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Hearing loss is one of the most common concerns for presentation for a geneticist.

Presentation prior to the age of one (congenital hearing loss), profound sensorineural

hearing loss (SNHL), and bilateral hearing loss are sensitive and should raise concern for

genetic causes of hearing loss and prompt referral for genetic testing. Genetic testing

particularly in this instance offers the opportunity for anticipatory guidance including

possible course of the hearing loss over time and also connection and evaluation for

additional congenital anomalies that may be associated with an underlying syndrome vs.

isolated genetic hearing loss.
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INTRODUCTION

Every 2–3 children out of 1,000 in the United States are born with hearing loss (HL), making it the
most common congenital sensory deficit in humans (1). Sensorineural hearing loss predominates
congenital hearing loss, with the causes of HL broadly divided into genetic vs. non-genetic or
acquired factors. Over the past 25 years the continual advancement of technology and accuracy
of diagnostic testing has revealed genetic etiology for HL occurrences in prelingual children to be
as high as 60% (2).

Despite this advancement in knowledge of genetic causes, there is still limited consensus on
management of pediatric patients with hearing loss (3). The primary goals of management of
pediatric patients with HL are timely and proper diagnosis and determining appropriate aural
rehabilitation. The aim of achieving these goals is to optimize communication and language
development in the child with hearing loss.

Genetic testing may provide insight into management of hearing loss itself or provide guidance
of when to consider additional congenital anomalies in association with a genetic syndrome. For
example, individuals with sensorineural hearing loss who have Usher syndrome are at risk for
retinopathy and this should be followed closely. In addition, monogenic causes of hearing loss may
present with a spectrum within a family. Therefore, diagnosis in a child with profound hearing
loss may prompt testing in other family members who have progressive hearing loss or allow for
treatment of other affected family members at a younger age.

In this article, we will review an approach to genetic testing for individuals with hearing loss and
then discuss the evidence regarding management as a guide to optimizing future practice.

PEDIATRIC HEARING LOSS OVERVIEW

The American Academy of Pediatrics’ Joint Committee on Infant Hearing is a leader in endorsing
early detection of and intervention for infants with hearing loss. They proposed the 1–3–6 guideline
for screening and interventions for pediatric HL. This is designed to maximize the outcome for
infants who are deaf or hard of hearing and recommends that all infants should be screened
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for hearing loss no later than 1 month of age. Infants that do not
pass their screening are recommended to have a comprehensive
audiological evaluation [auditory brainstem response (ABR)
testing] no later than 3 months of age, and infants that do have
confirmed hearing loss should receive appropriate intervention
no later than 6 months. Intervention should be from health care
and education professionals with expertise in hearing loss and
deafness in infants and young children (4).

Infants admitted to the neonatal intensive care unit (NICU)
require more in-depth screening based on days of admission.
NICU infants admitted to the hospital for more than 5
days should have ABR included as part of their screening
(4). Regardless of newborn hearing-screening outcome,
all infants should continue to have ongoing monitoring
for developmentally appropriate communication skills and
auditory behaviors.

NON-GENETIC ETIOLOGY WORK-UP

Clinicians should establish potentially reversible causes of
hearing loss as soon as possible. Half of all the non-genetic
causes of HL are attributed to infectious disease. TORCHES
[toxoplasmosis, rubella, cytomegalovirus (CMV), herpes, and
syphilis] infections are known risk factors for SNHL. Out of these
infectious causes, congenital CMV is the most common cause of
non-hereditary SNHL in childhood. Most estimates from studies
conducted in Europe, the United States, and Japan show the
prevalence of congenital CMV varies from 0.2 to 2.0%, but much
higher in developing countries at 6–14% (5). CMV infection
is congenital if diagnosed within 21 days postnatally. CMV
infection in infants if acquired postnatally is not associated with
SNHL (3). At our institution, we test for congenital CMV using
saliva polymerase chain reaction (PCR) and if this is positive
confirmation is with urine PCR. Treatment for congenital CMV
in children with isolated SNHL is still not fully elucidated.
Antiviral therapy, particularly with valganciclovir, is the most
commonly used medication for treatment though the benefits
in the literature are mixed (3). When a patient is diagnosed
with congenital CMV with isolated SNHL, infectious disease
consultation is recommended to review the risks and benefits of
antiviral therapy and consider treatment.

Overall in the literature, use of CT in children with hearing
loss ranges from 20 to 70% of the time (6). It is superior
to MRI in delineating bony anatomy and, therefore, useful in
understanding conductive or mixed hearing loss, and CT has
also been shown to have a higher yield in identifying enlarged
vestibular aqueducts and cochlear anomalies (7). Though it is
less expensive and faster than MRI, it does expose children
to ionizing radiation, so this risk should be considered when
deciding on diagnostic imaging. MRI is preferred for evaluating
the cochlear nerve, and the brain and nerve tumors (such as
vestibular schwannoma). MRI frequently requires sedation or
general anesthesia to perform and the risks associated with this
also need to be considered when choosing an imaging modality.
When it comes to surgical planning, particularly for possible
cochlear implantation, CT or MRI can be used and usually up

to the surgeon’s discretion. The IPOG study group had 100%
agree or partially agree that children who are cochlear implant
candidates with profound hearing loss may benefit from CT
or MRI to assess for cochlear dysplasia and cochlear nerve
hypoplasia/aplasia (8).

If the pediatric HL is considered to be non-genetic and
non-infectious in etiology, additional testing should be based
on clinical exam findings, imaging, and medical and family
history. A “shotgun” approach to obtain an etiologic diagnosis
for pediatric HL has been shown to have very low diagnostic
yield and to unnecessarily increase cost (9). However, certain
investigations are value-additive.

GENETIC WORK-UP

Any infant or child diagnosed with bilateral congenital HL
without a known etiology (e.g., infectious) requires a genetics
consultation. Comprehensive genetic testing has the highest
diagnostic yield of any single test for bilateral SNHL and up
to 60% of cases of congenital HL are due to a genetic etiology
(8, 10). Originally the only available genetic testing for hearing
loss was single-gene testing, most commonly for GJB2 and/or
GJB6 genes (10). Comprehensive genetic testing (CGT), by using
massively parallel sequencing or next generation sequencing
(NGS), now improves the genetic diagnostic yield by multiple
orders of magnitude over single-gene testing and is becoming
the new standard of care due to decreased cost of sequencing
and avoidance of multiple tests and appointments (10, 11). IPOG
consensus recommendations also state this with 84% agreement
or in partial agreement that in the setting of CPG, single-gene
testing is of low diagnostic yield and should only be offered as
part of an initial workup if a known family history exists. All
surveyed agree or partially agree that single-gene testing should
be considered if CGT is not available (8). It is important to note
that a negative genetic test does not rule out a genetic etiology,
as the gene of interest may not have been included due to lack
of known role in HL to date or the sensitivity of the test may
not have picked up the causative mutation (such as intronic
mutations). Whole genome sequencing can be used as well to
detect lesser known hearing loss mutations not covered in the
NGS testing. Table 1 lists some of the more commonly available
commercial NGS tests in the United States market, which all
evaluate for syndromic and non-syndromic causes for congenital
hearing loss.

Genetic etiologies for congenital HL can be divided into
syndromic or non-syndromic SNHL (NSSNHL). Approximately
70% of cases of genetic-related hearing loss are NSSNHL,
which are often contributed to a single gene mutation. The
remaining 30% syndromic SNHL cases are often accompanied by
other physical abnormalities or systemic clinical manifestations.
Table 2 provides a list of the most common syndromic causes of
hearing loss. The number of known NSSNHL related to disease-
causing genetic variants continues to grow as the technology
and capability of genetic testing has expanded. However, the
number of known syndromic SNHL genetic causes has remained
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TABLE 1 | NGS tests in US.

Laboratory Turn Around

Time

# of Genes Analyzed

OtoSeq Cincinnati children’s molecular genetics

laboratory

8 weeks 23

Fulgent comprehensive hearing loss

NGS panel

Fulgent genetics 3–5 weeks 179

OtoGenetics comprehensive

deafness gene testing

OtoGenetics corporation 4 weeks 129

OtoSCOPE Iowa molecular otolaryngology and renal

research laboratories

6 weeks 152

Emory hearing loss expanded panel Emory genetics laboratory 12 weeks 92

OtoGenome Laboratory for molecular medicine,

partners healthcare personalized medicine

8–12 weeks 110

TABLE 2 | List of syndromic HL.

relatively stable over the past 10 years with ∼500 known
syndromes associated with HL (12, 13).

The Clinical Genome Resource (ClinGen), a National
Institutes of Health (NIH)-funded initiative has built a central
resource to provide a semiquantitative framework to assign
clinical validity to the gene-disease relationships in the hundreds
of genes reported in the literature associated with hearing loss.
The gene-disease pairs are classified by either being definitive,
strong, moderate, limited, disputed, or refuted. For the hearing
loss associated genes ClinGen applied the clinical validity
framework on 142 genes associated with non-syndromic and

syndromic hearing loss that are included on panels from 17
diagnostic testing laboratories from around the world (14).
The clinical validity classifications for these genes are publicly
available at: https://search.clinicalgenome.org/kb/gene-validity.

Genetic diagnosis may help practitioners provide anticipatory
guidance to families regarding other involved organ systems.
This can provide significant insight into the patient’s care. All
children confirmed to have SNHL should have a vision screen
either by their pediatrician, optometrist, or ophthalmologist as
part of their work-up, given the 2–3-fold increased risk of
ocular abnormalities in children with non-syndromic SNHL (8).
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FIGURE 1 | Vanderbilt Children’s Hospital hearing loss protocol.
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A recent study demonstrated that the majority of ocular
abnormalities in children with hearing loss can be identified
with today’s standard screening methods (15). If a child has
profound bilateral SNHL and there is a family history of cardiac
arrhythmia or sudden death of unknown etiology, then it is also
recommended to obtain an electrocardiogram to rule out Jervell
and Lange-Nielsen syndrome.

In the NSSNHL group, 75–80% are inherited in an autosomal
recessive pattern, with 15–24% autosomal dominant, 1–2% X-
linked, and <1% mitochondrial (2, 13, 16). Abnormalities of
GJB2 are the most common cause of HL in infants, and account
for ∼50% of the autosomal recessive HL patients. Since only
half of the responsible mutations of GJB2 are biallelic, there
are a significant number with only one mutation therefore
screening for only this gene is insufficient (2). GJB2 is located on
chromosome 13q and encodes for the protein connexin 26, while
GJB6 is also located on the same chromosome and lies adjacent
to it at the DFNB1 locus. Connexin 30 which forms gap junctions
with Connexin 26 is encoded by GJB6. Thus, NSSNHL loss can
also occur with a mutation in GJB2 on one allele coupled with a
deletion in GJB6, and explains the HL in patients when GJB2 is
not inherited in a biallelic fashion (2). Over 110 disease-causing
variants in GJB2 and at least 2 deletions in GJB6 have been
reported (2, 17, 18). It should be noted that the most common
GJB2 disease-causing variants that are found in the Caucasian
populations, do not play a large role in other races, particularly
those of African descent (10, 19–21). The second most common
genetic cause of bilateral SNHL is a mutation in the STRC gene
on 15q15.3, which can be from partial or complete gene deletions,
copy number variants (CNV), or point mutations of the gene
(2, 22).

The diagnostic yield of genetic testing in children with
unilateral SNHL ranges from 1 to 5% in the literature (23,
24). However, it can have huge implications on the patient’s
care including screening and should be considered early on
in the work up. In particular, all individuals with bilateral
congenital sensorineural hearing loss should be sent for genetics
work up. In addition, a family history of hearing loss should
prompt referral.

IMAGING IN HEARING LOSS

Radiographic imaging can play an important role in diagnosis
in genetic or non-genetic etiologies for pediatric HL. See
Figure 1 for our institution’s protocol for imaging depending
on the degree of hearing loss, unilateral vs. bilateral, or if
post-meningitis. Whether a computed tomography (CT) of
the temporal bones or magnetic resonance imaging (MRI) is
ordered, children with more severe SNHL are more likely to

have an abnormality on imaging (3). Currently, there is neither
consensus on the best temporal bone imaging modality nor
on the timing of obtaining a scan. However, an international
working group of pediatric otolaryngologists—IPOG—expressed
a majority opinion that temporal bone imaging should not be
performed during the neonatal period unless indicated for other
reasons (i.e., brain MRI) (8). The same IPOG publication sought
to obtain consensus surrounding pediatric hearing loss. In a
survey, 76% IPOGmembers agree or partially agree that temporal
bone imaging is of low diagnostic yield when routinely employed
in the setting of symmetric bilateral hearing loss. Note they did
not detail this or break it down into severity of the hearing
loss. All agree or partially agree that for unilateral, asymmetric
or mixed loss, the diagnostic yield of imaging is higher and
should be considered. All surveyed also agree or partially agree
that children that are cochlear implant candidates with profound
hearing loss may benefit from CT or MRI.

CONCLUSION

Identifying a genetic etiology has been shown to have many
clinical benefits as well as psychosocial and emotional benefits
for patient families. Obtaining a genetic diagnosis has been
shown to improve parental psychological well-being, mostly by
alleviating guilt and accelerating involvement in rehabilitation
(10, 25–27). It also allows for parental education of future
medical or educational needs and potential risk of hearing
loss in future offspring (10). If definitive results are found
on genetic testing, this may also preclude the need for
imaging and further costs (24). Finally, for children requiring
rehabilitation through cochlear implantation, genetic testing
may help benchmark expected outcomes against specific lesions
that have been characterized by busy sequencing centers that
aggregate both genotypic and phenotypic (audiometric and
speech-related) information.

AUTHOR CONTRIBUTIONS

RB responsible for writing manuscript draft, editing, and
figure/table creation. JD, CW, and FV responsible for writing and
editing manuscript and creation of figure protocol. All authors
contributed to the article and approved the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2021.536730/full#supplementary-material

REFERENCES

1. Jayawardena ADL, Shearer AE, Smith RJH. Sensorineural heaaring loss - a

changing paradigm for its evaluation. Otolaryngol Head Neck Surg. (2015)

153:843–50. doi: 10.1177/0194599815596727

2. Mehta D, Noon SE, Schwartz E, Wilkens A, Bedoukian EC, Scarano

I, et al. Outcomes of evaluation and testing of 660 individuals

with hearing loss in a pediatric genetics of hearing loss clinic.

Am J Med Genet A. (2016) 170A:2523–30. doi: 10.1002/ajmg.a.

37855

Frontiers in Pediatrics | www.frontiersin.org 5 March 2021 | Volume 9 | Article 536730

https://www.frontiersin.org/articles/10.3389/fped.2021.536730/full#supplementary-material
https://doi.org/10.1177/0194599815596727
https://doi.org/10.1002/ajmg.a.37855
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Belcher et al. Genetic Pediatric Congenital Hearing Loss

3. Liu CC, Anne S, Horn DL. Advances in management of pediatric

sensorineuraal hearing loss. Otolaryngol Clin North Am. (2019) 52:847–

61. doi: 10.1016/j.otc.2019.05.004

4. American Academy of Pediatrics, Joint Committee on Infant Hearing.

Year 2007 position statement: principles and guidelines for early

hearing detection and intervention programs. Pediatrics. (2007)

120:898–921. doi: 10.1542/peds.2007-2333

5. Belcher RH, Molter DW, Goudy SL. An evidence-based practical approach to

pediatric otolaryngology in the developing world.Otolaryngol Clin North Am.

(2018) 51:607–17. doi: 10.1016/j.otc.2018.01.007

6. Wentland CJ, Ronner EA, Basonbul RA, Pinnapureddy S, Mankarious

L, Keamy D, et al. Utilization of diagnostic testing for pediatric

sensorineural hearing loss. Int J Pediatr Otorhinolaryngol. (2018) 111:26–

31. doi: 10.1016/j.ijporl.2018.05.024

7. Kachniarz B, Chen JX, Gilani S, Shin JJ. Diagnostic yield of MRI for pediatric

hearing loss: a systematic review. Otolaryngol Head Neck Surg. (2015) 152:5–

22. doi: 10.1177/0194599814555837

8. Liming BJ, Carter J, Cheng A, Choo D, Curotta J, Carvalho D,

et al. International pediatric otolaryngology group (IPOG) consensus

recommendations: hearing loss in the pediatric patient. Int J Pediatr

Otorhinolaryngol. (2016) 90:251–8. doi: 10.1016/j.ijporl.2016.09.016

9. Preciado DA, Lim LH, Cohen AP, Madden C, Myer D, Ngo

C, et al. A diagnostic paradigm for childhood idiopathic

sensorineural hearing loss. Otolaryngol Head Neck Surg. (2004)

131:804–9. doi: 10.1016/j.otohns.2004.06.707

10. Raymond M,Walker E, Dave I, Dedhia K. Genetic testing for congenital non-

syndromic sensorineural hearing loss. Int J Pediatr Otorhinolaryngol. (2019)

124:68–75. doi: 10.1016/j.ijporl.2019.05.038

11. Retterer K, Juusola J, Cho MT, Vitazka P, Millan F, Gibellini F, et al. Clinical

application of whole-exome sequencing across clinical indications. Genet

Med. (2016) 18:696–704. doi: 10.1038/gim.2015.148

12. Jasper KM, Jamshidi A, Reilly BK. Pediatric otolaryngology,

molecular diagnosis of hereditary hearing loss: next-generation

sequencing approach. Curr Opin Otolaryngol Head Neck Surg. (2015)

23:480–4. doi: 10.1097/MOO.0000000000000208

13. Grindle CR. Pediatric hearing loss. Pediatr Rev. (2014) 35:456–

64. doi: 10.1542/pir.35-11-456

14. DiStefano MT, Hemphill SE, Oza AM, Siegert RK, Grant AR, Hughes MY,

et al. ClinGen expert clinical validity curation of 164 hearing loss gene-disease

pairs. Genet Med. (2019) 21:2239–47. doi: 10.1038/s41436-019-0487-0

15. Batson S, Kelly K, Morrison D, Virgin F. Ophthalmologic abnormalities in

children with congenital sensorineural hearing loss. J Binocul Vis Ocul Motil.

(2019) 69:126–30. doi: 10.1080/2576117X.2019.1625629

16. Atik T, Onay H, Aykut A, Bademci G, Kirazli T, Tekin M,

et al. Comprehensive analysis of deafness genes in families with

autosomal recessive nonsyndromic hearing loss. PLoS ONE. (2015)

10:e0142154. doi: 10.1371/journal.pone.0142154

17. del Castillo FJ, Rodriguez-Ballesteros M, Alvarez A, Hutchin T, Leonardi E, de

Oliveira CA, et al. A novel deletion involving the connexin-30 gene, del(GJB6-

d13s1854), found in trans with mutations in the GJB2 gene (connexin-26)

in subjects with DFNB1 non-syndromic hearing impairment. J Med Genet.

(2005) 42:588–94. doi: 10.1136/jmg.2004.028324

18. Gasparini P, Rabionet R, Barbujani G, Melçhionda S, Petersen M, Brøndum-

Nielsen K, et al. High carrier frequency of the 35delG deafness mutation

in Europena populations. Analysis consortium of GJB2 35delG. Eur J Hum

Genet. (2000) 8:19–23. doi: 10.1038/sj.ejhg.5200406

19. Lasisi AO, Bademci G, Foster J, Blanton S, Tekin M. Common genes

for non-syndromic deafness are uncommon in sub-Saharan Africaa: a

report from Nigeria. Int J Pediatric Otorhinolaryngol. (2014) 78:1870–

3. doi: 10.1016/j.ijporl.2014.08.014

20. Rudman JR, Kabahuma RI, Bressler SE, Feng Y, Blanton SH, Yan D, et al. The

genetic basis of deafness in populations of African descent. J Genet Genom.

(2017) 44:285–94. doi: 10.1016/j.jgg.2017.03.008

21. Lebeko K, Bosch J, Noubiap JJ, Dandara C, Wonkam A. Genetics of

hearing loss in Africans: use of next generation sequencing is the best

way forward. Pan Afr Med J. (2015) 20:383. doi: 10.11604/pamj.2015.20.3

83.5230

22. Francey LJ, Conlin LK, Kadesch HE, Clark D, Berrodin D, Sun Y,

et al. Genome-wide SNP genotyping identifies the Stereocilin (STRC)

gene as a major contributor to pediatric bilateral sensorineural hearing

impairment. Am J Med Genet A. (2012) 158A:298–308. doi: 10.1002/ajmg.a.

34391

23. Sloan-Heggen CM, Bierer AO, Shearer AE, Kolbe DL, Nishimura

CJ, Frees KL, et al. Comprehensive genetic testing in the clinical

evaluation of 1119 patients with hearing loss. Hum Genet. (2016)

135:441–50. doi: 10.1007/s00439-016-1648-8

24. van Beeck Calkoen EA, Engel MSD, van de Kamp JM, Yntema

HG, Goverts ST, Mulder MF, et al. The etiological evaluation

of sensorineural hearing loss in children. Eur J Pediatr. (2019)

178:1195–205. doi: 10.1007/s00431-019-03379-8

25. Alford RL, Amos KS, Fox M, Lin JW, Palmer CG, Pandya A, et al.

American College ofMedical Genetics and Genomics guideline for the clinical

evaluation and etiologic diagnosis of hearing loss. Genet Med. (2014) 16:347–

55. doi: 10.1038/gim.2014.2

26. Palmer CG, Martinez A, Fox M, Zhou J, Shapiro N, Sininger Y, et al.

A prospective, longitudinal study of the impact of GJB2/GJB6 genetic

testing on the beliefs and attitudes of parents of deaf and hard-of-hearing

infants. Am J Med Genet A. (2009) 149A:1169–82. doi: 10.1002/ajmg.a.

32853

27. Brunger JW, Murray GS, O’Riordan M, Matthews AL, Smith RJ, Robin NH.

Parental attitudes toward genetic testing for pediatric deafness. Am J Hum

Genet. (2000) 67:1621–5. doi: 10.1086/316901

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Belcher, Virgin, Duis and Wootten. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Pediatrics | www.frontiersin.org 6 March 2021 | Volume 9 | Article 536730

https://doi.org/10.1016/j.otc.2019.05.004
https://doi.org/10.1542/peds.2007-2333
https://doi.org/10.1016/j.otc.2018.01.007
https://doi.org/10.1016/j.ijporl.2018.05.024
https://doi.org/10.1177/0194599814555837
https://doi.org/10.1016/j.ijporl.2016.09.016
https://doi.org/10.1016/j.otohns.2004.06.707
https://doi.org/10.1016/j.ijporl.2019.05.038
https://doi.org/10.1038/gim.2015.148
https://doi.org/10.1097/MOO.0000000000000208
https://doi.org/10.1542/pir.35-11-456
https://doi.org/10.1038/s41436-019-0487-0
https://doi.org/10.1080/2576117X.2019.1625629
https://doi.org/10.1371/journal.pone.0142154
https://doi.org/10.1136/jmg.2004.028324
https://doi.org/10.1038/sj.ejhg.5200406
https://doi.org/10.1016/j.ijporl.2014.08.014
https://doi.org/10.1016/j.jgg.2017.03.008
https://doi.org/10.11604/pamj.2015.20.383.5230
https://doi.org/10.1002/ajmg.a.34391
https://doi.org/10.1007/s00439-016-1648-8
https://doi.org/10.1007/s00431-019-03379-8
https://doi.org/10.1038/gim.2014.2
https://doi.org/10.1002/ajmg.a.32853
https://doi.org/10.1086/316901
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Genetic and Non-genetic Workup for Pediatric Congenital Hearing Loss
	Introduction
	Pediatric Hearing Loss Overview
	Non-Genetic Etiology Work-Up
	Genetic Work-Up
	Imaging In Hearing Loss
	Conclusion
	Author Contributions
	Supplementary Material
	References


