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Before the introduction of panethnic cystic fibrosis gene car-
rier screening, population-based genetic carrier screening to
inform reproductive decision-making was based on the at-risk
individual’s ethnic and geographic background. In the Ash-
kenazi Jewish population, carrier screening programs continue
to expand as more genes and mutations are identified in dis-
eases for which this population is at increased risk.However, as
more diseases are added to these panels, some carrier states in
the targeted populations begin to approach the prevalence in
the general population leading one to consider whether it is
more appropriate to employ panethnic screening panels for
these conditions rather than subpopulation-targeted panels.
Further, the burden of the diseases being considered for carrier
screening is broadening from what initially was a small group
of neurodegenerative diseases that were lethal in early child-
hood to conditions with arguably less burden and more vari-
ability. Questions about the clinical utility of using ethnicity or
other surrogates of ancestral geographic origin to direct clini-
cal services are also increasing. As population admixture con-
tinues to grow in the United States, the utility of defining indi-
viduals on this basis can only decrease.
As technology continues toward very high throughput, low

cost, andmultiplexed applications, we are rapidly approaching
a scenario similar to that for newborn screening several years
ago. Questions abound as to which conditions should be con-
sidered for screening and the criteria bywhich this is done;who
should be offered different screening panels and how are those
groups are defined? However, many of those decisions will
have to be balanced against the inherent trade-offs in clinical
performance of tests for an ever increasing number of potential
analytical targets.
To gain a better understanding of the issues involved in de-

veloping carrier screening programs in theUnited States and to
open a dialog with communities that have typically had much
influence over decisions as to what sorts of voluntary screening

programs would meet their needs, a meeting of stakeholders
and genetics professionals was developed.
On November 19, 2006, the conference titled “Genetic Car-

rier Screening: Moving Population Genetics from Theory to
Practice” was held in the Bronx, NewYork. It was cosponsored
by the American College of Medical Genetics and Jacobi Hos-
pital. This meeting was unique in that a wide array of partici-
pants came together to discuss a host of current, and potential
future screening targets. This meeting, as well as future meet-
ings of this kind, may be used to determine themost appropri-
ate diseases to include in general population and race or eth-
nic-specific genetic testing. There were presentations on
specific disorders given by scientists and physicians, as well as
population perspectives regarding carrier screening. What en-
suedwas a dialogue among physicians, scientists, patients, par-
ents, advocates, and diverse community members who are all
stakeholders in this very promising, yet uncertain endeavor.
Here we will highlight some of the issues that came from these
presentations and discussions. Of note, the choice of specific
community groups who addressed thismeeting was notmeant
to be comprehensive in any way. Rather, they represent a cross
section of various population groups who have garnered ex-
tensive experience with genetic issues over the past several
years. Certainly there were common themes that would seem
to apply to community outreach regardless of ethnic or racial
background. However, there remain other communities
whose concerns were not addressed specifically in this meeting
and who will need to be heard from in the future.

NEWBORN AND CARRIER SCREENING (M. WATSON)

Although the conference was dedicated to carrier screening,
the meeting opened with an overview of the American new-
born screening experience. We have much more experience
with newborn screening (NBS) compared with general popu-
lation carrier screening. Although NBS remains a moving tar-
get with rapid expansion of tests mandated by individual states
for all newborns, there are certainly particular facets of theNBS
program where we can integrate what we have learned into
general population carrier screening.
For decades, general population carrier screening was based

on clinical validity and clinical utility to direct services based
on ethnicity, race or other social factors that may lead to par-
ticular conditions being more common in a particular group.
The twomajor examples have been carrier screening for infan-
tile lethal neurodegenerative disorders in the Ashkenazi Jewish
community and hemoglobinopathies in the African American
population. However in the United States, ethnicity and race
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are difficult to ascertain due to admixture. Therefore, we will
likely need to move toward screening more broadly in our
multicultural and multiethnic society. Furthermore, with ad-
vances in genetic knowledge and technologies, carrier screen-
ing for additional disorders such as cystic fibrosis have now
become part of primary care.
Although carrier testing and NBS differ in many respects,

broad-based panethnic testing and efficient use of current
technologies are two areas where our experience with NBS can
be of considerable help. Most importantly, there needs to be
some standardization of criteria to select population-based
screening tests, similar to the ones used for NBS. To select
appropriate tests, we need to understand the burden and nat-
ural history of each condition, the inheritance and carrier fre-
quency, and genotype-phenotype correlations. Further, with a
nearly unlimited number of genemutations thatmight be con-
sidered for carrier screening panels, fundamental questions
about the performance of tests (e.g., true positives and false
positives) and howone’s follow-up resultsmust be considered.

COMMUNITY SUPPORT (C. SCRIVER)

To develop a successful screening program, one always
needs to consider a community perspective. Ideally a screening
program should be initiated by the community being served,
so that it will be well accepted by the targeted population. If a
program strives for community “buy in,” then the program
might not be perceived as something that is foisted on the
participants, and is likely to meet with less resistance and en-
sure participation. Although in the United States we have gen-
erally avoided genetic screening programs targeting high
school students, this approach has been extremely successful in
Canada. Dr. Scriver presented basic principles related to suc-
cessful programs which hinge on mutual understanding and
partnership with the community.

CYSTIC FIBROSIS (D. DRISCOLL)

Population-based carrier screening for cystic fibrosis (CF)
arrived with the release of the ACOG/ACMGClinical and Lab-
oratory Guidelines in 2001 andmay serve as amodel for future
panethnic population preconception carrier screening endeav-
ors in the United States. Critical to its introduction was recog-
nition that nongenetics-trained providers are on the frontline
of the delivery of this service, thereby necessitating the stan-
dardization of testing protocols and the development of edu-
cational materials for providers. CF carrier screening has been
well integrated into standard prenatal care in theUnited States.
However, there remain some challenges and opportunities,
with a suggestion that physicians, other health care providers,
and consumers still need additional education about screen-
ing, including the meaning of a negative or positive test result.
Physicians need simple and straightforward guidelines to fol-
low in order to fully incorporate CF screening into their prac-
tices. Furthermore, we need to ensure that all laboratory re-

ports are simple and understandable in order to prevent
confusion and misinterpretation.

SPINAL MUSCULAR ATROPHY (D. HEINE)

Population carrier screening for spinal muscular atrophy
(SMA) may be an appropriate disease to consider for popula-
tion-based preconception carrier screening. SMA affects indi-
viduals of all ethnic and racial backgrounds equally. The carrier
frequency is estimated to be about 1 in 40, with two affected
infants born every day in theUnited States. SMA is a severe and
often fatal disease where the vast majority of affected individ-
uals are homozygous for the loss of exon 7 in the SMN1 gene.
Severity of the disordermay be predicted based on the number
of copies in the highly related SMN2 gene, thus potentially
allowing for phenotype-genotype correlation. Preconception
and prenatal screening are now technically feasible because a
molecular test is available to detect the commonmutation that
accounts for approximately 95% of the SMA alleles. Before
moving forward with this testing, there is a need for pilot data
looking at a number of issues: including accurate carrier fre-
quency, genotype-phenotype correlation, the ability to per-
form testing on large numbers of prospective parents with au-
tomation of the assay, and the best way to educate providers
and patients about this screening test. There is considerable
interest nationally in pilot efforts for SMA carrier screening. In
light of the success of CF carrier screening that is being offered
to a broad range of patients, a similar model could be adapted
for SMA carrier screening in the future.

CARRIER SCREENING WITHIN THE ASHKENAZI JEWISH
POPULATION (H. OSTRER, S. MICHELMAN,
R. YUDENFREUND GLASER)

Because of endogamy and genetic drift, there is a higher
carrier rate for certain disorders and a limited number of mu-
tations accounting for themajority of deleterious alleles in this
population. Carrier screening has been used to identify couples
at risk for having affected children. As a result, there have been
significant reductions in the births of infants with these condi-
tions among Ashkenazi Jews.
Survey data have suggested that for the Jewish community,

the cost of testing is often less important than the severity or
impact of the condition. Many Ashkenazi Jewish patients pre-
fer a very broad menu of tests; prospective parents often state
that statistics mean very little to them and the incidence of any
individual condition is not a major factor in their decision to
have or not have carrier screening if it is available. Mr. Stanley
Michelman and Mrs. Randi Yudenfreund Glaser representing
the Jewish Genetic Disease Consortium, an umbrella organi-
zation of the various Jewish genetic disease community sup-
port groups, shared a message on behalf of the consortium as
well as their own very personal perspectives on carrier screen-
ing in the Jewish community. The goals of the Consortium are
to promote education and screening for a more comprehen-
sive panel of disorders. For Ashkenazi Jewish individuals, as
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well as other consumers, we need to ensure that the patients are
fully educated about testing, so that informed consent ismean-
ingful. Likewise, cultural issues need to be taken into account
such that testing strategies are tailored to themarriage patterns
and religious practices of the individuals being offered screen-
ing. Conference participants suggested that any new clinical
guidelines should address screening of couples of mixed eth-
nicity and assuring adequate informed consent in the context
of multiplex testing.
In this issue of Genetics in Medicine there are two guidelines

regarding screening for couples and individuals of Ashkenazi
Jewish ancestry. “Technical Standards and Guidelines for Re-
productive Screening in the Ashkenazi Jewish Population”1

(page 57) was prepared by the Laboratory Quality Assurance
Committee. This is an up-to-date resource developed to pro-
vide guidance to clinical laboratories and laboratory directors
whomay be performing these tests. The parallel clinical guide-
line “Carrier Screening in Individuals of Ashkenazi Jewish De-
scent” (page 54), prepared by the Professional Practice and
Guidelines Committee, serves to put these laboratory issues
into a clinical context.2

Whereas population-based carrier testing in the Ashkenazi
Jewish population has been the focus of a great deal of energy
and attention in recent years, there are other Jewish popula-
tions and other endogamous non-Jewish populations at risk
for other serious genetic conditions. These populations might
be candidates for ethnic-specific, as well as panethnic testing
panels.

THE AFRICAN AMERICAN PERSPECTIVE (R. NAGEL,
V. DUBERRY ADEMU-JOHN)

As outlined by Ms. Verna DuBerry Ademu-John, Program
Coordinator at the Brookdale Comprehensive Pediatric Sickle
Cell Program, carrier screening in the African American com-
munity brings up a number of additional issues. The “legacy of
distrust” is a part of the outlook on sickle cell screening in this
country and, within this community, remains an important
concern. It would behoove individuals and groups in the posi-
tion to make an impact on carrier screening to take this into
consideration and approach screening in a holistic and sensi-
tive manner. Another major point is that the term “African
American ” does not cover many of the groups affected by
sickle cell disease and trait. Many do not consider themselves
African American, for example, individuals who have recently
arrived from the continent of Africa and from the Caribbean.
Ms.DuBerryAdemu-John suggests that a better termwould be
“people from the African Diaspora in America.” The presen-
tation did stress that, overall, this community is very interested
in genetic education and the benefits of current medical ge-
netic services. However, there was considerable concern as to
how education about screening was being provided in the
medical setting, if at all. Furthermore, there were legitimate
issues raised regarding overall lack of genetic knowledgewithin
the primary care community itself. The identification of sickle
cell carrier status during a pregnancy often causes distress be-

cause parents may be unaware of a risk before conception or
may not be aware that they have even undergone screening.
Parents and prospective parents in the African American com-
munity can and wish to make their own decisions about
screening once they are armed with knowledge. It is also not
necessary to wait for a pregnancy to initiate screening. Chil-
dren born outside of the United States could have testing done
before entering kindergarten, high school, or college. From
this community’s perspective, models for earlier preconcep-
tion or childhood screening should be undertaken and funded
through community-based programs with the understanding
that the positive impact can be maximized through grassroots
and community-based initiatives. Other suggestions to im-
prove care include providing NBS test results to all parents of
children who screen positive for hemoglobinopathy carrier
status, and ensuring that sickle cell test results become part of
all students’ health records.

THE LATINO PERSPECTIVE (A. IGLESIAS, A. NICASIO)

As of July 2005, 42.7 million Latinos resided in the United
States, which represents approximately 14%of the population.
By 2050, the projected Latino population will be 102.6 million
(24%) or almost a quarter of the US population. Latinos may
be of any race, and derive from multiple ethnic backgrounds,
which will certainly have a significant impact on the design of
any expanded genetic screening panels. For Latinos, health is-
sues are often influenced by variable combinations of educa-
tional backgrounds, religious traditions, folk beliefs, family
traditions, and trust inWesternmedicine and science. Latinos’
particular characteristics suggest that genetic screening poli-
cies and attendant issues related to understanding and partic-
ipation should be tailored to their needs. The mandatory na-
ture of newborn screening often puts Latinos in an unwanted
position, suggesting that customized counseling is very impor-
tant. Education, in a broad sense, will probably be the corner-
stone for success for future policy design and implementation.
Making strides in areas such as education, income, health in-
surance, and acculturation will influence Latinos’ screening
practices. Educational interventions for health care providers
in the prenatal and postnatal settings who care for Latinos will
also be helpful. Increasing the numbers of health care provid-
ers of Latino origin, as well as counselors familiar with “cultur-
ally sensitive” issues is not only desirable, but necessary.

LEGAL CONSIDERATIONS (N. ELSTER)

In this day and age, one always needs to be cognizant of legal
issues in testing and care of patients. With genetic screening in
particular, several important legal issues arise such as insur-
ance and employment discrimination, privacy, confidentiality,
and informed consent—both for testing and treatment. Many
states have laws in place to prevent insurance or employment
discrimination based on genetic test results; three states have
laws specific to carrier screening. Seventeen states have laws
that penalize providers for violating a patient’s privacy regard-
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ing genetic information and 27 states require consent for dis-
closure of genetic information to a third party. Whereas case
lawhas set a precedent for antidiscrimination in relationship to
genetic testing, there are still some areas where things are not as
clear-cut, such as duty to disclose. There are two proposed
pieces of legislation that deserve special attention: S.976
Genomics and PersonalizedMedicine Act of 2007,HR.493 and
S.358 Genetic Information Nondiscrimination Act (GINA)
banning discrimination against US residents based on genetic
test results which will be important to follow this next year.

NEXT STEPS

Following this meeting, we reflected upon what we had
learned from the presentations and how best to use this infor-
mation in the expansion of population carrier screening. We
need to identify the communities we hope to serve and take
into account the needs of the families in these various commu-
nities. For populations where genetics is not a high priority
(i.e., the Latino population) we need to find the best way to
educate individuals about their options so they can make in-
formeddecisions.Weneed to determinewho in a busymedical
practice has the time and skills necessary to counsel patients
where time and even requisite skills may be limited. Commu-
nities are finding nonphysicians to supplement more classical
models of health care. As the technology moves forward there
are innumerable conditions, including SMA and Fragile X,
which may be amenable to multiplex platforms. We need to
answer questions such as “How common should a condition
be in order to include it as a carrier screening test?” or “Is the
prevalence of a disorder only one factor that needs to be bal-
anced against clinical impact and cost of testing?”. Variable
carrier rates in broad populations make race/ethnic-based rec-
ommendations even more difficult to develop (i.e., the carrier
rate for sickle cell in Hispanic populations varies greatly de-

pending on country of origin) such that panethnic testing may
become amore viable option in the forever changingAmerican
landscape.
When considering population-based carrier screening in a

general way, it is essential to be very thoughtful as guidelines
are developed and to seek the input of both professionals and
community members. Deciding which conditions should be
added, and when, is difficult at best. This meeting is just the
beginning of our journey to establish a national agenda to raise
awareness about, and develop guidelines for, US carrier
screening.We hope that this meeting is the first of a number of
collaborative activities that will allow us to provide the best
care for all of our patients, regardless of ethnicity, race, socio-
economic status, or insurance coverage. We realize that the
future of population-based carrier screening is now, and the
train has already left the station.We all need to hop on board in
order to arrive safely at our final destination.
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