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INTRODUCTION
Next-generation sequencing of cell-free DNA in maternal 
circulation is becoming integrated into routine prenatal prac-
tice, with as many as 400,000 tests performed in the United 
States in 2014. This follows the 2012 recommendation by 
the American Congress of Obstetricians and Gynecologists 
(ACOG) to offer DNA testing as a secondary screening 
option to women already identified as being at high risk for 
aneuploidy.1 However, some commercial laboratories and 
health-care providers are not restricting testing to high-risk 
pregnancies. Therefore, it is likely that some portion of the 
“low-risk” pregnancy population is being provided DNA 
testing as a primary screening test. In 2013, we published a 
survey of maternal serum screening laboratories participat-
ing in the College of American Pathologists (CAP) external 
proficiency testing program.2 That study documented that 
72% of 4.1 million pregnancies received routine maternal 
serum prenatal screening services from 131 laboratories. 
Through multiple methods of ascertainment, we now exam-
ine the question of whether the increasing use of DNA testing 
in prenatal practice has resulted in reduced use of maternal 
serum-based first- and second-trimester screening in the 
United States.

MATERIALS AND METHODS
Three separate data sets were collected and analyzed. One con-
tained nationwide data, another contained data from a large 
national reference laboratory, and the third contained data 
from a smaller statewide program in Rhode Island. The nation-
wide data were derived from the yearly survey of screening 
laboratories performed as part of the CAP External Proficiency 
Testing FP Survey (http://www.cap.org). That survey provides 
five simulated maternal serum challenges three times per year 
to laboratories offering maternal serum screening for Down 
syndrome and open neural tube defects. Participants report the 
specific screening test (e.g., first-trimester combined, second-
trimester quadruple, integrated/sequential) as well as the num-
bers of each test performed monthly in the first distribution 
each year. Earlier responses from this survey formed the basis 
of our recent report on the proportion of women in the United 
States receiving serum screening services.2 Although the iden-
tity of individual laboratories was unknown to us, CAP staff 
were able to link responses from 2001 through 2014 for each 
participant, allowing for comparisons over time. We matched 
testing volumes from the 2011 survey to those same partici-
pants’ 2014 responses. Only laboratories responding to both 
surveys were included. The change in total tests performed was 
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Purpose: We sought to determine whether tests for fetal aneuploidy 
based on next-generation sequencing of cell-free DNA in maternal 
circulation have had an impact on routine serum-based screening in 
the general pregnant population.

Methods: We compared results from laboratory surveys in 2011 
and 2014 that reported types of prenatal serum screening tests and 
numbers of tests performed. Testing records from two prenatal 
serum screening laboratories examined temporal trends in the pro-
portion of screened women 35 years of age and older from 2008 (or 
2009) to 2014.

Results: The 82 laboratory survey results available for comparison 
showed that 1.7 million women were screened in 2014, a 5% increase 

over 2011. In the two screening laboratories, the proportion of 
screened women age 35 and older increased for several years but then 
experienced reductions of 8 and 18% by mid-2014 when compared 
with the highest rates observed.
Conclusion: As of 2014, maternal plasma DNA testing appears to 
have had only a minor impact on serum screening rates in the United 
States. Ongoing surveillance has the potential to determine if, and 
when, DNA testing begins to replace serum testing as a primary 
screen for Down syndrome in the United States.
Genet Med advance online publication 2 April 2015
Key Words: cell-free DNA; Down syndrome; next-generation 
sequencing; screening

1Division of Medical Screening and Special Testing, Department of Pathology and Laboratory Medicine, Women & Infants Hospital, Alpert Medical School of 
Brown University, Providence, Rhode Island, USA; 2ARUP Laboratories, Department of Pathology, University of Utah School of Medicine, Salt Lake City, Utah, 
USA; 3Department of Pathology, University of South Carolina School of Medicine, Greenville, South Carolina, USA. Correspondence: Glenn E. Palomaki 
(gpalomaki@ipmms.org)

Is maternal plasma DNA testing impacting serum-based 
screening for aneuploidy in the United States?

Glenn E. Palomaki, PhD1, Edward R. Ashwood, MD2, Robert G. Best, PhD3,  
Geralyn Lambert-Messerlian, PhD1 and George J. Knight, PhD1

GENETICS in MEDICINE  |  Volume 17  |  Number 11  |  November 2015

http://www.cap.org
http://www.nature.com/doifinder/10.1038/gim.2015.39
mailto:gpalomaki@ipmms.org


898

PALOMAKI et al  |  Impact of DNA testing on serum screeningOriginal research article

determined, and those results were stratified by total numbers 
of tests performed.

The next two data sets were derived from prenatal serum 
screening laboratories with access to individual patient records. 
Both focused on the assumption that if maternal serum screen-
ing were to be impacted, then the likely first indication would 
be a reduction in the proportion of women age 35 and older 
being tested. This group has been considered to be of sufficient 
risk by ACOG to warrant a direct offer of DNA testing without 
first having serum/ultrasound screening. One of these data sets 
was compiled by ARUP Laboratories (Salt Lake City, UT). The 
50 clients with the largest number of quadruple tests performed 
in May 2008 were identified and followed through May 2014. 
The proportion of all quadruple tests performed in women age 
35 and older was computed monthly. The second data set was 
compiled by Women & Infants Hospital (Providence, RI). The 
proportion of women age 35 and older who received serum 
screening (as a percentage) by quarter from 2009 through 
the second quarter of 2014 was computed. In these latter two 
data sets, we expected to see increasing rates of uptake by 
older women from 2008 through 2011 because ACOG3 rec-
ommended in 2007 that women of all ages be offered serum/
ultrasound screening. After 2011, those rates were expected to 
decline because more of these women chose DNA testing as 
their primary screening test.

RESULTS
Data from the 2011 CAP survey had already been corrected for 
certain types of reporting errors and supplemented by results 
from 2012, as described in a previous publication.4 For exam-
ple, some laboratories reported annual rather than monthly 
values, or vice versa, and laboratories not reporting in 2011 
but reporting in 2012 had the latter results inserted for  

analysis. In 2011, there were 132 US clinical laboratories with 
results. In the 2014 survey, 92 laboratories reported results; 80 
of them were matched to 2011 results. These 80 participating 
laboratories were responsible for 88% of the 1.7 million 2014 
tests and for 72% of all testing reported in 2011. Table 1 (top 
four rows) shows the changes in number of tests from 2011 
to 2014 ((2014 tests − 2011 tests)/2011 tests) for second-tri-
mester, first-trimester, integrated/sequential, and total prenatal 
testing performed. Overall, second-trimester testing decreased 
by 3%, first-trimester increased by 126%, integrated/sequen-
tial decreased by 10%, and total tests increased slightly by 5%. 
The majority of laboratories (59%) found an overall decline in 
numbers of samples tested.

Table 1 also shows these same data after stratifying by labo-
ratory total test volume using a cutoff of 1,000 samples tested 
per month (annualized volume of 12,000 tests). Among the 61 
smaller laboratories, an overall 12% average decline in all testing 
methods was observed, with a small increase of 4% in the volume 
of integrated/sequential testing. However, among these same 61 
laboratories, 19 (31%) actually saw an increase over the 3 years. 
This is in contrast to the larger-volume laboratories (12,000 or 
more tests annually) that reported an overall 8% increase in test-
ing. All types of testing increased, with the largest percentage 
increase in first-trimester combined testing (181%). Most of the 
decrease in integrated testing and the increase in first-trimester 
testing were due to one large laboratory with overall numbers 
that decreased slightly, but it experienced a large shift from inte-
grated/sequential to first-trimester testing.

Results from the large national reference laboratory (ARUP) 
can be seen in Figure 1, which plots the proportion of women 
age 35 and older among the screened population. From mid-
2008 through mid-2013, this proportion steadily increased 
from 8.6 to 10.0% (slope = 0.26%/year increase; P < 0.001). 

Table 1 Differences in annual testing volumes between 2014 and 2011 in 80 US laboratories stratified by laboratory 
testing volume

Total tests performed
Number of 

laboratories
Tests in 

2014
Tests in 

2011
Difference from  

2011 (%)a

Laboratories 
increasing (%)

All participants

First-trimester 41  266,964  118,164 +148,800 (+126%) 20 (49%)

Second-trimestera 79 1,220,796 1,257,336 −36,540 (−3%) 31 (39%)

Integrated/sequentialb 24  236,712  262,500 −25,788 (−10%) 14 (58%)

All 80 1,724,472 1,638,000 +86,472 (+5%) 33 (41%)

<1,000/monthc

First-trimester 22  18,768  29,880 −11,112 (−37%) 10 (45%)

Second-trimester 61  166,656  185,832 −19,176 (−10%) 18 (30%)

Integrated/sequential 13  21,864  20,952 +912 (+4%)  5 (38%)

All 61  207,288 236,664 −29,376 (−12%) 19 (31%)

≥1,000/month

First-trimester 19  248,196  88,284 +159,912 (+181%) 10 (53%)

Second-trimester 18 1,054,140 1,071,504 −17,354 (−2%) 13 (72%)

Integrated 11  214,848  241,548 −26,700 (−11%)  9 (82%)

All 19 1,517,184 1,401,336 +115,848 (+8%) 14 (74%)
aSecond-trimester is mainly quadruple testing (some alpha-fetoprotein only, triple tests, and quintuple tests). bIntegrated/sequential includes serum-integrated, stepwise 
sequential fully integrated, and contingent models. cLaboratories testing fewer than 1,000 samples per month.
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However, in the summer of 2013, the rate decreased to approxi-
mately 9.2% and appeared to remain steady thereafter.

At Women & Infants Hospital, 45,775 women from Rhode 
Island were screened during the 5.5 years under study (2009 
through mid-2014). The average maternal age was 28.7 years. 
Figure 2 shows the proportion of women age 35 or older in the 
population. The data fitted a quadratic equation well, with an 
increasing trend peaking at 19.9% in 2011. By mid-2014, the 
rate was 16.4%, an 18% decrease.

DISCUSSION
Next-generation sequencing of maternal plasma for aneu-
ploidy has been offered in the United States by four com-
mercial companies since late 2011 and 2012. Such testing is 
recommended for use as a secondary screening test in women 
identified as being at high risk for Down syndrome or other 
aneuploidy. Several studies have documented the impact 
on invasive procedures and karyotyping.5–7 However, this is 
the first study aimed at determining whether DNA testing 
is impacting the high rate of serum screening in the United 
States, relying on three independent data sets that examine 
changes in proportions of women receiving serum screening 
before and after DNA testing was offered or recommended. 
An ongoing nationwide survey of screening laboratories found 
that there was an increase in overall serum screening of 5% 
between 2011 and 2013. Although the majority of participat-
ing laboratories (59%) saw a decline, larger-volume laborato-
ries saw an increase. This is an ongoing trend that has been 
documented through previous surveys2 and is not likely to 
be due to the introduction of DNA testing. Individual patient 
data from two of those participating laboratories showed the 

rate of women age 35 and older in the screened population 
increasing before introduction of DNA testing. However, both 
show modest decreases after that introduction, and this may 
be due to the increasing use of maternal plasma DNA testing 
among women 35 and older. Data from the statewide program 
in Rhode Island show a peak occurring in 2011, approximately 
the time DNA testing became available. This is consistent with 
that program’s routine adoption of DNA testing in high-risk 
pregnancies soon after its introduction in late 2011.8

The current analyses have limitations. The nationwide survey 
data were less complete than those of earlier reports because the 
current study was restricted to only those laboratories reporting 
in both 2011 and 2014. Of the 123 respondents who screened 
2.7 million pregnancies in the original 2011 report, only 80 
participants, who screened 1.6 million women in 2014, were 
included in the current analysis. It is possible that these data 
are not representative of all laboratories now offering screening. 
The proportions shown in Figure 1 from the large reference 
laboratory are based on screening numbers that have declined 
23% over the 6 years of observation, likely due to attrition of a 
small number of its largest clients. It is possible that this reduc-
tion has some impact on the pattern and may be responsible for 
the decrease in 2013. Data from the smaller statewide program 
are based on a consistent and stable population.

Together, these data are consistent with little, if any, reduc-
tion in the total numbers of women having serum screening 
in the United States and with a small but consistent reduction 
in the proportion of women age 35 and older having serum 
screening. If several hundred thousand DNA tests are being 
performed, then who is being tested? Some are women age 35 
and older who previously opted for serum screening; others 

Figure 1 Proportion of a screened population age 35 or older over 
time from a single, large, national reference laboratory. The x axis 
shows when screening occurred, with the proportion of women age 35 
or older on the y axis. Each dot represents the proportion of the screened 
women each month that is 35 or older. The solid line indicates the fitted 
linear regression for the data between mid-2008 (rate of 8.6%) and mid-
2013 (rate of 10.0%). After that time, the data appear to be consistently 
lower at approximately 9.2%. The dashed vertical line indicates when the 
recommendation to offer DNA testing to women age 35 and older was 
promulgated by the American College of Obstetricians and Gynecologists.
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Figure 2 Proportion of a screened population age 35 or older over 
time from a single laboratory and stratified by age. The x axis shows 
when screening occurred, with the proportion of women age 35 or older on 
the y axis. Each dot represents the proportion of the screened population 
each quarter that is 35 years of age or older. The solid line indicates the 
fitted quadratic regression for the data between 2009 and mid-2014 (rate 
of 10.0%). The peak rate was 19.9%, which decreased to 16.4% by mid-
2014. The dashed vertical line indicates when the recommendation to offer 
DNA testing to women age 35 and older was promulgated by the American 
College of Obstetricians and Gynecologists.
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would previously have chosen an invasive procedure without 
any screening, and some may have not had any prenatal testing 
for aneuploidies. Additionally, some DNA testing is being per-
formed in women younger than age 35 after a positive serum 
screening test for chromosomal trisomies. Several of these 
commercial companies will allow low-risk women to be tested, 
and this may also contribute to the DNA testing numbers, 
especially among women who would normally accept serum 
screening even with its relatively high false-positive rate and 
low positive predictive power. Taken together, these actions 
could account for the large number of women choosing DNA 
testing as well as a reduction in women age 35 and older being 
tested, while still having little or no impact on overall serum 
screening rates.

What might be expected over the next few years? ACOG 
and other professional organizations have recommended 
DNA testing in high-risk pregnancies, but significant barri-
ers may still be restricting higher uptake rates. These could 
include knowledge about how to obtain DNA testing, ques-
tions about the test’s performance, and a widespread rejec-
tion of reimbursement for this DNA testing application by 
insurance companies, potentially requiring unacceptably high 
out-of-pocket costs to be borne by the patient.8 Given the typi-
cal retail costs of $800–2,000, insurance companies may be 
reluctant to provide coverage until a clear standard of care is 
established. This may be especially true if there is not a reliable 
way for insurers to distinguish between testing performed in 
high-risk pregnancies versus testing in the general population. 
If high-performance DNA testing is to replace serum screen-
ing as the primary screening test in the general population, 
then the costs of testing will need to decrease. Four studies 
addressed the costs (not charges, and converted to 2014 US 
dollars) needed for DNA testing to have a similar cost per case 
detected currently in place for serum/ultrasound screening. 
Data from these studies suggest that DNA costs would need 
to be ~$220,9 $60,10 $600,11 and $140–570.12 None of these 
analyses was based on US costs (they were from Belgium, the 
United Kingdom, the Netherlands, and Australia, respectively) 
and none directly accounted for the benefit of reduced fetal 
losses associated with fewer invasive procedures. The lowest 
cost estimate10 is due to the very low cost assigned to first-
trimester combined testing (approximately $43). All studies 
focused on Down syndrome. Taking these estimated costs and 
additional factors into account, reimbursed costs of $300–400 
might be warranted in the United States. One US-based com-
mercial company now offers a test limited to Down syndrome 
and trisomy 18 at a significantly reduced price. This strategy 
might also prove effective in expanding access to lower-risk 
populations. Distributing the ability to provide such limited 
testing to academic laboratories may also contribute to both 
reduced costs and improved insurance coverage. Given the 
inevitable pressure to offer DNA testing as a primary screening 
test, research into patient and provider education, predictive 
values in the general population, handling of test failures/no-
calls, and other practical issues surrounding the expansion of 

services to the broader pregnancy community should become 
high priorities.
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