Current Challenges in Cystic Fibrosis Screening

Elaine Lyon, PhD; Christine Miller, MS

® Content.—This article gives an overview of the symptoms
and mutations associated with classic and atypical cystic
fibrosis (CF). Current testing methods for mutation detec-
tion in CF are discussed.

Objectives.—Review testing for CF, including American
College of Medical Genetics and American College of Ob-
stetrics and Gynecology guidelines and recommendations
regarding population screening for CF. Describe symptom-
atic and mutational differences between patients with clas-
sic CF and atypical CF, including monosymptomatic con-
ditions such as congenital bilateral absence of the vas de-
ferens, idiopathic pancreatitis, and chronic sinusitis. Ex-
plain the concern about predicting the phenotypic
expression of the condition from the genotype. Discuss the
challenges of CF testing, including the preanalytic, analyt-
ic, and postanalytic phases. List the current methods for
detecting CF transmembrane conductance regulator gene
mutations, specifying the advantages and disadvantages of

lassic cystic fibrosis (CF) is a progressive disorder
characterized by frequent respiratory infections and
pancreatic insufficiency. Mortality is related to respiratory
insufficiency in 90% of the cases. The median age of di-
agnosis is 7 months, with 66% of the affected persons di-
agnosed by 1 year of age. CF is no longer considered just
a childhood illness, as the life expectancy of affected in-
dividuals has increased to a median of 30 years. This is
because vigorous treatment of the condition by optimizing
nutrition, daily chest physiotherapy, use of bronchodila-
tors, nonsteroidal anti-inflammatory drugs, oxygen, de-
oxyribonuclease, antibiotics, and lung transplantation will
prolong life. Although gene therapy may be helpful, it is
not a permanent treatment.

The CF transmembrane conductance regulator (CFTR)
gene was cloned in 1989.! It is located on chromosome
7q31.2. The CFIR protein is an epithelial ion and water
transporter. It is expressed in the apical membrane of ep-
ithelial exocrine cells. More than 1000 different disease-
causing mutations are distributed throughout the CFTR
gene in its membrane-spanning and adenosine triphos-
phate-binding domains.? The molecular consequences of
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each. Describe the basic patient information necessary for
laboratories to provide accurate risk assessments, such as
ethnicity and family history, and reasons for the test being
conducted (carrier or affected status).

Results.—The technical challenges of detecting the 25
recommended mutations are being met by commercially
available reagents. Challenges remain for the preanalytic
and postanalytic phases. Only with accurate patient infor-
mation can laboratories provide specific risk reductions on
the basis of a negative genetic test result.

Conclusion.—As health care providers become better in-
formed about the recommendations for CF testing and lab-
oratories continue to increase the sensitivities of their as-
says, patients will benefit from increased screening effi-
ciency and accuracy. This will allow affected individuals to
receive prompt and effective treatment and carriers to en-
joy an expanded number of reproductive options.

(Arch Pathol Lab Med. 2003;127:1133-1139)

various CFTR mutations are classified in the following 5
ways: (1) no synthesis (resulting from nonsense, frame-
shift, and splice junction mutations), (2) block in process-
ing (missense and amino acid deletion mutations), (3)
block in regulation (missense mutations), (4) altered con-
ductance (missense mutations), and (5) reduced synthesis
(missense and alternate splicing mutations).> Various mu-
tations may result in little or no functional CFTR protein
at the apical cell membrane. Mutations are classified as
severe or mild, depending on the effect on the functional
protein. Generally, severe mutations result in no synthesis
or blocked processing, whereas mild mutations show al-
tered conductance or reduced synthesis. However, geno-
types vary in severity and are influenced by additional
genetic or environmental factors.

The most commonly reported mutation is the F508del,
responsible for 70% of the mutated alleles in white indi-
viduals. It is caused by a 3-bp deletion in the CFTR gene,
resulting in the loss of amino acid 508 of the CFTR pro-
tein. This common mutation is considered severe, with ho-
mozygosity resulting in both pulmonary and pancreatic
disease.

CF is an autosomal recessive disorder. Affected individ-
uals typically have inherited one mutated allele from each
parent. Uniparental disomy, the inheritance of 2 mutated
alleles from one parent and none from the other, has rare-
ly been reported as a cause of CE Maternal uniparental
disomy 7 screening is recommended only in CF cases
when the affected child also has an unusually short stat-
ure.* Therefore, couples who have had one affected off-
spring are likely to be CF carriers with a 25% recurrence
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risk in each future pregnancy. Healthy siblings of an af-
fected person have a two-thirds chance of being CF car-
riers. Second- and third-degree relatives of affected indi-
viduals have a 50% and 25% risk of being carriers, re-
spectively.

DIAGNOSTIC TESTING

DNA diagnostic testing should be offered to individuals
who have symptoms of CE The symptoms include me-
conium ileus (a bowel obstruction present in 5%-10% of
affected infants), failure to thrive, large foul-smelling yel-
low stools, recurrent pneumonia, enlarged spleen and liv-
er, thick sputum, pancreatic insufficiency, diabetes, and in-
fertility.> Mutation detection can be useful for diagnostic
confirmation of affected individuals as well as for docu-
mentation of the specific familial CFTR mutations. Pre-
natal diagnosis is available for couples with a previously
affected child as well as for those who may learn they are
carriers.® Prenatal diagnosis may be performed by chori-
onic villus sampling in the first trimester or by amniocen-
tesis in the second or third trimester. If the specific CFTR
mutations the couple carry can be identified, then direct
DNA mutation analysis can be performed. If the couple
has an affected child who does not have 2 detectable mu-
tations, prenatal diagnosis may still be possible through
DNA linkage analysis.” Some persons may undergo pre-
natal diagnosis to prepare for the birth of an affected in-
fant, while others may choose pregnancy termination. CF
DNA diagnostic testing has been added to the newborn
screening programs in 8 states. In fact, about 10% of af-
fected infants in the United States are now diagnosed at
birth either by prenatal diagnosis (3%) or newborn screen-
ing (7%).® Evidence suggests that treating the condition
from birth may improve disease management and lung
function in affected individuals.>!°

CARRIER TESTING

Since the cloning of the CFTR gene, carrier testing has
been recommended for the reproductive partners and rel-
atives of affected individuals as well as for the relatives of
known CF carriers. In 1997, a Consensus Development
Conference on Cystic Fibrosis, convened by the National
Institutes of Health, recommended CF population screen-
ing." A second National Institutes of Health conference
was convened in 1998 to develop physician and laboratory
guidelines before carrier screening was implemented. We
will review many of the difficult issues involved in CF
population carrier screening. There are more than 1000
different documented CFTR mutations, most of them very
rare familial mutations. CF disease incidence and mutation
detection vary significantly with patient ethnicity. A wide
spectrum of clinical variability exists within the disorder,
ranging from infertility or mild pulmonary symptoms in
healthy individuals to life-threatening bowel obstruction
and severe pulmonary compromise in others. CFTR ge-
notypes show variable expression, making it difficult, if
not impossible, to predict the phenotype for some geno-
types. Limited numbers of appropriately trained genetic
counselors are available nationally to address the multi-
tude of issues arising from mass-scale CF carrier screen-
ing.
%n 2001, the American College of Obstetrics and Gyne-
cology and the American College of Medical Genetics
(ACMG) recommended that CF carrier screening be ex-
tended to white and Ashkenazi Jewish individuals who
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are expecting or planning a pregnancy.'? They also rec-
ommended that CF carrier screening be made available to
others. CF population screening is currently designed to
identify at-risk couples prior to the birth of an affected
child. This allows couples who are identified as CF carri-
ers to choose whether or not to conceive biological chil-
dren and provides them the opportunity to pursue pre-
natal diagnosis or preimplantation genetic diagnosis. A
multiethnic standard screening panel of 25 CFTR muta-
tions with a US population frequency equal to 1 in 1000
or greater is recommended. Additional CFTR mutations,
mild or severe, will be added to the panel if they reach
this frequency. Depending on the methodology used, re-
flex tests for the benign variants 1506V and 1507V and the
mild variant F508C may need to be performed to distin-
guish between these and CFTR mutations. Furthermore,
when the R117H mutation is identified, the 5T reflex test
must be performed. Near the 3’ region of intron 8 in the
splice acceptor site, there is a tract of 5, 7, or 9 thymidine
residues. Usually 7 or 9 thymidines are present, which
allows normal gene splicing and production. When 5 thy-
midine residues are present—the 5T variant—abnormal
splicing occurs, which leads to the skipping of exon 9 and
the presence of only 5% of the normal CFTR messenger
RNA. If the 5T allele is identified, a family study must be
performed to determine whether the 5T is in trans (op-
posite chromosome) or in cis (same chromosome) to the
R117H mutation. If it is in cis, the individual is a classic
CF mutation carrier. If it is in trans, the individual carries
a mild CFTR mutation and is unlikely to have offspring
with classic CE The 5T variant is present on 5% of the
alleles in the general population and is associated with
male infertility. Since the purpose of population screening
is to identify CF carriers and not infertility, the ACMG
recommends that this variant be tested only in the pres-
ence of R117H.

ATYPICAL CF

Although classic CF is diagnosed in infancy or early
childhood, atypical cases of CF may be diagnosed in
adults with mild monosymptomatic diseases such as con-
genital bilateral absence of the vas deferens (CBAVD),
chronic pancreatitis, sinusitis, diffuse bronchectasia, acute
and recurrent pancreatitis, and nasal polyps.’® Individuals
with atypical CF phenotypes are often compound hetero-
zygotes carrying one severe and one mild CFTR mutation,
or they are homozygous for the 5T variant. Several cases
of compound heterozygotes (F508del/R347H) have been
reported. Affected males have CBAVD and respiratory
tract symptoms, whereas an affected female was de-
scribed with mild pulmonary symptoms, paranasal pol-
yposis, and a normal sweat chloride test.'* A study of pa-
tients with chronic sinusitis showed an increased frequen-
cy of compound heterozygosity of the M470V polymor-
phism in combination with a severe mutation."
Individuals with atypical CF should be given several ex-
aminations, including sweat chloride testing; DNA muta-
tion analysis for mild and severe CFTR alleles, including
the 5T variant; and nasal potential difference testing to
evaluate the physiologic functioning of the CFIR. Al-
though patients with chronic rhinosinusitis, allergic bron-
chopulmonary aspergillosis, and asthma are more likely
to have a non-CF genetic or environmental reason for their
conditions, there remains an increased occurrence of
CFTR mutations.!>10
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CBAVD causes 2% to 6% of male infertility and is be-
lieved to represent a genital form of CE'7!® Nearly 75% of
men with CBAVD have at least one detectable common
CFTR mutation.” About 20% of men with CBAVD have a
single detectable CFTR mutation, while another 20% have
2 common CFTR mutations, usually one classic and one
mild. The most frequent genotype, found in 33% of pa-
tients with CBAVD, is the presence of one CFTR mutation
and one 5T variant. Approximately 1% of individuals with
CBAVD have two 5T alleles. In an intensive study of 327
French men with CBAVD, the entire CFTR coding/flank-
ing sequences were scanned. Seventy-one percent carried
2 CFTR mutations, and 16% had 1 identifiable mutation,
leaving only 13% with no detectable CFTR mutation.?
Men with CBAVD with 2 mutations had either a severe/
mild (88%) or a mild/mild (12%) mutation combination,
whereas individuals with classic CF had 2 severe (88%) or
a severe/mild (12%) mutation combination. Therefore, in-
dividuals with CBAVD should be offered CF carrier
screening prior to undergoing assisted reproductive tech-
niques such as microsurgical epididymal spermatozoa as-
piration for the purpose of intracytoplasmic sperm injec-
tion.2! Of equal importance, their reproductive partner
should undergo CFTR mutation screening.?? If she is a CF
carrier, extensive mutation analysis should be performed
on the individual with CBAVD. If both partners have iden-
tifiable mutations, intracytoplasmic sperm injection with
preimplantation genetic diagnosis will increase their
chances for healthy biological offspring. The couple
should also be counseled regarding their other reproduc-
tive options, including adopting and using a sperm or egg
donor who is not a CF carrier.

Some CFTR mutations appear to have a variable ex-
pression, depending on their association with additional
cis-acting mutations. For example, the 1148T mutation has
been detected at a higher frequency in CF carriers than in
affected individuals. A second mutation, 3199delC, in cis
with 1148T, appears to be necessary to create a severe mu-
tation.?® As stated earlier, R117H is considered a mild mu-
tation unless it is found in cis with the 5T variant.

Genotype-phenotype correlations are strongest for pan-
creatic status and weakest for pulmonary function.?#?* Mu-
tations leading to classic CF and pancreatic insufficiency
are usually more severe. Predicting the effect that a mild
mutation will have on CFIR function is more difficult.
Pulmonary status appears to be influenced by additional
genetic and environmental modifiers. The clinical condi-
tion of affected individuals often does not closely mirror
their specific genotype. Yet the ability to secrete chloride
may be closely associated with phenotype.?® Affected in-
dividuals with a poor prognosis, on the basis of a low
mean forced expiratory volume and a poor pulmonary ra-
diologic score, show a lower apical CFIR protein and a
lower chloride secretion than do affected individuals with
an apical CFTR protein and a higher chloride secretion.

SWEAT CHLORIDE AND NASAL POTENTIAL
DIFFERENCE

Obtaining 2 sweat chloride values on different occasions
that are >60 mEq/L has been the “gold standard” for
diagnosing CF since 1959; however, the sensitivity of
sweat chloride testing is reportedly only 90%.%” Some atyp-
ically affected individuals have a normal or borderline
sweat chloride value. In such cases, it may be diagnosti-
cally useful to perform CFTR mutation analysis as well as
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to measure transepithelial bioelectric properties. The mea-
surement of nasal potential differences provides an addi-
tional means of diagnosing CE?® CF patients show a mark-
edly negative nasal potential difference across respiratory
epithelia. The mean nasal potential difference in affected
persons is —46 mV, whereas the mean for unaffected in-
dividuals is —19 mV. Several case reports describe com-
pound heterozygosity and abnormal nasal potential dif-
ferences in patients with lung disease but normal sweat
chloride values.??* Therefore, if mild CF symptoms are
present with normal or borderline sweat chloride levels,
nasal potential difference testing and CFTR mutation anal-
ysis may confirm CFTR dysfunction. If 2 mutations are
not found and sweat chloride measurements are in the
normal or borderline range, abnormal nasal potential dif-
ference measurements on 2 separate days can serve as ev-
idence of CFIR dysfunction. Most individuals with
CBAVD will have normal nasal potential difference values,
suggesting normal CFIR activity.® Occasionally, males
with CBAVD will have abnormal nasal potential difference
values, abnormal sweat chloride values, and mild CF
symptoms.

An accurate diagnosis of CF can be important, enabling
individuals with severe lung disease to obtain aggressive
therapy in specialized centers. Yet genotype should not be
used as the sole diagnostic criterion of CE A healthy
compound heterozygote (F508del/R117H) infant was di-
agnosed with CE which led to emotional, financial, and
employment distress in her parents. Follow-up sweat chlo-
ride testing, bronchoscopy, and nasal potential difference
values were all in the normal range, and the infant did
not have the 5T variant. The infant was thought to have a
sufficient amount of functional CFTR protein.*® Therefore,
asymptomatic or mildly monosymptomatic patients and
their families may benefit from counseling regarding the
extensive phenotypic variability in CE This may enable
such individuals to avoid unnecessary aggressive treat-
ment and the psychosocial implications that surround a
diagnosis with CE.

CURRENT TESTING CHALLENGES
Pretesting

The first challenge in offering the CFTR mutation screen
to the general population is the clear and accurate relaying
of information to the patients. The discussion should in-
clude an explanation of CE its inheritance pattern, the
risks and benefits of learning one’s carrier status, and the
limitations and strengths of the test. Health care providers
should determine whether there is a family history of CF
and the couple’s ethnicity, as this will affect their carrier
risks. The couple should understand that the DNA test
cannot detect all mutations within the gene; therefore, a
negative mutation screen reduces, but does not eliminate,
the risk of being a carrier. However, DNA testing is the
only way to determine one’s CF carrier status. If mutations
are found in both members of a couple, testing is straight-
forward and definitive for a woman’s pregnancy or other
family members. CF patient brochures are available
through several laboratories and the American College of
Obstetrics and Gynecology.

Informed consent is recommended for all genetic testing
and is required by New York and several other states. In-
formed consent documents that disease-specific concepts,
risk of employment and insurance discrimination, and ac-
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curacy of testing methods have been reviewed and that
the patient has had the opportunity to have questions an-
swered. The consent forms are kept with the patient’s
medical or laboratory records. Informed consent often in-
cludes the option to allow or refuse the use of residual
samples for research.

When ordering CF DNA testing, the laboratory should
be provided with the following information: whether the
test is being ordered to determine affected or carrier sta-
tus, whether there is a family history of CE and the pa-
tient’s ethnicity. By providing the reason for CF testing,
the laboratory will know whether to look for 1 mutation
(CF carrier) or 2 mutations (classic or atypical CF such as
CBAVD). If there is a positive family history, the relation-
ship of the affected family member to the patient and the
specific mutations involved should be indicated. Ethnicity
is important, since the carrier rate, mutation frequencies,
and detection rate for the panel vary for different popu-
lations. This information will enable the laboratory to cal-
culate accurate patient-specific risks.

Technologies

The number of mutations to be analyzed makes CF test-
ing a high mutation spectrum test. Traditionally, labora-
tories have developed their own assays, and the numbers
and types of mutations have varied significantly between
laboratories. Following the ACMG/American College of
Obstetrics and Gynecology recommendations for popula-
tion screening, commercial manufacturers are developing
CFIR reagents as analyte-specific reagents that conform
to the recommended testing panel. Several different plat-
forms are available, and more are being developed. In
choosing an assay platform, considerations include labo-
ratory work flow, technical time or automation potential,
and test volume. Most analyte-specific reagents require
polymerase chain reaction (PCR) and post-PCR allele de-
tection. Analyte-specific reagents vary from one to several
PCRs needed for the panel. They differ in the number of
steps and the amount of technical time for post-PCR. Ease
of test interpretation is another consideration, especially
as the volume of CF testing increases. Cost considerations
include labor, reagents, and instrumentation. To lower
costs, laboratories may develop their own methods, al-
though development costs initially are higher. Some an-
alyte-specific reagents, or laboratory-developed tests, in-
clude more than the 25 recommended mutations, but ac-
cording to the CF guidelines of the ACMG, these labora-
tories should clarify that testing for additional mutations
results in only a small increase in detection rate. Sum-
maries of some commercially available methods are pro-
vided in the paragraphs that follow.

Reverse-line blot assays are available from several com-
panies. One PCR is required for these assays; then, probes
linked to a filter paper are hybridized.>*** Multiple washes
are necessary for an optimal signal-noise ratio. Washes in-
crease the manual labor time, and the results are read vi-
sually. The main advantage to line blots is that no expen-
sive instrumentation is required.

The oligo ligation assay requires one PCR and then a
ligation step that necessitates an additional enzyme reac-
tion and incubation. Ligation products are separated by
gel or capillary electrophoresis.®>*” Advantages include
minimal technical time, automation capability, and elec-
tronic data storage.

Array technologies are being developed for CFTR test-
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ing. Array assays may be solid-based assays with probes
linked to chips®* or liquid-based assays with probes
linked to beads in a solution.*#! These arrays use natural
DNA bases or chemically modified bases that may in-
crease signal and specificity. PCR products hybridize to
probes complementary to the mutation or wild-type se-
quence on the array. An advantage to arrays is flexibility
in adding additional ethnic-specific mutations.

Melting curve analysis uses separate reactions for each
mutation but in a high-throughput, highly automated for-
mat. After PCR, a 384-well plate is placed in a fluorescent
monitoring instrument that requires 10 minutes for anal-
ysis. Although multiple PCRs will increase reagent costs,
these costs may be offset by minimal technical time for
post-PCR handling and rapid detection.

Amplification refractory mutation scanning is also
known as allele-specific amplification using sequence-spe-
cific primers.*?*> The 3’ end of the PCR primer must match
exactly to allow primer extension. Targets are amplified
with a wild-type and a mutant-specific primer in separate
reactions. PCR products are analyzed by electrophoresis,
and the presence or absence of amplicons determines the
genotype. Advantages include minimal equipment and
flexibility.

Mutation Scanning

Technologic advances will increase the availability of
whole-gene scanning. The entire coding region and in-
tron/exon boundaries of the gene are amplified and ana-
lyzed to search for any alteration. Since CFTR mutations
outside the recommended panel are rare, most patients
possessing such a mutation will be heterozygous (except
in cases of consanguinity). Whole-gene scanning methods
include single-strand conformational polymorphisms,*4
denaturing gradient gel electrophoresis,*** and denatur-
ing high-performance liquid chromatography.*** These
methods rely on conformation of heteroduplex formation
or melting domains of the PCR product. If an alteration
is detected, the portion of the gene containing the alter-
ation is sequenced to confirm the mutation. The reported
sensitivity of these methods ranges from 75% to 100%.
Some of these detection rates have been determined with
relatively small sample sizes, since large numbers of sam-
ples previously characterized by complete gene sequenc-
ing are difficult and expensive to obtain. Without such
studies, the sensitivity of the technology is only estimated.

Test Validation

Since DNA analysis for CF is considered a “high-com-
plexity”” test, the laboratory must be certified as such un-
der the Clinical Laboratory Improvement Act. Food and
Drug Administration-approved CFTR test kits are not
available yet. Instead, in-house validation is required, usu-
ally by comparing sample results with a different tech-
nology and/or results from another laboratory. Commer-
cially available technologies are usually sold under an an-
alyte-specific reagent designation. An analyte-specific re-
agent is provided as the reagent only, without controls or
procedures. The performing laboratories are responsible
for developing and evaluating assays with analyte-specific
reagents equivalent to an in-house-developed assay.

Obtaining characterized samples for the validation and/
or evaluation of CFTR assays is a challenge, particularly
for laboratories that have not previously performed CFTR
testing. However, a sample CFTR panel is available for 22
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of the 25 mutations from Coriell Cell repositories, a Na-
tional Institutes of Health—funded, nonprofit collection of
characterized cell lines. The proposed use, along with an
agreement not to share samples (unless approved by the
repository), must be sent with the order request.

CFTR Testing Algorithms

Laboratories may categorize and offer CFTR testing in
several ways. These categories may include diagnostic
testing versus carrier testing, atypical CF versus classic CE
and high-risk testing (for individuals with a positive fam-
ily history) versus population screening. A separate test
may be available for only the F508del, if this mutation has
been documented, versus the full mutation panel. The mu-
tation panel is used to identify mutations in affected in-
dividuals or their families or in individuals suspected of
having CF when sweat testing is inconclusive or unable
to be performed. Although no recommendations have
been made by the ACMG for newborn CF screening, some
states may supplement immunoreactive trypin tests with
the 25-mutation panel.#*° States may decide to add ethnic-
specific mutations appropriate for the population. When
performing carrier testing for individuals with a family
history of CE the familial mutations should be document-
ed if possible. The specific mutations tested by the labo-
ratory should be examined to ensure that the familial mu-
tation is tested in its panel. The 25-mutation panel is rec-
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ommended for population screening when no family his-
tory is present. Carrier screening also includes
reproductive partners of patients with atypical CF such as
CBAVD.

Atypical CF patients, identified by conditions such as
CBAVD, should be tested for the 25 mutations plus the
IVS-8 variant. In contrast to testing IVS-8 variants only
when the R117H mutation is present (as recommended for
population carrier screening), the IVS-8 variant is routine-
ly analyzed in every CBAVD patient whether or not
R117H is present, since the 5T variant is present in a high
percentage of CBAVD men. A flow chart for CF testing is
shown in the Figure.

RESULT INTERPRETATION

Laboratories can provide an accurate risk assessment if
sufficient information is given. The laboratory must be
provided with the indication for testing (symptomatic in-
dividual, family history of CE or population screen).

Diagnostic testing requires the laboratory to identify 2
mutations. If only one is found, further testing may be
warranted, depending on symptoms and ethnicity. For ex-
ample, if no mutation is found in a symptomatic infant
who is white or of Ashkenazi Jewish descent, the chance
that the infant has CF is low. If one mutation is detected,
searching for the potential second mutation may be war-
ranted. Since the mutation detection rate is lower for pop-
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Table 1. Estimated Risk for a Child to Have Cystic Fibrosis (CF) After a Negative Mutation Test in One Parent*

Chance for Child to Have CF

Ethnic Background Before a Test

Chance for Child to Have CF

Detection Rate, % After a Normal Test

Ashkenazi Jewish 1 in 2800
White American 1 in 2500
African American 1 in 15000
Hispanic American 1 in 8000
Asian American 1 in 32000

97 1 in 93 000
90 1 in 25000
69 1 in 48000
57 1 in 18000
30 1 in 46 000

Table 2. Estimated Risk for Individuals With CBAVD
to Carry at Least One CFTR Mutation After a Negative
Mutation Result*

Detection
Ethnic Group Pretest Risk  Rate, %  Posttest Risk
Ashkenazi Jewish 3:4 97 ~1 in 44
White American 3:4 90 ~1in 13
African American 3:4 69 ~1in 4
Hispanic Americant 3:4 57 ~1in3
Asian American 3:4 L3

* CBAVD indicates congenital bilateral absence of the vas deferens;
CFTR, cystic fibrosis transmembrane conductance regulator.

t This is a pooled set of data and requires additional information to
accurately predict risk for specific Hispanic populations.

¥ Ellipses indicate no data available.

ulations exclusive of whites, detecting one mutation in
such populations increases the possibility of CF more than
it would in populations of white individuals, where it may
be a coincidental finding.

For population screening, the risk reduction after a neg-
ative result depends on the patient’s ethnicity. Table 1
shows how a negative screen reduces the risk of having
an affected child for various ethnicities.” If a mutation is
found in one member of a couple, then that individual’s
partner should be tested. If the partner is positive, the
couple should undergo genetic counseling and be offered
several options, mainly preimplantation genetic diagnosis,
adoption, egg or sperm donor (who is not a CF carrier)
usage, and prenatal diagnosis. Additionally, carriers
should be encouraged to share this information with fam-
ily members, including the specific mutation, so they can
be tested. By testing negative for the familial mutation,
one’s carrier risk is reduced to his/her ethnic-specific risk.
Without knowing the familial mutation, only the ethnic-
specific risk is modified. If one partner is positive and the
other negative for the population screen, some individuals
may desire testing for additional mutations. This is not
recommended by the ACMG, since the detection rate is
minimally increased by testing for a greater number of
mutations and will not give much more assurance that a
mutation is not present.

For CBAVD testing, the mutation panel will be tested
with the IVS-8, since the poly(5T) variant is often associ-
ated with CBAVD. Even if no mutations are found in these
men, their reproductive partners should be tested, since
men with CBAVD may still have undetected CFTR mu-
tations. The risk of CBAVD patients carrying a CFTR mu-
tation before and after a negative mutation test is shown
in Table 2.

Testing for additional mutations is sometimes warrant-
ed, but the extent to which laboratories should go to find
a mutation is not determined. Some laboratories offer a
greater number of mutations than the standard panel, but
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a negative test still leaves uncertainties. Mutation scanning
of the entire gene may show additional mutations, but
even mutation scanning cannot guarantee that any alter-
ation can be detected. If a mutation is found, the addi-
tional information can be included in the risk assessment,
but if no mutation is identified, uncertainty will still exist.
A mutation scan is not recommended for the general pop-
ulation, since it may detect DNA alterations that have not
been described in CF; therefore, it would be unknown
whether the alteration was a true mutation or a harmless
variant. This might cause additional worry. However, cer-
tain cases may warrant additional mutation testing or
scanning. If the reproductive partner of a man with
CBAVD is a CF carrier and 2 mutations are not found in
the individual with CBAVD, additional mutation testing is
recommended, as the couple’s offspring will be at high
risk for CE Identifying a mutation in both will clarify the
risk for CF and expand their reproductive options. Ex-
panded mutation analysis should also be considered in
children with CF symptoms and one identified mutation,
especially with a positive sweat chloride test. This is par-
ticularly relevant for individuals other than whites, as
their mutation detection rate is low.

The challenges in CFTR mutation testing range from
pretest evaluation to analytic issues to proper result inter-
pretation. The expanded research into the CFTR gene and
classic and atypical CF adds to the challenges of appro-
priate testing. Knowledge of certain CFTR mutations may
indicate a severe or mild phenotype; however, predicting
the severity of the disease from the genotype is still not
practical. As we gain a better understanding of the CFTR
gene and its function, we can improve CF testing by tech-
nologic advances in the laboratory, but the issues sur-
rounding CF testing and interpretation remain complex.
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