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OBJECTIVE: To evaluate the clinical performance of cell-
free DNA (cfDNA) screening as a primary screening tool
for autosomal recessive conditions in a large, prospec-
tive, general-risk population.

METHODS: We conducted a prospective analysis of
pregnant individuals who underwent carrier screening
with a reflex cfDNA fetal risk assessment at nine
participating U.S. institutions. The conditions evaluated
included cystic fibrosis, spinal muscular atrophy, and
beta and alpha hemoglobinopathies. The cfDNA results
were categorized as high risk (at least 1-in-4 predicted

fetal risk) or low risk. Test performance metrics were
calculated using Wilson Score 95% Cls.

RESULTS: There were 2,403 cfDNA results among 2,212
pregnant carriers with singleton pregnancies at a gestational
age of at least 10 weeks at participating sites (188 individuals
were carriers for more than one condition). The neonatal or
fetal outcome was known for 2,369 (98.6%) cfDNA results. A
cfDNA fetal risk of at least 1 in 4 was returned for 1.3%, and
the cfDNA fetal risk test had a specificity of 99.5%, a negative
predictive value of 99.9%, a sensitivity of 94.4%, and
a positive predictive value (PPV) of 58.6%.
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CONCLUSION: In this large, racially and ethnically
diverse general-risk pregnant carrier sample, cfDNA fetal
risk assessment accurately distinguished high-risk and
low-risk pregnancies with greater PPV than traditional
carrier screening, without requiring a partner sample.
Combined with prior peer-reviewed studies that as-
sessed cfDNA fetal risk screens, these findings support
the possibility of cfDNA fetal risk assessment as a primary
screen to identify pregnancies at high risk for autosomal
recessive conditions.

(Obstet Gynecol 2026;00:1-7)

DOI: 10.71097/AOG.0000000000006403

Cell—free DNA (cfDNA) analysis for determining
the fetal risk of autosomal recessive conditions
has become increasingly accessible, with multiple labs
offering it and increasing adoption by payers.!”> Cell-
free DNA screening directly analyzes circulating pla-
centa trophoblast in the pregnant person’s bloodstream
to assess the pregnancy-specific risk for the fetus to be
affected, without the need for a partner sample.

An important clinical advantage of cfDNA screen-
ing for autosomal recessive conditions is its ability to
provide meaningful fetal risk assessment in general-risk
pregnancies at an early gestational age, even when part-
ner carrier testing is unavailable. In routine prenatal
care, partner testing is frequently incomplete or de-
layed due to factors such as insurance limitations, geo-
graphic separation, limited access to health care
services, or patient-specific circumstances.%?

Previous studies of cfDNA fetal risk assessment for
autosomal recessive conditions have demonstrated
high sensitivity and positive predictive value (PPV) in
cohorts enriched for high-risk cases. These studies es-
tablished the assay’s ability to identify affected fetuses
at high risk across diverse populations.>* However,
because such designs do not fully reflect clinical prac-
tice, there remains a need for evidence generated in
more representative populations. The objective of the
current study is to provide a more clinically represen-
tative assessment of cfDNA fetal risk assessment by
conducting a prospective study of a cohort of identified
carriers (the target population). This study enables
more accurate and generalizable estimates of test per-
formance, particularly specificity and negative predic-
tive value (NPV), which are essential for evaluating the
utility of a population-based screening test in practice.

METHODS

This was a prospective study of pregnant individuals
who underwent clinical carrier screening at one of nine
institutions and delivered before December 5, 2025.
All patients had UNITY carrier screening with a reflex
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to cfDNA fetal risk analysis as part of their routine
clinical care and met the clinical testing requirements,
including having a singleton pregnancy with a gesta-
tional age of at least 10 weeks (the gestational age cutoff
for the assay has since been validated for 9 weeks). The
study was approved by the WCG IRB, which served as
the central IRB for this study; local IRB approval to
cede to the WCG IRB was obtained from participating
institutions when necessary.

The study sample included pregnant patients who
were found to be heterozygous carriers of a pathogenic
or likely pathogenic variant for one or more con-
ditions included on the carrier screen during the study
period—which included cystic fibrosis (CF), spinal
muscular atrophy, beta and alpha hemoglobinopa-
thies—and met the clinical eligibility for fetal risk
assessment via reflex cfDNA. Clinical criteria for
reflex to cfDNA included a gestational age of at least
10 weeks at the time of draw, a singleton non-egg
donor pregnancy, and a sample that passed sample
quality control (ie, correct tube and label). This anal-
ysis focused on a general-risk population—patients
with unknown partner carrier status at the time of
testing—reflecting both the intended use of the assay
and current practice at the participating institutions.
Cases in which the partner was a known carrier of the
same condition as the pregnant person at the time of
testing (ie, a high-risk couple) were excluded from the
main analysis. The high-risk couples were analyzed
separately (Appendix 1, available online at https://
links.lww.com/AOG/E945) because differences in
disease prevalence between these two populations
would render the NPV and PPV in both populations
uninformative if combined. Patients with incomplete
cfDNA results were excluded for the following rea-
sons: 1) failure to meet sample quality control, 2)
cfDNA analysis did not provide a fetal risk, 3) no
results, or 4) the patient had a pregnancy loss or trans-
ferred care from the participating institution before
diagnostic testing for the condition of concern.

Samples from the pregnant individuals were
processed according to an established clinical pro-
tocol. Carrier screening is first performed using
genomic DNA from the pregnant person; the meth-
odology has been previously described in detail and
is described in Appendix 2 (available online at
https://links.lww.com/AOG/E945).2 The screen re-
flexes to cfDNA analysis for fetal risk assessment
when the pregnant person has one or more patho-
genic or likely pathogenic variants via genomic DNA
carrier screening. The technology of cfDNA screen-
ing for autosomal recessive conditions previously has
been described in detail.!~* Briefly, a personalized
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numerical risk is computed for the fetus to have the
condition that the pregnant person carries. This risk
is derived from: 1) fetal fraction (lower limit, 1%),
which is calculated by amplifying known polymor-
phic alleles, identifying paternal alleles where the
maternal genotype is homozygous, and doubling
the allele fraction of the paternal alleles; 2) molecular
counts of cfDNA using Quantitative Counting Tem-
plates; 3) variants that are distinct from the maternal
genotype (ie, inherited variants from the nonpreg-
nant person), which are detected by amplification
and next generation sequencing of the relevant gene;
4) maternal variant fraction, which is calculated by
performing dosage analysis on HBB exon 1, CFIR
variants,* and SMNT7 one-copy variants; and 5) the
a priori risk of the fetus to be affected, which is the
general U.S. population carrier frequency when the
partner carrier status is unknown. Although partner
carrier screening is not required, it is offered through
the laboratory if the partner is available and provides
a sample. The a priori fetal risk is adjusted based on
the partner’s carrier status, increasing to 1 in 4 if the
partner is a carrier. Of note, separate risks are re-
ported if the condition of interest is known to dispro-
portionately affect certain populations. For example,
the prior risk of hemoglobin H disease in HBA7/
HBA2 single-deletion carriers increases from 1 in
2,280 to 1 in 372 when the partner is of Southeast
Asian ancestry. Additional details of the cfDNA
screening methodology are in the Appendix 2
(https://links.lww.com/AOG/E945).

The primary outcome of this study is the fetal or
neonatal diagnosis of the condition for which the
pregnant person was a carrier, ascertained by medical
record review by the ordering institution. Data
collected included newborn screening (NBS) and
follow-up diagnostic testing for hemoglobinopathies,
CF, and spinal muscular atrophy for the neonate re-
sulting from the patient’s included pregnancy. Addi-
tional records relevant to the conditions were
collected, including molecular genetic test results (pre-
natal or postnatal) and laboratory test results (ie,
hemoglobin electrophoresis, sweat test).

Newborn screening is a state-run program de-
signed to achieve high sensitivity, at the expense of
specificity, to identify neonates at risk of being
affected by the conditions screened.!®-12 The institu-
tions in this study were located across eight states and
all perform NBS for the conditions included on the
UNITY carrier screening panel. Details of NBS and
state-specific NBS programs are summarized in
Appendices 2 and 3 (available online at https://
links.lww.com/AOG/E945). All patients included in
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the study had completed clinical follow-up if they
screened positive by NBS to confirm or rule out the
diagnosis.

Data extraction was completed by research coor-
dinators at the participating sites who were not
involved in the clinical care of the patients at least
4 weeks and up to 5 years after the estimated
pregnancy due date. Data were entered into secure
network databases unique to each site. Records were
reviewed for completeness by a central coordinator,
and follow-up questions were resolved through secure
communications. In all cases, the fetal or neonatal
affected status was confirmed through established clin-
ical diagnostic testing and molecular or other labora-
tory testing for the indicated condition, resulting in
a definitive diagnosis. Unaffected neonate status was
confirmed by a normal NBS result, the absence of
neonatal symptoms, or the absence of two pathogenic
variants for the condition of concern on molecular
testing.

The cfDNA screening results were considered
concordant with the outcome if the cfDNA screening
result was less than 1 in 4 (decreased-risk or low-risk)
and the fetus or neonate was unaffected or if the
cfDNA screening result was at least 1 in 4 (high-risk)
and the fetus or neonate was affected. The cfDNA
screening results were considered discordant if the
fetus or neonate was unaffected and the cfDNA
screening result was at least 1 in 4 or if the fetus or
neonate was affected and the cfDNA screening result
was less than 1 in 4 (Appendix 4, available online at
https://links.lww.com/AOG/E945).

Cell-free DNA fetal risk assessment returns a preg-
nancy-specific quantitative risk of up to 9 in 10 and as
low as 100 times below the a priori. For data analysis,
the results were converted to binary categories. Preg-
nancies were designated high-risk among individuals
who were carriers and whose ¢fDNA analysis calcu-
lated a risk of an affected pregnancy at least 1 in 4. All
other pregnancies among carriers were designated
low risk. A high-risk threshold of at least 1 in 4 was
used in this analysis, because this is the maximum risk
reported in traditional carrier screening when both the
pregnant individual and the reproductive partner are
identified as carriers (Appendix 4, https://links.Iww.
com/AOG/E945).

Summary data were compiled from all cases.
Pregnancy and assay characteristics of patients with
and without cfDNA results and those and with and
without fetal and neonatal outcomes were evaluated
using ¢ tests, Mann-Whitney U tests, Wilcoxon rank-
sum tests, analysis of variance, and Fisher exact tests
to assess potential bias in cfDNA assay performance

A Study of cfDNA Testing for Recessive Conditions 3
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and outcome collection. Clinical analytics of the
cfDNA screen were computed, and included sensitiv-
ity, specificity, PPV, and NPV; Wilson Score 95% Cls
were computed separately for the general-risk and
high-risk couple samples (Appendix 1, https://links.
Iww.com/AOG/E945). A Brier!? score was calculated
by taking the mean squared difference between the
predicted risk and the observed outcome to assess
the performance of the ¢fDNA individual numerical
fetal risk results. A Brier score more accurately meas-
ures performance of a continuous risk score than sen-
sitivity and  specificity, which require binary
categories. The score ranges from 0 to 1, with 0 indi-
cating perfect prediction. Statistical analyses were
completed in RStudio 2026.01, and P=.05 was con-
sidered significant.

RESULTS

A total of 14,263 unique orders for carrier screening
of pregnant individuals were received from the
collaborating institutions during the study period.
The individuals were diverse in race and ethnicity
and representative of regions of the United States
where they received care, including states with larger
Hispanic and Black populations than the general U.S.
population (Table 1). There were 2,767 general-risk
carriers, yielding a carrier frequency of 19%, consis-
tent with published U.S. carrier frequencies (Table 1).

Among the 2,767 general-risk carriers, there were
3,056 cfDNA tests; 284 individuals were carriers of
more than one condition. Eighty tests were not com-
pleted because the sample did not pass quality con-
trol: The sample did not meet clinical testing
requirements due to multiple gestation, a gestational
age of less than 10 weeks, insufficient sample volume,
or a mislabeled or unlabeled tube. Sixty-four tests had
an initial no result after the cfDNA assay was attemp-
ted due to a fetal fraction of less than 1.0% or insuffi-
cient predicted molecular count, and a second sample

was requested but not received. There were 14 final
no-result cases in which the cfDNA analysis could not
provide an informative fetal risk estimate (0.46% of
cfDNA tests). Cases in which the sample did not pass
quality control or the cfDNA test did not return
a result had no differences in maternal age, gestational
age, or race and ethnicity, but had a lower fetal frac-
tion compared with cases in which the cfDNA assay
was able to return a result (Appendices 1 and 5, avail-
able online at https://links.lww.com/AOG/E945).

For the 2,898 cfDNA tests with results, there were
495 for which the outcome was not available because
the pregnancy ended without a live birth (n=68) or
the patient transferred care and no prenatal diagnostic
testing was performed (n=427; Fig. 1). Neonatal or
fetal outcomes were known for 2,369 of 2,403
(98.6%) cfDNA test results from 2,212 pregnant indi-
viduals (n=188 carriers of more than one condition)
who met the inclusion criteria: either prenatal diag-
nostic testing was complete or the pregnancy resulted
in a live birth at the study institution (Fig. 1). There
were no differences in pregnant person race or ethnic-
ity, fetal fraction, turnaround time, maternal age, or
gestational age at the time of testing among those with
known, unavailable, or unknown outcomes (Appendi-
ces 1, 6, and 7, available online at https://links.Ilww.
com/AOG/E945).

The median turnaround time for carrier screening
was 9 days (IQR 4-11 days) when the test did not
reflex to ¢fDNA and 14 days (IQR 11-18 days) for
patients identified as carriers and with tests that
reflexed to cfDNA (Appendix 8, https://links.lww.
com/AOG/E945). The median gestational age at the
time the results were received was 14 weeks for the
carrier screening-only sample and 15 weeks for the
carrier with the cfDNA sample (IQR 12-16 weeks).
The median fetal fraction, measured only in individ-
uals with cfDNA testing, was 6.6% (IQR 4.3-9.6%;
Appendix 8, https://links.lww.com/AOG/E945).

Table 1. Proportion of the Full Sample of Patients of a Specific Race or Ethnicity and Carrier Frequency of

the Sample by Race and Ethnicity

Race and Ethnicity % of Total Sample

Carrier Sample (n) Carrier Frequency (%)

Asian 3.16
Black 25.99
Hispanic 15.75
White, non-Hispanic 20.42
None of the above’ 6.64
Unknown 28.04
Total

87 19.29
1,593 42.97
345 15.35
377 12.95
158 16.68
207 NA
2,767 19.39

NA, not available.

" Includes individuals who identified as more than one race or listed a specific country or region rather than a race or ethnicity (eg, India or

Dominican Republic).
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Total cfDNA tests Total cfDNA results
among carriers

among carriers

Total fetal / neonatal
outcomes

All

3056*

Fig. 1. Study sample assembly.
*Patients who were carriers of two
or more conditions (n=284). QC,
quality control.

McElwee. A Study of cfDNA Testing for
Recessive Conditions. Obstet Gynecol
2026.

Among the 2,898 cfDNA tests, 1.3% received
a cfDNA fetal risk estimate of at least 1 in 4 for the
fetus to be affected. There were 18 affected cases in the
full sample of 2,369 cfDNA tests with outcomes known
across the four conditions (Table 2). The proportions of
tests for each condition were consistent with the carrier
frequencies in the sample population (Appendix 9,

2898

Care completed onsite

2403 2369 98.6%

Outcome unknown 34
Transferred care 427

Pregnancy loss 68

Failed sample QC 80 2.6%
Initial no-call 64 2.1%

Final no-call 14 0.46% * 22 conditions: n = 284

available online at https://links.lww.com/AOG/E945).
There was a single case in which a pregnancy received
a low-risk cfDNA result, but the neonate was diagnosed
postnatally with sickle cell disease; this case had a fetal
fraction of 8.2%. Two of the 29 patients with high-risk
cfDNA results pursued prenatal diagnostic testing, and
the remaining 27 had postnatal diagnostic testing

Table 2. Cell-Free DNA Fetal Risk and Fetus and Neonate Affected Status and Calculated Assay
Performance Analytics Based on Outcomes Collected for the General-Risk Cases

Affected (n)

Unaffected (n) % (95% CI)

1
17

Less than 1 in 4

At least 1 in 4
Sensitivity

Specificity

PPV

NPV

Prevalence of disease

2,339
12
94.44 (74.24-99.01)
99.49 (99.11-99.71)
58.62 (40.74-74.49)
99.96 (99.76-99.99)
0.76 (0.48-1.20)

PPV, positive predictive value; NPV, negative predictive value.
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through the NBS process. In the sample of general risk
carriers, the cfDNA screening had a specificity of 99.5%
(95% CI, 99.1-99.7%), an NPV of 99.9% (95% CI, 99.
8-99.9%), a sensitivity of 94.4% (95% CI, 74.2-99.0%),
and PPV of 58.6% (95% CI, 40.74-74.49%; Table 2).
There were no cases with an intermediate risk (less than
1 in 4 and at least a priori for the condition of concern)
with an affected fetus or neonate.

Because the 1-in-4 threshold is somewhat arbitrary
and the assay produces a continuous fetal risk assess-
ment, the Brier score was calculated to assess the agree-
ment between the patient-specific cfDNA fetal risk
estimate and fetal and neonatal outcomes. The Brier
score was 0.0033 (95% CI, 0.002-0.005), indicating
a strong correlation between the cfDNA fetal risk esti-
mate and fetal outcome, as demonstrated by prior stud-
ies.2* A range of quantitative cfDNA fetal risks was
distributed across the fetal fraction (Appendix 10, avail-
able online at https://links.Iww.com/AOG/E945), and
concordance was not associated with fetal fraction
(Appendix 1, https://links.Iww.com/AOG/E945).

There were 43 pregnant patients with 32 known
neonatal outcomes for which both the patient and the
partner were known carriers (a high-risk couple).
These cases were excluded from the primary analysis
to avoid bias in assessing assay performance in a gen-
eral-risk sample, given significant differences in a pri-
ori risk. An analysis of assay performance in high-risk
couples, along with additional supporting perfor-
mance information, is provided in Appendix 1
(https://links.lww.com/AOG/E945).

DISCUSSION

This large prospective multi-site study, with near-
complete outcome collection for patients who
completed care at a participating study site, demon-
strated excellent clinical performance of carrier
screening with cfDNA analysis of fetal risk as a pri-
mary screen for autosomal recessive conditions
such as CF, spinal muscular atrophy, and beta and
alpha hemoglobinopathies (HBB, HBA) in a general-
risk population.

Traditional autosomal recessive carrier screening
workflows require reproductive partner testing, intro-
ducing logistical, financial, and social barriers that can
delay or prevent complete fetal risk assessment.
Multiple U.S.-based studies have shown that partner
screening occurs in less than 50% of indicated cases,
even when cost and blood draw barriers are
removed.* In a real-world traditional workflow, all
carriers (19% of the full sample of 14,263 pregnancies
sent for carrier screening) would have been referred
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for partner testing. However, fewer than half of the
pregnancies with an affected fetus (eight cases) would
have completed follow-up and been identified as high
risk in this workflow.5 In contrast, the carrier screen-
ing with reflex to a cfDNA-based workflow evaluated
here required follow-up in less than 1% of the full
sample; due to high-risk or uninformative results.

The importance of early and equitable diagnosis of
affected fetuses has grown substantially with the
emergence of highly effective prenatal and neonatal
therapies for genetic conditions. Prenatal CFTR modu-
lator therapy for CI has shown potential to dramati-
cally change the natural history of CF when initiated
early in gestation.!* Early diagnosis enables life-saving
in utero transfusions for alpha-thalassemia major,'® and
there are reports of prenatal treatment for spinal mus-
cular atrophy and early-term delivery of affected fe-
tuses to facilitate initiation of postnatal treatment, and
extensive data showing that even a brief delay in ther-
apy can result in irreversible motor neuron loss.!6-20
These advancements highlight the need for screening
approaches that identify high-risk fetuses early in
general-risk populations.!4151920 = A ¢fDNA-based
screening workflow enables partner-independent, per-
sonalized fetal risk assessment, helping ensure access to
all reproductive options, including these therapies.?~*

The study was conducted in eight states in the
United States, including some states with larger pro-
portions of Black and Hispanic individuals than the
national average. However, carriers from all major
U.S. racial and ethnic groups were represented, and
observed carrier frequencies matched published pop-
ulation estimates.?! The study focused on screening the
general-risk pregnancy population; the sample size for
high-risk couples was too small to provide an informa-
tive analysis of the assay’s performance in this popula-
tion. Fetal or neonatal outcomes were available for 98%
of cfDNA tests, with no differences in demographics or
test characteristics between those with and without
known outcomes (Appendix 1, https://links.lww.com/
AOG/E945), indicating an unbiased assessment of
assay performance. There was no difference in assay
concordance with neonatal outcome across fetal frac-
tions; however, a recognized limitation of cfDNA as-
says is a higher rate of no results at low fetal fraction, as
observed in this sample. The cfDNA assay measures
fetal fraction and expected molecular count to ensure
there is sufficient cfDNA present in the sample from
the gene of interest, regardless of the total fetal fraction
of cfDNA. This second measurement allows for a fetal
fraction threshold of 1.0%.

The study sample was predominantly non-White
(78%). These groups can face greater barriers to partner

OBSTETRICS & GYNECOLOGY
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testing, increasing the risk of delayed or incomplete
fetal risk assessment under traditional screening mod-
els.??-2* The ¢fDNA assay showed equivalent analytic
performance among White carriers, non-Hispanic car-
riers, and carriers of other races (Appendix 1, https://
links.lww.com/AOG/E945). These results demonstrate
that sequencing-based, partner-independent screening
can deliver equitable and reliable fetal risk assessments.

Together with prior publications, this study
provides strong evidence that carrier screening with
cfDNA-based fetal risk is a robust, reliable, and equi-
table method for refining autosomal recessive repro-
ductive risk in the diverse, general-risk pregnant
populations in the United States.
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