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Family History for 
CF Risk Assessment

As an autosomal recessive disorder, prior to the 
1989 CFTR gene discovery, carrier status could 
only be identified by being the parent of an affected 
child, and other family members provided with a 
calculated risk, and dx only through sx or FHx.
DNA diagnostics now allow direct carrier 
identification, but the test is imperfect, expensive 
and benefits from focus.
Population screening for CF carrier status (national) 
and CF newborn screening (state based) are 
developments that change but do not preclude the 
importance of FHx.



Cystic Fibrosis
Clinical

Lung Disease
chronic infection, inflammation and airway 
obstruction

Gastrointestinal Disease
pancreatic insufficiency with fat malabsorption
leading to malnutrion

Salt Loss - with high sweat chloride
Sterility in males
Other

cirrhosis, diabetes



Estimated Incidence by 
Ethnic/Racial Background

Caucasian 1/3,000
Hispanic 1/6,000
African-American  1/10,000
Asian 1/30,000





Family History and CF Dx
Literature estimates - must distinguish between:

CF diagnosis because of + FHx
Only information is that a relative is affected
underwent carrier testing (population scr, infertility, +FHx)
underwent prenatal diagnosis

screening ultrasound - echogenic or dilated bowel
amniocentesis for AMA or specific risks

had newborn sweat and or genetic testing done
found to have + FHx at time of CF diagnosis

Together, +FHx estimates were 10 - 15%, but 
now higher with population screening and  
+NBS (TP and FP)



Age at Diagnosis - All Patients, 2004
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Fifty percent of patients are diagnosed by 6 months of age, 75 percent by 
age 2.



Median Predicted Survival Age, 1985-2004

The median predicted survival is 35.1 years for 2004. The whiskers represent the 95 percent 
confidence bounds for the survival estimates, so the 2004 median predicted survival is 

between 33 and 38.1 years. 
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Survival from Age One, by Year of Birth
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Actual survival of patients in the Registry has steadily improved since 1980.  Of patients 
born between 1980 and 1984 (the earliest cohort shown here), 90.2 percent survived to 
age 15.  For patients born between 1990 and 1994, 95.2 survived to age 15.



Diagnosis
Phenotype: Lung, GI, GU sx

Supporting evidence: 
Sputum cx, CXR, stool fat, GU exam

FHx
CFTR Function:

Pilocarpine iontophoresis: sweat [Cl-] 75mg sweat
Normal <40 (<30 for newborns)
Borderline 40 - 59 (30 - 59 for newborns)
CF ≥ 60

Nasal PD
Genotype: At least one mutation detected



CFTR GENOTYPECFTR GENOTYPE

HAPLOTYPEHAPLOTYPE

MODIFIER GENESMODIFIER GENES

CFTR ASSOCIATED CFTR ASSOCIATED 
PROTEINSPROTEINS

ENVIRONMENTENVIRONMENT

Modifiers of Phenotype



Discovery
of CFTR and 
the ΔF508
Mutation



Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR) Gene

Gene 250,000 bp
mRNA 6,000 bp
Protein 1480 aa

ABC transporter superfamily
Mutations identified >1,400 (2005)
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3 month old diagnosed 
during 2001 in a non-screening state

Diagnosis as newborn by NBS
Newborn Screening Impact





“On the basis of a 
preponderance of 

evidence, the health 
benefits to children with CF 
outweigh the risk of harm 
and justify screening for 

CF.”

“On the basis of a 
preponderance of 

evidence, the health 
benefits to children with CF 
outweigh the risk of harm 
and justify screening for 

CF.”





Projected Status of
CF Newborn Screening

US annual births ~ 4,000,000

% births New
screened diagnoses

2000 5% 50

2006 25% 250

2007 70% 700

2010 (CFF target) 100% 1,000



Population Screening:
NIH Consensus Statement

1997
Offer CF genetic screening to:

Adults with positive FHx CF
Partners of CF affected
Couples planning pregnancy
Couples seeking prenatal care

?Implementation



Population Screening

Maximize parental 
options
Prevention of 
affecteds
?Cost effective

Test is imperfect
Test is difficult to 
understand
Results cause anxiety
Parents may not act on 
results (25-75% terminate)

PRO CON



ACMG/ACOG/NIH

Implementation issues discussed:
target population (universal vs. high risk 
ethnicities)
couple vs. sequential
mutation panel selection
extended testing
mild variant mutations
test interpretation, reporting , genetic counseling
laboratory QA            



Joint recommendations for
preconceptual and prenatal 

carrier screening for CF
Parent education pamphlets
Provider education programs
Who prepares/consents parents?
Who reports genotype?
Who is referred to genetic counseling?



ACMG 25

ΔF508 G551D R117H W1282X 2789+5G>A

ΔI507 G85E R334W 1078delT 3120G>A

A455E I148T R347P 1717-1G>A 3659delC

711+1G>T N1303K R553X 1898+1G>A 3849+10kbC>T

G542X R1162X 621+1 G>T 2184delA 621+1G>T



Risk after carrier testing
% mutations

detected
Carrier risk if - Risk CF offspring

one parent +
Risk CF both

parents -

0 1/25 NA 1/2500
70 1/83 1/331 1/27,000
80 1/124 1/494 1/61,000
85 1/165 1/661 1/109,200
90 1/246 1/984 1,242,100
95 1/491 1/1964 1/964,200



Ethnic adjustment for carrier risk
Estimated carrier risk

Ethnic group Detection
rate

Before test After negative
test

Ashkenazi Jewish 97% 1/29 ~1/930

European Caucasian 80% 1/29 ~1/140

African American 69% 1/65 ~1/207

Hispanic American 57% 1/46 ~1/105

Asian American - 1/90 -



What do patients need to understand 
before consenting to testing?

What is the disease and what is its outcome -
e.g., median survival, is there a cure?
What are the Mendelian genetics ?
What are the weaknesses of the genetic test 
(false negative)
What will happen if the test is positive (what 
are the options for termination, insurance 
implications, clinical status of carrier)





Massachusetts Newborn Screening for CF



1 or 2 mutations or IRT >99.9% 1 or 2 mutations or IRT >99.9% 
SCREEN SCREEN ⊕⊕

Massachusetts CF Newborn 
Screen

IRT/DNA Algorithm

SWEAT
CHLORIDE

CF SpecialistCF Specialist

Genetic Genetic 
CounselorCounselor

IRT

39* MUTATION PANEL

*(was 16,27, 25)

DNA

AffectedAffected

CarrierCarrier
BorderlineBorderline

No mutations detected
SCREEN 

5%5%

≤ 95%
SCREEN

*ΔF508, R117H, G551D, G542X, W1282X, N1303K, R334W, 621+1G>T, R553X, Δ I507, 1717-1G>A, R347P, R560T, 3849+10kbC>T, 
A455E, 3120+1G>A, 3659delC, A559T, R1162X, S1255X, 405+3A>C, 711+1G>T, 2789+5G>A, G480C, 2307insA, G85E , 1078delT



Contact Algorithm: Call to 
Pedi with collection of FHx

C elevated IRT, 2 CFTR mutations (6%)
1:1 likelihood of CF
refer to CF center for intake/sweat test

B elevated IRT, 1 CFTR mutation (70%)
1:40 likelihood of CF: likely carrier
refer for sweat testing, genetic counseling
emphasis on genetic counseling post-sweat result

A elevated IRT, zero CFTR mutations (24%)
1:100 likelihood of CF: probable FP.  ↑ICU, ↑ethnic
refer for sweat test, no genetic counseling

New England Newborn Screening Program



Yield from Cystic Fibrosis Pilot
Screening

Feb 99 through Jan 03 

1338Babies 

screened normal

CF: Referrals to CFC

322,168
110 CF

1171

57 ( died or 
LTF)

1:12

New England Newborn Screening Program

2 CF
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Increase in % +FHx for CF Carrier
(by Population screening of +NBS in family)

Over 4 years, 325 newborns were referred to a single CF center for 
+NBS and underwent GC (confirmation of NBS phone hx).  52
(16.7%) had +FHx due to genetic testing in family(population 
screening or positive newborn screen). Only 2% had affected family
members. Note that only 10% of carriers are detected as CFNBS FP.



Understanding of Genetics
Mail survey of 64 CFNBS FP who underwent GC
Knowledge retention

32% answered all 6 questions correctly
50% answered 5 of 6 questions correctly

Comprehension among “Non-Carrier” parents
Asked to chose between:

A.  I am definitely not a carrier of CF, or
B.  There is a small chance that I am a CF carrier

53% answered A, 47% answered B
98% of families shared information with other 
family members
Anxiety scale showed 2-fold increase in carrier 
vs. non-carrier



Perspectives
Screener: Many pediatricians, when 
notified of a +CFNBS result, have not 
been told by the mother either that she 
underwent negative CF carrier screening 
(which ↓ risk), that a mutation was 
detected or what mutation.  
Neonatologist: There is a significant 
degradation of important medical and 
family history information at the time of 
transmission between the mother’s record 
and the newborn’s new medical record.



























Note
first US here - 2v cord and EIF - did not get  NL 
scans done to her knowledge, 

discussed increased risk for trisomy 21 with EIF, 
also with second finding of 2v cord; cardiac and 
renal are normal; given 24 yo egg donor even 
increasing her risk 3-5 fold would still result in an 
absoulte risk which is small (majority would be 
normal) - risk of 1/200 for amnio discussed, 

selective reduction discussed - will talk to 
husband and let me know









Conclusion
Tool should be 
developed for 
transmission of 
OB/perinatal history 
as foundation for 
pediatric tool.
Prenatal and perinatal
data may be 
important to 
predicting pediatric 
disease.


