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Clinical utility of chromosomal microarray analysis to 
detect copy number variants: Experience in a single 
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Purpose: To summarize the results of chromosomal microarray analysis (CMA) for copy number variants (CNVs) detection 
and clinical utility in a single tertiary hospital.
Materials and Methods: We performed CMA in 46 patients over the course of two years. Detected CNVs were classified into 
five categories according to the American College of Medical Genetics and Genomics guidelines and correlated with clinical 
manifestations.
Results: A total of 31 CNVs were detected in 19 patients, with a median CNV number per patient of two CNVs. Among these, 
16 CNVs were classified as pathogenic (n=3) or likely pathogenic (LP) (n=11) or variant of uncertain significance (n=4). The 
16p11.2 deletion and 16p13.11 deletion classified as LP were most often detected in 6.5% (3/46), retrospectively. CMA diag-
nostic yield was 24.3% (9/37 patients) for symptomatic patients. The CNVs results of the commercial newborn screening test 
using next generation sequencing platforms showed high concordance with CMA results.
Conclusion: CMA seems useful as a first-tier test for developmental delay with or without congenital anomalies. However, 
the classification and interpretation of CMA still remained a challenge. Further research is needed for evidence-based inter-
pretation.

Key words: Chromosome microarray analysis, Copy number variations, Developmental disability, Genetic testing, High-
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Introduction

Genetic diseases are caused by genomic aberrations in single 
nucleotide variations leading to structural changes including 
deletion, duplication, and translocations. G-banded chromo-
some analysis is a standard method to detect chromosome 

abnormalities, but it is limited in its sensitivity, since it only de-
tects structure abnormalities ≥3-10 Mb [1]. On the other hand, 
chromosomal microarray analysis (CMA) is an excellent method 
for detecting microdeletions or duplications <400 kb [2]. In ad-
dition, CMA can be more useful because the interpretation of G-
banded assay depends on the examiner’s experience whereas 
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CMA does not. Therefore CMA is a primary approach for copy 
number variant (CNVs) detection [3], whose clinical usefulness 
has been reported in clinical practices aimed to detect specific 
developmental delays [4].

However, CNVs is common in the healthy population and 
reported in about 35% of people [2,5]. By 2015, over 2.3 million 

CNVs were reported in the database of genomic variants [6], and 
the number of CNVs is expected to increase further with the 
commercialization of new CMA and next-generation sequenc-
ing (NGS) techniques. Therefore, an accurate interpretation of 
variants is required, and it is important to evaluate laboratory 
methods and correlation with clinical phenotypes [7]. To deter-

Table 1. Clinical characteristics of 37 patients with clinical features
Patient no. Age Sex Clinical symptoms Congenital anomaly Familial history

S1 8 D M Developmental delay, epilepsy Cleft palate -
S2 2 M M Epilepsy Cortical malformation -
S3 3 Y F Developmental delay Horseshoe kidney Febrile seizure in aunt
S4 14 D F Hypotonia - -
S5 3 Y M Developmental delay - -
S6 8 Y M Developmental delay - -
S7 5 Y M Developmental delay Facial dysmorphism -
S8 25 D F Developmental delay Aniridia, macrocephaly Aniridia in father
S9 27 D F Epilepsy, small for gestational age,  

respiratory distress
Hemivertebra -

S10 22 D M Developmental delay, epilepsy - -
S11 20 D M Developmental delay - -
S12 5 M F Developmental delay, epilepsy - -
S13 9 M F Developmental delay - Low height in brother
S14 5 Y M Developmental delay Microcephaly,  

retinal degeneration
Visual impairment in mother

S15 4 Y M Developmental delay, epilepsy - Seizure in aunt
S16 3 Y M Flat feet Club foot in brother
S17 12 Y F Asthma Pulmonary agenesis -
S18 4 Y F Developmental delay Strabismus Strabismus in uncle
S19 4 Y M Developmental delay - -
S20 2 Y M Developmental delay Dysmorphic face -
S21 5 Y M Developmental delay - -
S22 2 Y M Developmental delay - -
S23 12 Y M Developmental delay, epilepsy - -
S24 5 Y M Developmental delay, epilepsy - Febrile seizure in father
S25 35 Y F Recurrent abortion - -
S26 0 M M Low birth weight, hypothyroidism,  

hypocalcemia
- -

S27 1 Y M Developmental delay, epilepsy Dolicocephaly, nystagmus -
S28 18 Y M Common variable immunodeficiencies - -
S29 1 Y M Developmental delay, epilepsy - -
S30 4 M M Nephrogenic diabetes insipidus,  

developmental delay
- -

S31 2 Y M Developmental delay, epilepsy Facial dysmorphism,  
macrocephaly

-

S32 2 Y M Developmental delay - -
S33 1 M M Epilepsy Hydranencephaly -
S34 3 Y M Developmental delay - -
S35 3 Y M Epilepsy Atrial septal defect -
S36 18 M F Developmental delay - -
S37 13 Y F Developmental delay - Developmental delay in father

D, day; M, month; Y, year; M, male; F, female; -, not remarkable.
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mine the classification categories of CNVs, preexisting published 
literatures and population database according to ethnic groups 
are valuable evidence [7], so data sharing is a must in this field 
of research. This study aims to summarize the results of CMA 
for CNV detection in a single institution and evaluate its clinical 
usefulness.

Materials and Methods

This study included 46 patients for whom CMA was requested 
at the Chungbuk National University Hospital between 2019 
and 2020. Peripheral blood samples were collected in ethylene-
diaminetetraacetic acid tubes. All procedures were performed 
at Green Cross Laboratories (Yongin, Korea) and performed 
with CytoScan Dx Assay (Affymetrix Inc., Santa Clara, CA, USA). 
Human Genome Build 19 was used to perform the description 
of genomic variants. CNVs were classified into five categories 
according to the American College of Medical Genetics and 
Genomics guidelines into pathogenic (P), likely pathogenic (LP), 
uncertain significance (VUS), likely benign (LB) and benign (B) 
[7]. This study was approved by the institutional review board 
of Chungbuk National University Hospital (IRB number: CBNU-
2021-03-030).

Results

Of the 46 patients for whom CMA was requested, 37 had 
clinical symptoms (patient number S1-S37), among which de-
velopmental delay was the most common clinical feature (Table 
1). The other 9 patients (patient number A1-A9) were requested 
based on findings on commercial CNVs neonatal screening test 
using NGS methods. 

A total of 31 CNVs were detected in 19 patients as in Table 2. 
The median detected indel region size was 934 kb (min 344 kb-
max 19.6 Mb), and the median number of detected CNVs per 
patient was 2 (min 1-max 3). The CNVs were classified as P (n=3), 
LP (n=14), VUS (n=4), LB (n=6), and B (n=4). Excluding dupli-
cates, there were 17 CNVs classified as P (n=3) or LP (n=10) or 
VUS (n=4) (Table 3). The 16p11.2 deletion and 16p13.11 deletion 
classified as likely LP were most often detected in 6.5% (3/46), 
retrospectively. In particular, the 16p11.2 deletion appears with 
high frequency in several reports regardless of ethnic, but the 
16p13.11 deletion is relatively rare [5,8]. In contrast, 8p23.1 re-
gion seems to be a more recurrent region in Korea.

Of all 37 symptomatic patients, 12 patients had one more 
CNVs. Detected CNVs were classified as P (n=2), LP (n=9), and Ta
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VUS (n=2) in 10 patients, while 7 LB CNVs were observed in sev-
en patients. In addition, the remaining 25 patients had a normal 
karyotype without any CNVs. In the asymptomatic group (n=9), 
detected CNVs were classified as P (n=6), B (n=2), and VUS (n=1) 
(Fig. 1). Five of the 27 patients with normal CMA findings under-
went an additional targeted NGS panel of genes associated with 
clinical manifestations, but only in three patients additional VUS 
missense variant were detected. Therefore, it is worth consider-
ing follow-up observation or extended whole exome tests for 
such patients.

Discussion

The various clinical manifestations depend on genetic defects; 
therefore, it is very important to select appropriate diagnostic 
tools to detect the underlying genetic abnormalities. Recently, 
several reports have shown it is possible to detect CNV even with 
NGS, as its detection limit is <300 kb, with a diagnostic sensitiv-
ity increasing in proportion to size variations [9,10]. In our study, 
the result of the newborn screening test using NGS platforms 
showed high concordance with CMA results, except for two 
discrepancy cases which showed abnormal findings in NGS but 
normal in CMA. These CNVs were also actually detected in CMA, 
but not reported in accordance with our institution’s the report-
ing protocol, which excludes benign CNV less than 400 kb. One 
case had a suspicious finding of 9q24.3 region 73 kb deletion in 
NGS, and another case had a suspicious finding of 17p13.3p13.1 
region 366 kb duplication in NGS. Therefore, NGS platforms for 
CNV detection appear to be cost effective and useful as screen-
ing test. Nevertheless, because NGS can only detect specific 
targeted regions, CMA is more comprehensive for all genomic 
CNVs. In addition, the break point can be confirmed with CMA 

clearly. 
Similar to previous reports, CMA’s diagnostic yield was 24.3% 

(9/37) for patients with matching P/LP CNVs and clinical symp-
toms. Most of these patients (S3, S5, S6, S7, S8, S10, S12, and 
S13) showed global developmental delay, thus confirming 
CMA’s usefulness in the diagnosis of patients with developmen-
tal delay. However, in 27 out of 37 symptomatic patients showed 
normal results in CMA. Although CMA improves diagnostic yield, 
there are still undiagnosed cases. Consequently, further clinical 
management guidelines are needed. If a meaningful result is not 
obtained from CMA, an extended test aimed to a targeted gene 
panel, whole exome, or whole genome sequencing should be at-
tempted, while the possibility of an inborn metabolic error also 
should be discussed [11].

As previously known, there was a different effect of dele-
tions or duplications in the same chromosomal position leading 
to phenotypic differences in clinical expression. In the case of 
the chromosome 16p11.2, the most frequently detected in our 
study, although autism spectrum disorder and neurodevelop-
mental disorder were common clinical manifestation in both 
deletion and duplication, speech articulation abnormalities and 
limb and trunk hypotonia were more reported in deletion than 
in duplication carriers [12]. As for chromosome 16p13.11, also 
frequently detected in our study, the deletion was classified as 
pathogenic CNV, while duplication was classified as benign CNV 
with high frequency and low penetrance [13].

Despite the well-known clinical significance of many CNVs, 
some findings are often difficult to describe due to the absence 
of previous reports or different clinical findings from previous 
reports [7]. Among these, penetrance is a very careful variable 
to consider in genetic counselling. Despite 16p11.2 deletion and 
duplication being classified as LP, their penetrances are 62.4% 

Fig. 1. The classification of CNVs detected in 46 patients requested chromosomal microarray analysis. Possible clinical significance variants in-
cluding pathogenic (P), likely pathogenic (LP), and variant of unknowns significance (VUS) were 27.0% (10/37) in symptomatic patients and 77.8% 
(7/9) in asymptomatic or pre-symptomatic patients. B, benign; LB, likely benign.
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and 11.2% [14]. However, it is recommended that individu-
als had P/LP CNVs were regarding presymptomatic status [7]. 
Therefore, regular development and growth examination test 
is crucial and, furthermore, medical treatment should be deter-
mined through closely monitoring. On the other hand, for varia-
tions classified as VUS, there is a possibility of being classified 
as pathogenic in later, but this is a broad category classification 
that is more difficult to interpret. Generally they showed incon-
sistent evidence and it led to classification controversy among 
laboratories [7]. Many CNVs classified as VUS showed the geno-
type and phenotype correlation is not clear [8]. For example, the 
18p11.31p11.2 duplication detected in asymptomatic patient A2 
was classified as VUS, and confirmed as deriving from a healthy 
father. However, previous studies described that this variation 
is related to short stature, microcephaly and intellectual delay 
[15]. Hence, patients and family members should be periodically 
evaluated through genetic counseling.

In this study, we described CNV frequency with CMA and 
evaluated its clinical potential in a single tertiary hospital. The 
classification and interpretation of CMA remained a challenge. 
However, our study also showed that CMA is a superior method 
for CNV detection despite the limitation of the small sample size. 
Further research is needed to establish clinical diagnostic recom-
mendations.
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