
Noninvasive prenatal screening (NIPS) via whole-genome 
sequencing (WGS) can identify aneuploidies on typically 
unscreened chromosomes via expanded aneuploidy analysis 
(EAA). This capability is clinically important because such 
aneuploidies may be associated with placental mosaicism, 
uniparental disomy (UPD), and true fetal aneuploidy1,2,3,4,5. During 
our analytical validation, we explored the impact of EAA by 
comparing the frequency and relative degree of mosaicism 
(DOM) of the common aneuploidies (13, 18, 21) and their less 
common counterparts on other autosomes. Our characterization 
has important implications for interpretation of NIPS results.

To characterize the relationship 
between mosaicism and performance 
metrics (sensitivity/specificity), we fit a 
hierarchical Bayesian model to the 
retrospective samples in which a 
relationship between sample's fetal 
fraction and depth to the z-score are 
learned to infer the likelihood of 
correctly calling negative and positive 
samples. We included in the model a 
parameter that captures the mosaicism 
often observed  in EAA. Once the 
model was fit, we generated in silico 
positive and negative samples to 
compute analytical sensitivity and 
specificity. Lastly, we computed the 
degrees of mosaicism of  five samples 
with known clinical outcomes.
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Introduction

To characterize prevalence and the degree of mosaicism in all 
aneuploidies, a retrospective analysis of 48,965 sequential NIPS 
samples processed via WGS was performed. Aneuploidy was 
identified using a z-score that reflected the significance of 
enrichment or depletion in WGS read density. For the purposes 
of this study, we examined high confidence positives defined as 
having |z| > 6. DOM is defined as the ratio of the fetal fraction 
estimated from WGS read-density enrichment on the positive 
chromosome (FF_pos) to the orthogonal, regression-based fetal 
fraction measurement inferred from the collection of read 
density values across all autosomes (FF_inferred). If DOM is 
greater than 1, it is floored to be 1. DOM less than 0.33v  was 
chosen for the threshold below which a positive EAA call was 
qualified as being mosaic.
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Conclusion
The findings from our analytical validation of EAA suggest that mosaicism is common—not an edge case—when performing 
EAA and, therefore, must be taken into account when reporting positives. Accurate screen-positive calls for aneuploidies on 
commonly screened chromosomes versus those found via EAA, therefore, uniquely depend on established laboratory criteria 
for DOM. Interpreting these results in the same manner as those for common aneuploidies may otherwise compromise the 
clinical value of of EAA due to potential false negatives.
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266 out of 48,965 samples (0.5%) screened with EAA were aneuploid for a chromosome other than the three typically screened 
(i.e., 13, 18, and 21), with the most frequent occurring on chromosomes 7, 8, 15, 16, and 20. Near-zero instances of aneuploidy 
were observed on chromosomes 1, 11, 17, and 19, consistent with previous reports1,3 (Figure 1). We showed that the frequency 
of mosaicism differed between common aneuploidies and EAA-identified aneuploidies; 1.02% of samples positive for 
chromosome 21 were estimated to have DOM less than 0.33 (Figure 2). In contrast, for chromosome 7, 75.4% of positive 
samples were estimated to have DOM less than 0.33. One out of five samples with known clinical outcomes had DOM less than 
33% (Table 1). Due to the differences in the prevalence, the length of a chromosome, and the mosaicism profile, the overall 
sensitivity and specificity profiles for aneuploidy detection on 13, 18, and 21 versus other autosomes are different across calling 
thresholds (Figure 3). 

 

FIGURE 2.  Percentages of mosaic samples at Degree of Mosaicism (DOM) threshold of 0.5. Two 
chromosomes, chromosome 21 and chromosome 7, are chosen to represent the differences of degree 
of mosaicism between common aneuploidies and expanded aneuploidies. Each point represents a 
sample; blue points represent samples with negative aneuploidy calls, orange points represent samples 
with positive aneuploidy calls, and green points represent samples with positive aneuploidy calls but 
have the degree of mosaicism less than 50%.
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FIGURE 3.  Prevalence-weighted analytical sensitivity and joint 
specificity of aneuploidy detection on chromosomes 13, 18, 21 
(blue)  vs other autosomes (orange) from NIPS for range of calling 
thresholds from the CLIA validation report.  The sensitivity of each 
chromosome is first computed and all sensitivity values are then 
averaged weighted by the chromosomal prevalence. Joint 
specificity is computed by multiplication across the specificity of 
each chromosome. Purple color represents common aneuploidies; 
Blue color represents other autosomal aneuploidies.

Table 1.  Concordance to clinical 
outcomes and the corresponding 
degree of mosaicism. 

FIGURE 1.  Prevalence of Aneuploidies.  Prevalence is estimated for aneuploidies 
detected in chromosome 13, 18, and 21 and other autosomes.  Purple color 
represents common aneuploidies; blue color represents other autosomal aneuploidies.

SAMPLE NIPS RESULT CLINICAL OUTCOME DEGREE OF MOSAICISM

1 Positive chr7 trisomy 79.1%

2 Positive chr9p tetrasomy 33.7%

3 Positive chr15 trisomy 45.1%

4 Positive chr4q trisomy 21.6%

5 Positive chr22 trisomy 100%
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