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DNA tests and/or ultrasound and to provide reassurance fol-
lowing other screening. For many women, the presentation of 
a finding of a CNV of uncertain clinical significance may be 
very unhelpful. The challenge posed by using microarray test-
ing needs to be met through enhanced professional education 
about the strengths and limitations of the testing, individualized 
counseling of women considering the test, and guidance on test 
utilization and interpretation from professional groups such as 
the American College of Medical Genetics and Genomics.

DISCLOSURE
The author declares no conflict of interest.

Peter A. Benn, PhD, DSc1

1Division of Human Genetics, Department of Genetics and Developmental Biology, 
University of Connecticut Health Center, Farmington, Connecticut, USA. Correspond-
ence: Peter A. Benn (benn@nso1.uchc.edu)

REfEREnCES
1. Vassos E, Collier DA, Holden S, et al. Penetrance for copy number variants 

associated with schizophrenia. Hum Mol Genet 2010;19:3477–3481.
2. Rosenfeld JA, Coe BP, Eichler EE, Cuckle H, Shaffer LG. Estimates of penetrance 

for recurrent pathogenic copy-number variations. Genet Med 2012; e-pub 
ahead of print 20 December 2012.

3. Baird PA, Anderson TW, Newcombe HB, Lowry RB. Genetic disorders in children 
and young adults: a population study. Am J Hum Genet 1988;42:677–693.

4. Wapner RJ, Martin CL, Levy B, et al. Chromosomal microarray versus 
karyotyping for prenatal diagnosis. N Engl J Med 2012;367:2175–2184.

doi:10.1038/gim.2013.16

Table 1 Probability of an abnormal outcome when there is 
a 4% risk for a disorder unrelated to those detectable by 
microarray (type A) and a 1% birth incidence of a disorder 
that could be associated with a CnV (type B)

CNV present P(type A) P(type B)a

Total risk:  
P(A or B)

Probability  
based on  

Rosenfeld et al.2 

Distal 16p11.2 
deletion

0.04 0.24 0.28 0.62

15q11.2 
Deletion

0.04 0.02 0.06 0.10

CNV, copy-number variation.
aProbability of disease, given the presence of the CNV, 

P (G | D) P (D)
P (G | D)

P (G | D) P (D) + P (G | D) P (D)
=   

where

P (G | D) = probability of CNV given type B disease; P(D) = probability of type B disease 
= 0.01; (G | D)P  = probability of CNV given no type B disease; P (D) = probability of no 
type B disease = 0.99.

Response to Benn

To the Editor: We thank Dr Benn for his letter titled “Prenatal 
Counseling and the Detection of Copy-Number Variants”1 
and agree that prenatal testing for copy-number variations 
(CNVs) differs from karyotyping, in which, more frequently, 
the patient can be given a clearer phenotypic expectation. 
Clarifying uncertainty is why we have attempted to estimate 

penetrance by including a wide range of possible associated 
disorders.2 We also agree that prenatal microarray testing 
should be performed in the context of careful thought and 
counseling. Unclear results can be found regardless of careful 
use of the test, and our estimates provide one tool to aid coun-
seling in such situations.

To obtain valid estimates for penetrance from CNV fre-
quencies, it is important to know the fraction of the popu-
lation with an abnormal phenotype that results in being 
referred for microarray testing. Our assumption that this 
fraction is approximately equal to the frequency of pediat-
ric conditions with a genetic component—5% in a Canadian 
epidemiological study3—has some limitations, as pointed out 
by Dr Benn. Certain conditions may be diagnosed without 
microarray testing, although the rate of single-gene disorders 
in the Canadian study was only 0.36%.3 Moreover, a subset 
of individuals with those conditions may still be referred for 
microarray testing, including individuals with conditions 
that can be caused by microdeletions (e.g., neurofibromato-
sis and cystic kidneys) or individuals who have atypical pre-
sentations of their diagnosed condition, for which clinicians 
wish to rule out other genetic factors altering the phenotype. 
Certain multifactorial conditions, if isolated, may not be a 
sufficient cause for microarray testing but are frequently part 
of syndromic presentations in individuals who are referred 
for microarray testing. Microarray testing may also be per-
formed in a subset of individuals who have a condition, such 
as fetal alcohol syndrome, that does not have a genetic com-
ponent, because it is important to rule out genetic causes 
before attributing their phenotypes to teratogens. Overall, 
although this raises the possibility that the 5% frequency 
may be an overestimate, further analysis of our data does not 
support Dr Benn’s suggested reduction to 1%. For example, 
if we compare the population frequencies of known genetic 
syndromes such as Williams syndrome and Smith–Magenis 
syndrome due to microdeletions (1/7,5004 and 0.9/15,000,5 
respectively) with the frequencies of these deletions in our 
patient population (110/48,637 and 46/48,637, respectively), 
it suggests that our testing population comes from a 6% sub-
set of the population with abnormal phenotypes. This may 
be considered an upper limit, given that we may be under-
ascertaining these syndromes if some cases are diagnosed 
through other methods such as fluorescence in situ hybrid-
ization. Finally, as Dr Benn points out, factors contributing 
to disease have likely changed since the Canadian study. 
Some conditions, like autism, are on the rise and may help to 
counterbalance the subset of the 5% that are not being tested 
by microarray.

As we state in our original report,2 the controls used are not 
known to be disease free, and this can cause underestimation 
of penetrance. If we recalculate penetrance assuming controls 
are completely unscreened (having a probability of disease 
(P(D)) of 0.0512), as described in the supplemental methods 
by Vassos et al.,6 the three CNVs with the highest penetrances 
have new estimates that are outside of their original confidence 
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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%.

DISCLOSURE
J.A.R. is an employee of Signature Genomic Laboratories, a sub-
sidiary of PerkinElmer. E.E.E. is on the scientific advisory boards for 
Pacific Biosciences, SynapDx, and DNAnexus. The other authors 
declare no conflict of interest.

Jill A. Rosenfeld, MS1, Bradley P. Coe, PhD2, Evan E. Eichler, PhD2,3,  
Howard Cuckle, DPhil4 and Lisa G. Shaffer, PhD5

1Signature Genomic Laboratories, PerkinElmer, Inc., Spokane, Washington, USA; 
2Department of Genome Sciences, University of Washington, Seattle, Washington, USA; 
3Howard Hughes Medical Institute, University of Washington, Seattle, Washington, 
USA; 4Department of Obstetrics and Gynecology, Columbia University Medical Center, 
New York, New York, USA; 5Paw Print Genetics, Genetic Veterinary Sciences, Inc., 
Spokane, Washington, USA. Correspondence: Jill A. Rosenfeld  
(rosenfeld@signaturegenomics.com)

REfEREnCES
1. Benn PA. Prenatal counseling and the detection of copy-number variants. Genet 

Med 2013;15:316–317.
2. Rosenfeld JA, Coe BP, Eichler EE, Cuckle H, Shaffer LG. Estimates of penetrance 

for recurrent pathogenic copy-number variations. Genet Med (2012); e-pub 
ahead of print 20 December 2012.

3. Baird PA, Anderson TW, Newcombe HB, Lowry RB. Genetic disorders in children 
and young adults: a population study. Am J Hum Genet 1988;42:677–693.

4. Strømme P, Bjørnstad PG, Ramstad K. Prevalence estimation of Williams 
syndrome. J Child Neurol 2002;17:269–271.

5. Elsea SH, Girirajan S. Smith-Magenis syndrome. Eur J Hum Genet 2008;16: 
412–421.

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 

Considering the cost of 
expanded carrier screening 

panels
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