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The ACOG/ ACMG/NHGRI CF follow up working group met last Thursday. The meeting went well. ACOG 
has a draft of their practice guidelines, which is virtually the same as it was last meeting. ACMG has drafted 
guidance about lab issues. The HG Education and Consent Committee has now drafted their educational 
brochure and consent form and have laid out the thinking behind it and the plan for some field testing. ACOG 
and ACMG seemed quite impressed with the work the HG group had done and asked if they could draft some 
"results" brochures for+/+, +/- and -/- results. Although there is interest in the group doing this, I am worried 
there won't be sufficient time to do them justice. We will see. All three groups are aiming to release this 
information jointly within the corning six months, I believe. 

The commentary that Mike, Nancy and I worked on after the fall meeting (more than a year ago) is FINALLY 
corning out in the green journal in March. So much for quick turnaround. There is also another paper corning 
out in April which discusses the lack of adequate MD knowledge and preparation about this topic. 

ACMG continued with its mixed messages. While they are moving ahead (begrudgingly) with their part of this 
guidance, they (Bob Desnick) proposed that this not become the standard of care until there was a "real world" 
pilot ofCF genetic testing (while our research was helpful, it was not real world). The pilot should be carried 
out.. ... where else ... , but in New York state. As he described it, it sounded like a demonstration project or maybe 
outcomes research, but he suggested that Nlll should fund it (like the big arnnio/CVS trials funded by liD). 
ACOG said that if Bob wanted to write a grant and do this project, fine, but ACOG had no intention of waiting 
for several more years to release their guidance to OBs. So this concept was basically nixed by the steering 
committee. Only after the meeting did I learn that ACMG's Board had also nixed this idea. The nixing of this 
proposal, however, was not communicated by Desnick or Pyeritz in their verbaVwritten report (but I was given a 
copy of a letter from Joe Leigh Simpson-who is on ACMG's Board to ACOG in preparation for this meeting. In 
it, he stated the ACOG should not believe that the ACMG Board supported the pilot project concept. Oh the 
intrigue. 

Gary Cutting was at the and he did present a compelling case for the need to educate some real experts (say one 
or two folks in each state) who can handle the tough+/+ results. Although there won't be a huge number of 
them, there will be some and there need to be resource people available to help out. Gary says he will not be able 
to handle them all himself, as is the case right now. He reports that once or twice a week he gets a call from a 
couple asking for his help in interpretation of very complicated cases. This usually takes a couple of hours or 
more and he is very worried about what will happen when there are many more of these calls. We agreed that 
we need to consider some short courses for geneticists, genetic counselors, obstetricians, nurses, who are willing 
to learn this and be identified in the materials that are sent out as resource people. We may get a T15 or R25 
application to do some of this. We will see. 

I will be sending each of you a copy of the materials that I received at the meeting, the draft ACOG and ACMG 
papers, the Education and Consent materials and plan, and the Joe Leigh letter. Let me know if you have 
questions or comments. 

Elizabeth J. Thomson, M.S., R.N., C.G.C. 
Program Director, Ethical, Legal, and Social Implications Research 
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Implementation of Screening for CF 

Assess woman and partner for personal or family history of CF 

Positive* 
personal or family history 

l 
Offer screening 

*consider referral for genetic counseling 

/ 

Neither are Caucasian of 

Negative 
personal or family history 

l 
Assess racial and ethnic background 

of woman and partner 

Neither are Caucasian of 
European or Ashkenazi Jewish descent European or Ashkenazi Jewish descent 

J 
Offer screening 

J 
Make information and screening 
available on request 



Screen Both Partners Simultaneously 

Screen Both Partners 

Both partners test negative 

• Provide results 
• Provide estimate of residual risk 

One partner tests negative 
One partner tests positive* 

• Provide results 
• Offer screening of negative partner with 

expanded panel of mutations 
• Provide risk estimate for child with CF 
• Offer family studies to partner with postive test 
• Counsel to inform offspring of carrier risk 

(1/2 chance) when they reach reproductive age 

* consider referral for genetic counseling 

Both partners test positive* 

• Provide results 
• provide risk estimate for child with CF (1(4) 
• Provide counseling regarding CF severity, 

variability & treatment 
• Provide infroamtion regarding limitations 

of prediction of phenotype 
• Offer prenatal diagnosis 
• Discuss future reproductive options 

(e.g. donor gamete) 
~ Offer family studies 
• Counsel to inform unaffected offspring of carrier risk 

(2/3 chance)when they reach reproductive age 



Screen Partners Sequentially 

Screen one partner first 

First partner tests negative 

• Provide results 
• Provide estimate fo residual risk 
• Make screening available to untested partner 
only on request 

First partner tests positive* 

• Provide results 
• Provide estimate of risk 
• Screen untested partner 
• Offer family study 

l 
..... ~~---------,;__-----~~:= Screen untes~artner 

Second partner tests negative 

• Provide results 
• Provide estimate of risk 

Second partner tests positive* 

• Provide results 
• Provide risk estimate for child with CF (1/4) 
• Provide counseling regarding CF severity, 

variability & treatment 
• Provide infroamtion regarding limitations 

of prediction of phenotype 
• Offer prenatal diagnosis 
• Discuss future reproductive options 

(e.g. donor gamete) 
• Offer family studies 

Second partner not tested 

• Provide results 
• Encourage partner testing 
• Provide risk estimate for child with CF 

(e.g. 11116 if Caucasian) 
• Make prenatal diagnosis available 
• Counsel to inform unaffected offspring of carrier risk 

(1/2 chance) when they reach reproductive age 

• Counsel to inform unaffected offspring of carrier risk 
(2/3 chance)when they reach reproductive age 

* consider referral for genetic counseling 



REPORT OF THE PATIENT EDUCATION COMMITTEE 
Presented to tlte Steering Committee on Cystic Fibrosis Screening 

February 18, 1999 

I. THE CHARGE OF THE PATIENT EDUCATION COMMITTEE 
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The Follow-Up Workshop on CF Carrier Testing took as its starting point that the offer of 
CF screening on a population basis was not currently standard of care and could not become so 
until many issues of implementation were addressed. Many of those issues concerned fully 
informed patient education and consent. The Patient Education Committee (PEC) was formed to 
address those issues. The specific charge of the Patient Education Committee is two-fold: First, 
to develop and pilot test a model CF carrier testing educational brochure; second, to make 
recommendations about how to operationalize patient education and informed consent 
procedures using this brochure. 

The PEC is co-chaired by James Sorenson and Nancy Press. Brian Cheuvi;"ont is the 
Project Director, in charge of the production of the model products and responsible for the day to 
day work of the PEC. To implement its goals, the PEC assembled a Working Group with a 
variety of expertise, as listed below: 

WORKING GROUP AFFILIATION EXPERTISE 
James Sorenson, Ph.D. University ofNorth Public health, informed consent, patient education. 

Carolina CF researcher; member ofCF Consortium 
Nancy Press, Ph.D. Oregon Health Medical anthropologist, prenatal genetics, informed 

Sciences University consent 
Brian Cheuvront, Ph.D. Boston University Patient education. Collaborator of Sorenson as CF 

researcher . 
Barbara Bernhardt, M.S. Johns Hopkins Genetic counselor, practice and research experience 

University with patient preferences in informed consent 
Ellen Wright Clayton, Vanderbilt University Pediatrician-attorney, legal and ethical issues in 
M.D., J.D. informed consent; member ofCF Consortium 
Joanna Fanos, Ph.D. California Pacific Psychologist, seminal work on CF siblings; advisor 

Medical Center to CF Consortium 
Elena Gates, M.D. UC, San Francisco Ob-gyn in practice; long-standing research interest in 

issues of prenatal genetics 
Stanley Grant, M.S. University oflowa Genetic counselor; coordinator of Iowa's MSAFP 

program 
Peter Rowley, M.D. University of Physician, research experience in CF acceptance and 

Rochester cost-effectiveness; member CF Consortium 
Suzanne Tomlinson, J.D. Law practice CF consumer advocate 

Ben Wilfond, M.D. University of Pediatric pulmonologist with CF pracitce; bioethicist 
Arizona/NIH with long-standing interest in prenatal genetics 
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The PEC has now held two face-to-face meetings, the first in Denver, Colorado on 
November 29, 1998, the second in Chicago, Illinois, on February 12-13, 1999. In preparation for 
the first meeting, Sorenson, Press and Cheuvront conducted an exhaustive search of the literature 
on informed consent and patient education. At the first meeting, an analysis of this literature was 
presented, a general strategy for working was developed, and specific work tasks were assigned 
d, In addition to face-to-face meetings, the PEC has had numerous Email and teleconference 
deliberations. The primary products of our work up to this point are: 

+ A draft of a model CF Education and Informed Consent brochure 
+ A plan to operationalize the use of that brochure 
+ A plan to pilot test the brochure 

II. THE PRINCIPLES BEHIND THE PATIENT EDUCATION BROCHURE 

The premises which shaped the creation of the brochure are listed below. They rely 
heavily on the conclusions of the Follow-Up Workshop on CF Carrier Screening and on the 
resulting article by Mennuti, Thomson, Press (Journal of Obstetrics and Gynecology, 
forthcoming March 1999). 

+ That many of the best efforts at informed consent fail because they take into 
account only the clinical encounter between provider and patient. Thus they ignore the 
structural factors which shape that encounter itself. One such factor is the patient's belief that 
any test offered by a physician must be necessary and advantageous. A desire to attend to this 
structural constraint on fully informed consent led to a discussion in the Follow-Up Workshop on 
the distinction between "offering" and "making available" a test. The PEC attempted to 
operationalize this distinction in designing the brochure and the ways it would be used. 

+ That the existing patient education materials about CF are generally inadequate 
and, specifically, present an unbalanced view of CF as a clinical condition. With input from 
physicians experienced in treating individuals with CF, as well as from consumer advocates, and 
genetic counselors, we crafted what we hope is a more balanced view of the disease condition, 
the potential familial challenges ofthe disease, the realities ~flife with CF, and the current state 
of treatments. 

+ That whether or not to get carrier testing for CF is a decision based on personal 
values, not a medical decision. Since the only way to avoid the birth of a child who will 
develop CF is to terminate the pregnancy, the PEC concluded that a carrier test decision was 
based not on medical criteria but rather on personal values. We believe, therefore, that patients 
should be helped to think through the decision in terms of their values in regard to parenting and 
abortion, the emotional and financial resources of their family, as well as acceptable levels of risk 
in pregnancy, etc. 
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+ In addition, we realize that severe time constraints in busy obstetrical practices present 
pragmatic challenges which will only increase as the number of available prenatal tests increase. 
We considered this issue basic to our work as well. 

III. OPERA TIONALIZING THESE PRINCIPLES 

A. Background Oil "0/fering/Makillg Available" the test. The PEC belies that the 
constraints of a busy provider practice can be made to work with rather than against the need to 
present testing in a non-directive manner. This can be done by focusing on the distinction 
between "offering" and "making available" CF carrier testing. Follow-Up workshop participants 
viewed "offering" the test as more active. Such an offer would typically take place in a face-to­
face interaction with the health care provider. Given the faith that most patients put in their 
physicians and nurses, an "offer" of a test in this context is generally seen by patients as an 
endorsement of testing on the part of the care provider, whether or not such is intended. On the 
other hand, it was felt that simply "making available" information could be done through the 
provision of educational materials (written, by video, or other media). The potential test 
consumer could be helped to understand what was at stake and led through a decision-making 
process through these materials. Individuals would then select themselves by an active query of 
their health care provider about testing. 

PEC Recommendatiolls: 

(1) In attempting to operationalize this principle, the PEC decided that while we 
endorsed the idea of a less active "offer" of testing, it was neither possible nor desirable to 
eliminate the provider from interaction with the patient in regard to her decision about CF carrier 
testing. We therefore designed a hybrid procedure which begins with the brochure, which we 
consider adequate preparation for making a CF carrier testing decision. We recommend that this 
brochure be given to pregnant women before any face-to-face discussion of testing takes place; 
ideally the brochure would be mailed to the pregnant woman before her prenatal intake visit. 
This would then be followed by a discussion with the health care provider. 

(2) However, by using the brochure, the discussion with the provider will 
actually take less time for two reasons: First, some women will have eliminated themselves by 
already deciding that they were not interested in CF testing; second, the provider can use the 
"reasons to accept and reasons to decline testing" page in the brochure to help women and 
couples think through their decision and they can use the questions on the tear-out Consent page 
to rapidly make certain that the patient understands the test she is accepting or declining. 

B. How to Decide to Whom Testing is Offered: After much deliberation, the PEC 
decided consensus was lacking to make a recommendation to target screening along racial/ethnic 
lines. We also agreed with the point made by Mennuti, Thomson and Press that recommending 
targeted screening runs a risk for the development of concordant payment policies in which third 
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party payers would only reimburse for testing if certain criteria for offering screening were met. 
However, given the variation in test sensitivity among different population groups, we addressed 
this issue in the brochure in the following way: 

(1) We included information on the variable incidence on CF in different racial/ 
ethnic populations. We did this both through narrative and in tabular form and again raised this 
issue in the section of the brochure listing reasons for and against testing. 

C. Modes of Screening: The PEC made no specific stipulations as to couple versus 
individual or simultaneous versus sequential testing. We believe that only the individual 
provider will know what works best in his/her practice setting. We do, however, strongly 
recommend the following: 

PEC Recommendations: 

(1) When there is a willing male partner, it is preferable to educate both members 
of the couple at the same time; we also recommend doing so as early in the pregnancy as possible 
so that the couple is not rushed at any of the stages of decision-making. However, in reality, 
women are frequently not accompanied by their partners to early, routine prenatal appointments. 

(2) We therefore recommend that testing be done by buccal swab. By sending 
two buccal swab kits home with the pregnant woman who has decided to be tested, she and her 
partner can both return samples at the same time. 

(3) The laboratory can test the woman's sample first, testing the male partner's 
only when necessary. However, we recommend that results be given on all samples tested, and 
couples be told when a male partner's sample was not tested. 

The PEC requests further input from both the Physician and the laboratory group in 
working through the precise protocols that would flow from the above recommendations. 

D. Assessing if Education and Informed Consent Has Occurred: Many studies have 
demonstrated the failure of patient education. Yet, data also indicate that patients are often 
reluctant to respond in the affirmative to a provider's query "do you have any questions?" For 
these reasons it was felt that a more creative approach was needed to both insure and evaluate 
patient comprehension. Our recommended approach is outlined below: 

PEC Recommendations: 

(I) We have used the Informed Consent page in the brochure to try to begin a 
process which, we hope, the provider will complete. In doing this we wanted to stress 
that patient education was the true goal of the brochure, with informed consent a natural, 

• 



but secondary, outcome of the educational process. 

(2) The informed consent form constitutes the last page of the educational 
brochure. That page is meant to be perforated so that it can be removed and kept in the 
patient's chart. However, rather than a legalistic form, this page comprises 5 questions 
which are the primary "take-home" messages of the booklet. When the patient signs the 
form, indicating that she accepts or declines CF carrier testing, she is also affirming that 
she has read, and can answer, these 5 questions. 
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(3) In addition, the PEC suggests that these 5 points can form the basis for an 
informed consent discussion with the patient, or the couple, about a testing decision. 

IV. CONTENT OF THE EDUCATIONAL BROCHURE 

A. Many educational brochures on CF carrier screening already exist. However, it was 
the opinion of the participants in the Follow-Up Workshop that these existing material failed to 
accomplish the goals for patient education outlined by the Consensus Development Conference 
panel. For this reason, the PEC was charged with the creation of a sample educational brochure. 
A draft of the brochure accompanies this report. Below is a brief description of the purpose of 

the sections of the brochure. Please note that a question and answer format is used throughout 
the brochure. The order of sections in the brochure is informed by the work of Bernhardt and 
Geller which asked women about what they wanted to know about CF screening and in what 
order they wanted to receive this information. 

1. Title and Introduction: The idea that a choice needs to be made about CF 
carrier screening and that the choice belongs to the woman/ couple is highlighted from the 
beginning of the brochure. It is also stressed that the reader may have questions and-- implicitly 
-- has a responsibility to ask for help in addressing those questions. An active stance on the part 
of the patient is also reinforced by highlighting that the reader should tell the health care provider 
if she is interested in learning more about CF carrier testing. 

2. What is Cystic Fibrosis? Wilfond and Marteau have examined the clinical 
picture of CF presented in a range of patient information brochures and found those descriptions 
to be generally inadequate and often unbalanced. The PEC believes that the presentation in the 
brochure is more balanced. We have based the order of presentation on research regarding which 
elements of the disease description are likely to be most relevant to prospective parents making 
prenatal testing decisions. This section only highlights the most crucial features of CF in order to 
avoid information overload; a later section expands this information for those readers who 
remain interested in testing. 

3. The Purpose of CF Carrier Screening: Most women and couples undergoing 
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prenatal carrier screening for CF do so for reassurance. Providers, as well as individuals and 
couples, are expecting the results of the screening to be normal; this is, of course, the statistically 
most likely outcome. As a consequence, limited time may be spent discussing or considering 
what are the consequences of, and decisions involved in, a positive test result. The PEC felt that 
it was important that the educational brochure should help women and couples understand and 
begin to think through the meaning and decisions involved in carrier testing as early in the 
process as possible. Thus we placed a frank discussion of the purpose of CF carrier screening 
near the front of the brochure. We included in those purposes the advantage of having time to 
prepare emotionally for the birth of a child affected with CF or termination of the pregnancy. 

4. The Genetics of CF and the Possibility of Being a Carrier: In two short 
sections, the brochure attempts to make clear and simple the inheritance ofCF. Special attention 
is paid to the 1 in 4 risk with each pregnancy for a dual carrier couple. In addition, a Table is 
included so that individuals from different ethnic/race backgrounds can compare their risk for 
CF. 

5. Sequelae of a Positive Carrier Test: In several short sections, the reader is 
walked through what would happen next if she were a carrier and if her partner were a carrier. 
We also address the issue of residual risk in a negative test and the need to have testing in 
subsequent pregnancies only if a new partner is involved. 

6. More information on CF: Here, toward the end of the brochure, more 
complete information is given on the symptoms ofCF and the health care needs of individuals 
with CF. 

7. The CF Testing Decision: This comprises a parallel list of possible reasons to 
be tested and not to be tested. 

8. Flow Chart: This flow chart summarizes, from the point of view of the woman 
and couple, the vario~s choices that would b e made, results that might occur, and sequelae of 
those results. 

9. Blank Space for Questions: We have indicated a page where the reader can 
write down questions they may want to ask their health care provider about any of the 
information in the booklet. This page is located across from the Consent Page with its 5 
questions. 

• 
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Preconceptional and Prenatal Carrier Screening for Cystic Fibrosis 

Physician Guidelines 

DRAFT 
Page 1 

Introduction 

Cystic fibrosis (CF) is the most common autosomal recessive genetic disorder, in <:aucasian 

populations. CF is characterized primarily by pulmonary arid gastrointestinal ml:lJlifestations of 

variable severity. Although there is a wide spectrum of clinical expression, most. cases of CF are 

associated with substantial morbidity and mortality and require lifelong medical care. CF is 

more common in Caucasians and much less frequent in ,most other ethnic and racial groups. 

Since 1989 when the gene responsible for Cf,was identified, a large number of different 

mutations in the CF gene have been reported. Testing for these mutations has enabled genetic 

screening to identify CF carriers. Th~smonograph provides guidelines for implementation of 

carrier screening for CF in the context ofreproductive health care. 

·---.---
Background 

Offering screening tests for specific genetic diseases and malformations has become part of 

obstetrical practice. These tests help the clinician identify pregnancies at increased risk for these 

disorders and provide information so that couples can make informed reproductive decisions, 

including whether to,have prenatal diagnosis. In general, genetic screening focuses on specific 

populations at increased risk for a disease based on family history or racial and ethnic 

background. Examples of genetic screening tests currently offered in obstetrical practice include 

Tay-Sachs and Canavan screening to individuals of Ashkenazi Jewish descent, sickle cell 

screening to those of African descent, and thalassemia screening to individuals of Asian and 

Mediterranean descent. Genetic screening must always be voluntary and always requires 

informed consent. 
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Incidence of CF 

DRAFT 
Page2 

Individually, inherited disorders are rare but collectively they account for one quarter to one third 

of all major birth defects. CF is the most common autosomal recessive genetic disease among 

Caucasians, with a frequency of one in 3,300 (Table 1). The frequency of CF in:cHispanics is 

approximately one in 8,000-9,000; in African Americans, one in 15,000; in"AsianA.riu~ricans,> 

one in 32,000; and is low in most other racial or ethnic groups. Limited·;,J~~ii:s indi~ki~',i~e 
.· =:;. ~.;: ':·. : . ~ -~·, 

::; :'"·.:::. --~:~~)~ •. ,.:-(.(~.;·:·:· ·. ':'<:::.:~p··· 

frequency ofCF may be similar to or higher than that ofCaucasiru:t~·inPue,blo (one in 3,970) and 

Zuni (one in 1,580) Native Americans. 

Inheritance of CF 

CF is inherited in an autosomal recessive fashiori.~'CF carri6~ hav~ ~'mutation in one of their two 
-;~ : :···· .. 
·::,,•· .,. . . . ... 

copies of the CF gene. One-half of the. childreh;oiCF carrl~rs will also be CF carriers. In 
/~::~;>F·"<\~~" \. ~~~: :~~:. .·= :.-:.::~·-~,, Y 

general, carriers are healthy individuai~-:~~~d,;th~y,. ~eh1tit'~sually aware of their carrier status 
~:'L / . .·,:-· ~'j~ .. . .;' 

unless they have an affected rehitive,oi''riffspring:/Couples in whom both partners carry a CF 
.. . ' ·~ .. : .· >.>.. .. ~·:-'-.,, ·:. ~ .. ,\:'·~<-. 

mutation have a one in fOUij\Cliance ~f:Haviiil'i~h offspring with CF in each pregnancy. When 
....... ~·: ': .. , . ;:.:~ -~.i~>= 

:· ~-. . : .:; .· ·-~--");". 

both parents are carriers;·:two~tliir~s ~fthe ~naffected children will be CF carriers. 
'" '\ 'C'·, 

:;·.: 
,..,,.,,. 

In 1989 the,gerie~hiclf'·~~~s~~'!C:F was isolated and localized to chromosome number 7. Since 

that time ()Vh 700 clifrer~ht;>mutations in the gene have been reported in individuals with CF. 
·;._:::<·, . ::.y 

The'fr~quenEyiofthe ·s!j'~cific mutations varies among populations. For example, delta F508, the 
i.'. ', , ·:· . :_"·:· I ~ :. , 

fir5t.CF mu~tion identified, accounts for 70% of the CF mutations in Caucasians of Northern 
. . ..... : 

Europ~an:de§c~nt but only 30% of CF mutations in individuals of Ashkenazi Jewish descent. A 
, .. L·~ ·=~=··=. 

different mutation, the W1282X mutation, is more common in Ashkenazi Jews. For Caucasians 

of Northern European descent, 15 to 20 rarer mutations account for less than half of the 

remaining detectable CF alleles. 
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The gene product, CF transmembrane conductance regulator (CFTR), was also identified in 

1989. The CFTR protein functions as a cAMP-regulated chloride channel in the apical 

membrane of epithelial cells. Mutations in the gene cause defective chloride transport resulting 

in high sweat chloride levels and tenacious mucus in the lungs and pancreaswhich results in the: 

major clinical features ofCF. 

In the US, approximately 850 individuals are diagnosed with CF each year,.nearly two-thirds 

prior to 1 year of age. Individuals with mild manifestations of CF may not be diagnosed until 

adulthood. CF is typically a multisystem disease that primarily causes progressive pulmonary 

disease due to chronic endobronchial inflammation and,:pulmonary infection. Pancreatic 

insufficiency and intestinal malabsorption is present in 85% of all affected individuals. Other 

manifestations include meconium ileus (which occasionally may be identified in utero late in 

pregnancy by means of ultrasonography) and recurrent distal intestinal obstruction in older 

patients. Chronic sinus disease and nasal polyps, diabetes mellitus, liver disease and pancreatitis 

_c::<m also Q~_9_b~~ryed.~ryfen with. CF are_ infertile due to congenital bilateral absence or atresia of 

the vas deferens. 

Recently, men who have congenital bilateral absence of the vas deferens (CBA VD) but no other 

clinical manifestations of CF have been found to have a mutation in one or both of their CF 

genes. In addition, some patients with chronic or idiopathic pancreatitis have also been found to 

have similar mutations in one or both of their CF genes. 

The pulmonary manifestations ofCF range from severe progressive chronic lung disease to very 

mild pulmonary symptoms. Only 15% of individuals with CF have normal pancreatic function. 

The vast majority of patients with CF die as a result of pulmonary complications. A cure is not 
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available, but aggressive medical therapy has resulted in increases in survival to a median of 

approximately 30 years of age and even longer in patients with pancreatic sufficiency. 

The diagnosis ofCF is considered when one or more ofthe clinical features are present. A sweat 

chloride test, often in conjunction with DNA studies, is used to confirm the rli(lgnosis. 
. . 

Management including chest physical therapy, antimicrobial drugs, anti-inflainiliatory,agents, 

nutritional support, and pancreatic enzyme therapy has resulted in i11crea8ed stirvival andquality 

oflife. Individuals with end-stage pulmonary disease may be c3.!1didates for lUfig tnmsplantation. 

Gene therapy and rectification of the electrolyte transport byyarious pharmacological means are 

being actively investigated. However, investigators do nofa.nticipatea cure in the near future. 

Carrier Screening for CF 

In 1997, a National Institutes of Health C()nsensusDevelopment Conference recommended that 
' ..... .. 

genetic screening to identify'carrlers ofCF should be offered to the following adult populations: 

• adults with a positive family history-of CF 

• partners of individuals vvith CF 

• couples currently planning a pregnancy 

• couples seekillg prenatal care 

StUdies have demonstrated that despite a couple's desire to have a healthy child there is limited 

interest in-{~F screening prior to pregnancy. Pregnant women and individuals with a positive 

family history are more likely to be interested in screening although interest, even among this 

group, was not universal. Many couples who agree to carrier screening do so for reassurance 

with the expectation that screening will be negative. Studies have demonstrated a high level of 

patient satisfaction after undergoing carrier screening for CF. Not all couples who are found to be 
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earners proceed with prenatal diagnostic testing or termination of an affected pregnancy. 

Screening should be offered irrespective ofhow couples intend to use the information. 

To whom should carrier screening be offered? 

The recommendation to offer carrier screening to Caucasians is based on two factors:.frequency 

ofthe disease and the detection rate (sensitivity) of the test. Offering CF carrier screening is only 

recommended for populations in whom there is both a high frequency of carriers and a high 

detection rate. The frequency of the disease in Caucasians is considered to be relatively high 

(one in 3300) and the detection rate of screening is 80-85%~ In contrast, offering screening is not 

recommended for African Americans, Hispanics; or Asian Americans in whom the incidence of 

the disease and the detection rate is lower (Table 1). However, any couple in these racial or 

ethnic groups who request information about CF screening should have this made available. 

CF carrier screening should be offered to: 1) patients with a positive family history ofCF; 2) 

partners of individuals with CF; and 3) couples of Caucasian descent planning a pregnancy or 

seeking prenatal care. 

Individuals with a family history of CF 

Individuals with a family history ofCF are at higher risk of having children with CF. The risk 

for being a carrier of a CF mutation depends on the relationship to the affected family member. 

In eliCiting the family history, the practitioner should specifically inquire about CF in family 

members. Some individuals with a positive family history are familiar with the disease and are 

also aware of their increased risk of being a carrier. Even those who had genetic testing in the 

past may benefit from genetic counseling since recent developments may have improved the 

ability to reassess their carrier status. Genetic referral should be considered when there is a 
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positive family history, because the interpretation oftest results and estimation of risk may be 

more complex than in the general population. 

Partners of individuals with CF 

An individual with CF may have either a child who is a carrier of CF or a c~l~ affectedi\yith ther, 

disease depending on the carrier status of the partner. Carrier screening ~ii<?41cl ~e- offered to 

partners of individuals with CF. Carrier screening may clarify a ~()up let's risk'ofhaving a child 

with CF and provide them with helpful information for rel?rcidiTctive d~di~~on-rnaking. The 

majority of these individuals are aware of their increased risldfor.,having'achild with CF. 

Couples planning a pregnancy or seeking prenatal dire 
.. ·. ;, . :. :. 

·. . .· ... 

Couples who are Caucasian and of European, or ASkenazi Jewish descent, and who are planning a 

pregnancy (i.e. those seeking preconcepti~~ev~luation~·ottreatment for infertility), or presenting 

for prenatal care during the "first or early second· trimester should be considered candidates to 
·. ,~ :.' 

whom CF screening may be offered. Th.e ,,~ihnicity of the partners should be ascertained at the 
.. . ... 

time of the initial histoiy and u~~d by thepractitioner to determine whether the couple is at 

higher risk for haVing a. child,. W"ith' CF. In many cases, it is necessary to ascertain the ethnic 
.. . . •: .:. 

background or origin oftheirgraridparents in order to assess their risk. &y patient in the higher 

risk group's who is. cc)nsidenrig CF screening should receive educational information regarding 
.. · ·.··.·:·::. 

the natt.Jfal history, of the disease, disease prevalence, sensitivity and limitations of carrier 

scre~ning. 

In the event that an individual or couple from a lower risk population requests information about 

screening for CF, they should be provided with similar information and the limitations of 

screening should be fully discussed. If they understand this information and request screening, 

the request should be honored. 
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Ideally, carrier screening should be offered prior to conception to allow couples to consider their 

reproductive options if they are carriers. However, studies have shown that interestin screening 

for CF is limited and occurs primarily in persons with a positive family> history, or among 

pregnant women. Therefore, most screening will be requested when a patient seeks preJ:latal'care . 
. ' - . ·.·, ,· 

During pregnancy, screening should be offered during the first tri~~ster o(early, second trimester 
,,., __ .. 

,'·,::;o .. 

to ensure that the couple receives the test results within a ti~e':fj-~e that<~ill allow them to 

consider having prenatal diagnosis if they are both carriers ifud to have the option of termination 

of pregnancy in the event that the fetus is affected. 

Screening Strategies 

Several screening strategies are available. With cohdirrent screening both partners are tested 

simultaneously. With sequential screening~<mepkrtner is tested and the second partner is only 

tested ifthe first partner is identified as a ~arrier:' ' 

Concurrent screening may be preferred when both members of the couple are having screening 

tests for other disorders (e.g. Tay-Sachs and Canavan disease). Concurrent screening will also 

more rapidly identify carrier couples. when there are time constraints for the selection of the 

method ofpreriatal diagnosis (i.e., CVS versus amniocentesis) or when advancing gestation may 

limit the availability of the option of selective termination of affected pregnancies. Furthermore, 

concurrent screening more precisely identifies each individual's carrier status and provides the 

couple with the lowest residual risk of having a child with CF following negative screening. 

Positive screening results of either partner may be used to identify other relatives at high risk for 

being carriers. Concurrent screening will identify couples in whom one partner is a carrier but 

the other does not have a detectable mutation (i.e. positive/negative couples). In this situation 
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there may be increased anxiety generated because the risk for CF is increased, rather than 

reduced, but prenatal diagnosis cannot be performed. For example the risk levels for Caucasian 

Europeans who are identified as a positive/negative couple is intermediate (1 in 564) between 

that of positive/positive couple (1 in 4) and negative/negative couple (1 in 80,000);',:;,See tables 2 

and3. 
. <:::::·~ ~;:; 
··.-:·:.-- ···.:,-;,.. ··::~/:,~..,),'_;·::: . 

. :",'::f,}J.;,: :, ; ~i·'::,,~ ':~': ; "•· j ' .. 

Since the likelihood that both partners will screen positive is less·;tpili4;J.t.%. ·~~#i.~'''p~o'Ji~ers or 
... " ... ;;·~· . , - -~-

couples may prefer sequential screening. Using this approa~~;;:>~n~. p~gf5~Js. sf\eened. The 
-; ·, ·--.. ~·:: .. ~>-;,., -~ :.;,:·;~-

other partner is only screened if the first partner is positi:Y~~for a'mutaJion in the CF gene. 

Depending on the gestational age, the delay inherent in th~:seq~eritial approach to screening may 
~. •.. .: .. -...• :-; . .. . ~=~---~::-.·;;· ·: ....... ~=-

. ·;.~'. .. ::\:'. -~,., ·>:: 

result in a more limited choice of prenatal di~gno'stic pr~6~d\}!"e~ ·~r'~ther reproductive options. 

When the first partner screened does not h.~Y~. adete_ctable 11_1ut~fi~n, the residual risk for having a 
. ;·· ... · .•.,,"' . "' ;:.. : .1 .. -~ .. 

child with CF, although quite low, is hi~~r.thart\Vheh:~·rithpartners have had negative screening 
.:···:;~~:~ '; ~:, .. ' 

tests. For example, in a European Caucasliin: couple in whom one partner tests negative the risk 
.. . : : ... : : ·... . '--~=-·: 

of having a child with CF is't~duced td"Tin r6,ooo in contrast to the residual risk of 1 in 80,000 
.··T Y" ·:.< ;::·-:,·i·'· 

ifboth partners had beent~~t~d.and were ne~ative. If the woman screens negative, a partner who 
·· .. ·:, =~~ 

is a CF carrier will: not. b~:?iaentified, and carrier screening will not be offered to his extended 
.. ~. :; ,: .. :::··.::::':.::~::·_)·~ \·.-<~H~-~-. ·. .· . 

family. Sequ~ntiaJ.~cr~~~Jng'·6nly identifies one-half of the couples in whom one partner is a 
· .. : :. ~ > 

carrier and·~.mutati6fi'·~arih6't be detected in the other partner. This reduction in the number of 
. :·'f:. 

posiH~~/negatl've C()uples reduces the number of couples in whom anxiety may be generated by 
: ·. :.-:=···, 

d~t~rmining "~ risk,level which is intermediate between positive/positive and negative/negative. 

The optimal screening strategy depends on the couple's perception of their risk and how they 

plan to use the information. For example, a couple who desires prenatal testing by CVS if both 

screening test results are positive, may decide to proceed with concurrent testing to ensure that 

the results are available early in pregnancy and to have the lowest residual risk if both partners 
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screen negative. In contrast, a couple seeking reassurance may find the reduced risk as a result of 

one partner testing negative an acceptable outcome. 

Screening Process 

Pretest counseling and educational material in the form of written material, videos, and/or 

interactive computer programs should be provided for the patient and, whe11,ever. possible, her 

partner. The information about screening for CF should be provided in a .J:lon~directive manner. 

This information may be ideally provided by trained support, staff in the ainbulatory practice 

setting. If the partner does not accompany a woman to h~r prenatal or preconception visit, 

educational material should be provided for the partner. 

Written, informed consent should be obtaine4 only after the.woinan and her partner have had an 

opportunity to review the educational material and receive pretest counseling. Individuals who 

consent to screening should provide eith~r a blood sample or cheek swab according to the 

laboratory protocol for screening. Wh'ellthe woman or her partner decline screening, the medical 

record should reflect that screening was offered and the decision was made not to be screened. 

Laboratory testingforGF Carrier Screening 

The carrier screening test for CF is performed on DNA which may be extracted from any cells 

(except gamete), although most laboratories use blood lymphocytes or buccal epithelial cells. 

The provider should determine the source and quantity of specimen required by the laboratory. 

The obstetrical provider should supply all of the history and demographic information requested 

by the laboratory to interpret the results. 

It has been recommended that the standard screening tests for CF should encompass _ 

mutations which are listed in Table _. This screening is expected to have a sensitivity of_ 
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in Caucasians of European descent, and of_ in Ashkenazi Jews. The sensitivity and residual 

risk of being a carrier after negative screening for these mutations are provided in Table 1. 

Laboratory reports should include the results of screening and an interpretation. When screening 

of one or both partners is positive this interpretation should include an estimation ~f the risk of 

having a child with CF and recommendations for any additional testing. When ·~c:-~e(!ning • is' 

negative on both partners this interpretation should include estimates of thete~idhalrisk of the 

partners being CF carriers and of having a child with CF. \Vllen-6rie partrtet·]i~s CF, or is 
·:: .. ·· '· . 

identified as a carrier, testing the other partner for a much larger.nuinber of matations (e.g. __) 

may be indicated. A more detailed description of the labor~tory standards for CF screening is 

available at ---

Counseling Before Screening 
.. ·L::·· 

Patients should receive information a conCise description about the following aspects ofCF prior 

to screening: 

• The natural history,;of"CF inchi<llngthe' variability, and survival rates 

• Current medical t~erapy 

• The carrier frequ(!ricy 

• Inheritance 

• Te~ting options for carrier screening and prenatal diagnosis 

· ~}Limitations oftesting 

• Th~}mplications of positive and negative results 

Reproductive options that may be discussed with the couple prior to screening include adoption, 

gamete donor programs, prenatal diagnosis and termination of pregnancy in the event that the 

test results indicate that the fetus has CF. Patients should understand that screening is voluntary 
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and that their medical records, including test results, will not be released without expressed 

written consent. Every effort should be made to ensure confidentiality of the test results. 

Screening Limitations 

• Screening can not detect all CF mutations. Therefore, a negative, scree11ing test on 
. . 

one or both members of a couple does not exclude the sm~l~ possibility of an affected 
'• .. ·.. . .. 

offspring. For example, at a detection rate of 80%, a Caucasiari 'couple with· a negative family 

history having concurrent screening in whom both partners. have a negative screening test, the 

risk ofthe offspring having CF is lowered from one in 3,000 to one in 80,000 but is not zero (See 

Table 2). For a similar couple having sequential screening in whom only one partner is screened 

and that partner is negative, the residual risk is one in 16,356 (See Table 3). The level of this 

residual risk is dependent on the racial or ethnic group of the patient and on the specific 

mutations for which testing has been performed, and whether only one or both partners have 

been screened. (See Tables 2 and 3) 

• Following screening, the estimate of a couple's risk for having a child with CF 

assumes correctly identified paternity. 

• The· estimate of residual risk only apply when the family history is negative. The 

accurate estimation of the carrier risk for individuals with a positive family history requires 

knowledge of the mutations in the affected family member, and the relationship to the person 

with CF. Assessment of the risk in individuals with a positive family history may not be 

straightforward and the couple may benefit from genetic counseling and consultation with a 

clinician who has special expertise in this area. 
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• The estimate of residual risk of having a child with CF applies only to pregnancies 

conceived as a couple and not with other partners. 

• Although some CF mutations are known to be associated with milder illness, 

knowledge of the specific CF mutations cannot be used to predict accura~ely the severity.of 

the disorder in the offspring. Couples with an affected fetus should be offered b~h#seling':~bo~t 

CF by an individual with special expertise in this area who can provide a,;genern(description of 

the clinical range of severity, treatment, etc. 
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In a Caucasian couple of European descent in whom both partners test negative, the residual risk 

of having a child with CF is one in 80,000. In an Ashkenazi Jewish couple in whom; both 

partners test negative, the residual risk is one in 3.5 million (see Table 2). 

Either Patient or Partner Negative and Other Partner Not Screened 

When only one partner is screened and he or she has a negative test result the residual risk of 

having a child with CF is decreased (see table 3). For exaniple, the residual risk is one in 16,000 

for a Caucasian couple and one in 108,000 for an Ashkenazi Jewish couple. 

Both Partners Tested - One Test Positive, One Test Negative (Positive-Negative) 

When a CF mutation is identified in either a patient or her partner it is advisable to request that 

the partner who is not a carrier be screened with an extended panel of mutations. Although the 

individual with a CF mutation has a 1 in 2 chance of transmitting the mutation to each of his or 

her offspring, the likelihood of having an affected child is low because the partner has a negative 

screening test (Table 2). At a detection rate of 80%, a Caucasian couple in which one partner is 

positive and the other is negative has a one in 564 risk of having a child with CF. The residual 

risk for an Ashkenazi Jewish couple when only one partner is screen positive is one in 3736. 

There is a possibility that the screening test may identify two CF mutations in a patient or partner 

with a mild form of the disease. Such individuals should be referred an individual with 

expertise, or a specialized center for a comprehensive evaluation and counseling. For an 
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individual with CF, the risk of having a child with CF when the partner is screen negative is one 

in 280 for a Caucasian couple and one in 1900 for an Ashkenazi Jewish couple. 

Prenatal diagnostic testing is not recommended when only one member of the couple is a CF 

carrier, but the other partner does not have a detectable mutation. In this circuriu;tance the 

determination that the fetus has inherited one CF mutation, and hence is a CF carrier, is not 
- . . . . 

clinically useful information and would not be an indication to change ()b~t_etrical management. 

or to discuss termination of pregnancy. 

Both Patient and Partner Test Positive (Positive-Positive) 

When both a patient and her partner test positiv~ for a CF mutation tbey have a 1 in 4 chance of 

having a child with CF in each pregnancy. If screening is performed prior to conception, a 
·.·. . : . . 

discussion of the reproductive optionsforavoiding ~herisk of conceiving a child with CF include 

adopti_?n, donor insemination, and donor ~gg pro~s. Couples electing donor gamete programs 

should inquire about the CF'drrrier statl.ls;ofpotential donors. Couples should also be informed 

that prenatal diagnosis and termination ofpregnancy if the fetus is affected with CF will be 

options if a pregnancy is established without using a donor gamete. 

.. : 

When screening is perfomied during early pregnancy and both partners are identified as carriers, 

prenata:t diagnosis should be offered. 

Patien!Positive and Partner Untested 

When the woman's screening test is positive and her partner declines or is unavailable for 

testing, the residual risk of having a child with CF in a Caucasian couple is approximately one in 

100 (see Table 3). Testing of the partner should be encouraged to further refine the risk estimate 

for the pregnancy. 
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When screening is not performed on the partner, women who are identified as CF carriers should 

be informed of the availability and limitations of prenatal testing. Prenatal diagnosis can 

determine whether the fetus has inherited a CF mutation from the mother but may not distinguish 

between a carrier and an affected fetus. In the event that the fetus inherits the CF mutation 

identified in the mother, testing for a second mutation from the father may be undertaken by 

testing for an extended panel of mutations. Such testing may reduce the risk that the fetus has 

CF, but cannot totally exclude CF in the fetus. 

Prenatal Diagnosis of CF 

When both partners are identified as carriers ofCF mutations during early pregnancy, prenatal 

diagnosis should be offered. Chorionic villu~ sampling (CVS) or amniocentesis can be 

performed at 10-12 weeks or 15-20 weeks of gestation, respectively. Ideally, screening will have 

been performed prior to 20 weeks of gestation to ensure that prenatal diagnosis can be 

completed prior to extrauterine fetal viability In the event that they would consider pregnancy 

termination if the fetus has CF. Some couples who are carriers may elect to have prenatal testing 

for information only and would not consider termination of a pregnancy in which the fetus is 

determined to be affected with CF. Other couples may decline further testing even after they are 
. . . : 

identified as carriers. These decisions should be supported by the clinician. 

When a couple requests prenatal diagnosis for CF, testing is performed on amniotic fluid cells or 

chorionic villus cells for the mutations which have been detected previously by screening tests on 

the parents. Diagnostic testing for a larger number of mutations on amniotic or chorionic villus 

cells may be indicated when the woman is a carrier and screening of her partner has not been 

performed. 
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If two CF mutations are found in the fetus, the couple should be informed of the results and 

appropriate non-directive counseling should be provided. Counseling should include discussion 

of the options of continuation and termination of the pregnancy. An individual able to provide 

information about the range of clinical severity of CF, management, treatment, prognosis , and 

the potential for new therapeutic modalities should participate in the couns~ling. Counseling 

should include a discussion of the difficulties in predicting outcome based 'g~:~},~;g'enotyp~. At 

the present time, knowledge of the specific CF mutations cannot be u.~e'tit~pred{ctaccur~tely the 

phenotype or the severity of the pulmonary disease. 

Counseling and Screening of Family Members of CF. Carriers .. -:. . ·!_.(~:<~,,.,...... .. 
- .. :~· ."' ' 

... ;., 
·• ·, .: 'L 

Except in cases of adoption, mis-attribute~ pateiiuty pr new:~1mtations, one of the parents of a CF 

carrier will also carry the mutation. Since CFiisaninherlted disease, other close relatives of an 
'·:···,'': 

,·'. :'·; 

individual who carries a CF mutationa~rtatrisk.:rJr carrying the same mutation. Since there is 

not a provider/patient x:elatidnship ~itl1 "thg~e relatives and because of the need for 
. •.,··· . . .. . . 

confidentiality, the provider may not independently contact these relatives. Therefore, women or 
. '·:::: . 

.. ·r ~ 

their partners who aie ideniifi~d as carriers of a CF mutation should be encouraged to discuss this 
•:: 

with their faniilY m~fub~r~ ilitd· written information and other educational materials should be 
: . . 

provided for them td.''us6~ ih these discussions. CF carrier screening should be offered to 
A 

interested relatives, particularly siblings and first cousins who are of reproductive age. 

Offspring' of carriers have a 50% risk of having inherited a CF mutation from a parent with the 

mutation. Couples in which a partner is a carrier of a CF mutation should be encouraged to 

inform their offspring of their risk when they reach reproductive age. Carrier screening is not 

recommended during infancy, childhood or early adolescence. 
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'Likewise, when a fetus is identified as a CF carrier by prenatal diagnosis, parents should be 

counseled to infonn the offspring, but only when they reach reproductive age. 

Summary 

CF carrier screening should be offered to patients with a positive family history of CF, partners 

of individuals with CF and Caucasian couples of European or Ashkenaii Jewish descent 

planning a pregnancy or seeking prenatal care. Information·. about CF screening and CF 

screening testis should be made available to other patients up()n their request. Screening may be 

accomplished prior to conception or during the first or early second trimester. 

The clinician should identify couples to whom screening should be offered based on family 

history and ethnic background during the initial history. Counseling and educational material in 

the form of written material, videos, and/or interactive computer programs should be provided 

for the patient and whenever possible, her partner. In the event that her partner does not 

accompany her to a prenataLor preconception visit, suitable educational material should be 

provided to the woman to give to her partner. Women and their providers may elect to perform 

simultaneous: or:: sequential carrier screening for CF. Simultaneous' testing is particularly 

important when there are time constraints for making a decision regarding prenatal diagnosis or 

the availability of tennination of affected pregnancies. 

Referral for counseling by a provider with special expertise may be considered when carriers of 

CF are identified, prior to prenatal diagnosis, or when an affected fetus is identified. 
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Table 1. Incidence and Carrier Risk for Cystic Fibrosis based on Ethnicity 

Group Incidence Carrier Risk 

Caucasians 113300 1129 

Hispanics 118-9000 1/46 
'' 

,::,',,:', ,' 

African Americans 1115,300 1162<~ 
.·;. 

: 

Asian Americans 1/32,100 1/90 

Table 2. Risk of CF in Offspring for Couples Tested 

' One Parent Positive 
Group Sensitivity One Parent Negative Both Parents Negative 

Caucasian European 0.80 1/564 1179,524 

Caucasian Ashkenzi Jewish 0.97 1/3736 113,489,424 
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Hispanics 0.57 1/424 

African Americans 0.75 1/980 

Asian Americans 0.30 1/512 

Table 3. Risk of CF in Offspring when only ()n~ Parent 1'~sted · ; ···· 

... ·'':: .. • 

SensitiV'~~· d·~eP~rent Negative Group 
.·."· ... ·::::\ .. ,...... ····.·., 

Caucasian European 

.... ~ .· . 
:: :·.~ ":>, 

Caucasian Ashkenzi J e~ish·{'·· 0:97.:•,,,, 
, ..• ·.,~.>> 1:'"' .··.··' 

Afric~~Americans .. , 0.75 

> ··:.. c:· 

0.30 

Unresolved ssues for committee discussion 

1/108,344 

1/19,504 

1/60,760 

1/46,080 

1/44,944 

1/240,000 
i· =-~ 

- <:. 
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· .. ~~,·> .. > 

1/240,100 
... ' ': ' :: .·~; ::~:· ·.· 

One Parent Positive 

1/116 

1/116 

1/184 

1/248 

1/360 
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line 30 - written informed consent requirement -- not required forT-S or SCD. 
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Release of info with written consent-- patients sign blanket permission for insurance companies 
to be able to obtain records 

23 



.... 

CYSTIC FIBROSIS 
CARRIER TESTING 

DURING PREGNANCY: 

THE CHOICE IS YOURS 

> [ l <( 



INSIDE COVER 

This brochure was prepared to give you information about 
cystic fibrosis (CF) and CF carrier testing. Carrier testing is 
being made available to you on a voluntary basis. You do 
not have to be tested. Whether or not someone is tested is a 
personal decision. Before deciding, you should read this 
brochure so you understand what CF is and what testing is 
about. On the last page of this brochure, there is space for 
you to jot down any questions you may have. 

If, after reading the brochure, you want to be 
tested, or simply want to know more about the 
test, you should tell your health care provider 
that you are interested in learning more about 
CF carrier testing. 

DRAWING ..•.•... 



Jllhat is CYSTIC FIBROSIS 

Cystic fibrosis is a disorder which causes problems with 
breathing and digestion. It is a life-long illness which is 
usually diagnosed in the first few years of life. The lung 
problems can be treated with medicine and physical 
therapy, both at home and in the hospital. However, they 
become worse over time and more difficult to treat. The 
digestive problems can usually be treated by taking 
medicine daily. Cystic fibrosis does not affect intelligence. 

It is impossible to know how long a person with CF will 
live. Some die in childhood, while others live into their 
40's or even longer. Although there is no cure for CF, more 
effective treatments are being developed that may help 
people to live full, healthy lives. . 

Jllhat is the PURPOSE of Cystic Fibrosis 

.Carrier Testing? 

The purpose of CF carrier testing is to see if a couple is at 
increased risk for giving birth to a child with CF. Cystic 
fibrosis carrier testing is a laboratory test done on a sample 
of blood or saliva. If testing shows that the couple is at high 
risk, additional testing can be done to see whether or not the 
baby will develop CF. 

Cystic fibrosis cannot be treated before birth. The purposes 
of having this information about your developing baby are 
so you can prepare yourself to care for a child with special 
healthcare needs, or so you can terminate the pregnancy. 



Wbat CAUSES Cystic Fibrosis? 

Cystic fibrosis is a genetic disorder. Genes are 
nature's blueprint for every living thing. Genes comes 
in pairs: one set of genes comes from your mother and 
the other set from your father. Some genes do not 
function properly because there is a mistake in them 
If a gene has a mistake, it is said to be altered or 
changed. 

Everyone has two copies of each gene. If a person has 
one changed copy of a CF gene, that person is a 
carrier for CF. A carrier does not have CF. When a 
couple, both of whom are carriers, have a child, that 
child may inherit one changed copy of the gene from 
each parent. A child with two changed copies of the 
CF gene will develop CF. 

Could I be a CARRIER of Cystic Fibrosis? 

Yes. You could be a cystic fibrosis carrier even if no one in 
your family has CF and even if you already have children 
without CF. About one in 30 white people (about 3 in 100 
or 3%) carries the changed gene. If your family 
background is not white, your chance of being a carrier is 
lower. (See Table) 

If a relative of yours has CF, or is known to be a carrier of 
CF, your chances of being a carrier is greater than 1 in 30. 

THE CHANCE FOR HAVING A BABY WITH CF . 

ETHNICITY/ CHANCE OF CHANCE CHANCE BABY 
RACE BEINGACF BOrn Wll..LHAVECF 

CARRIER PARTNERS IF BOTH . ARECF PARTNERS ARE 
CARRIERS CARRIERS 

WHITE 1 in 30 1 in 900 1 in 4 

AFRICAN 1 in 62 1 in 3844 1 in 4 
AMERICAN 
HISPANIC 1 in 46 1 in 2116 1 in 4 : 

ASIAN 
AMERICAN 

1 in 90 1 in 8100 1 in 4 

~( __ ~~ 12.---1-in-;§~U-L -----Ll-in-4 

AM· y a. n ::;; L: :.; ·: , ' t.J e 
NOTE: 11/ou or a blood relative of yours has CF, or knows they are a earner, 
your chance of being a carrier is higher than the numbers presented in the Table. 

f the test shows I am a· Carrier wriAT 

SHOULD/DO? 

If the test shows that you are a carrier, the next step is to test 
the baby's father. If the father has a normal test result, it is 
very unlikely that your baby would develop CF and no further 
testing is recommended 



Wbat if BOTH PARENTS Are Cystic 

Fibrosis Carriers? 

If two people who are both carriers have a child, that child 
may have cystic fibrosis. When two carriers have a child 
together, there is a 1 in 4 chance (25%) with EACH pregnancy 
that the child will have cystic fibrosis. This is true even if 
they already have other children without CF. 

If CF testing shows both parents are carriers, you might then 
see a provider for genetic counseling. This person could 
provide you with more information and help you decide if you 
want to test the baby for CF. This wduld be done through 
amniocentesis, a procedure where a needle is used top take 
fluid from around the baby for testing. If this test shows that 
the baby will develop CF, you could choose whether to either 
terminate or continue with the pregnancy. 

If my test is normal, COULD I STILL BE A 

CARRIER? 
Yes, because the test is not able to detect all carriers. However, the 
chance of being a carrier with a normal test result is very low; therefore 
testing the baby's father is not recommended. 

Does the test need to be repeated EACH 

TIME I GET PREGNANT? \ 

\ If the test shows you are a crrier, the result is defmite and will not \ 1 

change. If you have a new partner for a future pregnancy, however, \ 
testing is always recommended to flue new partner .If you have a new I 
partner for a future pregnancy, testing would be recommended for that !. 

new oartner. 

UVf 
~ 

Is There Anything Else I SHOULD KNOW 

About Cystic Fibrosis? 

What are the Symptoms of Cystic Fibrosis? Cystic Fibrosis 
causes problems with breathing and digestion. CF can cause 
thick mucus to collect in the lungs;- this leads to breathing 
problems. Lung problems often become worse and harder to 
treat over time. Digestive problems make it difficult for 
children CF toachieve normal height and weight. Almost all 
men with CF are infertile; some women have difficulty getting 
pregnant. Cystic fibrosis does not affect intelligence. 

What Are theHealth Needs of Children with CF? To treat 
lung problems, most children with CF need to have physical 
therapy for about a half hour every day; this helps clear mu~us 
from the lungs. This is something that parents or other farruly 
members can do. Sometimes lung infections still develop . 
They may need to be treated with antibiotics at home or in a 
hospital. Adoption and new reproductive technologies are 
available for those who cannot have children of their own. 
Treatments are costly and may be burdensome without adequate 
health insurance. 

Do All People with CF Have the Same Symptoms? No. Some 
individuals have far milder symptoms than others and the 
reasons for this variation are not entirely understood. It is not 
possible to tell how mild or severe a child's symptoms might 
be. Still, by adulthood, most people with CF will have some 
breathing and digestive problems. Today there are many people 
with CF who are attending school, have careers and fulfilling 
family lives. 



.. 

How Do I DECIDE Whether or Not to Have 
CARRIER TESTING 

After learning about CF carrier testing, some people decide to have 
testing, and others decide against it. The cost of testing is covered by 
some insurance and not by others. You may want to check with your 
insurance company before deciding if you want testing. 

Listed below are some reasons people give for having or nor having CF 
testing. 

I 

Possible Reasons to be Tested: 
. I 

+If cystic fibrosis seems like a very serious disorder to you 
+If the chance of being a CF carrier seems high to you- especially if a 
member of yours or your partner's family has CF or is a known carrier 
+ If you and the baby's father would consider amniocentesis and th~ 
option of terminating the pregnancy if you were both found to be carri~ 
+ Because test results are usually reassuring v':~-

C?---' --Possible Reasons NOT to be Tested: 

+ If cystic fibrosis does not seem like a very serious disorder to you 
+ If the chance of being a CF carrier seems low to you. This may be 
especially likely if you are Asian- or African-American. 
+If you and the baby's father believe that you would not have 
amniocentesis or terminate the pregnancy if you were found to be carriers 
+ Because the test is not perfect and will not identify all carriers. 

·~ 

. .~· •. '-
(..___ .. · 

I I 

I 
.. 
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THIS CHART YOUR CHOICES REGARDING CARRIER 
TESTING FOR CYSTIC FffiROSIS 

Pregnant Woman Tested 

At Least One . · 
) 

Negative Result\\ ·. 
. t 

Baby's Father Tested 

Positive Result (Carrier) 

r 
Offer of Amniocentesis 

Parents Choose No 
Amniocentesis (No Further Testing) 

... 

Nega~ve, 
Result\' . 

1'\ '; I 

Parents Choose NOT 
To Terminate 

Parents Choose 
Amniocentesis 

Positive 
Result 

Baby Will Develop CF) 

Parents Choose 
To Terminate 
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QUESTIONS TO ASK MY HEALTH 
CARE :fROVIDER ABOUT CF CARRIER 

TESTING: 

'' ;:;, 

• • , •. _ _,_;,,_ J •.•• 
··· •. u .. ~ ........ ~._.,,._,,., 

you should be certain you understand the five items listed below. 
If you are not certain about any of them, please ask your health 
care provider to explain them further BEFORE signing this form 
accepting or declining CF carrier testing. 

1. I understand that the decision to be tested for CF 
carrier status is completely mine. I realize that it is a 
personal decision, 'fl.-

2. I understand that if I am a carrier, the baby's father 
~/!f ~eSjfdJ!J qe~f!_mine,!~ __ my developing baby 
mlgnt IUive c!F.o r c- = ·-

3. I understand that if one parent is a carrier and the 
other is not, it is possible that the child will develop 
CF, but thq,t.the chance of this is very smalL 

4. I understa!!!l that i oth parents are carriers, 
·additional testin us e done to know whether or 
not the chi'ld will fl.~_~elf!P...f!!· 

· 5. I understiin·d tha{if the baby has inherited a 
changed CF gene from each parent, the only way to 
avoid the birth of a child with CF is by terminating 
the pregnancy. 

I have read and understand the information in this brochure and I: 

Si1med: 

0 Decline CF carrier testing 
0 Accept CF carrier testing 



.... IV REMAINING PAMPHLET DEVELOPMENT ACTIVITIES 

1. Piloting. The objective of the piloting is to assess the readability and 
comprehension of the pamphlet. (fo~ative not summative evaluation). 

Patients- First step: N=10, prenatal clinics, full text review 
Second step: Revise pamphlet 
Third step: N=20, prenatal clinics, interviews after reading 

Review by providers: N=10, pamphlets acceptability, fit with practice 

Review by CF Foundation: Appropriateness ofCF disease description 

2. Final revision, including work with graphic artist. 
We will not address production issues. 

V ESTIMATED TIMELINE 

We have two ongoing activities: finalization of pamphlet and drafting of Education 
and Consent Committee 'Report" to the Steering Committee 

l. Finalization of Pamphlet could be done in four months June, 1999 

2. Preparation of Committee report can be done concomitantly June, 1999 

VI ASSISTANCE REQUESTED FROM STEERING COMMITTEE 

1. Comments on organization, content, and wording of draft pamphlet 

2. Discussion of implementation of pamphlet in various practice settings 

3. Some implications of pamphlet content for provider education 
a. Sensitivity/specificity of test 
b. Residual risk 
c. More detail on disease 
d. Testing of relatives 

4.What does the Steering Committee expect regarding a report from this committee­
a 'stand alone' report, 'part' of a final Steering Committee report, etc. ? 
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ACMG Worldng Group on Cystie FibrOsis Screening 

RECOMMENDATIONS OF THE LABORATORY STANDARDS COMMl'ITEE 

:mJ7lODUCilON: 

[to ~ at1dd] . 

CQNCER.l't'"S: 

1bc identification of the cystic fibrosis gene9 CFrR , in 1989 offered the hope of 

screening indiviAhlals md couples with no family history of the disease in order to alert 

those unknowingly at risk for prodnclng children with this common disorder anci offering 

them prenatal diagnosis or other reproductive options. Aftet .1Dilch debate aod several 

pilot screening studies~ an NJH Consensus Panel tecoii11lleDdcd. in 1997 that CFIR 

Jlllltation testing be offered to all pregDaDt couples and those contemplaring pregnancy. 

However~ implementing delivery of mass popolation scr=ning for cystic fibrosis mutation 

carriers along these lines remains problematic because of the following circumstances: 

• tbe large number of CFTR mutations 

• the absence of guidelines for developing appropriate mutation test panels 

1 
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• the differing prevaletlee of individual CFTR among different populations, based 

in large part on etbnicity 

• the extreme edlnic heterogeneity of the U.S. population 

• tbe increasing admixture occurrlng among ethnic groups in the U.S. 

• the wide clinical variability of the disorder 

• the inconsistency of genotype-phenotype COI"Itlations foc pa..·ticrdar mntmioos 

• the fact that not an CFIR mutations cause cystic fibrosis 

• the changing prognosis of the disease in the face of new and novel tberapjes 

• the documented lack of intereSt by nonpregnant coupleS in being screcued and 

consequent limitation of options availab~ to at-risk couples who undergo 

testing during pregnancy 

• the lmge anticipated burden that widespread screening would place on existing 

genetic counseling resources 

Nevertheless., -wt: ~ that ~ delay in implementing the NIH Conscnsus 

Conference recommendations risks perpetuating inadequate acc:ess to CF carrier testing 

in the United States. Moreover, the problems with offering CF canier screening to 1hc 

general populalion~ while substantial, ~ of cqoa1 order of magnitude to some sc:rcening 

programs aheady in practice. such as matemal serum multiple ~ screening for 

aneuploidy in the fdas. 

Wbile there will be foreseen and unforeseen difficollics, the tecnmmendations of 

the Laboratory Standards Committee outlined here. in conjunction with those of tbe othu 

component working groups reporting to the Steering Committ:re, are designed to ensure 

that population carrier screening for CFIR mutations will be as efiective and apptoprlate 

as possible. 

2 
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ISSUE: Target Popnlatian 

There has been much discussion and debate over which etlnW::Ixacial groups 

should be offered CF carrier testing in a population screening program. Some feel that 

screening should be limited to those populations, such as non-Jewish Caucasians and 

Asbkeaazi Jews, in which both the carrier frequency and the dettc:tability of the majority 

of prevalent IID.rtatiom ate snfficiently high to justify the effort and ~ that the 

program Is efficient and cost-clfective for both the clinician and the laboratory. Others 

feel tbat the marked and growing ethnic admixture m tbe United States mates n difficclt 

to tcadily classify or exclude patients based on ethnic group. and that even attempting 

to ~ sach ascertainmen1S in a. busy clinical scttiDg woold place an undne bmden on 

the primary ~ physician and impair the overall cost-effectiveness of the program. 

While · some of the most suceessfal genetic sctCCDing programs. such as dlat for Tay­

Sacbs disease, have nauowly 13rgCted particular etlmie groups, there is pnocnlcnt in the 

newborn sc:rceaing field for universal scre:ening without pm-test ascertainmc:nt of~ 

despite wide ~ in disease incidence among edmicltaeial groups (e.g., newborn 

set=ning for siclde c:en disease). 

§COMMENDATION ; 

l. The Cotnmit:tec app.rcciates the logic behind both of these positions. Aa a 

compromise, we RCOIIIUiMCf tbat CF a:rde& testing be dJsmssed with non.Jewisb 

Cavl'8dam!Asftbnazl Jews, but all patients should at &liSt be made aware of the 

~ of teltiDg af.oD& with the cletedabDJty limits iD their respedife etlmldradal 

groups tbrouah brochures or Gther efftdent .llltthods. · I:4 part:lcolar •• Asian-Americans and 

Native-Americans without significant Caucasian admixtnrc sbould be inforJmld of tbe 

rarity of the disease and tbe very low yield of the test in those populations. Testing 

should be made available to African-Americans. ~ that only about SO% of at­

risk couples will be c:'lel:ecred. This approach may rcqain: a consent fotm. wbkh n:cites 

this infotmation as well as a si.gn.off for those opting out of ~ after reading the 

brochure. The latter poi1lt will be addressed further by the Working Group on Patient 

3 
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Education and Informed Consent. 

2. While for pradkal purposeS, testing will often occur fn the pmmtal aeUing, 

we recmnmend that preconception testing be ~ whenever possible. 

ISSUE; Scptnlg Moc;ltl - Cqunle ys. Sequential 

RECOMMENDATION : 

Testing should be doDe mlng either a sequential or coup]e.bued model, depending 

on the tarpt populatiou, the Dature of the dinical seWng, and the appropriate 

judgement of the praditioner. The sequential model involves fust testing one member 

of tbe c;ouple (usa.ally the woman), testing the parmcr ooly if the first test is positive, and. 

providing full dll5closare of test resultS to both individuals. '!.be couple model 4bcribed 

here involves simultaDcoos collection and testing of specimens fro1ll both individualst with 

both partners informed of the results at the conclusion of testing. This approach is 

suggested for Caucasian couples of Nonhml European descent and also for Ashkenazi 

Jewish couples, particalarly when concunently testing· for other ~on genetic disorders 

m that populaikm. The sequential model may be more 1lSefa1 for groups in which the 

carrier frequency is lower and in situations where. obtaining a sample from tile partiler 

is impractical. In general. though, the choice of model should be left to the individual 

center to use whichever method they feel most appropriate or practic:al. 

Wbi1e we can appreciate some of the theoretical psycbosccial and cost .advantageS 

of tbe ~u~tcsting model of Wald (Wald 1991), in which specimens are collected from 

both indivichlals at the start and positive-negative couples arc rqruitcd. just like ucgative­

ncgative couples and treated as such, we do not endorse this approach because of ethical 

questious sw:ronnding nond.isclosme of k3t results and becacse it deprives the positive 

member of the couple of the oppo.mmity of informing his or her relatives of their risk. 

so that thoy too could be tc:rtcd. 

4 
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ISSUE: Com Mptpfiop Panel 

RECOMMENDATION : 

In part bccanse of the cthnicity eonsidt:ral:ions discussed above, we recoiDDitlld use 

or a pan-etlml.c nmtatloD pantl, wbfd& should be adopted as a minimum standard by an 
testiug laboratOries. The paad sboald include all mnwions 8boWjng an allcle frequency 

of >O.l%in the gmetal U.S. pOpUlation. The Committee feels that all mutations of this 

frequency should be included, regardless of whether they ba.ve been 8&SOCiated with mild 

or severe disease or related conditions such as congenital bilateral absence of the vas 

defeR:ns. The panel sbonld include mutation sobsets shown m be safficicntly 
predominant in cettain ethnic groups. such as Ashkenazi Jews and African .Americans, · 

so as to -raise tbc yield or asiti1lity of resting in those groups to a reasonable level. 

:Based on these criteria, the CamntftUe bas eompilec1 a 1st ot 32 mDf11dons (Table 

1) which repteseut the obUptory minimum panel to be used for FMDI u.s. ptJpalation 

sc:ft.t'•iug. A recent survey of laborarories participating in the CAP/ACMG motecular 

geoetics proficicDcy tcstiug pt01ram nationwide IeVcalcd wide variation in tbf) ntnnber 

and type of mutations offetcd by individual Iaboramries. IaDging from 1 to 70 (Orody ct 

al. 1998). Adoption of tbe mjnjnlum umversal plDel nwnnmended bcte will promote 

much-needed consistency across the country and establish an acceptable standard of cate 

for CF populat.ion carrier scr=Ung. Of course, Iabo.ratmies conccutrating exclmvely on 

well-defined cthai.c groups with a few prevalent mutalions (e.g., Asbkc:nazi Iews) may 

otili:te a sma11er subset of tbc panel. Convenely, laboratories wishing to supplement this 

core panel with additional mutations partiadar to their own uses are :free w do so. 

The question has been raised whether an extended or second-tier tmttation test 

s 
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panel should be offered to coupks testing positive-negative with the basic core paneL 

RECOMMENDAnON : 
After careful considemion, the Committee decided that an eUeodecl panel should 

not be offered rouUDe1y to such couples, since it would nave tbe effect of incteasing 

patients~ anxiety. wovld appear to endorse so. altemative mutation panel beyond the 

basic one defined as standaJ:d of care, is likely for the foreseeable future to be available 

at only a single laboratory, and would provide very low addi1iODal ~ leaving such 

couples with the smxt lcvo1. of uncertainty as they had before. It 'WaS agreed, however, 

tba1 the. existence of such a. panel be made known to c:ooples who request it and be 

uti1iD:d on a case-by-esse basis as indicated by the clinical situation. 

CFIR mutatioo. analysis is a bi~lexity laboratory prooedllre r:equirlng 

sopbistlcatcd molecular biology and human gcueties expertise. Tbe advmt of popul~ot1 

carrier screening for CFrR mutations portends adding an ext:remely high test volmnc tD 

a pro<;edure of such high ex>mplexity and sophistication, a. situation nnprecedented in 

the tield of laboratory mediCine. For this reason it is impexatlve tbat snch testing be 

restricted to laboratorles possessing tbc requisite expertise. expcrlence awl physical 

rcwurccs. 

RECOMMENDATION 

.Any labomory embarJdna oo CF population carrier auening IDUSt be able to 

annp1y with the stt:ha&ent quality assurance guideliDes .spedlled in the ACMG and CAP 

theddfsts and the nport of the NIH·DOE Ta Fon:e on Genedc Testiug. and must 

, participate in the CAP/ACMG quality assurance and profldeDcy testing programs. 

Equal attention must be paid to pre- 8lld post-analytic aspects of testing (e.g., 

appropriateness of test ordering, intetpraation. .reporting and counseling) as to tho 
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laboratory test itself. 

The Committee reeognl7es that, in the absence of available commercial test kits. 

the core mutation panel recommended here as standard of care will be difficult for some 

laboratories accustomed to a smaller panel to set up in-bouse. It is hoped that our 

recommendations will. lead to some eeo.rralization of testing :in the .lllOSt capabl~ centers. 

as wen ~ some impetus for ~ to develop kits and reagents with the core 

panel in mind in order to enhance utilization by additional COIDperent laboratories. 

ISS tiE: Copgealtal Bilateral Abseqce or tbe Vas Defereus 

CFIR mutations R117H and F508C, and sonx:times others,. along with the 5T 

variant of the srrrrf9T polymorphism within introJ1 8 of the opposite allele,. have been 

fotmd in a large proportion of otherwise healthy men with blfertili1y due to congenital 

bilateral absence of the vas deferens; sometimes just the ST variant and no CFTR 

mutation is found in tbeso individuals. Testing· for these 1,11Ut.ations and varlams in a 

large population screening program will inevitably produce llicky counseling problems 

becanse it will expand tbe risk ascertainment beyond that for classical CF. While this 

might be avoided by simply choosing not to scteen for these alleles, that choice would 

be prob1ematic in itself, since the relatively common Rl17H mutation can also cause 

classical CF. In addi~ a specific FSOSC te8t ls DCCded to distiiJBuish it from the more 

common and serious ~508 mutation in somo assay methodologies, and ~on of the 

ST variant (whiclt is. found in S% of the normal population) pi(Wides useful prognostic 

information in relation to the other mutations. 

RBCQMMENOAUON : 

The Committee therefore reached the conclusion that both the Rl17H aDd FSOSC 

mut.atiOllS and the snwr int:ronic polymorphism :must be IDdmled 1n ftle testing pan~ 

while rec.ognfzing that tlds wm have the unwanted effect or screeDiDg for male inf'ertility 
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as well as CF. Because of the subtle and complicated genetic issacs raised. there was 

general feeling that cletedioo. or one or tht:se nm1snaJ nnrtatfon .cowblnatlont m the 

screening program should be foDowed bf referral to a geoeddft for fllrt&er CQII«<MHng. 

Information about the mutations associated with CBA VD 8hoold be included in ~poxts 

and consent forms. 

The Committee i& aware of some tmpublisbed dala. dtsfinirtg a new polyznorphism 

or haplotype in tight linkage disequilibrium with elink:al CP-.associated vs. CBA VD­

~ared R117H m'flDifinos, If tbis marker could be incorpoiated into the test ~ 

it could pomntially obviats the need to test for 1M sr polymorphiml with its attmdant 

complications. since it would function as a surrogate iest for dsltrans oricatation of 

R117H (or otbcr relevant mutation) and ST. Tbis marker Will be followed closdy a:nd 
added to lhe mco•n"wmded core mutation panel jfit proves to be sufficiently infamlativc. 

As is well known. both patients and many primary care ptO!~s ae not 

comfortablo cfcaling with ldalive risks and non-absolute laboratmy test resalts. · It is 

essential that test Iq)Olts for oegative screens define as accuraldy as possible, based on 
cmrent lmowJed&e. the rcsidaal risk that the pc:l'SOil tatcd coWd be a cmia' of an 

\Jlltested or unknown mutation. This risk will vary greatly by ethnic group and sbould 

be so sptmicd and individualized in the test rcpol'tw 

The best current estimak$ of rcsidnat risks for the major ethnic gmaps after 

testing negative with the OOte mutation panel are listed in Table 2 [to be adckrd]. For 

1h~ cc:ntcrs doiDg conc:umm.t couple $CCM~•ing. tbtJ negative/~ (or 

negative/positive) IqX>rt must include the xesidual risk. of baviJl& a. CF child. based an 

the coople's combined test results. For those centers doing seqttetUjal testing, a. positive 
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test report on the fint partner shonld include a n:tOn:unendation that ~ other partner 

be tesred also. 

There was IItUCb discussion between our Conunil:rec and the Steering ~ 

.regarding whether or DO[ all positiw-positive couples should be xe&tred to a. gaJ.Otlclst 

or genetic COlWdor for fmtbe.r explanation and counseling. Some felt that sach tefcual 

wu neces~ to cmure that these couples receive the appropriate amount of BCX:I'rate 

information about rlsks. prognostic factois and ransc. of options available to anow for 

folly infouned decision-making. Others felt that this could be· jmpractica1 for ~ 

piaCtices which arc far from such sernces, and fm:tbcrm01\\ felt confident that some 
obstetricians and other primaly care pbysiciaDs would be compcteo.t to pctform. such 

counscling thansclves and shoald not be prohibited from doittg ~-

RECOMMENDATION : 

To eneompus both points of view, tlle ~ rccom.mends that a conc:lae 

SIDIIID8ry of the kDowledge ancl eJ:pel tise needed relative to Cl', bgman gaetlcs, aDd tile 

intl!l"pntat.fo of CF Wst nsalt& shGu1cl be protfdt.d. for tile pro£: ·Mad ,PrO'fidiDc t1ae 

C'O'Uisdas• Any primary care pnmda- who does DOt feel comCod:alile explafldaa tiMie 

CODCepf3 to the patleats should refer them to a IIDf!CiGt prolierdoNJ. We expect that 

most of the esseutia1 mat.erlal can be adapted from tbat produced by tbc Patient 

Edocat:i<m and Informed Consent Committee. 

In making these recommendations. the Committe:e is conccrncd that ~ CF 

~ of the type we are proposing bas never been tried in a teal-world setting within 
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tbe United Stares. The several funded pilot projects completM thus far. while useful 

and instructive. were conducted witbill the context of research projects and thus were 

somewhat artificial in their stmctarc. lt is poBSJ."blc that they may have failed to mveal 

certain potential problems and pitfalls that such screening might prodaoe in a trac 

clinical setting of very large scale, much as some ad~ drug reactions come to light 

only after widcspicad M1J1JJW'Cial. sale as opposed to the more limited Phase m trials 

conducted for FDA approval. 

RECQMMENDAUQN : 

Therefore, we l'eC.'lOIDIDe1l that a pro&nUD be estabJishecJ, and Ideally federally 

funded, to eY8Iuate our ftA»!•••If'lldatioos ID a liDgle laqe, dberae state ($uth as New 
York or Calftomla). 

Grody WW, Desnick RJ .. Calpenter NI, Noll WW. 1998. Diversity of cystic fibrosis 
mntation screening practices. Am J Bum Ocnet 62: 1252-12S4: 

Wald NJ. 1991. Conple screening for cystic fibrosis. T.ancet 338:1318-1319. 
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Table 1 

RECOMMENDED CORE MUTATION PANEL 
FOR GENERAL POPULATION CF CARRIER SCREENING 

AF508 ,;{5f]1 
RS53X 621 + lG-T 
R1162X G8SB 
2789+SG~ 36S9delC 
A559"r' 230TmsA• 
'IS07V'" PSOSC"* 

*African-Amcrlcan mutations 
**CFTR vari2mslpolymorphisms 

G542X 
Rll7H 
R334W 
2184delA. 
G480C* 

G551D WI282X 
1717-lG--A. A455E 
R347P R347H 
SS49N 711 + lG-T 
405+3A...c* S12S5X* 
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N1303K 
3849+10bC-+T 
RS60T 
3120+10-A.* 
IS06V** 
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Table 2 

llESIDUAL CABBIER RISKS FOR VARIOUS ETHNIC GROUJ?S 
A.FI'Elt TESTING NEGATIV£ WITH THE CORE MUTAUON PA!W..L 

[to be developed] 

12 

TOTAL P.13 



.January 12, 1999 

<~"!!""""~ BAYLOR 
{•: COLLEGE OF 
~-~ MEDICINE 1>: •• 0UCA,.,. • 

One Baylor Plaza 
Houston, Texas 77030·3498 

Department of Obstetrics 
and Gynecology 

Stanley Zinberg, M.D. 
Director of Practice Activities 
American College of Ob/Gyn 
409 12th Street, SW 
Washington, D.C. 20024 

Joe Leigh Simpson, M.D. 
Ernst W. Bertner Chairman 

and Professor 

TEL: (713) 798-8360 
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Address correspondence to: 
6550 Fannin, Suite 729A 
Houston, Texas 77030 

Dear Stan: 

I have favorable news to report from the American College of Medical Genetics (ACMG) 
Board of Directors meeting (Coconut Grove, January 7-9). 

Ob/Gyn Spot on the Medical Genetic RRC. Following up our discussions 
with Mike Mennuti jn Chicago concerning the need for an ACOG member 
on the Medical Genetics RRC, I contacted other ACMG Board members. 
These conversations indicated to me sensitivity to our plight and support for 
ACMG choosing an obstetrician-gynecologist. Thus, I thought it best not to 
load A COG's guns (as would a letter from me to you and Ralph). This 
proved tactically -correct, for the Board unanimously agreed to forward the 
name of Mark Evans as their new representative. An ACMG "spot" for an 
obstetrician will be more reliable than one from the AMA under any 
circumstances. Thus, lobbying the AMA should not be pursued, for the issue 
is solved. 

Cystic Fibrosis Screening. Bob Desnick presented the attached report on CF 
Screening. We all agreed up to the final section begirming on p. 8, where Bob 
with quiet support from Reed Pyretiz proposed a "pilot study" prior to 
implementing widespread CF screening. Bob sought Board endorsement, 
which would then be used to "persuade" ACOG and Nffi to delay 
implementation. I insisted on a time line for completing any study and said 
that longer than perhaps a year or so from now was unacceptable to me. 
When it became clear that Bob would set no time line (e.g., "applications had 
to be made, funding secured, results analyzed, etc."), any support he might 
have generated dissipated. Lynn Fleisher was especially helpful in pointing 
out current legal jeopardy, but almost everyone else agreed as well. Only 
Reed and Bob voted for the document with the proposed pilot study. After 
discussion, I then moved to delete that portion (pages 8 and 9) and insert a 
sentence urging ongoing "evaluation" once implementation actually begins. 
This passed unanimously. There thus remains no "wiggle room", and 
ACOG should not be let to believe the ACMG Board wants any. The Board 
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is on record as not wishing to delay beyond the reasonable time required to 
produce educational and other materials. ACOG should feel free to · 
recommend the target date it considers reasonable. 

bbslltrs\zinberg 

Encl.· 

cc: Michael T. Mennuti, M.D. 
Sherman Elias, M.D. 
Ralph Hale, M.D. 
Michael Greene, M.D. 

Best regards, 

~/'71 
Joe Leigh Simpson, M.D. 
Ernst W. Bertner Chairman & Professor 
Department of Obstetrics & Gynecology 
Professor, Department of Molecular 
& Human Genetics 



I . 

ACMG Worldng Group on Cystic: Plbrosls SerefDiq 

RECOMMENDATIONS OF THE LABORATORY STANDAltDS COMMlTI'EE 

Wayne Grod.yt Co-Chair 
Garry Catting. Co-Chair 
Bob Demk:k (Chairt Accred.of Gen. Srvcs. Cmte.) 
CbrlttiDe Eng 
Kathy KIIDger 
Sue BkhanJs 
Mike Watson 
George Onmlopam, ex offtclo 
Reed P)'erl~ ex ojftdo 
Mike Meamdl. a o.Jficio 

Tbe identification of the cystic fibrosis gcoc,. CFTR • fn 1989 offered 1bc hope of 

screening individuals and couples with no family history of the disease in order to alert 

those unknDwingly at .risk for producing children with this common disorder and offed1lg 

them prenatal diagnosis or olber reproductive options. After JDDCh debate and several 

pilot screening stnclies,. an NIH Consensus Paocl R:COmmended in 1997 that CFrR 

mutation. testing be offered to all pregnant couples and those contemplating pregnancy. 
However. implementing delivery of mass population set=liDg for cystic fibrosis mutation 

carriers along these lines remains .problematic because of tbe following circnnstances: 

• the Iatge number of CFIR mutations 

• the absence of guidelines for dc\teloping appropriate mntation ~ panels 

• the differlng prevalence of individual CFIR among different popclations. based 

in large part on cthnjcity 

• tbe extreme edmic heterogeneity of the U.S. population 

• tbe increasing admixture occurring among ethnic groups in tbe U.S. 

• the wide clinical varlabili.ty of the disorder 

• the inconsistency of genotype-phenotype correlations fur particular Imitations 

• the fact tbat not all CFTR muta1ions canse cystic fibrosis 

• the changing prognosis of the disease in the face of new and novel therapies 
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• the documented lack of interest by nonpregnant couples in being screened and 

consequent limitation of options avai1ab1.e" to at-risk couples who uadergo 

testing during pregnancy 

• tbe huge anticipated burden that widespread screenillg woold place on existing 

genetic counseling resources 

Nevcrtbeless, we recognize that :furtber delay in implementing the NIH CODSCDSUS 

Conferenc:e recommendations risks perpetuating inadequate access to CP carrier ft1$tjng 

in. the United States. Moreover. the problems 'With offering CF carrier screening to the 

~ popalation, while substantial, are of equal order of DlJlgllitude to some screening 

programs already in practic:c, ~h as maternal serum multiple marker screeaing for 

aneuploidy in the fetus. 

While there wiD. be foreseen and unforesc:cn c6fficultics, the recommendations of 

the Laboratory Standards Committee outlined here, in conjunction with those of the other 

component worlring groups reporting to the Steering Committee, are desi~ b) cnsw:e 
that popul.ati.on carrier screening for CFTR. mutations will be as effective and appropriate 

as possible. 

Target Popola.tfon 

Testing sb.ooJd be offered to couples of reproductive age. While for pnctkai 

purposes thfs will often occur in the prenatal seuma, 1re ret.()llill.»enc) that preconception 

testing be enmm:aged wbeoever posn.1Jle .. 

Tb.ere has been mnch discussion and debate over which ethnic/racial groups 

should be offered CF carrier testing in a population screening program. Some fcc1 that 

screening should be limited to those populations, such as non-Jewish Caucasians and 

Ashkenazi Jews, in which both tbc cattier frequency and the detcctability of the majority 
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of prevalent mutations are sufficiently high so as to justify the effort and ensure tbal: the 

program is efficient and cost-effective for both the clinician and the laboratory. OChers 

feel that the tnai'kcd and growing ethnic admixture in the United States makes it difficult 

to readily classify or exclude patients based on ethnic group, and that even ~ 

to make such asccrtainmcnts in a busy clinical setting woald plaoe an llD.dUe burden (not 

to ~ liability risk) on the primary care physician and impair the ovetall cost­

effectiveness of the program. While some of the most successful genetic saeening 

proga:ams, such as that for Tay-8achs disease. have narrowly targeted. particular ethnic 

groups. there is precedent in the newbom screening fi.dd for unMrsai. screening without 

pre-test asoertainmeot of etbnicity despite wido diffeienCe& in. disease incidence among 

ethnic/racial groups (e.g .• newborn screening for sickle cell disease).· 

Tbe C~ttec appreciates the logic behind both of these positions. M a 

compromise, we recommend that CF carrier testiDg be dkmwd with 

cauasiaDr~Ashkeuazi Jews, but an patJenfl lbould at Jeat be made aware of the 

nailability of testfn& alona with tbe detectabllity limits In their respective etbDldradal 

groups tllrough brochures or other efDdeat methocU. In particalar. Asian-Americans and 

Native-Americans without significant Cancasian sdJnixtare sbooid be informed of tbe 

rarity of the disease and the very low :yield of the test in those populations. This 

approach may require a consent form wb.icb. recites this information as well as a sign· 
-· off for those opting out of testing ·after reading tbe brochure. The latter point will be 

addressed further by the Working Group on Patient Education and Informed Consent. 

Testing should be done using dther a sequential or cooplewbased model~ depending 

on the target popalatkm, the nature or the dinkal settmg, and tbe appropriate 

jndgemeDt of the practitioner. The sequential model mvolm first testing one member 

of the couple (usoally the woman), testing the partner only if the first test is positive, and 

providing full disclosure of test results to both individuals. The couple model described 
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here involves sinmltaneous collection and testing of s~J'JJC1ls from both individuals. with 

both partners informed of the results at tbe conclusion of testing. This approach is 

suggested for Caucasian couples of Northern European descent and also for Ashkenazi 

Jewish couples, particularly wben concurrently testing for other common genetic disotdels 

in tbst popalation. The sequential model may be more useful for gronps in which the 

carrier frequency is lower and in situations wbete obtaining a sample from the part'Da' 

is impractical. In genetal. though. tbe choice of model should be left to the individual 

center to usc whichever method they feel most approprlam or practk:al. 

While we can appreciate some of tbe theoretical psycbDsocial and cost advantages 

of the couple-testing model of Wald (Wald 1991}. in which specimens are coDected from 

both individuals at the start and positive-negative couples arc reported just like negative­

negative couples and treated as sacb.. we prefer not to endorse this approach universally 

because of ethical questions surrounding o.ondisclosure of test results and bc:amsc it 

deprives the positive member of the couple of the opportunity of informing his or bcr 

relatives of their risk so that they too could bo tested. 

In part bccaDsc of the ethnicity considerations discussed above. we recommend use 

of a pan-etlmlc Dmtation pmel, which should be adopted as a mininmm st:adard by all 

fesflna laboratories. Tbe panel should include all mutations showing an ailele fiequeocy 

of >0.1 %in the genetal U.S. population. The Committee feels that all mmations of this . 
frequency should be inchtdcd, regardless of whether they have been associated with mild 

or severe disease or related COilditions such as congenital bilateral absence of the vas 

defm'ens. The panel InDSt include mutation subsets shown to be su.ffidently predoaUnant 

in cenain ethnic groups, such as Ashkenazi Jews and African Ameri~. so as to raise 

the yield or sensitivity of testing in those groups to a reasonable level. 

Based on these criteria, the Committee has compiled a list of U mutatloas 
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Cl'able 1) wblch represent tbe obUgatory minimum panel to be used for gmeral U.S. 

population screening. A reoem: survey of laboratories participating in the CAP/ ACM.G 

molecular gcnctics proficiency testing proeram nationwide revealed wide vatiation in the 

number and type of mutatioos offered by individual laboratories. ranging from 1 to 70 

(Gtody et al. 1998). Adoption of the minimum universal panel ~ded hcte will 

promote much-needed CODSistcncy across the country and establish an acceptable standard 

of ca~e for CP population carrier screening. Of counc, laboratories coru::entrating 

exclusively on well-defined ethnic groups with a few prevalent mutations (c.g.,Asbkena:d 

Icws) may utilize a smaller sabset of the panel. Conversely, 1aboratoriea wishing to 

supplement this core panel with additional mutations particular to their own uses arc free 

to do so. 

EUeDded MVtiou Panel 

The question has been raised whether an extended or second-tier mutation test 

~ should be offered to couples testing positive-negative ·with the basic cme paneL 

After IIDJCb discussion. the Committee decided that an extmded panel sbould aot be 

offered .,mmneey to such couples, since it woald haVe the effect of playing into paricnts• 

neuroses, would appear to endorse an· altemative mutation panel beyond tb8 basic oae 

we will be defining as standard of care, is likely for the foreseeable fnture to be available 

at only a single Iabomtoty. and would provide very low additional yield. leaving · such 

couples with tbe same level of uncertainty as they had before. It was agreed. however, 

tbat the existence of such a panel be made known to couples wbo request it and be 

utilized on a~ basis as tbc clinical situation may imticatc. 

CFIR mntat:ion analysis is a high-complexity lsboratory proccduic requiring 

sophistic81cd moiecn1ar biology and human genetics expertise. The advent of population 
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carrier screening for CFTR mutations poaends adding eJ.tmncly high test volume 

{throughput) to a procedure of sudl high c:omplexity and sopbisOation, a situation 

unprecc:dcntcd in the field of laboratory medicine. For this reason it is imperative that 

sach testing be ~~ to laboratories possessing the requisite expertise, expcricnce and 

physical .resotll'Ce8. Any laboratory embarldnc on CF popu)atiou au:rler sereeuiDa must 

be able to c:omply with tbe strlngtnt qna1ity 8SIIIIr8llCe goide1ines spedf1ed in the ACMG 

and CAP cheekllsts 8lld the report of the NIH· DOE Task Fomt on Geaedc T_..., aDd 

1D111t partldpate In the CAP/ACMG quality assurance and profldmcy felting procrams. 

Equal attention ImJSt be paid to pre- and post-analytic aspectS of testin& as to the 

laboratory test itself. 

The Committee xecogni2es that, in tbe absence of available commercial test kits, 

tho core mutatioa panel recommended here as standard of care will be diffimlt for ~ 

laboratories ac:U$t0med to a smaller panel to set up in-house. It is boped that our 

recoDIIIJendations will lead to some ccn~on of testing in the most capable centers 

as well as some impetus for ~ to develop kits and reagents with the core 

panel in mind in order to enhance utilization by additional competent laboratories. 

Congenital Bilateral Absence of the Vas Deferens 

CFTR mutations Rll7H and FSOSC, and somdirncs others. along with the ST 

variant of tbe S'fnT/9T polymorphism within intron 8 of the opposite allele, have been 

fo~ in a large proportion of otherwise healthy men with infertility due to congeni.ta1 

bilateral absence of the vas deferens; sometimes juSt the st variant and no CFI'R 

muwion is fo\ltld in these individuals. Testing for tbese mutations and 'VBli.ants in a 

large popnlation screening program will inevitably prodnce tricky counseling problems 

because it will eJtp2Ild the risk ascertainment beyond that for classical CP. While this 

might be avoided by simply choosing not to screen for these allclcs, that choke would 

be problematic in itself, since the relatively common R117H DDitation can also cause 

classical CF, a specific FS08C test is needed to distinguish it from the more common and 
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serious AF508 IDlltati.on in some assay methodologies, and detection of the 5T variant 

(which is found in 5% of the normal population) provides useful prognostic information 

in relation. to the other mutations. The Committee t:herefore reached the conclusion that 

both the R117H and F508C nmtatioDs and the snm intronk polymorphism JDDat be 

Included In the testing panelt whne recognizing that this wDl have the unwantM effect 

of screening for male infertility as well as CF • .Bccal1se of the subtle and complicated 

genetic issues raised, ~ was geucrai feeling rhat detection of one of these •musual 

mutation combfmdioos In the screenJog program should. be follo1Rd by referral to a 

aenetldst for further connteltng. l.Dformation about the IDDtations associated with 

CBA VD may also need to be included in reports and consent forms. 

The Committee is aware of some unpublished dara defining a new polymorphism 

or haplotype in tight linkage disequilibrium with clinical CF-assocUm:d vs. CBA YO­

associated R117H mutations. If this marker could be incorporated into tbe test panel, 

it could potentially obviate tbc need to test for the ST polymmphism with its atteDdant 

complications, since it would function. as a surrogare test for cis/trans orientation of 

Rl17H (or other relevant mutation) and ST. This marker will be followed closcly and 

added to the recommended core mutation panel if it proves to be sufficiently informative. 

As is well known, both patients ·and many primary care professionals arc not 

comfortable dealing with relative risks and non-absolute laboratory tx:st results. It is 

essential tbat test reports for negative screens define as accurareiy as possible, based on 

current knowledge, the residual risk that the person tested could be a carrier of an 

nntest.ed or unknown mutation. This risk will vary greatly by ethnic group and should 

be so specified and individualized in the test report. The best current estimates of 

residual rim fur the major ethnic groups after teating negative with tbe core nmtation 

panel are listed in Table 2. For those centers doing concnrrent colJ±lle screening~ the 

ocgativclnegativc (or negative/positive) report must include the residual risk of having 
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a CF child based on the coopte•s combined test results. For those centers doing 

sequen.tial testing., a positive test report on tbe first partner sboo1d include a 

l'CCOIIliilel1don that the other partner be tested also. 

Referral to a ~ Cent.er 

·Thcrc was IInJCh discussion between our Committee and the Steering Committee 

regarding wbetber or not all positive-positive couples should be Icfened to a geoctk:ist 

or genetic counselor for further explanation and counseling. Some felt that such referral 

was necessacy. to ensure that these couples receive the approprlatc 8.IDD1lD.t of accurate 

information about risks, prognostic factoiS and range of options available to allow for 

fully infcmned decision-making. Others felt that tbis could be impradica1 for Icmote 

practices which axe far ftom such services, and fuithmmole felt confidcot that some 

obstctrlc:ians and other primary care physicians would be competent to ped'orm such 

counseling themselves and should not bo prolu"bited from doing so. To CI1C01DpUS both 

points of view. tbe Committee recommeuds that a c:QIId.te 111*'1111817 or tile lmowW&e 
md apertlse needed relative to CF, Jmman genetta, and th6 lnterpretatioa of CF test 

results should be provided for the proCessioDal proridiDg the c:onnseHng.. AJq primary 

· eare proWler who does not feel comfortable es:plafDinl tiH!se coacepts to the pat1eats 

shoald refer them to a geaetlc:s proffSdnnal. We expect that most of~ ess=tial 

matl:rial can be adapted from that prodnccd by the Patient FAncation and Informed 

Consent Committee. 

1 In making these recommendations, the Committee is concerned that Iarge-scale CF 

t: screening of the type we arc proposing bas never been tried in a real-world setting within 

t-- the United States. The several funded pilot projects complctcd tlms far, while useful 

e instmctivc, were conducted within the context of .resean:h projects and thus wete 

c\ 
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somewhat artificial in their structure. It is possible that they may have failed to reveal 

certain potential problems and pitfalls that such screening might produce hi a ttuc 

cliniQIJ. setting of very large scale, much as some adverse drug Ieaetions come to light 

n only after widespread commetcial sale as opposed to the more limited Phase m tJ:ia1s 
(\e\e\-e c~ 

eondncted for FDA approval. Therefore, we recommeud that a prograat be establishecJ, 

l and Ideally federally funded, to pilot test our recommendation~ In a lingle Jar&e, diverse 

state (such as New York or C&lifomia) before putting them intO practice Datlonwide. 

'V 

Grady WW, Desnick R1, Carpenter NJ, Noll WW. 1998. Diversity of c:ysdc fibrosis 
IDiltation sacening practices. Am J Hum Genet 62:1252-1254. 

Wald NJ. 1991. Couple screening for cystic fibrosis. I...aiM:et 338:1318-1319. 
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Stan Zinberg, M.D., Sherman Elias, M.D, Mike Greene, M.D. 

Michael T. Mennuti, M.D. ~ 
CFissues ~ 
November 4, 1998 

I participated in the Laboratory Committee meeting by speaker phone. We will hear more 
about it at the next steering committee. I did want to make you aware of a couple of 
discussion points so that you can look into them or think about them. I hope I have these 
right --- it is not always easy to hear or interpret the outcome of a meeting of a group of 
people when you are listening by speaker phone. 

1. The Lab group is still not happy with offering screening to a targeted population. Gary 
Cutting indicated that the addition of a limited number of mutations to the panel would raise 
the sensitivity in Mrican Americans to a level that is reasonably comparable to Caucasians. 
Our premise for excluding certain groups from targeted screening had been both low 
prevalence and low sensitivity. The Lab committee should have the numbers regarding 
improving the sensitivity in African Americans by time of our next meeting. That being the 
case, the steering committee will need to revisit the issue of targeted screening. 

2. The Lab Committee seemed to feel strongly that we should leave the alternatives of 
couples versus sequential screening as acceptable alternatives and not state a clear 
preference for one or the other. The previous draft of the clinical group did this. It pointed 
out the advantages and disadvantages of both, and cited some examples. At the Steering 
Committee there was a decision to indicate that couple screening was "preferred" and that 
sequential screening was an alternative that "might be used" in some settings or for some 
patients. The document was revised to reflect this change. 

In view of the Lab Committee feelings, it seems that we should rediscuss this. On the one 
hand, I am reluctant to go out with a choice for obstetricians even with clear guidance 
about how to make the choice. It does complicate an already complicated issue. However, 
as I have reconsidered this, I think that sequential screening may be the most practical in 
many populations or obstetrical settings and to depict it as less preferred is probably not 
wise. This may be particularly true if we do not go with targeted screening. 



3. Regarding R117H --Gary Cutting has new information about a marker that may avoid 
the need to do the ST, 9T studies, etc. If I understood this correctly, this is a linked 
intragenic marker associated with clinical CF in the patients with the R117H mutations. I 
may have this a little. muddled. If my understanding is correct, this marker would 
potentially more precisely separate the CBA VD (and "at risk for" pancreatitis cases) from 
classical CF and avoid the need for family studies for phasing. As far as I know this is 
unpublished and the numbers are small. However, Gary's experience thus far has been 
that this marker is consistently associated with R117H in the patients who have clinical CF. 

Either way we will detect CBA VD and the question arose as to how this would be handled 
clinically. I didn't think there was much issue for debate. My sense is that the pre-test 
information would have to explain that a risk for having an infertile male offspring could be 
detected but that prenatal diagnosis would not be recommended. Presumably the parents 
would be 'informed of the results of their studies, unless they specifically asked that this 
aspect not be disclosed to them. This is my assumption but I think we will need to discuss 
this. Clinical Committee will need to decide what to include in their documents, once the 
Laboratory Committee has the information about this marker and makes a decision about 
including it in the panel or doing it secondarily when one parent has the R117H mutation 

4. I was hoping for a fuller discussion about the wording of reports, i.e. interpretations 
and recommendations. I guess this will be done by a smaller group. I am not sure that 
they have settled on what will constitute the "panel" 

5. They seemed to understand our concerns about not mandating referral to a geneticist, 
and will accept language that describes the expertise needed for counseling in certain 
situations. 

Finally, I had a follow-up conversation with Gary Cutting, who you may know feels very 
passionately about these issues. His concern is that we are going from the research mode 
to a nationwide implementation without some phase-in of our plan that would identify 
unanticipated problems or pitfalls. It is certainly hard to argue with a "show me" or "phase 
in" approach. However, the problem is how would this be done and who would do it. As 
you know there are others who feel just as passionately that it should be done nationwide 
immediately. Gary's suggestion is to try to identify a single state, such as New York, to 
implement this first. I am not sure if that can be done or if we have the clout to try to make 
something like that happen. At any rate, I encouraged Gary to come to the next Steering 
Committee to discuss this with the full group. 

See you at the Boards. 

xc: Reed Pyeritz, M.D. 
Bob Desnick, M.D., Ph.D. 
Francis Collins, M.D. 
Elizabeth Tompson, RN, MSN 
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OCT 2 6 1998 

Since there will be relatively little time between now and the meeting of the Laboratory 
Committee, I have summarized my notes from the Steering Committee Meeting and 
enclosed a revised draft of the Clinical Committee document which incorporates the 
changes we discussed (will need more work). Since this is the most current draft it should 
be the one used by the other Committees. Please be sure that copies include tlie notation 
"Confidential Draft" 

I hope the following notes accurately reflect the many hours of discussion on 10114. 

1. The Steering Committee concurred that we would try to produce a single document. If 
so, some sections of the document produced by the Clinical Committee may become 
redundant and/or will have to reference other parts of the document. This will be attended 
to at a later time when the three components are merged. 

2. The Steering Committee reached consensus to target Caucasians provided that screening 
will be offered "when there is Caucasian ancestry" rather than when one simply identifies 
one member as Caucasian and it will be offered "when in doubt". This has been 
incorporated. 

3. The Steering Committee also reached consensus to indicate that concurrent screening is 
preferred, and that sequential screening is an option in individual cases or clinical settings. 
This has been incorporated as well. 

4. The Steering Committee reached consensus that we could not mandate referral to a 
geneticist or a center. The document reflects the "suggestion" and the need to for 
counseling by individuals with the expertise etc. 



\ ' 

5. There was agreement that the Education and Consent Committee would develop 
materials for the patients (couples), a packet for a woman to take home to her partner( when 
he doesn't accompany her), and also a packet for carriers to use to inform their extended 
families for purposes of cascade screening. 

6. The Laboratory Committee agreed to deal with the question of whether an extended 
panel will be recommended to negative partners of positive/negative couples or for prenatal 
diagnosis of pregnancies when the mother has a mutation and the father will not be tested. 
The current draft of the Clinical Committee includes places where an "extended panel" 
might be referred to if this will be used. Also the·algorithms include this. 

If the laboratory Committee decides on a single panel ---the text should justify the rationale 
for not testing for a larger number of mutations, and we will delete reference to an extended 
panel in the Clinical Committee document. 

7. It was agreed that the Laboratory Committee document would need to contain some 
discussion of R117H and ST, 9T mutations, etc. --- the potential recommendation for 
family studies, etc. 

8. Some members of the Clinical Committee questioned the necessity for written informed 
consent since this is not usually used for Tay-Sachs, SCD, etc. There was general 
agreement that there should be written consent. The Education and Consent Committee 
will consider a consent/decline form that will be a tear-off of the last page of the 
information brochure. 

9. The Education and Consent Committee will discuss the issue of individual versus group 
education for consent -- and possible videos etc . 
. 
10. The three Committees will develop an integrated work plan with time-lines and submit 
this to the Steering Committee before the next meeting. One Co-Chair from each will 
participate in this discussion. 

11. We anticipate that the next meeting will be in late January, 1999. 

Thanks. 
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2 Preconceptional and Prenatal Carrier Screening for Cystic Fibrosis 

3 

4 Introduction 

5 Cystic fibrosis (CF) is the most common autosomal recessive genetic disorder in Caucasian 

6 populations. CF is characterized primarily by pulmonary and gastrointestinal manifestations 

7 of variable severity. Although there is a wide spectrum of clinical expression, most cases 

8 of CF are associated with substantial morbidity and mortality and require lifelong medical 

9 care. CF is more common in Caucasians and much less frequent in most other ethnic and 

1 0 racial groups. Since 1989 when the gene responsible for CF was identified, a large 

1 1 number of different mutations in the CF gene have been reported. Testing for these 

1 2 mutations has enabled genetic screening to identify CF carriers. This monograph provides 

1 3 guidelines for the implementation of carrier screening for CF in the context of reproductive 

1 4 health care. 

15 

1 6 Background 

1 7 Offering screening tests for specific genetic diseases and malformations has become part of 

1 8 obstetrical practice. These tests help the clinician identify pregnancies at increased risk for 

1 9 these disorders and provide information so that couples can make informed reproductive 

2 0 decisions, including whether to have prenatal diagnosis. In general, genetic screening 

2 1 focuses on specific populations at increased risk for a disease based on family history or 

2 2 racial and ethnic background. Examples of genetic screening tests currently offered in 

2 3 obstetrical practice include Tay-Sachs and Canavan screening to individuals of Ashkenazi 

2 4 Jewish descent, sickle cell screening to those of African descent, and thalassemia screening 

2 5 to individuals of Asian and Mediterranean descent. Genetic screening must always be 

2 6 voluntary and always requires informed consent. 



. \ 

2 7 Incidence of CF 
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2 8 Individual inherited disorders are rare but collectively they account for one quarter to one 

2 9 third of all major birth defects. CF is the most common autosomal recessive genetic disease 

3 0 among Caucasians, with a frequency of one in 3,300 (Table 1). The frequency of CF in 

3 1 Hispanics is approximately one in 8,000-9,000; in African Americans, one in 15,000; in 

3 2 Asian Americans, one in 32,000; and is low in most other racial or ethnic groups. Limited 

3 3 studies indicate that the frequency of CF may be similar to or higher than that of Caucasians 

3 4 in Pueblo (one in 3,970) and Zuni (one in 1,580) Native Americans. 

35 

3 6 Inheritance of CF 

3 7 CF is inherited in an autosomal recessive fashion. CF carriers have a mutation in one of 

3 8 their two copies of the CF gene. One-half of the children of CF carriers will also be CF 

3 9 carriers. In general, carriers are healthy individuals and they are not usually aware of their 

4 0 carrier status unless they have an affected relative or offspring. Couples in whom both 

4 1 partners carry a CF mutation have a one in four chance of having an offspring with CF in 

4 2 each pregnancy. When both parents are carriers, two-thirds of the unaffected children will 

4 3 be CF carriers. 

44 

4 5 In 1989 the gene which causes CF was isolated and localized to chromosome number 7. 

4 6 Since that time over 750 different mutations in the gene have been reported in individuals 

4 7 with CF. The frequency of the specific mutations varies among populations. For example, 

4 8 delta F508, the first CF mutation identified, accounts for 70% of the CF mutations in 

4 9 Caucasians of Northern European descent but only 30% of CF mutations in individuals of 

5 0 Ashkenazi Jewish descent. A different mutation, the W1282X mutation, is more common 

5 1 in Ashkenazi Jews. For Caucasians of Northern European descent, 15 to 20 rarer 

5 2 mutations account for less than half of the remaining detectable CF alleles. 

53 
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5 5 The gene product, CF transmembrane conductance regulator (CFfR), was also identified 

56 in 1989. The CFI'R protein functions as a cAMP-regulated chloride channel in the apical 

5 7 membrane of epithelial cells. Mutations in the gene cause defective chloride transport 

5 8 resulting in high sweat chloride levels and tenacious mucus in the lungs and pancreas 

5 9 which lead to the major clinical features of CF. 

60 

6 1 In the US, approximately 850 individuals are diagnosed with CF each year, nearly two-

6 2 thirds prior to 1 year of age. Individuals with mild manifestations of CF may not be 

6 3 diagnosed until adulthood. CF is typically a multisystem disease that primarily causes 

6 4 progressive pulmonary disease due to chronic endobronchial inflammation and pulmonary 

6 5 infection. Pancreatic insufficiency and intestinal malabsorption is present in 85% of all 

6 6 affected individuals. Other manifestations include meconium ileus (which occasionally 

6 7 may be identified in utero late in pregnancy by means of ultrasonography) and recurrent 

6 8 distal intestinal o~struction in older patients. Chronic sinus disease and nasal polyps, 

6 9 diabetes mellitus, liver disease and pancreatitis can also be observed. Men with CF are 

7 0 infertile due to congenital bilateral absence or atresia of the vas deferens. 

71 

7 2 Recently, men who have congenital bilateral absence of the vas deferens (CBAVD) but no 

7 3 other clinical manifestations of CF have been found to have a mutation in one or both of 

7 4 their CF genes. In addition, some patients with chronic or idiopathic pancreatitis have also 

7 5 been found to have similar mutations in one or both of their CF genes. 

76 

7 7 The pulmonary manifestations of CF range from severe progressive chronic lung disease to 

7 8 very mild pulmonary symptoms. Only 15% of individuals with CF have normal pancreatic 

7 9 function. The vast majority of patients with CF die as a result of pulmonary complications. 

8 0 A cure is not available, but aggressive medical therapy has resulted in increases in survival 
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8 1 to a median of approximately 30 years of age and much longer in patients with pancreatic 

8 2 sufficiency. 

83 

8 4 The diagnosis of CF is considered when one or more of the clinical features are present. A 

8 5 sweat chloride test, often in conjunction with DNA studies, is used to confirm the 

8 6 diagnosis. Management often includes chest physical therapy, antimicrobial drugs, anti-

S 7 inflammatory agents, nutritional support, and pancreatic enzyme therapy, which result in 

8 8 increased survival and quality of life. Individuals with end-stage pulmonary disease may 

8 9 be candidates for lung transplantation. Gene therapy and rectification of the electrolyte 

9 0 transport by various pharmacological means are being actively investigated. However, 

9 1 investigators do not anticipate a cure in the near future. 

92 

93 

9 4 Carrier Screening for CF 

9 5 In 1997, a National Institutes of Health Consensus Development Conference recommended 

9 6 that genetic screening to identify carriers of CF should be offered to the following adult 

9 7 populations: 

9 8 • adults with a positive family history of CF 

9 9 • partners of individuals with CF 

1 0 0 • couples currently planning a pregnancy 

1 0 1 • couples seeking prenatal care 

102 

1 0 3 Studies have demonstrated that despite a couple's desire to have a healthy child there is 

1 0 4 limited interest in CF screening prior to pregnancy. Pregnant women and individuals with 

1 0 5 a positive family history are more likely to be interested in screening although interest, even 

1 0 6 among this group, was not universal. Many couples who agree to carrier screening do so 

1 0 7 for reassurance with the expectation that the screening tests will be negative. Studies have 
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1 0 8 demonstrated a high level of patient satisfaction after undergoing carrier screening for CF. 

1 0 9 Not all couples who are found to be carriers proceed with prenatal diagnostic testing or 

1 1 0 termination of an affected pregnancy. How couples intend to use the information should 

1 1 1 not be a factor in determining whether to offer or perform CF carrier screening. 

112 

1 1 3 To whom should carrier screening be offered? 

1 1 4 See Fig 1. 

1 1 5 Individuals with a family histmy of CF 

1 1 6 Individuals with a family history of CF are at higher risk of having children with CF. The 

1 1 7 risk for being a carrier of a CF mutation depends on the relationship to the affected family 

11 8 member. In eliciting the family history, the practitioner should specifically inquire about CF 

1 1 9 in family members. Some individuals with a positive family history are familiar with the 

1 2 0 disease and are also aware of their increased risk of being a carrier. Even those who had 

1 2 1 genetic testing in the past may benefit from genetic counseling since recent developments 

1 2 2 may have improved the ability to reassess their carrier status. Genetic referral should be 

1 2 3 considered when there is a positive family history, because the interpretation of test results 

1 2 4 and estimation of risk may be more complex than in the general population. 

125 

1 2 6 Partners of individuals with CF 

1 2 7 An individual with CF may have either a child who is a carrier of CF or a child affected 

1 2 8 with the disease depending on the carrier status of the partner. Carrier screening should be 

1 2 9 offered to partners of individuals with CF. Carrier screening may clarify a couple's risk of 

1 3 0 having a child with CF and provide them with helpful information for reproductive 

1 3 1 decision-making. The majority of these individuals are aware of their increased risk for 

1 3 2 having a child with CF. 

133 
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1 3 5 CF screening should be offered to couples in whom one or both members have European 

13 6 Caucasian ancestry, and who are planning a pregnancy (i.e. those seeking preconception 

1 3 7 evaluation, or treatment for infertility), or who are presenting for prenatal care during the 

1 3 8 first or early second trimester. In contrast to the recommendations of the NIH Consensus 

1 3 9 Panel, the recommendation to offer carrier screening selectively to Caucasians is based on 

1 4 0 two factors: frequency of the disease and the detection rate (sensitivity) of the test. Offering 

1 4 1 CF carrier screening is only recommended for populations in whom there is both a high 

14 2 frequency of carriers and a high detection rate. The frequency of the disease in European 

14 3 Caucasians is considered to be relatively high (one in 3300) and the detection rate of 

1 4 4 screening is 80% and is even higher among those of Askenazic Jewish descent (97% ). In 

1 4 5 contrast, offering screening is not recommended for African Americans, Hispanics, or 

1 4 6 Asian Americans in whom the incidence of the disease and the detection rate is lower 

1 4 7 (Table 1). However, any couple in these racial or ethnic groups who request information 

1 4 8 about CF screenin& should have this made available. 

149 

1 5 0 The ethnicity of the partners should be ascertained at the time of the initial history and used 

1 5 1 by the practitioner to determine whether the couple is at higher risk for having a child with 

15 2 CF. In many cases, it is necessary to ascertain the ethnic background or origin of their 

1 5 3 grandparents in order to assess their risk. At times, the clinician may have difficulty 

1 5 4 determining whether one or both members of a couples have ancestry which would place 

1 5 5 them at higher risk. In these cases offering screening is advisable. Any patient in the 

1 5 6 higher risk groups who is considering CF screening should receive educational information 

1 5 7 regarding the natural history of the disease, disease prevalence, sensitivity and limitations 

1 5 8 of carrier screening. 

159 
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1 6 0 In the event that an individual or couple from a iower risk population requests information 

161 about screening for CF, they should be provided with similar information and the 

1 6 2 limitations of screening based on the frequency of the disease and the sensitivity of the test 

1 6 3 in the their racial or ethnic group should be fully discussed. If they understand this 

1 6 4 information and request screening, the request should be honored. 

165 

1 6 6 When should CF carrier screening be offered? 

1 6 7 Ideally, carrier screening should be offered prior to conception to allow couples to consider 

1 6 8 their reproductive options if they are carriers. However, studies have shown that interest in 

1 6 9 screening for CF is limited and occurs primarily in persons with a positive family history or 

1 7 0 among pregnant women. Therefore, most screening will be requested when a patient seeks 

1 7 1 prenatal care. During pregnancy, screening should be offered during the first trimester or 

1 7 2 . early second trimester to ensure that the couple receives the test results within a time frame 

1 7 3 that will allow them to consider having prenatal diagnosis if they are both carriers and to 

1 7 4 have the option of termination of pregnancy in the event that the fetus is affected. 

175 

1 7 6 Screening Strategies 

1 7 7 Several strategies may be used when offering CF carrier screening. With concurrent 

1 7 8 screening both partners are tested simultaneously. (Figure 2) With sequential screening 

1 7 9 one partner is tested and the second partner is only tested if the first partner is identified as a 

1 8 0 carrier. (Figure 3) 

181 

1 8 2 Concurrent screening is the preferred strategy, particularly when screening is offered 

1 8 3 during pregnancy. Concurrent screening will more rapidly identify carrier couples. This 

1 8 4 may be important when there are time constraints for the selection of the method of prenatal 

1 8 5 diagnosis (i.e., CVS versus amniocentesis) or when advancing gestation may limit the 

1 8 6 availability of the option of selective termination of affected pregnancies. Furthermore, 
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1 8 7 concurrent screening more precisely identifies each individual's carrier status and provides 

1 8 8 the couple with the lowest residual risk of having a child with CF following negative 

1 8 9 screening. Positive screening results of either partner may be used to identify other 

1 9 0 relatives at high risk for being carriers. Concurrent screening for CF is particularly 

1 9 1 recommended when both members of the couple are having screening tests for other 

19 2 genetic disorders (e.g. Tay-Sachs and Canavan disease). 

193 

1 9 4 Concurrent screening will identify couples in whom one partner is a carrier but the other 

1 9 5 does not have a detectable mutation (i.e. positive/negative couples). In this situation the 

1 9 6 risk for CF is increased, rather than reduced, but prenatal diagnosis cannot be performed. 

1 9 7 For example the risk levels for European Caucasians who are identified as a 

1 9 8 positive/negative couple is intermediate (1 in 564) betwe~n that of positive/positive couple 

1 9 9 (1 in 4) and negative/negative couple (1 in 80,000). See tables 2 and 3. Studies have 

2 0 0 demonstrated that positive/negative couples do not experience anxiety as a consequence of 

· 2 0 1 the results of their screening tests. 

202 

2 0 3 Since the likelihood that both partners will screen positive is less than 1%, sequential 

2 0 4 screening may be preferred by some couples and may be utilized in individual clinical 

2 0 5 settings. Using this approach, one partner is screened. The other partner is only screened 

2 0 6 if the first partner is positive for a mutation in the CF gene. Depending on the gestational 

2 0 7 age, the delay inherent in the sequential approach to screening may result in a more limited 

2 0 8 choice of prenatal diagnostic procedures or other reproductive options. When the first 

2 0 9 partner screened does not have a detectable mutation, the residual risk for having a child 

21 0 with CF, although quite low, is higher than when both partners have had negative 

2 1 1 screening tests. For example, in a European Caucasian couple in whom one partner tests 

212 negative the risk of having a child with CF is reduced to 1 in 16,000 in contrast to the 

2 1 3 residual risk of 1 in 80,000 if both partners had been tested and were negative. If the 
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2 1 4 woman screens negative, a partner who is a CF carrier will not be identified and carrier 

215 screening will not be offered to his extended family. Sequential screening identifies fewer 

216 (one-half) of positive/negative couples in whom one partner is a carrier and a mutation 

2 1 7 cannot be detected in the other partner. 

218 

2 1 9 Screening Process 

2 2 0 Pretest counseling and educational material in the form of written material, videos, and/or 

2 21 interactive computer programs·should be provided for the patient and, whenever possible, 

2 2 2 her partner. [ refer to Education and consent Committee's section of document] The 

2 2 3 information about screening for CF should be provided in a non-directive manner. This 

2 2 4 information may be ideally provided by trained support staff in the ambulatory practice 

2 2 5 setting. If the partner does not accompany a woman to her prenatal or preconception visit, 

2 2 6 educational material should be provided for the partner. 

227 

2 2 8 Written, informed_~onsent should be obtained only after the woman and her partner have 

2 2 9 had an opportunity to review the educational material and receive pretest counseling. {refer 

2 3 0 to Education and Consent Committee's section]. When the woman or her partner decline 

2 3 1 screening, the medical record should reflect that the information was provided, screening 

2 3 2 was offered and the decision was made not to be screened. 

233 

2 3 4 Laboratory testing for CF Carrier Screening 

2 3 5 The carrier screening test for CF is performed on DNA which may be extracted from any 

2 3 6 cells (except gamete), although most laboratories use blood lymphocytes or buccal 

2 3 7 epithelial cells. The provider should determine the source and quantity of specimen 

2 3 8 required by the laboratory. The obstetrical provider should supply all of the history and 

2 3 9 demographic information requested by the laboratory to interpret the results. 

240 
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2 4 1 It has been recommended that the standard screening tests for CF should encompass the 30 

2 4 2 mutations whic~ have a frequency estimated at greater than 0.1% in the US population and 

2 4 3 are listed in Table _. This screening is expected to have a sensitivity of _ in 

2 4 4 Caucasians of European descent, and of _ in Ashkenazi Jews. The sensitivity and 

2 4 5 residual risk of being a carrier after negative screening for these mutations are provided in 

2 4 6 Table 1. Laboratory reports should include the results of screening and an interpretation. 

2 4 7 When screening of one or both partners is positive this interpretation should include an 

2 4 8 estimation of the risk of having a child with CF and recommendations for any additional 

2 4 9 testing. When screening is negative on both partners this interpretation should include 

2 5 0 estimates of the residual risk of the partners being CF carriers and of having a child with 

2 51 CF. [[???Lab Committee-? extended panel, if so we would insert this sentence here--

2 52 -When one partner has CF, or is identified as a carrier,testing th~ other partner for a much 

2 5 3 larger number of mutations (e.g. _) may be indicated.]] A more detailed description of 

2 5 4 the laboratory aspect of CF screening is provided on pages __ . 

255 

2 5 6 Counseling Before Screening 

2 57 To help couple make a decision about whether to have screening for CF, they should 

2 5 8 receive information which includes a concise description of the following aspects of CF: 

2 5 9 • The natural history of CF including the variability, and survival rates 

2 6 0 • Current medical therapy 

2 6 1 • The carrier frequency 

2 6 2 • Inheritance 

2 6 3 • Testing options for carrier screening and prenatal diagnosis 

2 6 4 • Limitations of testing 

2 6 5 • The implications of positive and negative results 

266 
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2 6 7 The range of reproductive options that may be available to couples who are both carriers 

2 6 8 should be discussed. For couples having screening prior to conception, these may include 

2 6 9 adoption, gamete donor programs, prenatal diagnosis and termination or continuation of 

2 7 0 affected pregnancies . For couples having screening during pregnancy prenatal diagnosis 

2 7 1 and termination or continuation of affected pregnancies are the options that would be 

2 7 2 applicable. Patients should understand that screening is voluntary and that their medical 

2 7 3 records, including test results, will not be released without expressed written consent. 

2 7 4 Every effort should be made to ensure confidentiality of the test results. 

275 

2 7 6 Screening Limitations 

277 

2 7 8 • Screening can not detect all CF mutations. Therefore, a negative screening test on 

2 7 9 one or both ·members of a couple does not exclude the small possibility of 

2 8 0 an affected offspring. For example, at a detection rate of 80%, a Caucasian couple with 

2 8 1 a negative family history having concurrent screening in whom both partners have a 

2 8 2 negative screening test, the risk of the offspring having CF is lowered from one in 3,000 to 

2 8 3 one in 80,000 but is not zero (See Table 2). For a similar couple having sequential 

2 8 4 screening in whom only one partner is screened and that partner is negative, the residual 

2 8 5 risk is one in 16,356 (See Table 3). The level of this residual risk is dependent on the 

2 8 6 racial or ethnic group of the patient and on the specific mutations for which testing has been 

2 8 7 performed, and whether only one or both partners have bee:n screened. (See Tables 2 and 

288 3) 

289 

2 9 0 • Following screening, the estimate of a couple's risk for having a child with 

2 9 1 CF assumes correctly identified paternity. 

292 
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2 9 3 • The estimate of residual risk only apply when the family history is 

2 9 4 negative. The accurate estimation of the carrier risk for individuals with a positive family 

2 9 5 history requires knowledge of the mutations in the affected family member, and the 

2 9 6 relationship to the person with CF. Assessment of the risk in individuals with a positive 

2 9 7 family history may not be straightforward and the couple may benefit from genetic 

2 9 8 counseling and consultation with a clinician who has special expertise in this area. 

299 

3 0 0 • The estimate of residual risk of having a child with CF applies only to 

3 01 pregnancies conceived 'as a couple and not with other partners. 

302 

3 0 3 • Although some CF mutations are known to be associated with milder illness, 

3 0 4 knowledge of the specific CF mutations cannot be used to predict 

3 0 5 accurately the severity of the disorder in the offspring. Couples with an affected 
. -

3 0 6 fetus should be offered counseling about CF by an individual with special expertis~ in this 

3 0 7 area who can pro~ide a general description of the clinical range of severity, treatment, etc. 

308 

3 09 Interpretation of Results and Post-Test Counseling 

310 

3 11 Both Patient and Partner Test Negative (Negative-Negative) 

3 1 2 In a Caucasian couple of European descent in whom both partners test negative, the 

3 1 3 residual risk of having a child with CF is one in 80,000. In an Ashkenazi Jewish couple in 

3 1 4 whom both partners test negative, the residual risk is one in 3.5 million (see Table 2). 

315 

3 1 6 Either Patient or Partner Negative and Other Partner Not Screened 

3 1 7 When only one partner is screened and he or she has a negative test result the residual risk 

3 1 8 of having a child with CF is decreased (see table 3). For example, the residual risk is one 

3 1 9 in 16,000 for a Caucasian couple and one in 108,000 for an Ashkenazi Jewish couple. 
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3 21 Both Partners Tested- One Test Positive, One Test Negative (Positive-Negative) 

3 2 2 [[ ???Lab committee --- if an extended panel is going to be considered we 

3 2 3 would insert this concept here ---When a CF mutation is identified in either 

3 2 4 a patient or her partner it is advisable to request that the partner who is not 

3 2 5 a carrier be screened with an extended panel of mutations.]] Although the 

3 2 6 individual with a CF mutation has a 1 in 2 chance of transmitting the mutation to each of his 

3 2 7 or her offspring, the likelihood of having an affected child is low because the partner has a 

3 2 8 negative screening test (Table 2). At a detection rate of 80%, a Caucasian couple in which 

3 2 9 one partner is positive and the other is negative has a one in 564 risk of having a child with 

33 0 CF. The residual risk for an Ashkenazi Jewish couple when only one partner is screen 

3 3 1 positive is one in 3736. 

332. 

3 3 3 There is a very small possibility that the screening test may identify two CF mutati<?ns in a 

3 3 4 patient or partner with a mild form of the disease. Such individuals should be referred to 

3 3 5 an individual with expertise, or a specialized center for a comprehensive evaluation and 

3 3 6 counseling for CF. For an individual with CF, the risk of having a child with CF when tlie 

3 3 7 partner is screen negative is one in 280 for a Caucasian couple and one in 1900 for an 

3 3 8 Ashkenazi Jewish couple. 

339 

3 4 0 Prenatal diagnostic testing is not recommended when only one member of the couple is a 

3 4 1 CF carrier, but the other partner does not have a detectable mutation. In this circumstance 

3 4 2 the determination that the fetus has inherited one CF mutation, and hence is a CF carrier, is 

3 4 3 not clinically useful information and would not be an indication to change obstetrical 

3 4 4 management or to discuss termination of pregnancy. 

345 
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3 4 7 When both a patient and her partner test positive for a CF mutation they have a 1 in 4 

3 4 8 chance of having a child with CF in each pregnancy. If screening is performed prior to 

3 4 9 conception, a discussion of the reproductive options for avoiding the risk of conceiving a 

3 5 0 child with CF include adoption, donor insemination, and donor egg programs. Couples 

3 5 1 electing donor gamete programs should inquire about the CF carrier status of potential 

3 5 2 donors. Couples should also be informed . that prenatal diagnosis and termination of 

3 5 3 pregnancy if the fetus is affected with CF will be options if a pregnancy is established 

3 54 without using a donor gamete. 

355 

3 5 6 When screening is performed during early pregnancy and both partners are identified as 

3 5 7 carriers, prenatal diagnosis should be offered. 

358 

3 5 9 Patient Positive and Partner Untested 

3 6 0 When the woman's screening test is positive and her partner ·declines or is unavailable for 

3 6 1 testing, the residual risk of having a child with CF in a Caucasian couple is approximately 

3 6 2 one in 100 (see Table 3). Testing of the partner should be encouraged to further refme the 

3 6 3 risk estimate for the pregnancy. 

364 

3 6 5 When screening is not performed on the partner, women who are identified as CF carriers 

3 6 6 should be informed of the availability and limitations of pre~atal testing. Prenatal diagnosis 

3 6 7 can determine whether the fetus has inherited a CF mutation from the mother but may not 

3 6 8 distinguish between a carrier and an affected fetus. In the event that the fetus inherits the 

3 6 9 CF mutation identified in the mother, testing for a second mutation from the father may be 

3 7 0 undertaken [[ ????Lab Committee -- another place where we had ? of extended panel 

3 71 here--- by testing for an extended panel of mutations]]. Such testing may reduce the risk 

3 7 2 that the fetus has CF, but cannot totally exclude CF in the fetus. 
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3 7 5 Prenatal diagnosis of CF may be performed on cells obtained by chorionic villus sampling 

3 7 6 (CVS) or amniocentesis can be performed at 10-12 weeks or 15-20 weeks of gestation, 

3 7 7 respectively. Ideally, screening will have been performed prior to 20 weeks of gestation to 

3 7 8 ensure that prenatal diagnosis can be completed prior to extrauterine fetal viability in the 

3 7 9 ev~nt that they would co11sider pregnancy termination if the fetus has CF. Some couples 

3 8 0 who are carriers may elect to have prenatal testing for information only and would not 

3 8 1 consider termination of a pregnancy in which the fetus is determined to be affected with 

3 8 2 CF. Other couples may decline further testing even after they are identified as carriers. 

3 8 3 These decisions should be supported by the clinician. 

384 

3 8 5 When a couple requests prenatal diagnosis for CF, testing is performed on amniotic fluid 

3 8 6 cells or chorionic villus cells for the mutations which have been detected previously by 

3 8 7 screening tests o~. the parents. Diagnostic testing for a larger number of mutations on 

3 8 8 amniotic or chorionic villus cells may be indicated when the woman is a carrier and 

3 8 9 screening of her partner has not been performed. 

390 

3 9 1 If two CF mutations are found in the fetus, the couple should be informed of the results 

3 9 2 and appropriate non-directive counseling should be provided. Counseling should include 

3 9 3 discussion of the options of continuation and termination of the pregnancy. An individual 

3 9 4 able to provide information about the range of clinical severity of CF, management, 

3 9 5 treatment, prognosis , and the potential for new therapeutic modalities should participate in 

3 9 6 the counseling. Counseling should include a discussion of the difficulties in predicting 

3 9 7 outcome based on the genotype. At the present time, knowledge of the specific CF 

3 9 8 mutations cannot be used to predict accurately the phenotype or the severity of the 

3 9 9 pulmonary disease. 
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4 0 0 Counseling and Screening of Family Members of CF Carriers 

401 

4 0 2 Except in cases of adoption, mis-attributed paternity or new mutations, one of the parents 

4 0 3 of a CF carrier will also carry the mutation. Since CF is an inherited disease, other close 

4 0 4 relatives of an individual who carries a CF mutation are at risk for carrying the same 

4 0 5 mutation. Since there is not a provider/patient relationship with these relatives and because 

4 0 6 of the need for confidentiality, the provider may not independently contact these relatives. 

4 0 7 Therefore, women or their partners who are identified as carriers of a CF mutation should 

4 0 8 be encouraged to discuss this with their family members and written information and other 

4 0 9 educational materials should be provided for them to use in these discussions. CF carrier 

4 1 0 screening should be offered to interested relatives, particularly siblings and first cousins 

4 1 1 who are of reproductive age. 

412 

413 Offspring of carriers have a 50% risk of.having inherited a CF mutation from a parent with 

4 1 4 the mutation. Couples in which a partner is a carrier of a CF mutation should be 

4 1 5 encouraged to inform their offspring of their risk when they reach reproductive age. 

4 1 6 Carrier screening is not recommended during infancy, childhood or early adolescence. 

4 1 7 Likewise, when a fetus is identified as a CF carrier by prenatal diagnosis, parents should 

4 1 8 be counseled to inform the offspring, but only when they reach reproductive age. 

419 

420 Summary 

421 

4 2 2 CF carrier screening should be offered to patients with a positive family history of CF, 

4 2 3 partners of individuals with CF and Caucasian couples of European or Ashkenazi Jewish 

4 2 4 descent planning a pregnancy or seeking prenatal care. Information about CF screening 

4 2 5 and CF screening testis should be made available to other patients upon their request. 
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4 2 6 Screening may be accomplished prior to conception or during the first or early second 

4 2 7 trimester. 

428 

4 2 9 The clinician should identify couples to whom screening should be offered based on family 

4 3 0 history and ethnic background during the initial history. Counseling and educational 

4 3 1 material in the form of written material, videos, and/or interactive computer programs 

4 3 2 should be provided for the patient and whenever possible, her partner. In the event that her 

4 3 3 partner does not accompany her to a prenatal or preconception visit, suitable educational 

4 3 4 material should be provided to the woman to give to her partner. Simulataneous, i.e. 

4 3 5 concurrent, screening of women and their partners is preferred. However, women and 

4 3 6 their providers may elect sequential carrier screening for CF based on individual 

4 3 7 circumstances. Simultaneous testing is particularly important when there are time 

4 3 8 constraints for making a decision regarding prenatal diagnosis or the availability of 

4 3 9 termination of affected pregnancies. 

440 

4 4 1 Referral for counseling by a provider with special expertise may be considered when 

4 4 2 carriers of CF are identified, prior to prenatal diagnosis, or when an affected fetus is 

4 4 3 identified. 
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5 4 3 Table 1. Incidence and Carrier Risk for Cystic Fibrosis based on Ethnicity 
544 
545 

546 
547 
548 
549 
550 
551 
552 
553 

Group 

Caucasians 

Hispanics 

African Americans 

Asian Americans 

Incidence Carrier Risk 

1/3300 1/29 

118-9000 1146 

1115,300 1/62 

1132,100 1190 

5 54 Table 2. Risk of CF in Offspring for Couples Tested 
555 
556 

One Parent Positive 
Group Sensitivity One Parent Negative 

Caucasian European 0.80 11564 

Caucasian Ashkenzi Jewish 0.97 1/3736 

Hispanics 0.57 11424 

African Americans 0.75 11980 

Asian Americans 0.30 11512 

557 

Both Parents Negative 

1179,524 

113,489,424 

1144,944 

11240,000 

1/240,100 
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5 6 3 Table 3. Risk of CF in Offspring when only One Parent Tested 
564 
565 

566 
567 
568 
569 

Group 

Caucasian European 

Caucasian Ashkenzi Jewish 

Hispanics 

African Americans 

Asian Americans 

Sensitivity 

0.80 

0.97 

0.57 

0.75 

0.30 

One Parent Negative· One Parent Positive 

1/16,356 11116 

1/108,344 11116 

1119,504 11184 

1/60,760 11248 

1146,080 - 1/360 
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5 7 3 1. The Steering 'Committee concurred that we would try to produce a single document. If 
5 7 4 so, some sections of the document produced by the Clinical Committee may become 
5 7 5 redundant and or will have to reference other parts of the document. This will be attended 
5 7 6 to at a later time. 
577 
5 7 8 2. The Steering Committee reached consensus to target Caucasians provided that screening 
57 9 when offered "when in doubt". This has been incorporated. 
580 
5 8 1 3. The Steering Committee also reached consensus to indicate the concurrent screening is 
5 8 2 preferred, and that sequential screening is an option in individual cases or clinical settings. 
5 8 3 This has been incorporated as well. 
584 
5 8 5 4. There was agreement that the Education and Consent Committee would develop 
5 8 6 materials for the patients (couples), a packet for a woman to take home to her partner, and 
· 5 8 7 also a packet for carriers to use to inform their families for purposes of cascade screening. 
588 
5 8 9 5. The Laboratory committee will deal with the question of whether an extended panel will 
5 9 0 be recommended to negative partners of positive/negative couples or for prenatal diagnosis 
5 9 1 of pregnancies when the mother has a mutation and the father will not be tested. The 
59 2 current draft of the Clinical Committee includes places where an "extended panel" might be 
5 9 3 referred to if this will be used. Also the algorithms include this. · 
594 
5 9 5 If the laboratory Committee decides on a single panel ---the text should justify the rationale 
5 9 6 for not testing for a larger number of mutations, and we will delete reference to an · 
5 9 7 exteneded panel in the Clinical Committee document. 
598 
5 9 9 6. It was agreed that the Laboratory Committee document would need to contain some 
6 0 0 discussion of R117 and ST mutations --the potential recommendation for family studies to 
6 0 1 determine phase etc. · 
602 
6 0 3 7. Some members of the Clinical Committee questioned the necessity for written informed 
6 0 4 consent since this is not usuaully used for Tay-Sachs, SCD, etc. There was general 
6 0 5 agreement that there should be written consent. The Education and Consent Committee 
6 0 6 will consider a consent/decline form that will be a tear-off of the last page of the 
6 0 7 information brochure. 
608 
6 0 9 8. The Education and Consent Committee will discuss the issue of individual versus group 
6 1 0 education for consent -- and possible videos etc. 



Implementation of Screening for CF 

Assess woman and partner for personal or family history of CF 

Positive* 
personal or family history 

~ 
Offer screening 

*consider referral for genetic counseling 

/ 

Either are Caucasian of 

Negative 
personal or family history 

Assess racial and ethnic background 
of woman and partner 

Neither are Caucasian of 
European or Ashkenazi Jewish descent European or Ashkenazi Jewish descent 

Offer screening Make available information and 
screening on request 

·. 



Screen Both Partners Simultaneously 

Screen Both Partners 

Both partners test negative 

• Provide results 
• Provide estiniate of residual risk 

. One partner tests negative 
One partner tests positive* 

• Provide results 
• Offer screening of negative partnc;:r with 

expanded panel of mutations 
• Provide risk estimate for child with CF 
• Offer family studies to partner with positive test 
• Counsel to inform offspring of carrier risk 

(112 chance) when they reach reproductive age 
• Prenatal diagnosis is not recommended 

* consider referral for genetic counseling 

Both partners test positive* 

• Provide results 
• provide risk estimate for child with CF (114) 
• Provide counseling regarding CF severity, 

variability & treatment · 
• Provide information regarding limitations 

of prediction of phenotype 
• Offer prenatal diagnosis 
• Discuss reproductive options for future pregnancies 

(e.g. donor gamete) 
• Offer family studies 
• Counsel to inform unaffected offspring of carrier risk 

(2/3 chance)when they reach reproductive age 



Screen Partners Sequentially 

Screen one partner first 

First partner tests negative 
• Provide results · 
• Provide estimate of residual risk 
• Make screening available to untested partner 

only on request 

Second partner tests negative 

First partner tests positive* 
• Provide results 
• Provide estimate of risk 
• Offer screening of untested partner with 

expanded panel of mutations 
• Offer family study 
• Counsel to inform unaffected offspring of carrier risk 

(112 chance) when they reach reproductive age 

+ 
Screen untested partner 

• Provide results 
• Provide risk estimate for having chld with CF 
• Prenatal diagnosis is not recommended 

/ Second !arbler not tested 
• Provide results Second partner tests positive* 

• Provide results 
• Provide risk estimate for child with CF (114) 
• Provide counseling regarding CF severity, 

variability & treatment 
• Provide information regarding limitations 

. of prediction of phenotype 
• Offer prenatal diagnosis 
• Discuss future reproductive options 

(e.g. donor gamete) 
• Offer family studies 
• Counsel to inform unaffected offspring of carrier risk 

(213 chance)when they reach reproductive age 
• Counsel about possibility that couple's children may be 

undiagnosed and affected 

• Encourage partner testing 
• Provide risk estimate for child with CF 

(e.g. 11116 if Caucasian) 
• Make prenatal diagnosis with 

expanded panel available 
• Counsel to inform unaffected offspring of carrier risk 

(112 chance) when they reach reproductive age 

* consider referral for genetic counseling 


