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intervals: distal 16p11.2 deletions, 100%; proximal 16p11.2 
deletions, 84.1%; and distal 1q21.1 deletions, 56.7%. However, 
these are likely overestimates, given that the controls were 
adults, and pediatric disease is likely to be underrepresented 
in that population.

Dr Benn raises concerns about falsely attributing dis-
ease causation to CNVs. Our calculations are based on the 
assumption that the CNV is contributory in all cases in which 
it is identified. As models for disease causation are shift-
ing toward interaction of multiple genetic changes, includ-
ing CNVs,7 we believe this to be an acceptable assumption. 
Furthermore, by examining only CNVs with enrichment in 
cases, we ensure that we are not falsely attributing causation. 
Finally, we have excluded prenatal cases from our data to 
ensure that our testing population is made up exclusively of 
individuals with known abnormal phenotypes.

We thank Dr Benn for discussing some limitations of our 
estimates. There is some degree of uncertainty in our esti-
mates, and it is important to keep that in mind when coun-
seling. However, we believe that our 5% estimate for disease 
frequency is a more reasonable approximation than 1%. 
Furthermore, it is common to quote a background risk to 
expectant parents of 3–5% for a child with congenital anom-
alies, developmental delay, or intellectual disabilities.8 If the 
counseling session includes framing the problem in terms of 
the high end of that estimate, then these penetrance estimates 
could be useful. For example, upon the identification of a 
15q11.2 deletion, a couple could be counseled that this may 
double the chance of the child having congenital anomalies, 
developmental delay, or intellectual disabilities, changing the 
risk from the 5% background risk to closer to 10%.
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To the Editor: We write in reference to the article titled “An 
Empirical Estimate of Carrier Frequencies for 400+ Causal 
Mendelian Variants: Results From an Ethnically Diverse 
Clinical Sample of 23,453 Individuals” by Lazarin et al.1

We agree that ancestry-based carrier screening has signifi-
cant drawbacks and may result in inequitable distribution of 
genetic testing and services. However, there are other issues to 
consider about carrier panels and the authors’ recommenda-
tions, some of which the authors briefly mention at the end of 
their Discussion.

Expanded carrier screening panels are often marketed 
directly to patients and have been increasingly adopted into 
clinical practice despite the lack of supportive clinical guide-
lines. Expanded screening does not meet all of the generally 
accepted criteria for population screening. For example, many 
of the included conditions do not cause significant health 
impairment, have highly variable clinical courses, and/or are at 
low frequency in all populations, regardless of ancestry.

The authors imply that the low cost of multigene panels is one 
reason to support this practice, but the true costs of expanded 
carrier testing need to be carefully examined. The assay 
described in this article tests for up to 417 mutations that have 
been associated with 108 conditions. The authors state that for 
the purpose of this study, only the most clinically significant 96 
conditions were evaluated. The sensitivity for individual carrier 
detection is reported to be <10% for about one-quarter of the 
screened conditions; fewer than one-half have a carrier detec-
tion rate >50%. Given the poor sensitivity of the panel for many 
of the included conditions, follow-up testing of the reproduc-
tive partner may involve more extensive genetic testing such as 
whole-gene sequencing, which currently costs several hundred 
to thousands of dollars per gene. This is not a trivial concern 
because about one in four individuals will prove to be a carrier 
for at least one disorder.

The time investment for follow-up counseling and risk assess-
ment should also be factored into follow-up studies evaluating 
the true cost of expanded carrier testing. The psychosocial 
impact of this expanded screening both in the short and long 
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could mean that at least some people are undergoing carrier 
testing as a means of diagnosing a genetic disease.

We hope we can reflect on the long held important consid-
erations for implementing population screening programs and 
carefully weigh the pros and cons of expanding screening for 
our patients and for society.
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term needs to be considered and measured, as well as what car-
rier individuals and couples actually do with the information. 
Thus, carrier panels lower the cost of testing but could con-
versely increase the other costs of a carrier screening program.

Furthermore, the vast majority of conditions included in the 
panel are extremely rare; at least 30 conditions have an inci-
dence of <1 in 1 million, and all but a handful occur in <1 in 
5,000 individuals (ironically, α-thalassemia, perhaps the most 
common genetic disease in the world, is not included in the 
panel, we presume for technical reasons). Therefore the likeli-
hood of follow-up carrier testing identifying a mutation in the 
partner is expected to be small.

In this study, 127 carrier couples (0.54% of all patients who 
underwent testing) were identified. Of note, 47 of these cases 
were positive for α-1-antitrypsin deficiency, with both the S 
and Z allele included in the panel. The S allele is known to be 
common in some populations and is not thought to be of much 
clinical importance unless paired with a more severe allele, and 
even then would be expected to cause a milder phenotype. On 
removing α-1-antitrypsin and the conditions for which screen-
ing guidelines already exist (through the American College of 
Obstetricians and Gynecologists and/or the American College 
of Medical Genetics and Genomics), such as cystic fibrosis, 
sickle cell anemia, β-thalassemia, spinal muscular atrophy, Tay-
Sachs disease, the detection of carrier couples would drop to 
<0.1%. Included in this figure are conditions such as familial 
Mediterranean fever, factor XI deficiency, and GJB2-related 
hearing loss. Considering the mild and variable phenotype, age 
of onset, and treatment options for conditions such as these, 
significant ethical dilemmas accompany including these on a 
preconception/prenatal carrier screening panel.

Apart from the cost argument for increased screening, the 
authors suggest that the increasing population ethnic admix-
ture is further justification for expanded “panethnic” carrier 
testing. Although we agree that the increasingly diverse back-
ground of the US population presents new carrier screening and 
risk assessment challenges, the possibility that this increased 
diversity may actually be decreasing the incidence of reces-
sive genetic disease should be considered. The authors state 
that the “data show a number of severe Mendelian disorders 
are more prevalent than commonly understood.” On the basis 
of the presented data, there was nothing to show an increased 
incidence of disease. The carrier frequencies were higher than 
previously reported for some conditions and lower than previ-
ously reported for others, but there is no measure of prevalence 
of these recessive conditions.

The stated carrier frequencies do not take into account the 
possibility of ascertainment bias in what is not likely to be a 
random sample of the population. For example, a couple from 
a population with a low incidence of a particular recessive dis-
order might happen to have a family history of the disorder, 
which led them to undergo the testing in the first place. This 
would elevate the apparent carrier frequency in the population. 
The possibility of ascertainment bias is suggested by the iden-
tification of 78 homozygotes/compound heterozygotes. This 

To the Editor: We thank Stoll and Resta1 for their feedback on 
our data in their letter titled “Considering the Cost of Expanded 
Carrier Screening Panels,” and welcome discussion on the mer-
its of expanded carrier screening. We understand this is the 
beginning, not the end, of genomic applications in reproduc-
tive care and fully expect that enhancements will continually 
increase the test’s efficacy. As we consider the correct path to a 
test’s maximal clinical utility, an analogy to prenatal screening 
for Down syndrome seems applicable.

Down syndrome screening began with crude risk estimates 
based on maternal age. Introduction of the α-fetoprotein bio-
chemical assay improved sensitivity, but it was still poorly reli-
able by current standards. False reassurances occurred, as did 
difficulties regarding counseling and results interpretations. 
Nonetheless, these tests were implemented. They represented 
an improvement over contemporary approaches but did not 
signal the end of related research. Today, the options for pre-
natal aneuploidy screening are more promising than ever and 
yet still merit further refinement. Similarly, expanded carrier 
screening represents a vast improvement over an ethnicity-
based approach for a small number of diseases, and routine 
implementation can serve to further development.
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