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The 22q11.2 deletion syndrome (22q11.2DS; 
Online Mendelian Inheritance in Man [OMIM] 
188400/192430), previously called DiGeorge or 

velocardiofacial syndrome, is an important genetic condition 
associated with recurrent 22q11.2 microdeletions and highly 
penetrant expression.1 Features include developmental delay, 
intellectual disability, congenital cardiac or palatal anomalies 
(or both), pediatric immunodeficiency, and treatable endo-
crinologic and neuropsychiatric conditions. Variable presen-
tation, often without major anatomic anomalies, contributes 
to clinical under-recognition and diagnostic delay, often 
with many years before molecular diagnosis.1,2

We are unaware of any contemporary population-based 
live-birth prevalence estimates for 22q11.2 deletions based on 
newborn screening data. Prevalence estimates vary widely, 
most commonly reported as 1.7 to 3.3 per 10 000 live births.1 
Dating back to 1996,3 previous estimates have used multi-
ple strategies, including ascertainment from birth defects 

registries,3,4 infants with congenital cardiac disease4,5 or clinic-
ally indicated genetic testing results.6,7 One study used 25 704 
newborn screening samples selected from individuals born 
between 1981 and 2005 to retrospectively identify 22q11.2 
deletions, but that study excluded neonatal and early infant 
deaths.8 Newborn screening programs using T-cell receptor 
excision circles (TRECs) for identification of severe com-
bined immunodeficiency can detect some individuals with 
22q11.2DS (those with neonatal immunodeficiency9–12); 
however, phenotypically based methods are unlikely to be 
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Background: Although pathogenic 22q11.2 deletions are an important cause of developmental delays and lifelong disease burden, 
their variable and complex clinical expression contributes to under-recognition, delayed molecular diagnosis and uncertainty about 
prevalence. We sought to estimate the contemporary live-birth prevalence of typical 22q11.2 deletions using a population-based 
newborn screening sample and to examine data available for associated clinical features.

Methods: Using DNA available from an unbiased sample of about 12% of all dried blood spots collected for newborn screening in 
Ontario between January 2017 and September 2018, we prospectively screened for 22q11.2 deletions using multiplex quantitative 
polymerase chain reaction assays and conducted independent confirmatory studies. We used cross-sectional analyses to compare 
available clinical and T-cell receptor excision circle (TREC, used in newborn screening for severe combined immunodeficiency) data 
between samples with and without 22q11.2 deletions.

Results: The estimated minimum prevalence of 22q11.2 deletions was 1 in 2148 (4.7 per 10 000) live births (95% confidence inter-
val [CI] 2.5 to 7.8 per 10 000), based on a total of 30 074 samples screened, with 14 having confirmed 22q11.2 deletions. Of term 
singletons, samples with 22q11.2 deletions had significantly younger median maternal age (25.5 v. 32.0 yr, difference –6.5 yr, 
95% CI –7 to –2 yr), a greater proportion with small birth weight for gestational age (odds ratio 7.00, 95% CI 2.36 to 23.18) and 
lower median TREC levels (108.9 v. 602.5 copies/3 μL, p < 0.001). 

Interpretation: These results indicate that the 22q11.2 deletion syndrome is one of the most common of rare genetic conditions and 
may be associated with relatively younger maternal ages and with prenatal growth abnormalities. The findings support the public 
health importance of early — prenatal and neonatal — diagnosis that would enable prompt screening for and management of well-
known actionable features associated with 22q11.2 deletions. 
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sufficient for population-wide detection of pathogenic dele-
tions with such variable expression.10,11

Given the morbidity and mortality associated with 
22q11.2DS, which extend throughout the lifespan,1,13–16 it has 
been proposed that 22q11.2 deletions be added to newborn 
screening panels, a plan endorsed by families of affected indi-
viduals.14 In addition to newborn screening considerations, 
estimates from prenatal studies and technologic advances in 
prenatal screening for 22q11.2 deletions (e.g., noninvasive 
prenatal testing) have increased the urgency of determining 
the current live-birth prevalence.15,16 We sought to estimate 
the minimum live-birth prevalence of typical 22q11.2 dele-
tions using contemporary population-based newborn screen-
ing data. We also examined available clinical data, including 
TREC results. 

Methods

Study design and setting
We employed a cross-sectional study design to estimate the 
prevalence of 22q11.2 deletions by systematically screening for 
the most common pathogenic 22q11.2 deletions (Figure 1)1 
within a subset of prospectively collected Ontario newborn 
screening samples. We also aimed to compare newborn 
screening results for TREC and clinical variables between 
those with and without 22q11.2 deletions.

We used anonymized dried blood spot samples collected 
by Newborn Screening Ontario between January 2017 and 
September 2018.1 The total number of samples studied was 
determined by power analysis for this rare disease and by 
funding availability (Appendix 1, Supplemental methods, 
available at www.cmajopen.ca/content/9/3/E802/suppl/
DC1). 

Data sources
We analyzed neonatal dried blood spot–derived samples col-
lected as part of Newborn Screening Ontario’s newborn 
screening program, as per the organization’s policy on storage 
and secondary use of samples. Residual DNA from the TREC 
quantitative real-time polymerase chain reaction (qPCR) 
assay, a part of Ontario’s newborn screening program for 
severe combined immunodeficiency,18 was saved for use in 
this study and was available for all collected samples (i.e., 
there were no exclusions). Clinical data for the neonates 
screened were entered at the point of care.

Laboratory investigations and clinical variables
The primary qPCR screening assay for 22q11.2 deletions 
comprised primers and probes for three 22q11.2 deletion 
region genes (Figure 1): UFD1L and COMT (located in the 
low copy repeat LCR22A–LCR22B region) and CRKL 
(located in the LCR22C–LCR22D region), with RPPH1 
used as a reference gene for appropriate DNA extraction and 
relative quantification (Appendix 1, Supplemental methods, 
Table S1 and Table S2). For each probe, the relative quanti-
fication value was calculated and a cut-off value defined using 
the area under the receiver operating characteristic curve 

(Appendix 1, Supplemental methods, Table S3). A screen-
positive sample was defined as having a putative deletion of 
all three 22q11.2 region probes (i.e., a suspected LCR22A–
LCR22D deletion) or deletion of both the UFD1L and 
COMT probes but not the CRKL probe (i.e., a suspected 
LCR22A–LCR22B or LCR22A–LCR22C deletion; see Fig-
ure 1).1 Screen-positive samples with sufficient DNA for an 
additional dried blood spot punch were then subjected to a 
secondary qPCR screening assay using the same reference 
probe but a different 22q11.2 probe (TBX1; Appendix 1, 
Supplemental methods, Table S3).

Initially, the primary screen-positive samples that also had 
a TBX1 relative quantification value below (or near) an estab-
lished cut-off (Appendix 1, Supplemental methods, Table 
S3)19 were prioritized for standard multiplex ligation-
dependent probe amplification (MLPA) assays (MRC Hol-
land, Amsterdam, Netherlands); 6  screen-negative samples 
served as controls for MLPA normalization (Appendix 1, 
Supplemental methods). Subsequently, the remainder of the 
screen-positive samples were subjected to MLPA confirma-
tory testing (Appendix 1, Supplemental methods). Samples 
were deemed to have a confirmed 22q11.2 deletion if they 
screened positive on the initial 3-probe qPCR assay and if 
MLPA determined the presence of a common or proximal 
nested 22q11.2 deletion (Figure 1). Methodologic details, 
including DNA extraction and creation of dried blood spot 
quality control material for all qPCR and MLPA assays, are 
provided in Appendix 1, Supplemental methods. 

Available clinical variables were confined to maternal age, 
newborn sex, birth weight, gestational age, neonatal transfu-
sion status and neonatal feeding type. Sample size varied for 
each variable because of missing data. We inspected the data 
for outliers and excluded any data points that appeared to be 
possible data entry errors. 

Statistical analysis
We calculated a live-birth minimum prevalence estimate of 
the 22q11.2 deletion by dividing the number of newborn 
screening samples with MLPA-confirmed 22q11.2 deletion 
by the total number of newborn samples assessed. We calcu-
lated 95% confidence intervals (CIs) for prevalence using 
the binomial distribution. For the subgroup of singleton 
newborns born at term (defined as ≥ 37 wk and < 42 wk 
gestational age20), we compared TREC values and other 
available clinical variables between those with a confirmed 
22q11.2 deletion and the remaining population-based sam-
ple using the χ2 or Fisher exact test for categorical variables 
and the Mann–Whitney U test for non-normally distributed 
continuous data. For the clinical variables, we analyzed only 
data for the singleton term newborns because multiple-
gestation and preterm births are likely to affect the variables 
studied, such as TREC levels.12 We also calculated 95% CIs 
for differences between medians, and we calculated odds 
ratios with 95% CIs for proportions.21 

We performed statistical analyses using SAS software, ver-
sion 9.4 (SAS Institute) and R statistical software (version 
4.0.2). We defined statistical significance as p < 0.05, 2-tailed. 
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Ethics approval
This study was approved by the Children’s Hospital of East-
ern Ontario Research Ethics Board and the Centre for Addic-
tion and Mental Health Research Ethics Board. In accordance 
with guidelines from these bodies regarding storage and sec-
ondary use of dried blood spot samples that are designed to 
ensure that the samples remain unidentifiable, minimal clin-
ical data for the newborns were available.

Results

A total of 30 074 anonymized dried blood spot samples col-
lected by Newborn Screening Ontario were available for 
study, corresponding to 12% of all infants born in Ontario, 
Canada, during the 21-month period of data collection. 
Because of intermittent sampling, nearly all of these samples 
(30 017/30 074 [> 99%]) were from infants born in 11 of the 
21 months. For the overall sample, available clinical data 
showed that 14 662 (49%) were known females, 29 087 (97%) 
were known singletons, and 987 (3%) were known multiple 
births. The infants were born at mean gestational age 
39  (standard deviation 2) weeks, with a total of 2595 (9%) 
being preterm. For  the subsample of 29 087 singletons, 2002 
were preterm births, 64 were post-term births, and 573 had 
no gestational age data available; thus, there were a total of 
26 448 singleton term births.

Estimated live-birth prevalence of the 22q11.2 
deletion
Screening and confirmatory assay results provided a minimum 
estimate of live-birth prevalence of the pathogenic 22q11.2 
deletion of 1 in 2148 (4.7 per 10 000, 95% CI 2.5 to 7.8 per 

10 000), based on 30 074 Ontario newborn screening samples. 
There were 14 samples that had screen-positive results on the 
primary qPCR assay and that had MLPA confirmation 
(Appendix 1, Supplemental results): 11 (79%) with the com-
mon LCR22A–LCR22D 22q11.2 deletion and 3 (21%) with 
proximal nested deletions (2 LCR22A–LCR22B and 
1 LCR22A–LCR22C) (Figure 1).

Clinical variables
All 14 newborn screening samples with a 22q11.2 deletion 
were singleton births. There were 13 term births and 1 pre-
term birth. Of the total 26 448 singleton term births, we 
compared the 13 with a 22q11.2 deletion to the remaining 
population sample who had available data for sex, birth 
weight and gestational age (n = 26 305). Table 1 summa-
rizes the results (see footnotes for details of sample sizes for 
each variable).

Median maternal age (with interquartile range [IQR]) was 
significantly younger for those with a 22q11.2 deletion 
(25.5 [IQR 24.0–29.5] yr v. 32.0 [IQR 28.0–35.0] yr; differ-
ence –6.5 yr, 95% CI –7 to –2 yr; Table 1). Those with a 
22q11.2 deletion also had a higher prevalence of low (< 10th 
percentile) birth weight for gestational age (odds ratio [OR] 
7.00, 95% CI 2.36 to 23.18; Table 1). A complex neonatal 
feeding type was more likely in the 22q11.2 deletion sub-
group (OR 29.41, 95% CI 4.53 to 134.65; Table 1). There 
were no significant differences for the other variables exam-
ined (Table 1). 

TREC values
Term singleton samples with a 22q11.2 deletion had signifi-
cantly lower median TREC values than the remaining 
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Figure 1: Illustration of the common 22q11.2 deletion (about 3 megabases [Mb]) and the rarer proximal nested 22q11.2 deletions (about 
2 Mb and about 1.5 Mb), as well as the approximate positions of genes for probes used to detect these deletions: 3 primary screening quan-
titative real-time polymerase chain reaction (qPCR) probes (UFD1L, COMT, CRKL, bold font, single asterisk), 15 genes for confirmatory 
multiplex ligation-dependent probe amplification studies (16 probes, including 2 at TBX1, and flanking probes at USP18 and HIC2), and 
1 secondary screening qPCR probe (TBX1, 2 asterisks). Also shown are the relative positions of the low copy repeat (LCR) sequences (seg-
mental duplications) that predispose this complex genomic region to de novo 22q11.2 deletion events at gametogenesis, and probes (N25 
and TUPLE1) commonly used for targeted fluorescence in situ hybridization (FISH) studies that cannot determine the length of deletions. 
Clinical genome-wide microarray, the current standard for detecting pathogenic copy number variation,1,17 provides information on deletion 
length and extent. Note: Cen = centromere. 
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population-based samples (108.9 v. 602.5 copies/3  μL, p < 
0.001). The proportion with fewer than 200 TREC 
copies/3  μL was greater in the 22q11.2 deletion subgroup 
(Figure 2A). Six (46%) of this 22q11.2 deletion subgroup met 
the initial clinical newborn screening cut-off value for severe 
combined immuno deficiency of 100 or fewer TREC 
copies/3  μL (Figure 2B), compared with 81 (0.3%) of the 
population-based samples (p < 0.001). 

For newborn screening in Ontario, all samples meeting 
this initial cut-off proceed to a second, confirmatory TREC 
assay, run in duplicate, with a cut-off of no more than 
75  copies/3 μL. Of the total 87 samples proceeding to this 
secondary assay, 11 met this clinical cut-off: 1 (8%) from the 
22q11.2 deletion group and 10 (0.04%) from the remaining 
population-based group (p = 0.005). 

Interpretation

The estimated minimum prevalence of the 22q11.2 deletion 
in the Ontario newborn screening sample that we studied 
was 1  in 2148 (4.7 per 10 000), with the majority of con-
firmed deletions spanning the full LCR22A–LCR22D 
region. Among singletons born at term, those with a 
22q11.2 deletion had significantly younger maternal age, 
lower TREC levels and a higher proportion with small birth 

weight for gestational age compared with the remaining 
population sample.

Extrapolating our results to the approximately 140 000 live 
births annually in Ontario,23 we could expect about 66 births 
with a 22q11.2 deletion each year. For context, comparable 
prevalence estimates using data from Canada and the United 
States for other genetic disorders (e.g., cystic fibrosis) are pro-
vided in Table 2; of these, only Down syndrome is more 
common than 22q11.2DS.18,24,25

The prevalence of 22q11.2 deletions estimated in this 
study is higher than previous prevalence estimates based 
on different sampling methods, but remains in line with 
the description of 22q11.2DS as a rare disease (defined as 
< 1 in 2000 or < 5 per 10 000).1 22q11.2DS has histori-
cally presented a substantial diagnostic challenge for clin-
icians, with clinical diagnosis based on obvious congenital 
anomalies that do not predict the intellectual or neuro-
psychiatric outcomes of most concern to parents.1,2 Most 
affected newborns would be expected to have unaffected 
parents.1 However, improved pediatric care over many 
decades, as well as the limited effects of a 22q11.2 dele-
tion on reproductive fitness when major neuropsychiatric 
phenotypes are absent, could lead to increasing numbers 
of affected parents, many of whom would be expected to 
be undiagnosed.26

Table 1: Demographic and clinical characteristics for the subset of term singleton newborns studied,* comparing those having 
a 22q11.2 deletion with the remainder of the population sampled

Newborn group;* no. (%) of newborns†

Demographic or clinical variable
With 22q11.2 deletion 

(maximum n = 13)
Remaining population 
(maximum n = 26 305) OR (95% CI)‡

Sex, male 4 (31) 13 467 (51) 0.42 (0.12 to 1.35)

Birth weight for gestational age§

    < 10th percentile 6 (46) 2869 (11) 7.00 (2.36 to 23.18)

    < 3rd percentile¶ 2 (15) 819 (3) 5.66 (0.90 to 23.80)

Neonatal transfusion** 0 (0) 12 (0.06) 0.00 (0.00 to 834.95)

Complex neonatal feeding**†† 2 (18) 183 (0.8) 29.41 (4.53 to 134.65)

Gestational age, wk, median (IQR) 39.0 (38.0 to 39.6) 39.3 (38.5 to 40.2) –0.3 (–1.1 to 0.2)‡‡

Maternal age,** yr, median (IQR) 25.5 (24.0 to 29.5) 32.0 (28.0 to 35.0) –6.5 (–7 to –2)‡‡

Note: CI = confidence interval, IQR = interquartile range, OR = odds ratio.
*Only singletons born at term with available data for sex, birth weight and gestational age are included. “Term” was defined as 37 weeks ≤ gestational age < 42 weeks; all 
multiple births were excluded. Some data were missing for other variables (see details below). Also, for 1 individual of the 13 in the 22q11.2 deletion group and 109 of the 
26 305 individuals in the remaining population group, the DNA was obtained before 24 hours of age, which might be considered a less-than-satisfactory sample, given that 
certain newborn screening tests may be less sensitive with DNA sampled in this period.
†Except where indicated otherwise (i.e., for the continuous variables gestational age and maternal age).
‡Except where indicated otherwise (i.e., for the continuous variables gestational age and maternal age), the entries in this column are ORs quantifying the association 
between each variable of interest and the 22q11.2 deletion, with 95% CI. For ease of interpretation, the following variables were statistically significant with a p value 
< 0.05: birth weight for gestational age < 10th percentile, complex neonatal feeding and maternal age.
§Percentiles were calculated based on a Canadian reference set of all singletons born in Canada between 1994 and 1996 (with the exception of Ontario).22

¶Among female infants, the proportion with birth weight for gestational age below the third percentile was significantly greater in the 22q11.2 deletion group (n = 2/9 [22%] 
v. n = 401/12 838 [3%], p = 0.03).
**Some data were missing for each of the following variables: neonatal transfusion data were available for n = 11 from the 22q11.2 deletion group and n = 21 699 from the 
remaining population; neonatal feeding data were available for n = 11 from the 22q11.2 deletion group and n = 24 414 from the remaining population; maternal age data 
were available for n = 12 from the 22q11.2 deletion group and n = 25 999 from the population group (the latter excluding 1 individual with maternal age recorded as > 60 yr, 
presumed to be a data entry error).
††“Complex neonatal feeding” refers to neonates who required total parenteral nutrition and those who were designated to receive nothing by mouth (“nil per os” or NPO) 
as either their sole method of feeding or in combination with another feeding type. The 2 individuals with 22q11.2 deletion and a complex feeding type were both recorded 
as NPO at birth. 
‡‡Entry shown is the difference between medians (22q11.2 deletion group minus population group), with 95% CI. 
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In contrast to previous studies providing prevalence esti-
mates for 22q11.2DS,3–8,27 the main strength of this study was 
the use of an unselected contemporary newborn screening 

sample that was uniformly assessed using a standard method 
(multiplex qPCR), which is often used for newborn screening. 

Several previous studies used clinically ascertained samples 
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Figure 2: (A) Severe combined immunodeficiency screening results showing distribution of T-cell receptor excision circle (TREC) copies/3 μL 
for term singleton newborn screening samples, by 22q11.2 deletion status. For the term singleton subsample, the majority (7/13, 54%) of the 
22q11.2 deletion group had fewer than 200 TREC copies/3 μL (about the 3rd percentile), whereas the greatest proportion of the remaining 
population-based group (13 297 [50%] of 26 435) had at least 600 TREC copies/3 μL. (B) Subset of term singleton newborn screening samples 
with lowest TREC values (< 200 copies/3 μL). Shown here are detailed distribution results for samples from the term singleton subsample. 
Overall, there were 859 with fewer than 200 TREC copies/3 μL, 7 with confirmed 22q11.2 deletion and 852 from the remaining population-
based group. The dashed horizontal lines indicate where the scale changes for fine gradations: below 10, each mark on the y axis indicates 
1 individual, and above 10, each mark on the y axis indicates 10 individuals. Six (46%) of the overall 13 term singleton samples with a confirmed 
22q11.2 deletion had no more than 100 TREC copies/3 μL (to the left of the vertical dashed line), compared with 81 (0.3%) of the remaining 
population-based group (n = 26 435, p < 0.001). Currently, 100 TREC copies/3 μL is the cut-off in Ontario to undergo a secondary, more accu-
rate TREC assay for final reporting of severe combined immunodeficiency identified by newborn screening. 
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with the 22q11.2 deletion3–7 and may have underestimated the 
prevalence of 22q11.2DS, given its variable clinical pheno-
type, which may not include typically associated congenital 
anomalies.1 Only 2 previous population-based studies based 
their prevalence estimates solely on molecular genetic data.8,27 
One was a Danish study restricted to residents 1 year of age or 
older, which retrospectively examined dried blood spots 
banked over a 24.5-year period to 2005;8 that study could not 
account for infant mortality.13 The other was a Norwegian 
study restricted to newborns that required both parents to 
consent to participation in a genetic research study.27 The 
22q11.2 deletions identified in these 2 studies represent book-
ends of lowest (n = 1 in 12 252, or 0.82 per 10 000)27 and 
highest (n = 7 in 25 704, or 2.7 per 10 000)8 estimated live-
birth prevalence before the current study.

In the current study, as expected, the majority of 22q11.2 
deletions spanned the full LCR22A–LCR22D region (Fig-
ure 1).1 However, rarer proximal nested 22q11.2 deletions 
comprised 3 (21%) of the 14 confirmed 22q11.2 deletions, a 
higher prevalence than reported in large clinically ascertained 
samples.1,28 This raises the possibility that nested 22q11.2 
deletions may have a somewhat lower penetrance for typical 
anatomic features leading to clinical detection2 compared with 
the common LCR22A–LCR22D deletion.28

In contrast to more familiar chromosomal abnormalities, 
such as trisomy 21, the limited clinical data available for the 
samples in the current study show that pathogenic 22q11.2 
deletions may be associated with earlier, not late, maternal 
age.29 Also, we found that the 22q11.2 deletion may be asso-
ciated with mild abnormalities of fetal growth, consistent 

with results from a retrospective study of adults with 
22q11.2DS.30

Notably, the TREC results, while consistent with previ-
ous TREC-based newborn screening studies showing 
a  higher prevalence of the 22q11.2 deletion with low 
values,9,10 indicated that only a minority of all confirmed 
22q11.2 deletion samples would be detected using a new-
born screening strategy based on severe combined immuno-
deficiency. This finding was foreshadowed by the results of 
a previous retrospective study11 and provides further sup-
port for developing genetically based newborn screening for 
22q11.2 deletions. For any such proposal, screening costs 
per newborn must be low (e.g., < US$7 per sample31), 
methods must be scalable within current clinical newborn 
screening laboratories, and feasible plans for confirmatory 
studies and clinical referral for infants with confirmed posi-
tive screening results are needed.32

Our findings set the stage for future prospective studies 
to further refine prevalence estimates of high-impact 
22q11.2 deletions, including the rarer proximal nested dele-
tions. Large, multicentre newborn screening studies involv-
ing diverse jurisdictions could allow determination of fac-
tors that may affect 22q11.2DS prevalence, such as ethnicity 
and cultural factors, availability of prenatal screening33 and 
reproductive technologies. If ethics approval could be 
obtained, assessment of phenotypic prenatal and postnatal 
data, details about newborns receiving an early clinical diag-
nosis of 22q11.2DS, determination of inherited and de novo 
22q11.2 deletion status and ability to provide parents of 
newborns with the 22q11.2DS diagnosis after clinical lab-
oratory confirmation would offer substantially improved 
understanding of this important condition. A recent study 
of prospective mothers and previous reports would support 
such a study design.14,33

Limitations
The main limitation of this and other 22q11.2DS prevalence 
studies is the sample size. Larger, comparably ascertained 
samples are needed to refine live-birth prevalence estimates 
and improve knowledge about associated clinical features. 
Nonetheless, the results complement previous estimates using 
other designs (e.g., those based on congenital physical features 
and clinical recognition3–7) and add to studies showing high 
prenatal prevalence of the 22q11.2 deletion15 and strong asso-
ciation with fetal loss (stillbirths and miscarriages).34,35 

In addition, because of restrictions related to de-identified 
dried blood spot samples set by the research ethics boards, 
minimal clinical data were available, which prevented us from 
learning about factors that could affect the prevalence of the 
22q11.2 deletion or about the outcomes of these newborns, 
including whether and when any received a clinical diagnosis 
of 22q11.2DS. 

This study used unbiased but intermittent sampling with a 
non-uniform distribution over a 21-month period and did not 
include confirmatory assays for all 30 074 samples. We did 
not have the ability to calculate true positive and true negative 
rates or to evaluate the specific qPCR-based assays used, 

Table 2: Live-birth prevalence of familiar chromosomal 
abnormalities and selected conditions included in newborn 
screening programs

Population-based live-birth 
prevalence

Condition Estimate Per 10 000

Familiar chromosomal 
abnormalities

    Trisomy 21* 1 in 750 13.33

    Trisomy 18† 1 in 5000 2.00

    Trisomy 13† 1 in 16 000 0.63

Selected conditions included in 
newborn screening‡

    Congenital hypothyroidism 1 in 3000 3.33

    Cystic fibrosis 1 in 3600 2.78

    Phenylketonuria 1 in 12 000 0.83

    SCID 1 in 50 000 to 
1 in 100 000 

0.1 to 0.2

Note: SCID = severe combined immunodeficiency.
*Based on Canadian surveillance data (excluding Quebec) from 2005 to 2013.24

†Based on data from the US National Library of Medicine Genetics home 
reference.25

‡Based on approximate prevalence in Ontario.18
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although we note that qPCR is already a standard method 
used in existing newborn screening programs. MLPA is also 
used in some clinical laboratories and has a sensitivity and 
specificity of 99% and 97%, respectively, for the detection of 
22q11.2 deletions.36 

The estimate of live-birth prevalence determined in this 
study is referred to as a “minimum” prevalence because it 
could not be less but could possibly be higher. However, the 
results for the samples with screening results in the range of 
the screen-positive samples but where MLPA confirmed 
absence of the 22q11.2 deletion suggest that this would be 
unlikely. A well-designed and adequately powered study of 
newborn screening methods for 22q11.2 deletions is needed.

Conclusion
The results of this study provide a contemporary live-birth 
prevalence estimate for pathogenic 22q11.2 deletions that 
indicates 22q11.2DS to be one of the most common of rare 
genetic conditions. The clinical findings of this study, includ-
ing increased prevalence of small-for-gestational-age infants 
with 22q11.2 deletions and young maternal age, together with 
what is well known about the 22q11.2 deletion, support the 
public health importance of early (i.e., prenatal and neonatal) 
diagnosis. Early diagnosis would enable prompt screening, 
detection and treatment initiation for actionable features asso-
ciated with 22q11.2 deletions.
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