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Summary

Clinical characteristics
Cystic fibrosis (CF) is a multisystem disease affecting epithelia of the respiratory tract, exocrine pancreas, 
intestine, hepatobiliary system, and exocrine sweat glands. Morbidities include recurrent sinusitis and 
bronchitis, progressive obstructive pulmonary disease with bronchiectasis, exocrine pancreatic deficiency and 
malnutrition, pancreatitis, gastrointestinal manifestations (meconium ileus, rectal prolapse, distal intestinal 
obstructive syndrome), liver disease, diabetes, male infertility due to hypoplasia or aplasia of the vas deferens, 
and reduced fertility or infertility in some women. Pulmonary disease is the major cause of morbidity and 
mortality in CF.

Diagnosis/testing
The diagnosis of CF is established in a proband with:

• Elevated immunoreactive trypsinogen on newborn screen, signs and/or symptoms suggestive of CF, or 
family history of CF; AND

• Evidence of an abnormality in cystic fibrosis transmembrane conductance regulator (CFTR) function: 
sweat chloride ≥60 mmol/L on sweat chloride testing, biallelic CFTR CF-causing pathogenic variants, or 
nasal transmembrane epithelial potential difference measurement consistent with CF.

Management
Treatment – targeted therapy: CFTR modulator therapy is available for individuals with responsive CFTR 
variants.

Treatment – supportive care: Newborns: management by a CF specialist or CF care center; airway clearance 
instruction; encouraging feeding with breast milk; routine vaccinations; contact precautions with every 
encounter; antibiotics for bacterial suppression and treatment; nutrition management; pancreatic enzyme 
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replacement; nutrient-dense food and supplements; fat-soluble vitamin supplements; laxative treatment as 
needed with surgical management for bowel obstruction; and salt and water supplementation.

After the newborn period: airway clearance; pulmonary treatment (bronchodilator, hypertonic saline, dornase 
alfa, airway clearance, inhaled corticosteroids and/or long-acting beta agonist, and aerosolized antibiotic); 
standard treatments for pneumothorax or hemoptysis; double lung transplant for those with advanced lung 
disease; routine vaccinations including influenza; contact precautions; antibiotics for bacterial suppression and 
treatment; antibiotics and/or surgical intervention for nasal/sinus symptoms; nutrition management; pancreatic 
enzyme replacement; nutrient-dense food and supplements; fat-soluble vitamin supplements; laxative treatment 
as needed with surgical management for bowel obstruction; standard treatments for gastroesophageal reflux 
disease; oral ursodiol for biliary sludging/obstruction; liver transplant when indicated; management of CF-
related diabetes mellitus by an endocrinologist; assisted reproductive technologies (ART) for infertility; salt and 
water supplementation; standard treatments for associated mental health issues.

Surveillance: Frequent assessment by a CF specialist to monitor for new or worsening manifestations; pulmonary 
function testing frequently after age five years; chest x-ray or chest CT examination to assess for bronchiectasis 
every two years or as needed; cultures of respiratory tract secretions at least every three months; non-
tuberculosis mycobacterium culture and serum IgE annually or as indicated; annual CBC with differential; 
annual ENT assessment; monitoring growth and GI manifestations at each visit; fecal elastase as needed; annual 
serum vitamin A, D, E, and PT (as a marker of vitamin K); annual liver function tests; annual random glucose, 
annual two-hour glucose tolerance test beginning at age ten years; DXA scan as needed in adolescence; 
infertility assessment as needed; annual electrolytes, BUN, and creatinine; annual assessment of depression and 
anxiety.

Agents/circumstances to avoid: Environmental smoke, exposure to respiratory infections, dehydration.

Evaluation of relatives at risk: Molecular genetic testing of at-risk sibs (if the pathogenic variants in the family are 
known) or sweat chloride testing of at-risk sibs (if the pathogenic variants in the family are not known) to 
identify as early as possible those who should be referred to a CF center for initiation of early treatment.

Genetic counseling
CF is inherited in an autosomal recessive manner. If both parents are known to be heterozygous for a CFTR 
pathogenic variant, each sib of an affected individual has at conception a 25% chance of being affected, a 50% 
chance of being heterozygous, and a 25% chance of inheriting neither of the familial pathogenic variants. Once 
the CFTR pathogenic variants have been identified in an affected family member, targeted heterozygote testing 
for at-risk relatives and prenatal/preimplantation genetic testing for CF are possible.

Diagnosis
Consensus clinical diagnostic criteria for cystic fibrosis (CF) have been established [Farrell et al 2017a, Farrell et 
al 2017b, Sosnay et al 2017].

Suggestive Findings
Scenario 1: Abnormal newborn screening (NBS) result

• NBS for CF is based on quantification of immunoreactive trypsinogen (IRT) and subsequent molecular 
testing including either CFTR targeted analysis or sequence analysis on dried blood spots.

• Elevated IRT values with or without the presence of CFTR pathogenic variants are considered out of range 
and require diagnostic sweat chloride testing.
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Scenario 2: Symptomatic individual not diagnosed during the newborn period. NBS was not universal in the 
United States until 2010; individuals not diagnosed following NBS may have: (1) been born prior to NBS 
implementation; (2) not had NBS for other reasons; (3) had a false negative NBS result; or (4) had caregivers 
who did not follow up with recommended diagnostic testing after abnormal NBS.

Suggestive clinical and laboratory findings in symptomatic individuals include:

• Clinical findings [Rosenfeld et al 2016]
⚬ Sinopulmonary: chronic wet or productive cough, recurrent pneumonia, bronchiectasis, nasal 

polyposis
⚬ Musculoskeletal: digital clubbing
⚬ Infectious: respiratory infection with Pseudomonas aeruginosa or other atypical gram-negative 

organisms, allergic bronchopulmonary aspergillosis
⚬ Nutritional/metabolic: poor weight gain, growth deficiency
⚬ Pancreatic: exocrine pancreatic insufficiency, recurrent pancreatitis
⚬ Intestinal: meconium ileus, rectal prolapse, distal intestinal obstructive syndrome, steatorrhea
⚬ Hepatic: protracted neonatal jaundice, biliary cirrhosis
⚬ Genitourinary: obstructive azoospermia

• Laboratory findings
⚬ Hyponatremia, hypochloremia, hypokalemia, hypoproteinemia, chronic metabolic alkalosis
⚬ Deficiency of fat-soluble vitamins (vitamins A, D, E, and K)

Establishing the Diagnosis
The diagnosis of CF is established in a proband with one of the following:

• Positive newborn screen (NBS) for CF (elevated immunoreactive trypsinogen [IRT])
• Signs and/or symptoms suggestive of CF (See Suggestive Findings.)
• Family history of CF in a first-degree relative (typically a sib)

AND one of the following:

• Elevated sweat chloride value ≥60 mmol/L on sweat chloride testing
• Identification of biallelic CFTR CF-causing pathogenic (or likely pathogenic) variants on molecular 

genetic testing
• Nasal transmembrane epithelial potential difference measurement consistent with CF (See Nasal 

Transmembrane Epithelial Potential Difference.)

Note: (1) A sweat chloride value ≥60 mmol/L establishes the diagnosis; however, an intermediate sweat chloride 
of 30-59 mmol/L should prompt further evaluation with a CF specialist. (2) Per ACMG/AMP variant 
interpretation guidelines, the terms "pathogenic variants" and "likely pathogenic variants" are synonymous in a 
clinical setting, meaning that both are considered diagnostic, and both can be used for clinical decision making 
[Richards et al 2015]. Reference to "pathogenic variants" in this section is understood to include any likely 
pathogenic variants. (3) Identification of biallelic CFTR variants of uncertain significance (or of one known CF-
causing CFTR variant and one CFTR variant of uncertain significance) does not establish or rule out the 
diagnosis (see Nasal Transmembrane Epithelial Potential Difference).

Newborn Screening (NBS)
NBS for CF has been universal in the United States since 2010; IRT is measured in a blood sample in all 
newborns born in the US. Infants with CF have increased IRT levels as a result of inspissated secretions in 
pancreatic ducts leading to an increase of trypsinogen in the blood. Further testing for newborns with elevated 
IRT varies by state NBS program; follow-up testing may include a second IRT, targeted DNA analysis for 
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common CF-causing CFTR variant(s), or sequence analysis of CFTR. Infants with an elevated IRT should have a 
sweat chloride test [Rosenfeld et al 2016].

Sweat Chloride Testing
Sweat chloride testing, the gold standard for diagnosis of CF, requires appropriate techniques; within the US, it 
should be performed at a center accredited by the CF Foundation [LeGrys et al 2007]. Sweat chloride testing in 
an infant with an elevated IRT should be completed before 28 days of life to ensure prompt treatment of affected 
infants. A normal sweat chloride is <30 mmol/L; an intermediate sweat chloride is 30-59 mmol/L; an elevated 
sweat chloride diagnostic of CF is ≥60 mml/L.

Molecular Genetic Testing
Approaches include single-gene testing and use of a multigene panel:

• Single-gene testing. Sequence analysis of CFTR is performed first to detect small intragenic deletions/
insertions and missense, nonsense, and splice site variants. Note: Depending on the sequencing method 
used, single-exon, multiexon, or whole-gene deletions/duplications may not be detected. If only one or no 
CF-causing variant is detected by the sequencing method used, the next step is to perform gene-targeted 
deletion/duplication analysis to detect exon and whole-gene deletions or duplications.
Note: Targeted analysis for pathogenic variants can be performed first in individuals of Amish, Ashkenazi 
Jewish, Faroe Islander, Hutterite, or Zuni ancestry (see Table 7).

• A multigene panel that includes CFTR and other genes of interest (see Differential Diagnosis) may also be 
considered. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing used for 
each gene vary by laboratory and are likely to change over time. (2) Some multigene panels may include 
genes not associated with the condition discussed in this GeneReview; thus, clinicians need to determine 
which multigene panel is most likely to identify the genetic cause of the condition while limiting 
identification of variants of uncertain significance and pathogenic variants in genes that do not explain the 
underlying phenotype. (3) Methods used in a panel may include sequence analysis, deletion/duplication 
analysis, and/or other non-sequencing-based tests.
For an introduction to multigene panels click here. More detailed information for clinicians ordering 
genetic tests can be found here.

Table 1. Molecular Genetic Testing Used in Cystic Fibrosis

Gene 1 Method Proportion of Pathogenic Variants 2 

Detectable by Method

CFTR
Sequence analysis 3 97%-98% 4

Gene-targeted deletion/duplication 
analysis 5 ≤2%-3% 4

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Lucarelli et al [2016] and data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson et 
al 2020]
5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
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Nasal Transmembrane Epithelial Potential Difference (NPD)
NPD provides an indirect measurement of CFTR function in nasal epithelium. Currently, NPD is only 
performed in specialized testing centers [Sermet-Gaudelus et al 2010]. An abnormal NPD can establish the 
diagnosis in individuals with inconclusive sweat chloride and/or molecular genetic testing.

Clinical Characteristics

Clinical Description
Cystic fibrosis (CF) affects the epithelia in several organs resulting in a complex, multisystem disease primarily 
involving the respiratory, gastrointestinal, genitourinary, and endocrine systems and the sweat glands.

Table 2. Cystic Fibrosis: Frequency of Select Features

Feature % of Persons w/Feature 1 Comments

Lung disease 100%

Chronic sinus disease ~38%

Pancreatic insufficiency ~85%

Pancreatitis ~1% More common in persons w/PS CFTR variants

Liver disease ~6%-8%

Diabetes 18%

Depression &/or anxiety ~15%

CF = cystic fibrosis; PS = pancreatic sufficient
1. Cystic Fibrosis Foundation Patient Registry [2020]

Respiratory
Pulmonary. Lung disease is the major cause of morbidity and mortality in people with CF. Without adequate ion 
transport out of the respiratory epithelium via the cystic fibrosis transmembrane conductance regulator (CFTR) 
chloride channel, the airway surface layer is not well hydrated. The resulting thickened airway surface layer 
attracts bacteria; subsequent white blood cell reaction leads to bronchiectasis (an abnormal dilatation of the 
airways). Bronchiectasis may be detected in infants as early as age ten weeks [Sly et al 2013]. Allergic 
bronchopulmonary aspergillosis, caused by a hypersensitivity reaction to Aspergillus fumigatus, is monitored by 
testing of serum IgE. Additional complications from airway damage include hemoptysis and pneumothorax. 
Progression to severe lung disease occurs in many people with CF, in whom lung transplantation is a treatment 
option.

Infections. Specific to CF, gram-negative bacteria infections (e.g., Pseudomonas aeruginosa) are especially 
common. People with CF can also have infections from Staphylococcus aureus, methicillin-resistant 
Staphylococcus aureus (MRSA), Stenotrophomonas maltophilia, Alcaligenes xylosoxidans, Hemophilus influenzae, 
and other bacteria in their airways. Bacterial infections accelerate CF lung disease. When the bacterial load is 
elevated, pulmonary exacerbations occur, characterized by increased cough and sputum production, decreased 
lung function, and worsening overall clinical outcomes [Zemanick & Hoffman 2016]. Pulmonary exacerbations 
contribute to the decline in lung function over time [Waters et al 2012]. Transmission of bacteria between people 
with CF has been documented; thus, contact precautions should be used when treating all people with CF 
[Saiman et al 2014].

Otolaryngology. Many people with CF have nasal and sinus complications. Anatomic differences in individuals 
with CF (e.g., sinus hypoplasia, medial bowing of the lateral nasal wall, lower fovea ethmoidalis) and thickened 
nasal secretions lead to chronic rhinosinusitis and diffuse pansinusitis, both of which can affect quality of life. 
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Additionally, nasal polyps can lead to nasal obstruction. Hearing loss is more common in individuals with CF as 
a result of medication side effects (e.g., intravenous aminoglycosides) and is not directly related to disease 
pathophysiology.

Pancreatic
Exocrine pancreatic insufficiency. Inspissated secretions within the pancreatic ducts block passage of the 
pancreatic enzymes into the intestines, where they aid in nutrient digestion. Instead, the enzymes autodigest the 
pancreas, with ultimate interstitial fibrosis leading to pancreatic insufficiency (PI). As a result of inadequate 
absorption of protein and fat, the clinical manifestations of PI are steatorrhea, excessive gassiness, malnutrition, 
poor weight gain, and growth deficiency [Sathe & Freeman 2016].

Pancreatitis. Pancreatitis is more likely to occur in individuals with milder CFTR pathogenic variants classified 
as pancreatic sufficient (PS; 10.3%) versus individuals with pancreatic insufficient (PI; 0.5%) CFTR variants (see 
Genotype-Phenotype Correlations) [Sathe & Freeman 2016]. Pancreatitis can be a presenting feature of CF in 
both children and adults.

Gastrointestinal
Bowel manifestations. People with CF can have decreased stomach and bowel transit time, which can 
contribute to bowel blockage. In the newborn period, inspissated meconium may cause ileus, which often 
requires surgical intervention. After the newborn period, inspissated stool leads to primarily left-sided stool 
retention and constipation. Progression to intestinal obstruction syndrome may require significant laxative 
treatment or surgical intervention [Sathe & Freeman 2016]. Inspissated secretions may also lead to appendiceal 
obstruction, intussusception, and rectal prolapse. Celiac disease and inflammatory bowel disease have increased 
prevalence in individuals with CF; the incidence of gastrointestinal cancers is also elevated (23-fold increased 
lifetime risk) [Sathe & Freeman 2016, Hadjiliadis et al 2018].

Gastroesophageal reflux disease (GERD). People with CF have an increased incidence of GERD compared to 
those without CF. However, despite approximately 50% of children with CF having evidence of reflux on pH 
impedance evaluation, close to two thirds had no symptoms [Sathe & Freeman 2016].

Liver disease. CF-associated liver disease includes a wide range of hepatobiliary complications, from transient 
elevations in liver function tests to focal biliary cirrhosis. In those that develop cirrhotic liver disease, 
complications include esophageal and gastric varices with or without associated gastrointestinal bleeding, 
splenomegaly, hypersplenism, encephalopathy, and ascites; liver transplantation is needed in some individuals 
[Sathe & Freeman 2016]. Liver disease, both cirrhotic and noncirrhotic, occurs in 3.1% and 3.6%, respectively, 
and is the cause of mortality in 3.2% of individuals with CF [Cystic Fibrosis Foundation Patient Registry 2020].

Endocrine
Diabetes. Cystic fibrosis-related diabetes (CFRD) increases in prevalence with age; approximately 20% of 
adolescents and 50% of adults have CFRD [Moran et al 2009, Moran et al 2014]. CFRD is distinct from type 1 
and type 2 diabetes. Glucose metabolism in CFRD is impaired due to: a loss of islet cells leading to absence of 
insulin and glucagon; fluctuating insulin resistance secondary to inflammation; need for high caloric intake; gut 
abnormalities; altered intestinal motility; and liver disease [Moran et al 2014, Moran et al 2018].

Additional endocrine-related complications in individuals with CF include delayed puberty and delayed linear 
growth with reduced adult height [Blackman & Tangpricha 2016].

Musculoskeletal
Osteopenia and osteoporosis develop in individuals with CF as a result of multiple contributing factors (e.g., 
nutritional deficiencies, inflammation, altered sex steroids) [Blackman & Tangpricha 2016].
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Clubbing is apparent when the finger- and toenail beds become convex, leading to a "club"-shaped distal digit. 
Hypertrophic osteoarthropathy characterized by a combination of clubbing, increased periosteal reaction of 
tubular bones, arthralgia, and synovial effusions also occurs as a result of CF-related pulmonary disease.

Additional musculoskeletal manifestations include arthritis and thoracic postural defects (e.g., thoracic kyphosis, 
scoliosis) [Botton et al 2003].

Genitourinary
Fertility is altered in both men and women with CF.

Men with CF often have congenital bilateral absence of the vas deferens (CBAVD) [Yu et al 2012]. This 
congenital hypoplasia or aplasia usually occurs bilaterally but may occur unilaterally. When the vas deferens are 
absent, atrophic, or fibrotic, men will have obstructive severe oligospermia or azoospermia. CFTR has also been 
shown to play a role in spermatogenesis; reduced CFTR expression in men with CBAVD undergoing sperm 
retrieval has been associated with low sperm count and concentration, decreased motility, decreased bicarbonate 
sensitivity, and lower fertilization rates. However, most men with CF are infertile but not sterile because 
testicular development and spermatogenesis can be normal [Shteinberg et al 2021]. Based on this 
pathophysiology, men with CF are often still able to have biological children through assisted reproductive 
technology.

Women with CF are typically fertile. However, abnormal, pH imbalanced, and thickened cervical mucus 
contribute to reduced fertility and infertility in some women with CF [Shteinberg et al 2019, Jain et al 2022]. 
Women with severe illness, malnutrition, and reduced body mass index may be anovulatory [Shteinberg et al 
2021]. Until recent years, pregnancy rates in people with CF had remained relatively stable. With the 
introduction of highly effective CFTR modulator therapy, the rate of pregnancies has increased; more than 600 
pregnancies were reported in women with CF (ages 14 to 45 years) in 2020 and 2021, which was more than twice 
the pregnancies reported in 2019 [Cystic Fibrosis Foundation Patient Registry 2020, Cystic Fibrosis Foundation 
Patient Registry 2021].

Salt Loss Syndrome
People with CF are at increased risk for excessive sodium chloride loss across various epithelial surfaces. This is 
particularly true during infancy and during episodes of sweating, vomiting, or diarrhea. Infants are at increased 
risk during the transition from human milk or infant formulas to baby food because of the lack of added salt in 
commercially available baby foods. Because of increased salt losses, people with CF are at increased risk for 
developing hyponatremic, hypochloremic dehydration. Chronically depleted levels of total body sodium can 
lead to chronic metabolic alkalosis. Children, adolescents, and adults must monitor dietary salt intake 
particularly in hot and humid climates and during periods of increased sweating (e.g., physical exercise, illness).

Mental Health
Anxiety and depression are increasingly recognized as major complications of CF. Elevated levels of anxiety 
have been reported in as high as 22% of the adolescent population and 32% of the adult population, while 
depression has been reported in as high as 10% of the adolescent population and 19% of the adult population. 
These rates of increased depression and anxiety are two to three times higher than community samples [Quittner 
et al 2014].

Palliative care in CF focuses on reducing physical and emotional symptoms and improving quality of life 
[Kavalieratos et al 2021]. Palliative care occurs alongside usual treatments and is individualized according to the 
unique goals, hopes, and values of each person [Dellon et al 2018]. One specific area that palliative care can aid 
in improving the quality of life for people with CF is related to pain, since 60%-89% of children and adults in 
various studies have reported pain [Masson et al 2017].
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Prognosis
Among people with CF born between 2017 and 2021, the median predicted survival is to age 53 years – an 
increase of ten years compared to those born between 2012 and 2016 [Cystic Fibrosis Foundation Patient 
Registry 2021].

Heterozygotes
Individuals with bronchiectasis, allergic bronchopulmonary aspergillosis, asthma, chronic rhinosinusitis / nasal 
polyposis, atypical mycobacterial infections, and aquagenic palmoplantar keratoderma are more likely to be 
heterozygous for a CFTR pathogenic variant [Hsu et al 2013, Gamaletsou et al 2018, Raynal et al 2019, Çolak et 
al 2020, Izquierdo et al 2022]. Approximately 15% of individuals with acute recurrent pancreatitis (24/155 
individuals) or chronic pancreatitis (22/146 individuals) were heterozygous for a CFTR pathogenic variant 
[Kumar et al 2016].

Genotype-Phenotype Correlations
The Clinical and Functional Translation of CFTR website provides genotype-phenotype information for CFTR 
pathogenic variants including sweat chloride, lung function, pancreatic status, and pseudomonas infection rates.

The strongest genotype-phenotype correlations have been identified in the context of pancreatic function. The 
most common CFTR pathogenic variants have been classified as pancreatic sufficient (PS) or pancreatic 
insufficient (PI). Individuals who are PS usually have one or two PS alleles, indicating that PS alleles are 
dominant with respect to pancreatic phenotype [Rueda-Nieto et al 2022].

Beyond pancreatic function, genotype does not consistently predict phenotype. Pulmonary disease severity 
varies widely among individuals with identical genotypes (see Molecular Genetics, Genetic Modifiers).

CFTR pathogenic variants associated with protein trafficking, channel gating, and channel conductance have 
approved targeted therapies. See Table 5a and Jia & Taylor-Cousar [2023].

Prevalence
CF affects at least 100,000 individuals worldwide, with 40,000 individuals in the US [Guo et al 2022]. CF affects 
individuals of all ages, with more than 50% of people with CF in the US being older than age 18 years [Cystic 
Fibrosis Foundation Patient Registry 2020].

The incidence of CF is increased in several populations (e.g., Amish, Ashkenazi Jewish, Hutterite) due to the 
presence of pathogenic founder variants (see Table 7). However, CF occurs in individuals of all ethnicities.

Genetically Related (Allelic) Disorders
Cystic fibrosis-related metabolic syndrome / cystic fibrosis screen positive indeterminate diagnosis (CRMS/
CFSPID). The diagnosis of CRMS (in the US) and CFSPID (in Europe), now known as CRMS/CFSPID, is given 
to asymptomatic infants with an elevated trypsinogen on newborn screening and either [Barben et al 2021]:

• A normal sweat chloride (<30 mmol/L) and biallelic CFTR variants including at least one variant of 
uncertain significance; OR

• An intermediate sweat chloride (30-59 mmol/L) and heterozygous or no CF-causing CFTR variant(s) 
identified.

Individuals with CRMS/CFSPID need to be monitored for features of CF by a CF specialist, as some individuals 
will become symptomatic and/or develop an elevated sweat chloride test and require treatment for CF [Borowitz 
et al 2009a, Bombieri et al 2011, Ren et al 2017].
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CFTR-related disorders (CFTR-RD) include disorders associated with biallelic CFTR pathogenic variants but 
without additional clinical manifestations of CF.

• CFTR-related isolated congenital bilateral absence of the vas deferens (CFTR-CBAVD) is the most 
common CFTR-RD. Isolated CBAVD usually results from compound heterozygosity for a severe loss-of-
function CFTR variant with a non-CF-causing variant (e.g., c.1210-12T[5]) or two non-CF-causing 
variants (see Molecular Genetics, Genetic Modifiers). A small percentage of individuals diagnosed with 
isolated CFTR-CBAVD develop adult-onset respiratory or pancreatic disease [Cui et al 2020, Fedder et al 
2021, Cai & Li 2022].

• CFTR-related pancreatitis. Biallelic CFTR pathogenic variants have been identified in a minority of 
individuals with acute recurrent pancreatitis or chronic pancreatitis and no additional features of CF (see 
Pancreatitis Overview).

• CFTR-disseminated bronchiectasis. Bronchiectasis is an abnormal dilatation of the airways leading to 
recurrent infections, cough, and mucopurulent sputum. An increased incidence of CFTR pathogenic 
variants has been reported in individuals with bronchiectasis, especially c.1210-12T[5] (IVS8-5T). 
However, no specific CFTR variants appear to be more common in those with CFTR-disseminated 
bronchiectasis [Bombieri et al 2011].

Differential Diagnosis
Genetic disorders of interest in the differential diagnosis of cystic fibrosis (CF) are summarized in Table 3.

Table 3. Genetic Disorders in the Differential Diagnosis of Cystic Fibrosis

Gene(s) Disorder MOI Key Features Comment / Distinguishing 
Features

~45 genes incl:
CCDC39
CCDC40
CCDC103
DNAH5
DNAH11
DNAI1
ODAD2 (ARMC4)
ODAD3
(CCDC151)
SPAG1
ZMYND10

Primary ciliary dyskinesia 
(PCD)

See footnote 
1.

• Abnormal ciliary 
structure & function 
(→ retention of mucus 
& bacteria in 
respiratory tract) & 
abnormal flagellar 
structure (→ abnormal 
sperm motility);

• Respiratory distress in 
infancy; cough & 
sputum production w/
recurrent pneumonias 
that may progress to 
chronic bronchiectasis; 
Pseudomonas 
aeruginosa or other 
opportunistic bacterial 
pathogens; chronic 
sinus disease

• Situs inversus is present in 
50% of persons w/PCD.

• Steatorrhea & poor weight 
gain are not assoc w/PCD.

• 20%-30% of persons w/
well-characterized PCD do 
not have identifiable 
pathogenic variants in any 
known PCD-related genes.

BTK X-linked 
agammaglobulinemia (XLA) XL

• Recurrent bacterial 
infections in affected 
males in 1st 2 yrs of 
life – most commonly 
recurrent otitis media

• Conjunctivitis, 
sinopulmonary 
infections, diarrhea, & 
skin infections are also 
frequently seen.

Persons w/XLA are also prone to 
life-threatening infections (e.g., 
meningitis, sepsis, cellulitis, or 
septic arthritis) not specifically 
seen in CF.
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Table 3. continued from previous page.

Gene(s) Disorder MOI Key Features Comment / Distinguishing 
Features

C2 2
CARD11 3
CD19 4
CD81 5
CR2
(CD21) 6
CTLA4 7
CXCR4 8
ICOS 9
IKZF1 10

IL21 11

IRF2BP2 12

LRBA 13

MS4A1 14

NFKB1 15

NFKB2 16

PLCG2 17

PRKCD 18

SKIC3
(TTC37) 19

STAT3 20

TNFSF12 21

TNFRSF13B 22

TNFRSF13C 23

TRNT1 24

Common variable 
immunodeficiency

AD
AR

• Recurrent lung, sinus, 
& ear infection; 
recurrent lung 
infections can lead to 
chronic lung disease 
(bronchiectasis).

• Diarrhea & impaired 
nutrient absorption

Recurrent or chronic Giardia 
lamblia infection of small 
intestine; lymphadenopathy; 
splenomegaly; ↑ risk of cancer of 
lymphatic tissues & gastric cancer; 
granular inflammatory nodules 
w/in skin, lung spleen, & liver

CA12 Isolated hyperchlorhidrosis 
(OMIM 143860) AR ↑ sweat chloride levels, poor 

weight gain, growth deficiency

Can lead to severe infantile 
hyponatremic dehydration & 
hyperkalemia

DNAJC21 
EFL1 
SBDS 
SRP54

Shwachman-Diamond 
syndrome (SDS)

AR
AD 25

Exocrine pancreatic 
dysfunction w/malabsorption, 
malnutrition, & growth failure

SDS can be distinguished from CF 
by presence of hematologic 
abnormalities w/single- or 
multilineage cytopenias, 
susceptibility to MDS & AML, & 
skeletal abnormalities.

IL2RG X-linked severe combined 
immunodeficiency (X-SCID) XL

• Typical X-SCID: w/
universal NBS for 
SCID, common 
presentation is 
asymptomatic, 
healthy-appearing 
male infant.

• Atypical X-SCID: 
usually not detected by 
NBS; can manifest in 
1st yrs of life or later 
w/recurrent upper & 
lower respiratory tract 
infections w/
bronchiectasis

• Persons w/X-SCID are 
also prone to 
nonrespiratory infections 
(e.g., otitis media, 
cellulitis) not specifically 
assoc w/CF.

• Other features may incl, 
e.g., hepatosplenomegaly, 
lymphadenopathy, 
lymphopenia.
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Table 3. continued from previous page.

Gene(s) Disorder MOI Key Features Comment / Distinguishing 
Features

NR3C2 
SCNN1A 
SCNN1B 
SCNN1G

Pseudohypoaldosteronism 
type I (OMIM 177735 & 
264350)

AR
AD 26

• Defect in epithelia 
sodium channel or 
mineralcorticoid 
receptor protein

• ↑ sweat chloride in 
some persons

• Chronic bronchitis, 
bronchiectasis, 
recurrent pulmonary 
infections

Normal exocrine pancreatic 
function

AD = autosomal dominant; AML = acute myelogenous leukemia; AR = autosomal recessive; CF = cystic fibrosis; MDS = 
myelodysplasia syndrome; MOI = mode of inheritance; NBS = newborn screening; XL = X-linked
1. PCD is usually inherited in an autosomal recessive manner. PIH1D3-related PCD and OFD1-related PCD are inherited in an X-
linked manner. FOXJ1-related PCD is inherited in an autosomal dominant manner.
2. Seligmann et al [1979], Soto et al [2000]
3. Ma et al [2020]
4. van Zelm et al [2006], Kopecký & Lukesová [2007]
5. van Zelm et al [2010]
6. Thiel et al [2012]
7. Sun & Heimall [2019]
8. Hernandez et al [2003]
9. Salzer et al [2004], Abolhassani et al [2020]
10. Kuehn et al [2016]
11. Salzer et al [2014]
12. Keller et al [2016]
13. Charbonnier et al [2015], Ren et al [2021]
14. Kuijpers et al [2010]
15. Schipp et al [2016]
16. Aird et al [2019]
17. Bogaert et al [2016], Novice et al [2020]
18. Salzer et al [2013], de Valles-Ibáñez et al [2018]
19. Christiansen et al [2020]
20. Russell et al [2018]
21. Wang et al [2013]
22. Salzer et al [2005]
23. Warnatz et al [2009], Kermode et al [2022]
24. Bisgin et al [2021]
25. SDS caused by pathogenic variants in DNAJC21, EFL1, or SBDS is inherited in an autosomal recessive manner. SDS caused by 
pathogenic variants in SRP54 is inherited in an autosomal dominant manner.
26. Pseudohypoaldosteronism caused by pathogenic variants in SCNN1A, SCNN1B, or SCCN1G is inherited in an autosomal recessive 
manner. Pseudohypoaldosteronism caused by pathogenic variants in NR3C2 is inherited in an autosomal dominant manner.

Other Disorders
Primary dysphagia with chronic descending tracheal aspiration and primary gastroesophageal reflux (GER) 
with or without ascending tracheal aspiration. Both conditions can cause chronic cough in infancy and may be 
associated with poor weight gain and growth deficiency. However, in infants with primary dysphagia or primary 
GER, the cough is often temporally associated with feedings; steatorrhea is not associated with primary 
dysphagia or primary GER.

Asthma. CF and asthma both present with chronic cough and persistent wheeze following respiratory viral 
infections, allergen exposure, or exertion. However, individuals with asthma typically improve on asthma 
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therapy, do not experience recurrent pneumonia, are not colonized with CF-related bacteria, have normal 
growth and weight gain, and do not have steatorrhea.

Congenital airway anomalies, like CF, can cause chronic cough and wheezing during infancy. Gastrointestinal 
or nutritional manifestations that are typically present in infants with CF are not seen in children with 
congenital airway anomalies.

Primary biliary atresia. Rarely, individuals with CF may present in infancy with symptoms of biliary 
obstruction without other clinically apparent GI or respiratory manifestations. Serum levels of immunoreactive 
trypsinogen and stool levels of elastase should be normal in infants with primary biliary atresia, whereas CF liver 
disease is invariably associated with evidence of pancreatic duct obstruction.

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in a newborn diagnosed with cystic fibrosis (CF), the evaluations 
summarized in Table 4a (if not performed as part of the evaluation that led to the diagnosis) are recommended. 
For those individuals diagnosed after the newborn period, the evaluations summarized in Table 4b are 
recommended [Borowitz et al 2009b, Lahiri et al 2016].

Table 4a. Recommended Evaluations Following Initial Diagnosis of Cystic Fibrosis in Newborn Period

System/Concern Evaluation Comment

General
• Assess growth (weight, length, head 

circumference).
• Refer to CF specialist.

Pancreatic Fecal elastase measurement Can be obtained while on pancreatic enzyme 
replacement therapy

Genetic counseling Genetic counseling by genetics professionals 1
To inform affected persons & families re nature, MOI, 
& implications of CF to facilitate medical & personal 
decision making 2

CF = cystic fibrosis; MOI = mode of inheritance
1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse
2. Langfelder-Schwind et al [2022]

Table 4b. Recommended Evaluations Following Initial Diagnosis of Cystic Fibrosis After the Newborn Period

System/Concern Evaluation Comment

General • Assess growth (weight, length, head circumference).
• Refer to CF specialist.

Pulmonary
• Pulmonary function testing
• Respiratory culture for CF-specific pathogens by expectorated 

sputum or deep oropharyngeal swab

Pancreatic

Assess fat-soluble vitamin levels (vitamins A, E, & D, & PT as a 
marker of vitamin K).

Fecal elastase Can be obtained while on pancreatic 
enzyme replacement therapy

Liver Liver function tests: AST, ALT, alk phos, GGT, bilirubin, albumin

Electrolytes / 
Salt loss Serum electrolytes, BUN, & creatinine
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Table 4b. continued from previous page.

System/Concern Evaluation Comment

Genetic 
counseling Genetic counseling by genetics professionals 1

To inform affected persons & families re 
nature, MOI, & implications of CF to 
facilitate medical & personal decision 
making 2

alk phos = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; BUN = blood urea nitrogen; CF = 
cystic fibrosis; GGT = gamma-glutamyl transferase; MOI = mode of inheritance; PT = prothrombin time
1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse
2. Langfelder-Schwind et al [2022]

Treatment of Manifestations

Targeted Therapy
There is no cure for CF. However, cystic fibrosis transmembrane conductance regulator (CFTR) modulator 
targeted therapy is available to mitigate manifestations (see Table 5a).

Table 5a. Targeted Therapy for Cystic Fibrosis

CFTR Modulator Therapy Indications 1

Ivacaftor In those age ≥4 mos w/at least 1 responsive CFTR pathogenic variant 2

Lumacaftor/ivacaftor In those age ≥1 yr & homozygous for p.Phe508del

Tezacaftor/ivacaftor In those age ≥6 yrs & homozygous for p.Phe508del

Elexacaftor/tezacaftor/ivacaftor In those age ≥6 yrs & heterozygous for p.Phe508del & a minimal function 
variant 3 or other known responsive pathogenic variant

CFTR = cystic fibrosis transmembrane conductance regulator
1. Ren et al [2018], Jia & Taylor-Cousar [2023]
2. CFTR variants that are responsive to ivacaftor include variants that result in a CFTR protein that reaches the cell surface but ion 
channel opening is impaired (i.e., gating pathogenic variants; see Genotype-Phenotype Correlations and Table 7).
3. Minimal function variants are CFTR pathogenic variants that result in little to no functional protein [Jia & Taylor-Cousar 2023].

Supportive Care
Supportive care to improve quality of life, maximize function, and reduce complications is recommended. This 
ideally involves multidisciplinary care by specialists in relevant fields (see Table 5b and Table 5c).

Table 5b. Treatment of Manifestations in a Newborn with Cystic Fibrosis

Manifestation/Concern Treatment Considerations/Other

General Refer to CF specialist / CF care center.

Pulmonary Teach parent/caregiver airway clearance (typically postural drainage & 
percussion) to aid in mucus clearance.

Infection

• Encourage feeding w/breast milk.
• Routine vaccinations

Use contact precautions (gown & gloves) for every encounter by every 
clinician.

Assume all people w/CF 
have transmissible bacteria.

• Antibiotics (oral, inhaled, or IV) for chronic suppression & to treat 
pulmonary exacerbations

• Treat identified bacteria in affected person & bacteria common in 
CF. 1

Eradication attempts are 
recommended for 
Pseudomonas aeruginosa. 2

Cystic Fibrosis 13



Table 5b. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Exocrine pancreatic 
insufficiency

• Consult nutritionist w/experience in CF.
• Pancreatic enzyme replacement therapy
• Nutrient-dense food & supplements
• Fat-soluble vitamin supplements

Meconium ileus & distal 
intestinal obstructive 
syndrome

• If obstructed, consult surgery for intervention.
• If not obstructed, treat w/laxatives.

Salt loss syndromes / 
Dehydration

• Salt supplementation
• Extra salt & water for hydration & salt loss in situations w/salt loss 

(e.g., ↑ heat/humidity, exercise)

CF = cystic fibrosis
1. Flume et al [2009a], Goetz & Singh [2016]
2. Mogayzel et al [2014]

Table 5c. Treatment of Manifestations in Individuals with Cystic Fibrosis

Manifestation/
Concern Treatment Considerations/Other

Pulmonary

Airway clearance to aid in mucus clearance 1

Chronic pulmonary medications to open airway, ↓ sputum 
viscosity, promote expectoration of secretions, & deliver anti-
inflammatory & antimicrobial medications 2

Recommended sequence for inhaled 
medications:

• Bronchodilator
• Hypertonic saline
• Dornase alfa
• Airway clearance
• Inhaled corticosteroids &/or long-

acting beta agonist (for select persons)
• Aerosolized antibiotic

Standard treatments for pneumothorax or hemoptysis 3

Consider double lung transplant for those w/advanced lung 
disease. 4

Infection

Routine childhood vaccinations incl annual influenza vaccine

Use contact precautions (gown & gloves) for every encounter by 
every clinician.

Assume all people w/CF have transmissible 
bacteria.

• Antibiotics (oral, inhaled, or IV) for chronic suppression 
& to treat pulmonary exacerbations

• Treat identified bacteria in affected persons & bacteria 
common in CF. 5

Eradication attempts are recommended for 
Pseudomonas aeruginosa. 6

ENT

• Standard treatments for rhinosinusitis
• Referral to ENT specialist w/CF experience as needed
• Sinus surgery as needed to widen ostia &/or clear 

impacted secretions
• Polypectomy as needed for obstructive nasal polyps

If needed, evaluate w/sinus CT; but often 
reserved for pre-surgical planning or 
unresolved symptoms despite maximal 
therapy.

Exocrine 
pancreatic 
insufficiency

• Consult w/nutritionist w/experience in CF.
• Pancreatic enzyme replacement therapy
• Nutrient-dense food & supplements
• Fat-soluble vitamin supplements

• Consider zinc supplementations.
• Consider gastrostomy tube. 7
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Table 5c. continued from previous page.

Manifestation/
Concern Treatment Considerations/Other

Distal intestinal 
obstructive 
syndrome

• If obstructed, consult w/surgeon for intervention.
• If not obstructed, use laxatives. 8

Gastroesophageal 
reflux disease Standard treatments

Liver disease
• Persistent elevations in liver function tests are treated w/

ursodiol. 9
• Refer to hepatologist w/CF experience.

May progress to need for liver transplant.

Diabetes (CFRD) • Refer to endocrinologist familiar w/CFRD.
• Treat CFRD w/glucose monitoring & insulin therapy. 10

Infertility

• Counseling regarding partner testing & preimplantation 
genetic testing

• ART, sperm donation, surrogacy, & adoption

Invasive procedures & cost of aspiration/
extraction followed by IVF may be prohibitive 
for many. 11

Males:

• Ultrasound to assess for absence of vas deferens
• ART involves eval by urologist. 2 techniques are widely 

used: microsurgical epididymal sperm aspiration or 
testicular biopsy & sperm extraction.

• Once sperm is obtained, IVF w/intracytoplasmic sperm 
injection is necessary as sperm counts & concentration 
are often too low for intrauterine insemination. 11

Female partners of men w/CF will also need to 
undergo medical procedures assoc w/IVF 
regardless of underlying fertility status.

Females:

• ↓ fertility or infertility can be treated by several options 
available through ART. 12 There are no currently 
established guidelines as to which modality should be 
used.

• While intrauterine insemination combined w/
gonadotropin ovulation induction can be used, IVF is 
more co mmonly used. 11

IVF offers ability of preimplantation genetic 
testing.

Salt loss 
syndromes / 
Dehydration

• Salt supplementation
• Extra salt & water for hydration & salt loss in situations 

w/salt loss (e.g., ↑ heat/humidity, exercise)
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Table 5c. continued from previous page.

Manifestation/
Concern Treatment Considerations/Other

Mental health Standard treatments using age-appropriate psychotherapy & 
pharmacotherapy 13

ART = assisted reproductive technology; CF = cystic fibrosis; CFRD = cystic fibrosis-related diabetes; GERD = gastroesophageal reflux 
disease; IVF = in vitro fertilization
1. Flume et al [2009b]
2. Flume et al [2007], Mogayzel et al [2013]
3. Flume et al [2010]
4. Ramos et al [2019], Kapnadak et al [2020]
5. Flume et al [2009a], Goetz & Singh [2016]
6. Mogayzel et al [2014]
7. Schwarzenberg et al [2016], Turck et al [2016], McDonald et al [2021]
8. Colombo et al [2011]
9. Cheng et al [2017]
10. Moran et al [2014]
11. Shteinberg et al [2021].
12. Shteinberg et al [2021], Jain et al [2022]
13. Quittner et al [2016]

Surveillance
To monitor existing manifestations, the individual's response to targeted therapy and supportive care, and the 
emergence of new manifestations, partnership with a CF specialist is critical in addition to the following 
recommended surveillance.

Table 6. Recommended Surveillance in Individuals with Cystic Fibrosis

System/Concern Evaluation Frequency

General Clinical assessment w/CF specialist to assess for new 
&/or worsening manifestations

• Monthly until age 6 mos
• Every 2 mos from age 6-24 mos
• Every 3 mos beginning at age 2 yrs
• More frequently as indicated

Pulmonary

Pulmonary function tests (PFTs) PFTs are done frequently after age 5 yrs to 
monitor disease status.

Chest x-ray or chest CT to assess for bronchiectasis Every 2 yrs or as needed

Respiratory culture for CF-specific pathogens: 
expectorated sputum or deep oropharyngeal swab At least every 3 mos

• Non-tuberculosis mycobacterium culture
• Serum IgE to assess for allergic 

bronchopulmonary aspergillosis 1
Annually & as indicated w/worsening 
pulmonary disease

Bronchoscopy w/bronchoalveolar lavage
If recommended by pulmonologist; used to 
evaluate lower airway microbiology & 
inflammation

Infection CBC w/differential Annually & as indicated

ENT Assess for clinical signs/symptoms of rhinosinusitis or 
polyps. Routine imaging not indicated
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Table 6. continued from previous page.

System/Concern Evaluation Frequency

Pancreatic 
disease

Assess anthropometrics using percentiles or Z-scores:

• Weight & height
• Weight for length (in those age <2 yrs)
• BMI (in those age ≥2 yrs)

At each visit

Fecal elastase If change in signs/symptoms develop

Serum vitamin A, D, & E, PT (as a marker of vitamin 
K) Annually & as indicated

Gastrointestinal 
manifestations

Assess for signs/symptoms of GI concerns. At each visit

Colon cancer screening Per standard population screening schedule 
in adults 2

Liver disease

Liver function tests (AST, ALT, alk phos, GGT, 
bilirubin, albumin) Annually

Liver ultrasound w/doppler & if available elastography
Only if evidence of persistent elevation in 
liver function tests for >6 mos or other signs/
symptoms of liver disease

Diabetes (CFRD)

Random blood glucose measurement Annually

2-hour oral glucose tolerance test (fasting serum 
glucose, glucose load, & 2-hour serum level)

• Annually beginning at age 10 yrs
• Note: Hgb A1C & fructosamine are 

not indicated in CF.

Osteopenia/ 
Osteoporosis DXA to assess bone mineral density In adolescence if risk factors present 3

Infertility

Males: evaluation by urologist for congenital absence 
of vas deferens

As needed in men of childbearing age, based 
on preference & family planning

Males & females: counseling on importance of safe & 
protected sexual practices

Salt loss & 
hydration status Serum electrolytes, BUN, & creatinine Annually & as indicated

Depression & anxiety Assess using PHQ-9 & GAD-7 scales. Annually 4

alk phos = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; BMI = body mass index; BUN = 
blood urea nitrogen; CBC = complete blood count; CF = cystic fibrosis; CFRD = cystic fibrosis-related diabetes; DXA = dual-energy x-
ray absorptiometry; GAD-7 = General Anxiety Disorder-7; GGT = gamma-glutamyl transferase; PHQ-9 = Patient Health 
Questionnaire-9; PT = prothrombin time
1. Stevens et al [2003]
2. Hadjiliadis et al [2018]
3. Aris et al [2005]
4. Quittner et al [2016]

Agents/Circumstances to Avoid
Avoid the following:

• Environmental smoke
• Exposure to respiratory infections
• Dehydration
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Evaluation of Relatives at Risk
It is appropriate to evaluate apparently asymptomatic older and younger sibs of a proband and at-risk relatives to 
identify as early as possible those who should be referred to a CF center for initiation of treatment.

Evaluations can include the following:

• If the pathogenic variants in the family are known, molecular genetic testing can be used to clarify the 
genetic status of at-risk sibs.

• If the pathogenic variants in the family are not known, sweat chloride testing can be used to clarify the 
disease status of at-risk sibs.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Pregnancy Management
Women with CF tolerate pregnancy well. Key factors for an optimal pregnancy include nutrition management, 
pulmonary clearance treatments, aggressive management of infections, and treatment by a multidisciplinary care 
team, especially in women with mild-to-moderate disease [Shteinberg et al 2021]. In all studies published to 
date, the most important predictors of pregnancy outcome are the severity of maternal pulmonary impairment 
and nutritional status. Women with more severe disease, such as cystic fibrosis-related diabetes (CFRD) and 
poor pulmonary function (FEV1 <50% predicted) should undergo pregnancy with caution [Taylor-Cousar 
2020]. Increased rates of pulmonary exacerbations can be observed, and deterioration during pregnancy may 
precipitate preterm delivery [Shteinberg et al 2021]. Additionally, case reports of women with Burkholderia 
cepacia have been associated with more rapid rates of lung function decline during pregnancy [Jain et al 2022]. 
Pregnancy is not associated with long-term negative effects on pulmonary and nutritional outcomes or an 
increased risk of death [Schechter et al 2013, Taylor-Cousar 2020].

Preconception

• Females with CF of reproductive age should receive preconception counseling and take steps to optimize 
health prior to pregnancy.

• Maternal and fetal complications are high in women with CF who have received lung transplantation. 
Open and extensive discussions should be held between the transplant recipient and her care team prior to 
conception [Jain et al 2022].

• As in pregnancies of women with other forms of diabetes mellitus, fetal outcome is optimized when 
glycemic control is achieved prior to pregnancy.

During pregnancy

• The management of pregnancy and the immediate postpartum period for a woman with CF requires a 
maternal fetal medicine specialist, CF pulmonologist, dietician, and other members of the CF team [Jain et 
al 2022].

• Special attention should also be paid to supplementation of the fat-soluble vitamin A during pregnancy, as 
supratherapeutic levels may be teratogenic. Iron and folate supplementation recommendations in 
pregnant women with CF are similar to those in women without CF [Jain et al 2022].

• While there are no concerning signals in animal reproductive models for CFTR modulator therapy, 
human data are currently limited to case reports and physician surveys [Nash et al 2020, Taylor-Cousar 
2020]. Risks and benefits of continuing CFTR modulator therapy during pregnancy should be discussed 
with a CF specialist [Taylor-Cousar 2020]. The multicenter prospective observational study entitled 
Maternal and Fetal Outcomes in the Era of Modulators (MAYFLOWERS; NCT04828382) is currently 
enrolling subjects to further address the effect of CFTR modulators on pregnancy and postpartum 
outcomes.
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• Maternal nutritional status and weight gain should be monitored and optimized aggressively, and 
pulmonary exacerbations should be treated early.

• Gestational diabetes is common in pregnancies of women with CF. Traditional screening paradigms for 
gestational diabetes mellitus may not be useful in pregnancies of women with CF; therefore, screening at 
each trimester of pregnancy has been suggested to improve the detection of diabetes mellitus [Jain et al 
2022]. Insulin is the first-line agent for glycemic control in CFRD and in gestational diabetes in women 
with CF [Jain et al 2022].

Delivery

• Mode of delivery is based on usual obstetric indications, with vaginal delivery being the most common 
mode of delivery in women with CF [Shteinberg et al 2021].

• During the postpartum period, it is important to support early mobilization and maintain good airway 
clearance practices, which can continue to be challenging with the demands of childcare [Taylor-Cousar 
2020, Shteinberg et al 2021]. Adequate pain management and airway clearance must also be a focus for 
women who deliver by cæsarean section.

Breastfeeding

• Review medications for risk of transfer in breast milk. Most medications used in the long-term 
management of CF are considered safe. The major exceptions to this are immunosuppressants 
(importantly, in transplant recipients), azoles, and tetracyclines. Animal reproductive models have shown 
the presence of modulators in the breast milk of lactating animals [Taylor-Cousar 2020].

• Women with CF will need to consider the choice of breastfeeding based on the ability to maintain weight 
in the face of the high caloric demands associated with breastfeeding and the need to resume medications 
that may be transferred to the infant through breast milk [Taylor-Cousar 2020].

Therapies Under Investigation
Therapeutic interventions for CF are continually evolving (see cff.org). Restoration of CFTR function continues 
to advance with improved modulators and gene therapy. Modulator therapy studies include using approved 
medications in individuals of younger ages and testing new modulators, once-daily dosing, and new 
combination therapies.

Therapies under study that focus specifically on the approximately 10% of individuals who are not eligible for 
current therapy due to nonsense or rare variants that do not produce any CFTR protein include read-through 
agents and gene therapy. Read-through agents are particularly interesting as a treatment for those with nonsense 
variants. Gene therapy is an area of active research, ranging from DNA based (both integrating and 
nonintegrating), RNA therapy, gene editing (such as CRISPR), and antisense oligonucleotide therapy.

The Infection Research Initiative from the Cystic Fibrosis Foundation is investigating a range of topics, including 
understanding CF-specific microorganisms, improving diagnosis and detection, optimizing current treatment, 
developing new antimicrobials, and evaluating the long-term effects of antimicrobial use. One exciting area of 
infection research related to bacteriophage therapy is the use of viruses to target difficult-to-treat bacteria.

Many other areas of CF research are also under way, such as mucociliary clearance modalities, anti-
inflammatory agents, and nutritional treatments.

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions.
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Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
Cystic fibrosis (CF) is inherited in an autosomal recessive manner.

Risk to Family Members of a Proband with CF
Parents of a proband

• The parents of an affected individual are presumed to be heterozygous for a CFTR pathogenic variant.
• Molecular genetic testing is recommended for the parents of the proband to confirm that both parents are 

heterozygous for a CFTR pathogenic variant and to allow reliable recurrence risk assessment.
• If a pathogenic variant is detected in only one parent and parental identity testing has confirmed 

biological maternity and paternity, it is possible that one of the pathogenic variants identified in the 
proband occurred as a de novo event in the proband or as a postzygotic de novo event in a mosaic parent 
[Jónsson et al 2017]. If the proband appears to have homozygous pathogenic variants (i.e., the same two 
pathogenic variants), additional possibilities to consider include:
⚬ A single- or multiexon deletion in the proband not detected by sequence analysis that resulted in the 

artifactual appearance of homozygosity;
⚬ Uniparental isodisomy for the parental chromosome with the pathogenic variant that resulted in 

homozygosity for the pathogenic variant in the proband.
• Heterozygotes are at increased risk for bronchiectasis, allergic bronchopulmonary aspergillosis, asthma, 

chronic rhinosinusitis / nasal polyposis, aquagenic palmoplantar keratoderma, acute recurrent 
pancreatitis, chronic pancreatitis, atypical mycobacterial infections, and bronchiectasis [Hsu et al 2013, 
Gamaletsou et al 2018, Raynal et al 2019, Çolak et al 2020, Izquierdo et al 2022, Polgreen & Comellas 
2022]. (See Clinical Description, Heterozygotes.)

Sibs of a proband

• If both parents are known to be heterozygous for a CFTR pathogenic variant, each sib of an affected 
individual has at conception a 25% chance of being affected, a 50% chance of being heterozygous, and a 
25% chance of inheriting neither of the familial pathogenic variants.

• Heterozygotes are at increased risk for bronchiectasis, allergic bronchopulmonary aspergillosis, asthma, 
chronic rhinosinusitis / nasal polyposis, aquagenic palmoplantar keratoderma, acute recurrent 
pancreatitis, chronic pancreatitis, atypical mycobacterial infections, and bronchiectasis [Hsu et al 2013, 
Gamaletsou et al 2018, Raynal et al 2019, Çolak et al 2020, Izquierdo et al 2022, Polgreen & Comellas 
2022]. (See Clinical Description, Heterozygotes.)

Offspring of a proband

• An individual with CF will transmit a CFTR pathogenic variant to all offspring. The risk that offspring will 
inherit a second CFTR pathogenic variant depends on the genetic status of the reproductive partner.

• If the reproductive partner of a proband is heterozygous for a CFTR pathogenic variant, offspring are at a 
50% risk of being affected and a 50% risk of being heterozygous.
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• It is appropriate to offer carrier testing to the reproductive partner of an individual with CF (see 
Population Screening).
Note: While CF occurs in individuals of all ethnicities, the incidence of CF is increased in several 
populations (e.g., Amish, Ashkenazi Jewish, Hutterite) due to the presence of pathogenic founder variants 
(see Table 7).

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a CFTR 
pathogenic variant.

Heterozygote Detection
Targeted heterozygote testing for at-risk relatives requires prior identification of the CFTR pathogenic variants in 
the family.

Related Genetic Counseling Issues
See Management, Evaluation of Relatives at Risk for information on testing at-risk relatives for the purpose of 
early diagnosis and treatment.

Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of carrier testing, potential risks to 
offspring, and reproductive options) to young adults who are affected, are carriers (heterozygotes), or are 
at risk of being carriers.

• Females with CF of reproductive age should receive preconception counseling and take steps to optimize 
health prior to pregnancy (see Pregnancy Management).

DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic 
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from 
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is 
unknown). For more information, see Huang et al [2022].

Population Screening
Carrier screening for CF is offered to all women who are pregnant.

Per NSGC Practice Guidelines, carrier (heterozygote) testing for CF should also be offered preconceptionally to 
women of all ancestries who are of reproductive age, to the reproductive partners of individuals who are 
heterozygous for a CFTR pathogenic variant or who are affected with CF, and to family members of an 
individual with CF.

A core panel of 23 CFTR pathogenic variants has been recommended by the ACMG for pan ethnic targeted 
carrier screening. Comprehensive CF testing can also be considered for pan ethnic carrier screening, particularly 
for individuals of non-northern European descent [Deignan et al 2020].

Prenatal Testing and Preimplantation Genetic Testing
High-risk pregnancies. Once the CFTR pathogenic variants have been identified in an affected family member, 
prenatal and preimplantation genetic testing for CF are possible [Kessels et al 2020].

Note: Noninvasive prenatal testing for CF is also becoming more common.
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Low-risk pregnancies. The finding of fetal echogenic bowel and/or intestinal loop dilatation and 
nonvisualization of the fetal gallbladder (NVFGB) on ultrasound examination is associated with an increased 
risk for CF in a pregnancy previously not known to be at increased risk for CF. The risk for CF ranges from 0.5% 
to 9.9% in fetuses with hyperechogenic bowel [Ameratunga et al 2012, Masini et al 2018, D'Amico et al 2021]. 
Fetuses with NVFGB and associated anomalies have a 16-fold higher risk for CF [Di Pasquo et al 2019]. In this 
situation, genetic counseling of the parents regarding the risk for CF is appropriate, followed by CFTR molecular 
genetic testing of the parents and/or the fetus, depending on the gestational age of the pregnancy and the 
decision of the parents.

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• Cystic Fibrosis Canada
Canada
Phone: 800-378-2233
www.cysticfibrosis.ca

• Cystic Fibrosis Foundation
Phone: 800-344-4823; 301-951-4422
Email: info@cff.org
www.cff.org

• Genetic Disorders of Mucociliary Clearance Consortium
www1.rarediseasesnetwork.org/cms/gdmcc

• MedlinePlus
Cystic Fibrosis

• Newborn Screening in Your State
Health Resources & Services Administration
www.newbornscreening.hrsa.gov/your-state

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. Cystic Fibrosis: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar
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Table A. continued from previous page.

CFTR 7q31.2 Cystic fibrosis 
transmembrane 
conductance regulator

CFTR2 
Cystic Fibrosis 
Mutation Database 
Locus Specific 
Mutation Database 
Directory

CFTR CFTR

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Cystic Fibrosis (View All in OMIM)

219700 CYSTIC FIBROSIS; CF

602421 CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CFTR

Molecular Pathogenesis
CFTR encodes cystic fibrosis transmembrane conductance regulator (CFTR), an integral membrane protein that 
functions as a regulated chloride channel located at the apical membrane of epithelia, transporting chloride ions 
into and out of cells. Once chloride is transported out of the cell, sodium will join, forming sodium chloride 
(salt), which attracts water. CFTR maintains the balance of salt and water. CFTR is important in many organs, 
most specifically the respiratory, gastrointestinal, genitourinary, and endocrine systems and the sweat ducts.

Loss-of-function CFTR variants disrupt transepithelial chloride transport. Without chloride, sodium will not 
form salt and water will not be attracted. In most organs, this leads to excessively thick secretions and tissue 
damage. For example, in the lungs, thick mucus is an excellent milieu for bacteria, which the body attempts to 
fight with inflammation, leading to the vicious cycle of mucus production, infection, inflammation, and 
pulmonary damage (e.g., bronchiectasis). In the pancreas, thick secretions block the exocrine pancreatic ducts, 
preventing passage of pancreatic enzymes and creating pancreatic insufficiency. Secretion blockage causes 
pathology in many organs (e.g., liver disease, infertility/subfertility, bowel obstruction, pansinusitis).

The CFTR chloride channel is unique in the sweat glands, as it is reversed. In a person unaffected by CF, the 
CFTR chloride channel in sweat glands helps to reabsorb chloride (and thus salt and water). In people with CF, 
the channel is not functional, chloride is not reabsorbed, and the sweat is salty (resulting in an abnormal sweat 
test).

Mechanism of disease causation. Loss of function

CFTR-specific laboratory technical considerations. Intronic variants including the poly T and poly TG tract in 
intron 8, c.2657+5G>A, and c.3718-2477C>T are included in the ACMG 23-variant panel. Deep intronic 
variants are not typically detected by exome sequencing. If deep intronic variants are not detected by the 
laboratory's methodology, additional testing to identify these variants should be performed [Deignan et al 2020].
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Table 7. Notable CFTR Variants

Reference Sequences DNA Nucleotide Change
(Alias 1)

Predicted
Protein Change Comment [Reference]

NM_000492.4 
NP_000483.3

c.350G>A p.Arg117His
See Genotype-Phenotype Correlations.

c.1364C>A p.Ala455Glu

c.1521_1523delCTT p.Phe508del
Most common pathogenic variant in individuals of Northern 
European ancestry; founder variant in Amish, Ashkenazi Jewish, 
Faroe Islander, & Hutterite populations.

c.1652G>A p.Gly551Asp Gating variant responsive to ivacaftor; see Genotype-Phenotype 
Correlations.

NM_000492.4 c.2657+5G>A -- Intronic pathogenic variant incl in ACMG 23-variant panel (See 
CFTR-specific laboratory technical considerations.)

NM_000492.4 
NP_000483.3 c.3302T>A p.Met1101Lys Founder variant in Hutterite population [Zielenski et al 1993, 

Chong et al 2012, Triggs-Raine et al 2016]

NM_000492.4 c.3718-2477C>T -- Intronic pathogenic variant incl in ACMG 23-variant panel (See 
CFTR-specific laboratory technical considerations.)

NM_000492.4 
NP_000483.3

c.3846G>A p.Trp1282Ter Founder variant in Ashkenazi Jewish population [Scott et al 2010, 
Lazarin et al 2013]

c.3484C>T p.Arg1162Ter Founder variant in Zuni population [Kessler et al 1996]

NM_000492.3

c.1210-12T[5_9]
(5T/7T/9T) -- See Genetic Modifiers, CFTR poly T tract.

c.1210-34TG[11_13]
(11TG/12TG/13TG) -- See Genetic Modifiers, CFTR poly TG tract.

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.
1. Variant designation that does not conform to current naming conventions

Genetic Modifiers
CFTR poly T tract. A poly T tract, a string of thymidine bases located in intron 8 of CFTR, can be associated 
with CFTR-related disorders depending on its size. The three common variants of the poly T tract are 5T, 7T, and 
9T. Both 7T and 9T are benign variants, and 5T is a variably penetrant variant. The 5T variant is predicted to 
decrease the efficiency of intron 8 splicing, such that approximately 50% of full-length CFTR is produced 
(compared to almost 75% of full-length CFTR in those with 7T and 9T alleles) [Nykamp et al 2021]. The 5T 
variant is further modified by the TG tract.

CFTR poly TG tract. A TG tract lies just 5' of the poly T tract. It consists of a short string of TG (thymidine-
guanine) repeats that commonly number 11, 12, or 13. The number of TG repeats modulate phenotype in 
individuals with a 5T allele. Individuals with a longer TG tract (12 or 13 TG repeats) in cis with a shorter poly T 
tract (5T) have a full-length CFTR reduction to approximately 25%, which has the strongest adverse effect on 
proper intron 8 splicing [Salinas et al 2016, Nykamp et al 2021].
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