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Abstract

Objective: Chromosomal microarray (CMA) is primarily used for the diagnosis of chromosomal deletions and duplications that have a 
direct phenotype based solely on that copy number variation (CNV) without other genetic changes. However, CNVs that contain a gene 
associated with a recessive disorder confer risk for that disorder should a second pathogenic variant be present in the other copy of the gene. 
The study aimed to propose a protocol to be considered for follow up testing after the detection of CNV containing an autosomal recessive 
gene on prenatal sample via chromosomal microarray.
Methods: We present 5 cases involving prenatal diagnosis where CMA identified changes in an autosomal recessive gene conferring carrier 
status and discuss management of this finding.
Results: Algorithm of selecting different diagnostic genetic testing after the detection of CNV containing an autosomal recessive gene on 
prenatal sample via chromosomal microarray has been created to help practitioners involved in this process.
Conclusion: We recommend that CNV’s involving autosomal recessive genes identified by CMA be treated as any other carrier status. 
The parents should be encouraged to pursue genetic testing to determine their carrier status of the autosomal recessive conditions and/or 
additional prenatal diagnostic test on the fetus.
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Introduction

Chromosomal microarray is an accepted tool for diag-
nosis of chromosomal microdeletions and microduplica-
tions in both prenatal and post-natal patients.[1, 2]  Many 
of these deletions and duplications present with a known 
phenotype as a dominant disorder (for example: 7q11.23 
deletion for Williams syndrome and 22q11.2 deletion for 
Velo-Cardio-Facial syndrome).  

CMA can also identify areas of homozygosity con-
ferring risk for autosomal recessive disorders, which is 
usually non-specific to a particular disorder.[3]  However, 
in some cases the microdeletions or microduplications 
involve recessive disorders and establish carrier status, 
which is not an unexpected outcome of the chromoso-
mal microarray, but typically not the reason that such 

testing is elected OMIM (Online Mendelian Inheritance 
in Man) lists 7889 recessive genes out of approximately 
20,000 to 25,000 human genes, therefore is should not 
be surprising that copy number variations encompass 
recessive genes.  Alabdullatif et al. in 2017 identified 
11% of individuals with recessive disorders caused by 
mutations in regions of homozygosity (ROH) candida-
te genes in a consanguineous population and increased 
the overall diagnostic yield of CMA related disorders to 
26% from 15% with only pathogenic CNVs and ROHs 
suggesting uniparental disomy (UPD) in this population. 
Single nucleotide polymorphism (SNP) microarray de-
tects regions of homozygosity allowing for identification 
of recessive disorders.[3,4]  In one study of 14,574 con-
secutive microarrays in pediatric patients,[5] 6% of cases 
were found to harbor one or more ROHs over 10 Mb in 
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805 families. Autosomal recessive disorders were confir-
med in seven of nine cases from eight families because of 
the finding of suspected gene within a ROH. This study 
demonstrates that ROHs are much more frequent than 
previously recognized (2% in a clinical report of ~3000 
cases studied by SNP microarray) and could be attributed 
to consanguinity, UPD, or simply uncovering previously 
undetected pregnancies at risk for autosomal recessive di-
sorders. Protocols have yet to be formalized for managing 
patients who have been unexpectedly identified as a car-
rier of an autosomal recessive disorder via prenatal CMA. 

When a copy number variation is found via prenatal 
CMA in a recessive gene, genetic counselors and patients 
face decisions about additional testing, which can be 
complicated, costly, and time consuming. There is little 
guidance related to these cases in the medical literature 
leading to an absence of specific management guidelines.  
We present 5 cases wherein autosomal recessive carrier 
status was identified by chromosomal microarray in pre-
natal specimens and propose a protocol to be considered 
for follow up testing.

Methods
Cases were ascertained through routine chart review 
of patients seen for prenatal genetic counseling. All 5 
couples elected invasive prenatal testing (amniocentesis) 
with SNP chromosome microarray with a copy number 
variation (CNV) that included a gene associated with a 
clinically recognized recessive disorder. Follow up infor-
mation about post-prenatal diagnosis test decisions was 
known.

SNP microarray analysis was performed using the 
Affymetrix® Cytoscan® HD array [Affymetrix® and 
CytoScan® are Registered Trademarks of Affymetrix, 
Inc.]. which uses over 743,000 SNP probes and 1,953,000 
NPCN probes with a median spacing of 0.88 kilobases. 
Total genomic DNA was extracted from sample type pro-
vided and digested with NspI and then ligated to NspI 
adaptors. PCR products were purified and quantified. Pu-
rified DNA was fragmented and biotin labeled and hyb-
ridized to the Cytoscan (registered trademark) HD Gene 
Chip. Data was analyzed using Chromosome Analysis 
Suite. The analysis was based on the GRCh37/hg19 as-
sembly. The test was developed and its performance cha-
racteristics determined by Laboratory Corporation of 
America. Positive evaluation criteria includes:

1. DNA copy number loss of greater than 1 megaba-
se (Mb) or gain of greater than 2 Mb outside known clini-
cally significant regions with at least one OMIM (Online 
Mendelian Inheritance in Man) gene.

2. DNA copy gain/loss within or including a known 
clinically significant gene of 25 kilobases (kb) or greater.

Results
Cases

Case 1

Patient was referred for prenatal genetic counseling 
at 13 weeks of gestation due to positive multiple marker 
biochemical screening indicating increased risk for Down 
syndrome (1/25) and Trisomy 18 (1/89). Patient elected 
non-invasive prenatal testing (NIPT), which failed due 
to low fetal fraction. Patient then elected amniocentesis 
with karyotype and microarray. Result showed a normal 
female karyotype of 46,XX and microarray identified a 
362 kb deletion of 2p21 that included three OMIM genes: 
SLC3A1, PREPL, and CAMKMT,.  SLC3A1, PREPL, 
and CAMKMT are associated with hypotonia-cystinuria 
syndrome and congenital Myasthenic syndrome 22. SL-
C3A1 is associated with hypotonia-cystinuria, an autoso-
mal recessive disorder that is characterized by neonatal 
hypotonia, growth retardation, and cystinuria. PREPL 
is associated with Congenital Myasthenic syndrome 22, 
an autosomal recessive disorder that is characterized by 
muscle weakness and developmental delay.

The couple had no remarkable family history, notab-
ly no history of muscular or biochemical issues, and no 
known consanguinity. They reported no history of mis-
carriage and have two healthy children together. 

The couple were offered parental testing for the CNV, 
and parental and fetal full gene sequencing for the 3 genes 
in the CNV: SLC3A1, PREPL, and CAMKMT. Couple 
elected follow up parental CNV testing and fetal full gene 
sequencing for the 3 genes in the CNV. The deletion was 
determined identified to be maternal in origin (familial 
deletion). The patient carries the same 362 kb deletion of 
2p21 as the fetus and thus carries the autosomal recessive 
SLC3A1, PREPL, and CAMKMT gene deletion. Given 
the remaining possibility of a mutation on the other alle-
le, follow up fetal testing to include full sequencing and 
deletion/duplication studies of the SLC3A1, PREPL, and 
CAMKMT genes was requested which required a repeat 
amniocentesis as sufficient cells for testing were not ava-
ilable from the original amniocentesis specimen. During 
the ultrasound for the second amniocentesis procedure 
at 20 weeks gestation, echogenic dilated bowel was visu-
alized. Patient previously had genetic screening for cys-
tic fibrosis for 97 common mutations that was negative. 
Therefore, in addition to previously planned follow-up 
testing, fetal infection studies (cytomegalovirus, toxoplas-
mosis, and parvovirus), a fetal MRI, and CFTR sequen-
cing and deletion/duplication studies were elected by the 
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patient.  Gene sequencing and deletion/duplication via 
CNV counter with the NGS assay on the fetal sample for 
CFTR, SLC3A1, PREP1, and CAMKMT revealed the 
same heterozygous deletion as was previously identified, 
but no additional pathogenic or likely pathogenic variants 
or copy number variant was found, predicting that the fe-
tus is a heterozygous carrier for SLC3A1, PREPL, and 
CAMKMT. Risk was assessed as low risk for these4 re-
cessive disorders.  Additionally, while fetal infection stu-
dies were negative, fetal MRI showed increasingly dilated 
bowel loops. The pregnancy proceeded with continuing 
follow-up ultrasounds and postnatal planning related to 
the echogenic dilated bowel. The patient was advised to 
inform family members of their carrier risk and recom-
mendation for genetic counseling and testing prior to 
reproduction.  Pregnancy proceeded uneventfully and 
was delivered at term. Newborn had mildly dilated loops 
of bowel but was clinically well.

Case 2

Patient was referred for follow up genetic counseling 
at 19 weeks of gestation due to a positive second trimes-
ter biochemical screening indicating an increased risk 
for Down syndrome (1/110). She subsequently elected 
to have amniocentesis with karyotype and chromosomal 
microarray for diagnostic results. Results showed a nor-
mal male karyotype of 46, XY and microarray identified a 
798 kb interstitial deletion of 21q22.3q22.3 that included 
11 OMIM genes and was classified as a variant of uncer-
tain significance. Three of the genes deleted: TMPRSS3, 
RSPH1 and WDR4 are associated with autosomal re-
cessive disorders. TMPRSS3 is associated with autoso-
mal recessive non-syndromic sensorineural hearing loss. 
RSPH1 is associated with an autosomal recessive form 
of primary ciliary dyskinesia: A disorder characterized by 
abnormalities of motile cilia leading to respiratory infec-
tions, chronic inflammation and bronchiectasis. WDR4 is 
associated with recessive conditions including microcep-
haly, growth deficiency, seizures and brain malformations 
as well as Galloway-Mowat syndrome type 6. 

The couple had a history of 2 pregnancy losses of unk-
nown etiology and a previous pregnancy with trisomy 18 
(unknown karyotype). Previously, the couple had normal 
blood karyotype analysis and reported no known consan-
guinity. Family history was otherwise unremarkable. 

The couple were offered parental testing for the CNV 
via qPCR, and parental and fetal full gene sequencing 
and deletion/duplication studies for the genes associated 
with clinical syndromes: TMPRSS3, RSPH1 and WDR4. 
Couple elected follow-up parental CNV analysis and fe-
tal full gene sequencing and deletion/ duplication studies 

for the three known genes of interest listed above. The 
deletion was identified to be maternal in origin (familial 
deletion). The patient carries the same 798 kb interstiti-
al deletion of 21q22.3q22.3 as the fetus. Fetal full gene 
sequencing for the three genes of interest was performed 
concurrently for parents and fetus and was negative for 
any additional copy number variants besides the previous-
ly known full gene deletions at 21q22.3. The fetus was 
predicted to be an unaffected carrier for the disorders tes-
ted with low risk for the recessive disorder. The couple 
elected to continue with their pregnancy. The patient was 
advised to inform family members of their carrier risk and 
recommendations for genetic counseling and testing pri-
or to reproduction. The pregnancy proceeded unevent-
fully and a normal newborn at term was delivered.

Case 3

Patient was referred for genetic counseling at 11 we-
eks of gestation due to a prior pregnancy with multiple 
anomalies that was found to have an unbalanced karyoty-
pe with der(4)t(4;11)(q32.2;q24.3). She was a 36-year-old 
G2P0 woman with no other family history. Parental kar-
yotypes were normal and there was no other remarkable 
family history, suggesting the abnormality found in the 
previous pregnancy was de novo. Patient elected prenatal 
diagnosis by chorionic villus sampling with karyotype and 
chromosomal microarray. Results showed a normal fema-
le karyotype of 46,XX, and microarray identified a 265 
kb interstitial deletion of 16p12.2 that included 3 OMIM 
genes: METTL9, IGSF6, and OTOA, which was classi-
fied as a female with autosomal recessive gene deletion.   
The first 2 genes are not associated with a known clinical 
phenotype. OTOA is associated with autosomal recessive 
non-syndromic sensorineural hearing loss (Deafness, au-
tosomal recessive 22); both deletions and point mutations 
within this gene have been found in affected individuals.

The couple had no other remarkable family history, 
specifically there was no history of hearing loss and no 
known consanguinity.  

The couple were offered parental testing for the CNV 
via qPCR, and parental and fetal full gene sequencing and 
deletion/duplication studies for the OTOA gene. Coup-
le elected follow up parental CNV analysis and declined 
further parental and fetal OTOA testing. The deletion 
was identified to be maternal in origin (familial deletion). 
The patient carries the same 265 kb deletion at 16p12.2 as 
the fetus and thus carries the autosomal recessive OTOA 
gene deletion.  The risk for OTOA-related hearing loss 
was assessed as an approximate 1% for carrier risk for the 
partner without the CNV and overall, 2% chance for the 
fetus to be affected.[6] This risk was acceptable to them, 



An Y. et al. 

247 Perinatal Journal

and they indicated that hearing loss was not an indication 
for which they would consider termination of pregnancy. 
The couple elected to continue with their pregnancy. The 
patient was advised to inform family members of their 
carrier risk and recommendation for genetic counseling 
and testing prior to reproduction. The pregnancy conti-
nued uneventfully, and a healthy infant was delivered at 
term. Newborn hearing screening was normal.

Case 4

The patient was referred for genetic counseling at 12 
weeks 6 days of gestation due to advanced maternal age 
and positive multiple marker biochemical screening indi-
cating increased risk for Down syndrome (1/96). Patient 
elected amniocentesis with karyotype and chromosomal 
microarray. Result showed a normal female karyotype of 
46,XX and microarray identified a 105 kb interstitial de-
letion of 4q22.2 that included one OMIM gene: GRID2. 
The GRID2 gene is associated with spinocerebellar ataxia 
type 18 (SCAR18). SCAR18 is an autosomal recessive 
neurologic disorder that is characterized by delayed ps-
ychomotor development, severely impaired gait, ocular 
movement abnormalities, and intellectual disabilities. 
Rare cases of autosomal dominant inheritance were re-
ported by Coutelier et al. in 2015.[7]  

The couple had no remarkable family history, notably 
no history of neurologic issues and no known consangu-
inity. 

GRID2-related ataxia is a rare condition with an inci-
dence of less than 1 in 1,000,000 (Orphanet: Autosomal 
recessive congenital cerebellar ataxia due to GRID2 defi-
ciency). The couple was counseled about the low inciden-
ce for this disorder.[8] The couple were offered parental 
testing for the CNV, and parental and fetal GRID2 full 
gene sequencing and deletion/duplication analysis. The 
patient elected follow up testing for the CNV for herself 
and GRID2 analysis for the fetus. Her partner declined all 
testing. The CNV was identified to be maternal in origin 
(familial deletion). The patient carries the same 105 kb 
interstitial deletion of 4q22.2 as the fetus and thus carries 
the autosomal recessive GRID2 gene deletion. No addi-
tional variants were identified in the fetal GRID2 genes. 
Both the patient and the fetus are predicted to be carriers 
for SCAR18 with low risk of being affected. The patient 
was advised to inform family members, including two pre-
vious children of their carrier risk and recommendation 
for genetic counseling and testing prior to reproduction.  
The pregnancy continued to term uneventfully, and the 
infant was normal on the newborn period. No postnatal 
testing was elected.

Case 5

Patient was referred for genetic counseling at 14 we-
eks of gestation due to an increased nuchal translucency 
measurement of 3.8mm. Patient elected amniocentesis 
with karyotype, chromosomal microarray, and fetal No-
onan syndrome testing. Fetal Noonan syndrome testing 
was normal. Karyotype result showed a normal female 
karyotype of 46,XX. Microarray identified a 30 kb inters-
titial deletion of 5q13.2q13.2 that included one OMIM 
gene: MCCC2. This gene is associated with autosomal 
recessive 3-Methycrotonyl-CoA carboxylase 2 (3MCC) 
deficiency, an organic acid disorder where individuals are 
unable to correctly process the amino acid leucine. This 
condition has a variable presentation with most indivi-
duals being asymptomatic, but it has been described as 
including infant or childhood-onset episodes of feeding 
difficulties, hypotonia, lethargy and, if left untreated, can 
progress to developmental delay and seizures. Of note, 
this condition is present on the Newborn Screen in Cali-
fornia, where the patient planned delivery.

This pregnancy was achieved through in vitro fertili-
zation using a sperm donor due to a history of male factor 
infertility. Preimplantation genetic testing for common 
trisomies was performed on the embryo. There was no 
known consanguinity and no reported biochemical disor-
ders in the patient’s family history. Family history infor-
mation on the donor was not available.  Expanded carrier 
screening was performed on the donor and patient, with 
no carrier matches identified (the patient was found to be 
a carrier of phenylalanine hydroxylase deficiency, howe-
ver the donor was negative).  3MCC deficiency was on 
the carrier panel performed and both donor and patient 
screened negative. The residual carrier risk following a 
negative result in the Caucasian population is 1 in 1,200 
based on the residual risk statistics by the genetic test la-
boratory.  

Parental testing for the CNV and fetal testing for 
3MCC deficiency with full gene sequencing and deleti-
on/duplication analysis was discussed. After reviewing the 
natural history of 3MCC deficiency, the residual risks of 
both genetic parents being carriers in the context of nega-
tive expanded carrier screening, and the subsequent risk 
to the fetus, the couple elected to decline all further pa-
rental and fetal testing and continue the pregnancy. The 
pregnancy continued to term uneventfully. Newborn sc-
reening for biochemical disorders was reported as normal 
and no additional testing was performed.
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Fig 1. Algorithm of selecting different diagnostic genetic testing af-
ter the detection of CNV containing an autosomal recessive gene on 
prenatal sample via chromosomal microarray

Discussion
Rare autosomal recessive single gene disorders are an 
important source of morbidity and premature mortality 
for affected families. When considered collectively, they 
account for an important public health burden, which is 
frequently under-recognized.[9] For this reason, it is im-
portant to appropriately evaluate pregnant patients when 
there is increased risk for a recessive disorder.  CMA re-
sults with copy number variations involving recessive di-
sorders confer such risk.

The issue is that when a CNV containing such a gene is 
identified, it confers increased risk for such a disorder and 
a strategy to evaluate this risk should be standard. There 
have long been recommendations for populations carrier 
screening for testing of both genetic parents of a preg-
nancy to assess risk.[10,11] However, this situation is distin-
ct as prenatal diagnosis has already been performed with 
a fetal sample obtained. We would surmise that couples 
who elect prenatal diagnosis with chromosome microar-
ray are information seeking and therefore wish to resolve 
this risk with as much information as possible. We do re-
cognize that the recommendations for additional testing 
confer increased psychological burden.  Review of studies 
addressing the burden of genetic testing suggest that pe-
ople tend to consider genetic tests as valid information 
to take important preventive decisions and that reviewed 

studies, people experience no significant long-term incre-
ase in distress and anxiety, or adverse impacts on quality 
of life.[12] One issue that we noted is that providing infor-
mation about the numeric risk is helpful as for couples as 
most of the disorders are low incidence with low carrier 
frequency. There are also difficulties with logistics in this 
testing as there may be limitations on the amount of fetal 
specimen available for testing (i.e. quantity of DNA) and 
cost. Additional testing requires additional funding usual-
ly requested from insurers or if not authorized, a financial 
burden may fall on the family. It is also important to ack-
nowledge that all tests have limitations, and that full gene 
sequencing and duplication/deletion analysis detects most 
but not all significant gene variants. Depending on the 
laboratory protocol, there may be a chance that a variant 
of uncertain significance will be reported causing more 
concern and less certainty as a false positive without true 
clinical significance.

As per prior reviews: Genetic tests should be proposed 
along with proper psychological support and counseling 
focused on users’ genetic health literacy; perception of 
risk, beliefs about disease controllability, in order to foster 
fruitful medical decisions.[12]

Based on our experience, we would make the following 
recommendations, when detecting a CNV that contains a 
recessive gene:

1. When identified in a prenatal sample, follow up 
deletion/duplication studies for both genetic parents to 
determine if the CNV was familial or de novo would be 
recommended.                                           

2. If the CNV is familial, testing for the gene(s) inc-
luded in the CNV should be offered for both the other 
biological parent and fetus, to include full sequencing and 
deletion/duplication testing.  This testing can be done 
either sequentially, testing the other biological parent 
first, if time permits, or concurrently if the gestational 
age of the pregnancy is advanced. Full gene study with 
sequencing and deletion/duplication studies for the fetus 
is also a testing option to resolve the CNV. 

3. If the CNV is de novo, single gene testing of both 
genetic parents and/or fetus is appropriate to assess risk.

4. Comprehensive genetic counseling is needed for 
these families including parents and other family mem-
bers so that they can fully understand their carrier status 
and risk for specific autosomal recessive genetic conditi-
ons and make informed reproductive decisions for their 
current situation and future pregnancies.

5. Pre-test counseling prior to diagnostic procedu-
res utilizing CMA should include discussion of the pos-
sibility that additional testing may be needed to clarify 
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the clinical significance when a CNV is identified. This 
counseling should also include discussion of the natural 
history and incidence of the disorder in question.

It is our goal that establishing guidelines for the iden-
tification of such variants will lead to improved genetic 
counseling and management for these situations in future.

Conclusion
Chromosomal microarray is becoming a widely available 
prenatal diagnostic tool for the diagnosis of genetic disea-
se, and it is being used increasingly in prenatal diagnosis. 
When a CNV identified by chromosomal microarray inc-
ludes an autosomal recessive gene, it poses unique chal-
lenges for the interpretation of risk to the fetus. Additio-
nal genetic testing of the biological parents or the fetus or 
both is needed to clarify the fetal status.

We have set out a scheme for management of such a 
result to outline testing that should be recommended to 
evaluate the situation if additional information is desired 
by the parents and providers. Genetic testing for such ge-
nes in this setting should include full gene sequencing and 
deletion/duplication analysis to identify if there is a vari-
ant within the gene that may confer risk for the related 
autosomal recessive disorder.

Our supposition is that as chromosomal microarray 
gets more commonly used so this situation will be more 
frequent, these recommendations will help practitioners 
to resolve such a situation.

References
1. Shaikh TH. Oligonucleotide arrays for high-resolution 

analysis of copy number alteration in mental retardation/
multiple congenital anomalies. Genet Med [Internet]. 2007 
Sep [cited 2023 Dec 5];9(9):617-25. [PubMed] [CrossRef]

2. Hay SB, Sahoo T, Travis MK, Hovanes K, Dzidic N, 
Doherty C, Strecker MN. ACOG and SMFM guidelines for 
prenatal diagnosis: Is karyotyping really sufficient? Prenat 
Diagn [Internet]. 2018 Feb [cited 2023 Dec 5];38(3):184-9.  
[PubMed] [CrossRef]

3. Sund KL, Zimmerman SL, Thomas C, Mitchell AL, Prada 
CE, Grote L, Bao L, Martin LJ, Smolarek TA. Regions 
of homozygosity identified by SNP microarray analysis 
aid in the diagnosis of autosomal recessive disease and 
incidentally detect parental blood relationships. Genet 
Med [Internet]. 2012 Aug 2 [cited 2023 Dec 5];15(1):70-8.  
[PubMed] [CrossRef]

4. Alabdullatif MA, Al Dhaibani MA, Khassawneh MY, 
El-Hattab AW. Chromosomal microarray in a highly 
consanguineous population: diagnostic yield, utility of 
regions of homozygosity, and novel mutations. Clin Genet 

[Internet]. 2016 Oct 11 [cited 2023 Dec 5];91(4):616-22. 
[PubMed] [CrossRef]

5. Wang JC, Ross L, Mahon LW, Owen R, Hemmat M, 
Wang BT, El Naggar M, Kopita KA, Randolph LM, Chase 
JM, Matas Aguilera MJ, Siles JL, Church JA, Hauser N, 
Shen JJ, Jones MC, Wierenga KJ, Jiang Z, Haddadin M, 
Boyar FZ, Anguiano A, Strom CM, Sahoo T. Regions of 
homozygosity identified by oligonucleotide SNP arrays: 
evaluating the incidence and clinical utility. Eur J Hum 
Genet [Internet]. 2014 Aug 13 [cited 2023 Dec 5];23(5):663-
71. [PubMed] [CrossRef]

6. Laurent S, Gehrig C, Nouspikel T, Amr SS, Oza A, 
Murphy E, Vannier A, Béna FS, Carminho Rodrigues MT, 
Blouin J, Cao Van H, Abramowicz M, Paoloni Giacobino 
A, Guipponi M. Molecular characterization of pathogenic 
OTOA gene conversions in hearing loss patients. Hum 
Mutat [Internet]. 2021 Mar 14 [cited 2023 Dec 5];42(4):373-
7.  [PubMed] [CrossRef]

7. Coutelier M, Burglen L, Mundwiller E, Abada-Bendib M, 
Rodriguez D, Chantot-Bastaraud S, Rougeot C, Cournelle 
MA, Milh M, Toutain A, Bacq D, Meyer V, Afenjar 
A, Deleuze JF, Brice A, Heron D, Stevanin G, Durr A. 
GRID2 mutations span from congenital to mild adult-
onset cerebellar ataxia. Neurology [Internet]. 2015 Apr 3 
[cited 2023 Dec 5];84(17):1751-9. [PubMed] [CrossRef]

8. Orphanet: Autosomal recessive congenital cerebellar ataxia 
due to grid2 deficiency (no date) Orphanet: Autosomal 
recessive congenital cerebellar ataxia due to GRID2 
deficiency. Available at: https://www.orpha.net/consor/
cgi-bin/OC_Exp.php?lng=EN&amp;Expert=363432 
(Accessed: 04 December 2023).

9. Blencowe H, Moorthie S, Petrou M, Hamamy H, Povey 
S, Bittles A, Gibbons S, Darlison M, Modell B. Rare 
single gene disorders: estimating baseline prevalence and 
outcomes worldwide. J Community Genet [Internet]. 
2018 Aug 14 [cited 2023 Dec 5];9(4):397-406. [PubMed] 
[CrossRef]

10. Antonarakis SE. Carrier screening for recessive disorders. 
Nat Rev Genet [Internet]. 2019 May 29 [cited 2023 Dec 
5];20(9):549-61.  [PubMed] [CrossRef]

11. Cannon J, Van Steijvoort E, Borry P, Chokoshvili D. 
How does carrier status for recessive disorders influence 
reproductive decisions? A systematic review of the 
literature. Expert Rev Mol Diagn [Internet]. 2019 Nov 14 
[cited 2023 Dec 5];19(12):1117-29.  [PubMed] [CrossRef]

12. Oliveri S, Ferrari F, Manfrinati A, Pravettoni G. A 
Systematic Review of the Psychological Implications 
of Genetic Testing: A Comparative Analysis Among 
Cardiovascular, Neurodegenerative and Cancer Diseases. 
Front Genet [Internet]. 2018 Dec 10 [cited 2023 Dec 5];9. 
[PubMed] [CrossRef]

https://pubmed.ncbi.nlm.nih.gov/:17873650
https://doi.org/10.1097/GIM.0b013e318148bb81
https://pubmed.ncbi.nlm.nih.gov/29315677
https://doi.org/10.1002/pd.5212
https://pubmed.ncbi.nlm.nih.gov/22858719
https://doi.org/10.1038/gim.2012.94
https://pubmed.ncbi.nlm.nih.gov/27717089
https://doi.org/10.1111/cge.12872
https://pubmed.ncbi.nlm.nih.gov/25118026
https://doi.org/10.1038/ejhg.2014.153
https://pubmed.ncbi.nlm.nih.gov/33492714
https://doi.org/10.1002/humu.24167
https://pubmed.ncbi.nlm.nih.gov/25841024
https://doi.org/10.1212/WNL.0000000000001524
https://pubmed.ncbi.nlm.nih.gov/30109643
https://doi.org/10.1007/s12687-018-0376-2
https://pubmed.ncbi.nlm.nih.gov/31142809
https://doi.org/10.1038/s41576-019-0134-2
https://pubmed.ncbi.nlm.nih.gov/31709839
https://doi.org/10.1080/14737159.2020.1690456
https://pubmed.ncbi.nlm.nih.gov/30619456
https://doi.org/10.3389/fgene.2018.00624

