated episodes
of pneumonia
116
ND
Achromobacter sp.,
Pseudomonas
aeruginosa

Upper lobes
Yes
81
87
98
37.2
Yes
No
No

Diffuse
Yes
93
83
98
20.8
Yes
No
Yes

Diffuse
Yes
41
20
94
17
Yes
No
Yes

Sweat test, mmol/L [Cl− ]
NPD
Bronchial colonisation

Bronchiectasis
Sinusitis and/or nasal polyposis
FVC, predicted percentage
FEV1, predicted percentage
O2 saturation, %
BMI
Pancreatic insufficiency
Pancreatitis
Haemoptysis

43
Repeated episodes
of bronchitis
50
Positive
Staphylococcus
aureus,
Haemophilus
influenzae,
Achromobacter sp.
Diffuse
Yes
56
44
98
19.6
No → Yesb
Yes
Yes

Abbreviations. CF: cystic fibrosis; NPD: nasal potential difference; ND: not done; FVC: forced vital capacity; FEV1: forced expiratory volume in the first second; BMI: body
mass index.
a
Variant cDNA name.
b
At 32 years old.

caused by other deep intronic variants have also been described
recently.13–16
In conclusion, in CF cases with only one pathogenic variant
detected, it is important to sequence the entire CFTR gene regions
to confirm genetic diagnosis for management of the patient and
to provide adequate genetic counselling. The increasing number
of DISV reported10,17,18 will provide a better understanding of
their pathogenic role in altering mRNA transcription using current technologies, such as NGS and new genome editing tools. This
is essential in the present era for designing specific therapeutic
approaches to correct the altered CFTR and move towards personalised medicine19 or 4P medicine (‘personalised’, ‘predictive’,
‘preventive’ and ‘participatory’).
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Extracorporeal membrane oxygenation (ECMO)
as bridge therapy to surgery in a patient with
acute respiratory distress syndrome (ARDS) due
to rupture of a pulmonary hydatid cyst夽
Membrana de oxigenación extracorpórea (ECMO) como terapia
puente a la cirugía en paciente con síndrome de distrés respiratorio agudo (SDRA) debido a la rotura de un quiste hidatídico
pulmonar
To the Editor,
Indications for extracorporeal membrane oxygenation (ECMO),
such as short-term life support in patients with severe respiratory or heart failure refractory to conventional treatment, have
expanded considerably in the past 20 years.1 ECMO may be used
in acute respiratory distress syndrome (ARDS) and other forms of
potentially reversible respiratory failure as a bridge to recovery,
definitive surgical intervention,2 or transplantation.3 The use of
ECMO has also been described in the setting of serious respiratory
infections, such as those caused by influenza A (H1N1) virus4 and,
more recently, severe acute respiratory syndrome coronavirus type
2.5 However, scant data are available on its potential use in complications due to parasitic infections.6,7 We report the case of a patient
with a diagnosis of bilateral pulmonary hydatid cysts undergoing
antiparasitic treatment prior to surgery. One of the cysts ruptured,
and the patient required vital support with ECMO as a bridge to
definitive surgery.
The patient was a 21-year-old Peruvian man, allergic to metamizole and diazepam, with no toxic habits or medical history of
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interest, who attended the emergency department with a 3-day
history of cough and bloody expectoration, without any other
accompanying symptoms. On chest X-ray, 2 masses with welldefined edges were observed in both lower lobes, along with signs
of pulmonary hyperinflation (Fig. 1a). Chest computed tomography
showed 2 pulmonary cystic lesions: one measuring 10.5 × 9.8 cm
in the right lower lobe and the other measuring 6.2 × 6.1 cm in the
left lower lobe. Radiological findings were suggestive of uncomplicated pulmonary hydatid cysts. Blood tests were positive for
anti-Echinococcus granulosus antibodies, so we decided to start
antiparasitic treatment with albendazole (400 mg/12 h) and praziquantel (1200 mg/12 h) prior to surgery. The patient’s lung function
tests showed a restrictive ventilatory pattern.
While waiting for surgery, the patient spontaneously presented with pain in the left hemithorax and cough, followed by
expectoration of blood and a small amount of pus. Physical examination of the patient revealed tachypnea (>25 rpm), tachycardia
(>130 bpm), hypotension (103/57 mmHg), and SatO2 92% with
oxygen supply via nasal prongs at 2 L per minute. The laboratory tests showed leukocytosis 11,420/L, with 6.2% eosinophils
and CRP of 4.36 mg/dL. Chest X-ray showed an air-fluid level
in the basal region of the left hemithorax consistent with complicated hydatid cyst communicating with the airway (Fig.1B).
Within a few hours, the patient presented generalized deterioration and acute respiratory failure and required admission to
the intensive care unit (ICU) and urgent orotracheal intubation.
Despite protective pulmonary ventilation, the patient worsened
progressively with respiratory acidosis, hypercapnia 70 mmHg,
Pao2 /FiO2 < 100 mmHg, severe ventilation difficulty, and a tendency toward arterial hypotension. Given the persistence of the
poor respiratory condition consistent with ARDS caused by rupture
of the left hydatid cyst, we decided to administer support therapy
with veno-venous ECMO (Fig. 1c). The patient received empirical antibiotic treatment with piperacillin/tazobactam and linezolid,
and the microbiological cultures carried out ruled out bacterial
superinfection. After hemodynamic and respiratory stabilization
of the patient was achieved, his subsequent progress was satisfactory, with decreased ventilatory and ECMO support. ECMO was
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