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Purpose: Summarize and interpret results from exercises dis-
tributed to laboratories offering cell-free (cf) DNA screening for
Down syndrome.

Methods: The College of American Pathologists distributed three
patient-derived plasma specimens twice in 2018. Sequencing
platforms, test methods, results, and responses to supplemental
questions were collected. Results were not graded but discrepancies
were identified.

Results: Sixty-five laboratories from six continents enrolled; six
provided no results. The most common methodology was shotgun/
genome sequencing (39/56, 70%). Overall, 40% of the gestational or
maternal age responses were incorrect but 45% of the errors were
corrected by the next distribution. Fetal fractions from 54
responding laboratories generally agreed with the intended
response. No genotyping errors occurred (40/40 for trisomy 21
and 226/226 for euploid challenges) but 10 additional tests failed

(3.6%). All 213 fetal sex calls were correct. Participants reported
their clinical text for a Down syndrome screen positive test; 39%
were classified as inadequate or misleading.

Conclusion: Patient-derived materials are suitable for all
enrolled technologies/methodologies, but collecting material is
challenging. Suggested clinical text includes the terms “screen
positive” and “screen negative.” Overall, laboratories performed
well. Future efforts will focus on potential manufactured samples,
clarifying results reporting and including additional chromosome
abnormalities.
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INTRODUCTION
The discovery of cell-free (cf) DNA derived from the
fetoplacental unit in maternal circulation was first reported
in 19971 and the finding was initially used to identify fetal sex
early in pregnancy.2 With the advent of next-generation
sequencing (NGS), two groups3,4 reported proof of concept
studies for identifying common autosomal trisomies in 2008.
This led to the introduction of a clinical test for trisomy 21 in
2011.5 Since then, several testing methodologies have been
demonstrated to be effective6 and large numbers of pregnan-
cies have been screened globally. Such testing is often referred
to as noninvasive prenatal testing (NIPT) or screening
(NIPS), even though these terms also describe longstanding
prenatal testing modalities such as serum screening. As NIPS
usage expands, professional organizations and others have
noted the lack of formal external proficiency testing (PT)
schemes to assist in monitoring laboratory quality.7–11 One
informal challenge demonstrated this frustration.12 Blood
samples from postmenopausal, nonpregnant women were
sent to five commercial NIPS laboratories, three of which

reported results consistent with a female fetus. Despite flaws
to that approach, the report drew attention to the need for
more formal standards for process and review.13

Recently, two European groups (the United Kingdom
National External Quality Assessment Scheme [UK NEQAS]14

and the European Molecular Genetics Quality Network
[EMQN])15 published their findings from pilot trials.16 The
first was based on manufactured samples that were expected to
be suitable for most methodologies, except those employing
single-nucleotide polymorphisms (SNPs). Of the 40 respon-
dents, 10% reported genotyping errors, with an overall
test failure rate of 18% and the material was judged unsuitable.
The second pilot used patient-derived plasma and among
86 respondents, 2.3% made critical genotyping errors with an
overall failure rate of 2.3%.
The College of American Pathologists (CAP) NIPT

Educational Exercise was aimed at providing actual maternal
plasma samples in 4-mL nonpooled aliquots to groups of
laboratories. Use of lots allows for comparison of results
among a group of participating laboratories (i.e., participants)
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receiving the same set of challenges. When referring to testing
in general, the term “NIPS” is used, but when referring to the
survey, “NIPT” is used. The aim was to document platforms
and methodologies, fetal fraction methods and results,
intermediate results (e.g., z-scores), clinical calls, and to
request additional information concerning laboratory
protocols through supplemental questions. A second aim
was to validate the suitability of the plasma samples over a
wide variety of NIPS methodologies. Although not a formal
external proficiency testing program at this time, these
exercises are part of the comprehensive CAP laboratory
improvement activities that also include structured in-person
laboratory inspections and formal laboratory accreditation.

MATERIALS AND METHODS
Preliminary activities
In 2012, the CAP modified its Molecular Pathology Checklist to
include questions specific to NIPS. These assisted CAP
inspectors in evaluating laboratories during the accreditation
inspection process. In parallel, the development of an educa-
tional exercise for cfDNA testing of maternal blood to screen for
Down syndrome was assigned to the CAP Biochemical and
Molecular Genetics (BCMG) Committee. In 2013, pilot studies
were initiated; the first using artificial samples and the second
using pooled maternal plasma samples. The results confirmed
prior assumptions that neither are suitable for all NIPS
methodologies. A third pilot study using in-house control
material from a laboratory that relied on the SNP methodology
determined that this material was also not suitable. Based on
these results, the BCMG concluded that at this time, actual
nonpooled patient samples must be used to meet the
requirements of all methodologies. This type of material was
distributed for a final pilot study, which was successful. Based
on these results, the Committee recommended moving forward
with an educational exercise beginning in 2018. The results of
the first year of that exercise form the basis of this report.

The NIPT educational exercise
The CAP offered the NIPT Educational Exercise for the first
time in 2018.17 As NIPS is not regulated under CLIA
regulations, the exercises were designed to provide two
distributions (mailings) of three aliquots (4mL each) of
maternal plasma per year (challenges identified as NIPT-01
through 03 in the A distribution and NIPT-04 to 06 in the B
distribution). The exercise is not a formal external proficiency
testing program but an opportunity for laboratories around the
world to compare methods, techniques, sample testing results,
clinical interpretations, laboratory protocols, and epidemiologi-
cal monitoring. As an educational activity, results were not
graded, but discrepancies were identified so participants could
take remedial action. Interpretations of the results of each
exercise were reported promptly to registered participants.

Sample challenges
Blood samples were collected from donor pregnant women who
were undergoing, or had undergone, NIPS for Down syndrome

as part of routine prenatal care. Each was consented and
asked to provide ten 10-mL aliquots of blood in Streck BCT®
(La Vista, NE) containers. The tubes and associated informa-
tion, including the clinical NIPS results, were sent to the CAP
contracted processing center at Women & Infants Hospital of
Rhode Island (WIH). No protected health information (PHI)
was collected and the data were linked to the enrollment site
only by a confidential subject ID. The enrollment sites received
exemptions from their institutional research board (IRB) or
equivalent indicating that these activities were not considered
human research. The processing center at WIH also received
IRB approval (1238505–1). Demographic information included
enrollment site code, enrollment date, aneuploidy risk status
(low, high), draw time, number of tubes, phlebotomist, date
received, test results, time received, date processed, and
temperature at receipt (cool or room). Test results included
the NIPS clinical laboratory, fetal fraction, fetal sex, z-scores
and/or a composite risk score for chromosomes 21/18/13, and
the pregnancy outcome (e.g., diagnosis of trisomy 21, otherwise
diploid for chromosomes 18 and 13). Upon receipt, samples
were processed according the standard clinical protocols,
aliquoted into 4-mL tubes and stored at −70 °C. Residual
samples were tested at WIH for infectious diseases including
hepatitis B surface antigen, anti-HCV, anti-HIV 1 and 2, and
syphilis.
A “low risk” sample was defined as originating from a

woman with no high risk factors (e.g., positive family history,
positive serum screening test, abnormal ultrasound) and
a negative clinical cfDNA test for chromosomes 21/18/13
(e.g., z-scores <2.0 and/or risk <1:10,000). Although these
criteria do not exclude the possibility of an affected fetus
being distributed as a “normal” challenge, the Down
syndrome risk in these samples was estimated to be about 1
in 50,000 (1:500 [prevalence] × 0.5 [no high risk factors] *
(1−0.98) [detection rate for cfDNA]). A “high risk” sample
was defined as originating from women with both a positive
clinical cfDNA test and a confirmatory diagnostic result.
Exclusion criteria for all samples included a clinically reported
fetal fraction <7%, positive for infectious disease, mosaic
karyotype, and multiple gestations.

Participants
There were no geographical limitations on laboratory enroll-
ment. The result form solicited information about the NIPS
methodology, sequencing platform, and ancillary information
such as the fetal fraction methodology and results. The
laboratory’s clinical interpretation for chromosomes 21, 18,
and 13 were also sought, as well as results for fetal sex. Not all
enrolled laboratories reported results for both and six never
returned any results. Throughout this document, laboratory and
participant are synonymous terms.

Statistical analyses
The exercise data were extracted from the CAP Information
Systems (Northfield, IL) and included all returned result
forms, including those submitted after the closing date.
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Data were organized in an Excel spreadsheet (Microsoft,
Redmond, OR) and analyses were performed in Excel or
Prism v7.04 (La Jolla, CA). Graphics were produced in
GraphPad/Prism (La Jolla, CA). Data from both distributions
in 2018 were sometimes used to determine the appropriate
classification, such as sequencing instrument manufacturer.
Analyses were generally descriptive and included proportions,
ranges of results, scatterplots, medians, averages, standard
deviations, and 95% confidence intervals. When inferential
analyses were employed, the test used as well as two-sided
p values were reported. A significance level of 0.05 was used.

RESULTS
Participants and their locations
Overall, 66 subscriptions for the exercise were received. One
laboratory ordered two subscriptions but only one set was
included for analysis (randomly chosen). The 65 laboratories
were located in Asia (26, 40%), North America (19, 29%),
Europe (11, 17%), Africa (4, 6%), South America (3, 5%), and
Australia/Oceania (2, 3%). Six laboratories (9%) failed to
return any results (four from Asia and two from North
America). Not returning results may be due to the sample
condition upon receipt or other reasons and should not be
taken as an indication of a test failure. Among the remaining
59 participants, 5 did not report cfDNA test results, possibly
because they were in the process of implementing testing.
This left a maximum of 54 responses for queries regarding
NIPS results. However, some participants that did not return
NIPS results did provide responses concerning testing plat-
form and methodology as well as for selected supplemental
questions.

Test information
Participants provided the sequencing platform manufacturer
as well as their NIPS methodology. Table 1 shows the results
for 56 respondents cross-tabulated for these two character-
istics. Overall, 40 (69%) laboratories reported the manufac-
turer as Illumina (San Diego, CA) with the most common
platform being the NextSeq (28/40, 70%). ThermoFisher

(Waltham, MA) was next with 11 (19%), followed by
Affymetrix (Santa Clara, CA) with 3 (5%) and BGI-Seq
(Hong Kong, China) with 2 (3%). The most common
methodology reported was shotgun sequencing (24, 43%)
followed by genome sequencing (15, 27%), targeted SNPs
(11, 20%), and targeted sequencing (6, 11%). Participants
were also asked to include the test name that was provided to
clients or on their website and these are listed as a footnote to
Table 1.

Gestational and maternal ages
Laboratories must accurately determine the gestational age at
sample collection to ensure it falls within their acceptable
range for testing. The maternal history for each challenge
included the date the ultrasound was performed and
the gestational age at that time. Figure 1a shows the six
challenges (horizontal axis) versus the reported decimal
gestational age (vertical axis). For challenges 01, 02, 04, and
06, the sample draw date and the ultrasound study date were
identical. Laboratories needed only to convert the provided
days and weeks to decimal weeks and all provided correct
responses (open circles). However, for challenges 03 and 05,
the ultrasound was performed more than a week earlier than
the sample drawn date and this interval must be added
to obtain the correct gestational age. For challenge 03, 49%
(18/37) correctly reported 13.3 weeks (open circles) while
51% (19/37) incorrectly reported 11.6 weeks (“X” symbol).
For sample 05, a higher proportion (63%, 30/48) correctly
reported 13.4 weeks while 37% (17/48) incorrectly reported
11.3 weeks. There was also one outlier. Seven of the 19
laboratories (37%) with incorrect responses for challenge 03
provided the correct gestational age for challenge 05.
Laboratories also must be able to correctly compute the

maternal age at the estimated date of delivery as tables and
algorithms to compute the a priori Down syndrome risk are
based on birth prevalences.18–20 Computing a woman’s age at
sample draw date would underestimate her age at delivery
and, subsequently, the fetal risks. Figure 1b shows the
reported maternal ages. In distribution A, 69% (25/36) of

Table 1 Manufacturers, sequencing platforms and testing methodology reported by 56 laboratories participating in the
College of American Pathologists Noninvasive Prenatal Testing (CAP NIPT) Educational Exercises in 2018.

Manufacturer Platforma Shotgun sequencing Genome sequencing Targeted SNPs Targeted sequencing Total

Illumina MiSeq 3 3

NextSeq 11 8 7 2 28

HiSeq 7 1 8

NovaSeq 1 1

ThermoFisher Torrent 4 4

Proton 1 5 1 7

Affimetrix Microarray 3 3

BGI-Seq 500 2 2

Total 24 15 11 6 56
SNP single-nucleotide polymorphism.
aReported test names included Bambini, Clarigo, DARUI-NIPT, EDGD Nice, G-NIPT, Harmony, Informaseq, Iona, MaternaT21+, MGC-NIPS, NIFTY, Panorama, Prequel,
SafT21 Express, Sage, Veracity, Verify, VeriSeq and Vision.
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respondents provided the appropriate maternal age at the
estimated date of delivery. Those 11 participants reporting the
incorrect maternal age are slightly lower on the plot (“X”
symbol). Among these 11 participants, 10 reported results in
distribution B and 6 (60%) had corrected their errors.

Fetal fraction
All 56 participants responding to whether they measure fetal
fraction (percentage of total cfDNA derived from the
fetoplacental unit) answered that they do. Overall, 30 (54%)
are based on sequencing counts, 16 (29%) are SNP-based,
16 (29%) are based on fragment length, and 24 (43%) utilize
Y-chromosome counts. Individually, 14 participants used
only SNPs, 14 used only sequence counts, 2 used only
Y-chromosome counts, and 1 used only fragment length.
Among the remaining participants, 21 utilized two of these
methods, 3 used three methods, and 1 used all four methods.
No one reported using a methylation-based method or any
other method.
Each participant’s fetal fraction estimate can be compared

with the intended response based on the donor’s clinical NIPS
results. This can be expressed as a ratio (participant/clinical),
similar to a multiple of the median (MoM). If a participant’s
result matches the intended response, the MoM would be
1.00. A participant’s median MoM can then be computed for
all six challenges along with the range of MoM levels.
Figure 2a shows the results of this analysis for each of the 54
participants, sorted from the lowest to the highest median
MoM. The horizontal solid line shows the expected median
MoM of 1.0 while the two dashed horizontal lines at 0.80 and
1.20 MoM defines a region where there is reasonable
agreement. The overall median MoM was 0.99 (range of

medians 0.54 to 1.59) and 38 (70%) of participants had
medians indicating reasonable agreement. It was also possible
to stratify these fetal fraction MoM levels by geographic
location. The 44 international participants reported 199 fetal
fraction estimates while the 15 US laboratories reported
79 with geometric mean MoM levels of 0.91 and 1.07,
respectively (p < 0.001, t-test after logarithmic transformation,
logarithmic SDs of 0.16 and 0.13, respectively). Each
distribution was composed of multiple lots. A lot is a set of
aliquots from three specific donors that were sent to multiple
participants. Theoretically, those laboratories should provide
similar fetal fraction results for each challenge within a given
lot. Thus, it would be possible to compare each participant’s
reported fetal fraction for each sample with its intended
response. Over the six challenges, there were more than 40
lots, so analyzing each would result in high variability due to
small sample sizes. However, many lots had essentially the
same intended fetal fraction and could be combined. Figure 2b
shows the results for distribution A and Fig. 2c shows the
results for distribution B. The “X” symbols are drawn at the
lot’s intended response (horizontal axis) versus the median of
all participant responses receiving that lot (vertical axis).
These symbols are expected to fall along the line of identity
(Y= X). However, there are indications that the participant’s
fetal fraction results and intended responses do not always
agree. In Fig. 2c, for example, there were two lots with the
same intended fetal fraction of 11%. Six participants that
received one lot (indicated by open squares) all reported very
low fetal fractions, with four of the six below 4%. The second
lot with the same intended target had all participants
reporting fetal fractions of 13% or higher filled diamonds.
Thus, the intended response may be a reasonable expectation
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Fig. 1 College of American Pathologists (CAP) 2018 Educational Exercises: analysis of the reported decimal gestational age and decimal
maternal age. (a) Noninvasive prenatal testing (NIPT) challenge is on the horizontal axis and the reported decimal gestational age is on the vertical axis. The
data have been dithered left and right for visibility. For challenges 01, 02, 04, and 06, the date of the ultrasound was the same as the sample draw date and
all participants provided correct responses. For samples 03 and 05, the ultrasound had been performed prior to the sample draw date. Those laboratories
incorrectly reporting the lower gestational age (e.g., 11.6 weeks rather than 13.3 weeks for sample 03) are incorrect (indicated by X). Extreme values are also
indicated by an X. (b) NIPT challenge is on the horizontal axis and the reported decimal maternal age is on the vertical axis. The decimal maternal age should
be determined at the estimated date of delivery, several months later than the sample draw date. For all samples, a subset of laboratories incorrectly
computed the maternal age. For sample 01, for example, the correct response was 25.7 years (higher set of observations, O) while the incorrect response
was 25.3 years (lower set of observations, X). Any extreme results are also indicated by an X.
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for most challenges, but should not be considered a gold
standard.

Result interpretations for common trisomies and fetal sex
Table 2 provides summary information regarding the results
for the common autosomal trisomies and fetal sex. The first
column provides the distribution and sample challenge.
The next three columns show whether the fetal fraction
was reported by the laboratory to be acceptable (Yes) or
unacceptable (No) for testing. In a few instances the
laboratory may not have provided a response (Missing).
The next three groups of four columns provide the proportion
of chromosome 21, 18, and 13 results that were screen
negative (Yes), screen positive (No), failed testing/no call
(Failed) followed by the number of incorrect responses

(Error). The last four columns in Table 2 summarize the
reported fetal sex results for male or female fetuses, those not
reporting results and the total number of errors. For the
A distribution (challenges 01 to 03), no samples failed, all
reported that the fetal fractions were acceptable and all
trisomy classifications and fetal sex calls were correct. All 41
laboratories reported challenges 01 and 03 to be normal
(diploid) for chromosomes 21, 18, and 13. All 40 laboratories
receiving a trisomy 21 challenge for challenge 02 reported the
sample to be abnormal (trisomic) for chromosome 21, and
normal for chromosomes 18 and 13. One laboratory received
a normal challenge and correctly classified it as being diploid
for the three autosomes. Distribution B consisted of three
nontrisomic challenges and results from all successful tests
were correct, including the fetal sex calls. However, among the
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Fig. 2 College of American Pathologists (CAP) 2018 Educational Exercise: analyses of the reported fetal fraction results. (a) Each of the 56
participant’s fetal fraction estimates is expressed as a ratio to the intended response, similar to a multiple of the median (MoM). The open circles are the
median fetal fraction expressed in MoM while the bars indicate the range of values. Results are sorted from low to high median value. Filled circles indicate
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distribution A. The large “X” symbols are drawn at the mean reported fetal fraction for all challenges having that intended fetal fraction. In theory, these
should follow the line of identity (Y= X, dashed line). (c) Same as (b) except that it displays results from distribution B. In (c) the bold open squares and filled
diamonds at the intended fetal fraction of 11% are from two separate lots and are discussed in “Results.” NIPT noninvasive prenatal testing.

Table 2 Common trisomies and fetal sex test results from participating laboratories in the 2018 NIPT Educational Survey.

Sample FF Acceptable? Chromosome 21 Chromosome 18 Chromosome 13 Fetal sex

NIPT- Yes No Miss Neg Pos Fail Err Neg Pos Fail Err Neg Pos Fail Err M F NR Err

01 41 0 0 41 0 0 0 41 0 0 0 41 0 0 0 32 0 9 0

02 41 0 0 1a 40 0 0 41 0 0 0 41 0 0 0 16b 16b 9 0

03 41 0 0 41 0 0 0 41 0 0 0 41 0 0 0 0 32 9 0

Sum 123 0 0 83a 40 0 0 123 0 0 0 123 0 0 0 48 48 18 0

04 46 3c 2 47 0 4c 0 47 0 4c 0 47 0 4c 0 0 39 13c 0

05 51 0 0 50 0 1d 0 50 0 1d 0 50 0 1d 0 25b 16b 10 0

06 48 1 2 46 0 5e 0 46 0 5e 0 46 0 5e 0 20b,f 19b 12 0

Sum 145 4 4 143 0 10 0 143 0 10 0 143 0 10 0 45 74 35 0

Total 268 4 4 0 226 40 10 0 266 0 10 0 266 0 10 0 92 122 53 0
Err error, F female, Fail test failure/no call, FF fetal fraction, M male, Miss missing response, Neg screen negative, NIPT noninvasive prenatal testing, NR do not report/
interpret or missing, Pos screen positive.
aThis participant received a normal sample for NIPTA-02.
bThese challenges had lots with male fetuses and other lots with female fetuses.
cThree participants received the same lot and all had lower than expected fetal fractions; the fourth reported a fetal fraction of 18%.
dThis laboratory reported an acceptable fetal fraction of 5.6% but the test failed for other reasons.
eThree of the five reported acceptable fetal fractions (range 5.6% to 9.9%); no further information on reasons for the failures. The failures came from four separate lots.
fOne male was reported as 47,XXY. That lot had two participants and the other called it a normal male.

PALOMAKI et al ARTICLE

GENETICS in MEDICINE | Volume 22 | Number 4 | April 2020 781



143 tests performed there were 10 test failures (7.0% in B,
3.7% overall), half of which were likely due to samples having
relatively low fetal fractions measurements.

Laboratories reporting underlying z-scores
In the A distribution, the result form did not allow for
negative z-scores, so results could not be analyzed for the two
euploid challenges. However, it was assumed that all z-scores
for challenge 02 (confirmed trisomy 21) were positive since all
laboratories reported that sample to be screen positive. One
laboratory consistently reported extremely high z-scores for
all three chromosomes, regardless of aneuploidy status and
another received a normal challenge. These two results were
excluded. Of the remaining 21 results, the mean chromosome
21 z-score was 12.3 (median 12.3, range 3.6 to 26.7). Figure 3
shows these z-scores versus the reported fetal fraction. Filled
symbols represent US laboratories while open symbols
represent international laboratories. Each symbol represents
a different lot. Responses from US laboratories are somewhat
higher but are associated with lots having higher fetal
fractions. The regression line shows the well-established
positive relationship between fetal fraction and z-score.5

One exception is the observation with the lowest z-score (3.6)
that had a relatively high fetal fraction (16.8%). Another

laboratory receiving the same lot reported the same fetal
fraction but a much higher z-score of 25.2. All other z-scores
were 5.0 or higher and all reported fetal fractions were 6% or
higher. No information regarding interim results were
reported by the remaining participants.
In the B distribution, the intended responses were all

diploid (normal) for chromosomes 21, 18, and 13. A total of
33 laboratories reported usable z-scores. For challenge 04, the
mean z-scores were −0.4 (range −3.4 to 1.9), −0.3 (−2.3 to
1.3), and −0.5 (−3.4 to 1.4). For challenge 05, these results
were −0.5 (range −4.9 to 2.2), 0.0 (−1.5 to 2.8), and −0.6
(−2.6 to 2.5). For challenge 06 these results were −0.2 (range
−7.2 to 2.4), 0.0 (−2.1 to 2.3), and −0.4 (−2.7 to 1.1).

Responses to supplemental questions
In both the A and B distributions, supplemental questions were
included in the exercise. Information about turnaround time
was reported by 52 participants. The median was 7 days (range
3 to 21 days). Of these, 19 (37%) reported 5 days or less while 13
(25%) reported 10 days or more. The 38 international
participants had a median of 7 days (range 3 to 21), while 13
US laboratories had a median of 5 days (range 3 to 9).
Unfortunately, the definition of turnaround time is not
standardized. Some define it as sample receipt at the laboratory
to the time results are available, others count from the draw date
to the report date. Also, some count only working days while
others count all intervening days, making comparisons difficult.
The actual text regarding the description of a screen

positive test result for chromosome 21 was reported by 43
participants. Most were unique. Thus, a scoring system was
developed using the following: inclusion of the term “Down
syndrome” was worth two points, the term “trisomy 21”
was worth one point. Term(s) such as “risk,” “screen positive,”
or “probability” were worth two points. If none of these
“risk-related” terms were included, the score was set to 0 with
the reasoning that the result could be misinterpreted as being
diagnostic. Using this system, seven participants (16%)
included all intended information with responses such as
“High risk for trisomy 21 (Down syndrome).” Another 16
(37%) scored 0, often because of seemingly diagnostic
responses such as “Aneuploidy detected consistent with
trisomy 21.” Another 20 participants (47%) scored 3, usually
by leaving out the term “Down syndrome.” The average score
was 2.2 and this did not differ when stratified by location
(11 US participants= 2.0, 32 international participants= 2.3;
exact Mann–Whitney, p= 0.75).
Clinical validity information included on patient reports

was provided by 42 participants. The detection rate
(sensitivity) was included for 34 (81%) while the false positive
rate (specificity) was included in 26 (62%). The positive
predictive value was reported by 14 (33%) and the negative
predictive values by 5 (11%). Fourteen (33%) reported a
patient-specific risk and 2 (5%) reported an alternative
measure: accuracy. Accuracy is the total number of correct
calls (true positive+ true negative) divided by the numbers
tested and does not distinguish between detection and false
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results as screen positive (at or above 3) or screen negative (below 3) for
Down syndrome. Open symbols show responses from international
laboratories and filled symbols show responses from laboratories located in
the US. Each symbol indicates a different lot, where those laboratories
received an aliquot from the same enrolled pregnancy. All successfully
identified this sample from a fetus affected with Down syndrome (trisomy
21). The regression lines show the known relationship of increasing z-scores
with increasing fetal fraction, but the slope for the 21 observations is not
statistically significant (p= 0.18). The z-scores are generally higher for the
US laboratories but so are the corresponding intended fetal fractions.
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positive rates. These responses can be compared with a recent
similar survey of laboratories located in the United States.21

Epidemiological monitoring done as part of routine quality
assessment was reported by 43 laboratories. The screen
positive rate was monitored by 40 participants (93%), 40
(93%) monitor the test failure/no call rate, 29 (67%) monitor
the repeat sampling rate (requested and/or received), and 38
(88%) monitor the rate of low fetal fraction. Whether a
sample is drawn too early was monitored by 37 (63%).
Additional supplemental questions included the range of

acceptable gestational ages, types and rates of test failures,
actions taken when a test failure/no call is reported, testing the
sex chromosomes, and use of maternal weight. Summaries of
responses to these queries can be found in the Supplemental
Materials.

DISCUSSION
The 2018 CAP NIPT Educational Exercises demonstrate that
patient-derived plasma works well for the multiple methods,
platforms, and laboratory developed protocols represented by
participants offering NIPS around the world. Among the 266
clinical calls provided by participants (123 in distribution A
and 143 in distribution B), there were no genotyping errors
for chromosomes 21, 18, and 13. This compares favorably
with the 2.3% error rate reported in the European program,16

but that survey did include more trisomic challenges.16

Among the 214 fetal sex calls (96 in A and 118 in B), all were
correct. However, one laboratory did report a male sample as
being screen positive for 47,XXY. The reported fetal fraction
generally agreed with the intended response, but there may be
issues with consistently lower than expected fetal fractions, at
least for one lot (identified in Fig. 2c). No test failures/no calls
occurred in distribution A (0 of 123), but 10 occurred in 143
responses in distribution B. Overall, the test failure rate was
3.6% (10/276), similar to the 2.3% reported in the European
report.16 However, three of these failures can be attributed to
a sample with a fetal fraction that was likely below the
generally accepted threshold of 4%. Among the remaining
seven failures, two were associated with relatively low fetal
fractions (4.7, 5.6) but the laboratories reported them to be
acceptable. The intended fetal fraction of the challenges, as
reported on a clinical NIPS report, was always 7% or higher.
However, the fetal fraction estimates can have up to a 20%
coefficient of variation and setting a lower limit of 7%
provides some cushion against distributing challenges that fall
close to or below 4%. There was a single lot for which all of
the laboratories determined the fetal fraction to be much
lower than the intended response (Fig. 2c) and the reason for
this is not clear.
These data also provided evidence that an important

percentage of laboratories were unable to correctly compute
the gestational age and/or the maternal age. Both of these are
important characteristics for determining whether the test
should be performed, and in computing the age-related risks.
The maternal age discrepancies are likely due to many of these
laboratories being focused on molecular diagnostics with

limited experience in prenatal screening as it is well known
that the age at delivery is needed. The same reasoning is likely
responsible for the gestational age discrepancies as well.
However, one mitigating factor is that gestational age is not as
important in interpreting cfDNA test results as it is in
interpreting serum screening results. Regardless, the correct
computation of gestational age at the sample draw is still
important in determining whether the sample is too early
for reliable cfDNA testing. Importantly, 37% and 60% of
laboratories informed of their miscalculations in the A
distribution for maternal age and/or gestational age, corrected
responses in the B distribution, indicating that participating in
these exercises can improve clinical laboratory practice.
For those laboratories that report interim results as z-scores

(or normalized chromosome values) the results show
the expected positive association with fetal fraction. One
laboratory, however, reported a very high fetal fraction and a
z-score that was close to the lower cut-off level. This is
worrisome, as that laboratory may miss trisomic pregnancies
when the fetal fraction is considerably lower, but still
acceptable.
In general, the language used to describe the screening

results is not consistent between laboratories or easily
interpreted. There are opportunities for misinterpretation
by primary care providers that the test is diagnostic (e.g.,
“Aneuploidy detected”). Given the decades-long history of
prenatal screening for these common trisomies, we recom-
mend that laboratories continue using the phrase “Screen
positive for…” and “Screen negative for….” This reinforces
that the test is not diagnostic, but coupled with the word
“positive” informs both the health-care provider and patient
with a key to test interpretation.
The results of this exercise have limitations. It is difficult to

obtain sufficient numbers of usable specimens, especially for
trisomic pregnancies. Thus, we were only able to distribute
one Down syndrome sample out of six challenges. This issue
is being addressed and we hope to have a wider array of
disorders represented more often in the future. A recent
publication22 described a method of manufacturing profi-
ciency samples that may be suitable for a wide range of
methodologies, but more extensive validation is needed.
In summary, the use of real patient samples is suitable for

all NIPS methods and technologies represented by participat-
ing laboratories and there were no genotyping errors for
chromosomes 21, 18, and 13. All fetal sex calls were also
correct. Among the test failures that did occur, up to half were
likely due to low fetal fraction while the remaining failures
were for other reasons. We also observed that feedback from
the first distribution led to correction of computational errors
in the second distribution, indicating that laboratories are
reacting seriously to the exercise’s results as a way to help
improve the quality of NIPS testing and reporting. Although
specific laboratory results for this exercise are not available to
the public, individuals can request information from any
laboratory concerning their method for demonstrating
external quality assessment and for any results that might
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be available. However, laboratories have no legal obligation to
respond. An exercise such as the one described here is only
one of many factors to consider when choosing a NIPS
laboratory for clinical testing. The findings presented here
provide some level of confidence in the clinical validity of the
NIPS results generated from a wide range of methods used by
laboratories throughout the world.

SUPPLEMENTARY INFORMATION
The online version of this article (https://doi.org/10.1038/s41436-
019-0718-4) contains supplementary material, which is available
to authorized users.
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