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ABSTRACT

Introduction: Non-syndromic hearing loss (NSHL) in children, which has numerous causes, can
impede or even postpone the acquisition of spoken language. In Vietnam, screening programs
and genetic testing for NSHL are rarely applied. In this study, 31 pediatric patients had their medi-
cal histories collected alongside sequencing results for the GJB2 and TECTA genes to determine the
prevalence of these mutations in the community and their associations with potential risk factors.
Methods: Information and blood samples were collected from 31 severe-to-profound pediatric
NSHL patients. DNA was extracted, amplified by polymerase chain reaction (PCR), and directly se-
quenced for the detection of GJB2 (connexin 26) and TECTA mutations. Results: No TECTA gene mu-
tations were detected. GJB2 mutations were identified in eight patients (25.8%), with three (9.7%)
cases of heterozygous c.109G>A (V371), four (12.9%) cases of homozygous ¢.109G>A (V37l), and
one (3.2%) case of heterozygous ¢.299-300delAT. There were no significant associations between
having mutated GJB2 genes and living in urban areas, having a family history of prelingual deaf-
ness, or having an abnormal obstetric history (p > 0.05, Fisher's exact tests). Conclusion: Our study
addresses the high prevalence of GJB2 mutations as causative factors in hearing loss in diagnosed
patients at the Otorhino-laryngology Hospital in Ho Chi Minh City, Viet Nam. Further studies are
required to obtain a better understanding of the genetic spectrum of NSHL and to articulate its

relationship with various risk factors.
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INTRODUCTION

Hearing loss is a condition of partially or totally los-
ing the ability to hear. Nearly 500 million people

around the world have hearing loss’

. Among chil-
dren, 1.1 per 1000 newborns are diagnosed with se-
vere or even profound bilateral hearing loss?. This
condition of deficiency in children impedes or even
postpones the acquisition of spoken language>. Ad-
ditionally, hearing impairment can also negatively af-
fect a child’s learning ability and educational achieve-
ments®.

There are numerous causes of hearing loss, but more
than 50% are related to genes and gene mutations?>.
Many genes are involved in this process, and re-
search has shown that mutations in the GJB2 gene
are the most common in non-syndromic hearing loss
(NSHL)%’. GJB2 has mutations that replace the pro-
tein building block glycine with serine at protein posi-
tion 59 (Gly59Ser or G59S) or replace asparagine with
lysine at protein position 54. These replacements dis-
rupt the function of connexin 26, which can lead to

skin growth abnormalities and hearing impairment
by disturbing the conversion of sound waves to nerve
impulses. Meanwhile, the TECTA gene has a role in
synthesizing the alpha-tectorin protein, which is part
of the tectorial membrane in the inner ear. TECTA
mutations, which have recently been discovered, have
been found to be the fourth most common factor in
NSHLSS,
has shown that the molecular diagnostic yield rate

Research in the Vietnamese population

in severe-to-profound hearing loss patients is 31.7%,
with the GJB2 mutation being the second most preva-
lent (6.9%) after the MYO15A gene (7.2%)°.

Early diagnosis of NSHL and interventions, such as
early hearing aids or early cochlear implants, can ef-
fectively improve speech and language skills '°. How-
ever, in developing countries, including Viet Nam,
screening programs for congenital deafness are not
widely implemented, especially since genetic diagnos-
tic screening is expensive and rarely applied. There-
fore, it is important to develop a better understand-

ing of the prevalence of genetic mutations in hearing
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loss in children while also being able to examine its
associations with potential risk factors. This will pro-
vide a firm foundation for the establishment of an ad-
equate screening program. In this study, 49 pediatric
patients had their medical histories collected and an-
alyzed alongside sequencing results of the GJB2 and
TECTA genes to determine the prevalence of these
mutations in the community, as well as their asso-
ciation with certain risk factors, including living en-
vironment (urban or rural), obstetric history, blood
type, and family history of hearing loss.

METHODS

Data collection

A cross-sectional study using a random sam-
pling technique was conducted at the Otorhino-
laryngology Hospital in Ho Chi Minh City, Viet Nam
from July 2018 to October 2022. Pediatric patients
with a medical history of hearing impairment were
selected for further investigation. The patients or
their parents were interviewed for medical history
and family history of hearing loss before clinical
examinations were conducted, which included
the tympanometry test, acoustic reflex (AR) test,
otoacoustic emissions (OAE) test, and auditory
brainstem response (ABR) test. Patients who were
diagnosed with profound bilateral hearing loss (110
dB or more and absent OAE) had their blood samples
collected for polymerase chain reaction (PCR) and
direct DNA sequencing for GJB2 (connexin 26) and
TECTA mutations.

analyzed using SnapGene software.

The results were collected and

Statistical analysis

Data were organized in a spreadsheet using Microsoft
Excel and analyzed using IBM SPSS Statistics, Ver-
sion 20.0 (IBM Corp., Armonk, NY, USA). Percent-
ages were reported for qualitative variables, while
mean (and standard deviation) or median (and in-
terquartile range) were used for quantitative variables
(depending on data distribution, confirmed by the
Shapiro-Wilk normality test). Prevalence ratios (with
95% confidence intervals) and the chi-square test or
Fisher’s exact test (if applicable) were used to deter-
mine significant differences in risk factors between
patients with and without gene mutations. A p-value
< 0.05 was considered statistically significant.

DNA isolation

For each subject, one venous blood sample (2 - 3 mL)
was collected in an EDTA tube. Genomic DNA was
extracted from peripheral blood lymphocytes using
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the E.Z.N.A. DNA mini Blood Kit (Omega Bio-Tek
Inc., Norcross, GA, USA), according to the manufac-
turer’s protocol. Concentrations of extracted DNA
were stored at —20°C until use.

Pyrosequencing

Pyrosequencing was performed on a 3500 Genetic
Analyzer (Applied Biosystems/Thermo Fisher Scien-
tific, Waltham, MA, USA). The primers used for PCR
and pyrosequencing (IDT Integrated DNA Technolo-
gies, Coralville, IA, USA), as well as the sizes of the
corresponding amplicons, are presented in Table 1.
The PCR reaction mixture was as follows: 10 L Qi-
agen Master Mix (Hilden, Germany), 3 uL nuclease-
free water, 1 L of each primer, and 5 uL (~150 - 200
ng) of genomic DNA in a final volume of 50 pL. The
cycling conditions were 95°C for 15 minutes, followed
by 40 cycles at 95°C for 15 seconds, 52°C for 45 sec-
onds, and 72°C for 60 seconds, with a final extension
step at 72°C for 5 minutes.

For each target gene, a sequencing primer was further
hybridized to the PCR product and incubated with
One
dNTP was added to the reaction mixture at a time

reagents containing enzymes and substrates.

and incorporated into the DNA strand if it was com-
plementary to the base in the template strand. The
incorporation resulted in a release of pyrophosphate
that was converted to ATP, which in turn drove
the conversion of the substrate luciferin to oxylu-
ciferin, thereby generating light corresponding to a
peak (Figure 1).

RESULTS

A total of 49 pediatric patients with severe-to-
profound hearing loss were included in this study.
There were 23 (46.9%) males and 26 (53.1%) females.
The median age was 5 (3-11) years old (not normally
distributed, p < 0.001, Shapiro-Wilk test), and the
age range was 1-18 years old. Most patients were
diagnosed with hearing loss at the age of 2 years or
younger, with 30.6% being diagnosed before 1 year of
age; 24.5% and 32.7% were diagnosed at 1 and 2 years
old, respectively. The oldest age at the time of diagno-
sis was 12 years. The median age of cochlear implan-
tation was 6 (3-11) years, with a range from 1 to 18
years (not normally distributed, p = 0.002, Shapiro-
Wilk test) (Table 2).

Regarding risk factors, there were 30 (61.2%) patients
from urban regions. Three (6.1%) cases had a fam-
ily history of prelingual hearing loss, and 21 (42.9%)
cases had an abnormal obstetric history. The abnor-
mal obstetric events of the mothers were recorded
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Table 1: Target genes and related single nucleotide polymorphisms: primers and probes used in assays

Target Description  Location Primers  Forward and reverse primers (5’-3’) used in Target
gene polymerase chain reaction size (bp)
GJB2 Gap 13q12.11  GJB2-F GCATTCGTCTTTTCCAGAGCAAACCGCCC 814 bp
junction
beta-2 GJB2-R GGGAAATGCTAGCGACTGAGCCTTGACAGC
WECI - Alghe 119233 TECTA-F  AGTCCAGGGGTCACTTTCAAATGTAAAGGCA 523 bp
tectorin
o TECTA-R  GCGTTAAGCCAATGACTGGTTGACAATTC

Table 2: Data on clinical history and associations with having a GJB2 mutation

Risk factors Number of With GJB2 PR (95% CI) p-value
cases mutation

(N=49) (N=12)
Urban environment 30 (61.2%) 9 (75.0%) 1.900 (0.588-6.143) 0.323*
Family history of prelingual 3(6.1%) 1(8.3%) 1.394 (0.259-7.489) 1.000*
hearing loss
Abnormal obstetric history 21 (42.9%) 6 (50.0%) 1.333 (0.500-3.553) 0.565
Rash 9 (18.4%) 1(8.3%) 0.404 (0.060-2.743) 0.420*
Fever 7 (14.3%) 1 (8.3%) 0.545 (0.083-3.590) 0.665*
First trimester 3(6.1%) 0 (0.0%) 0.566*
Second trimester 3 (6.1%) 0 (0.0%) 0.566*
Third trimester 1 (2.0%) 1 (8.3%) 4.364 (2.597-7.331) 0.245*
Preterm birth 8(16.3%) 4(33.3%) 2.563 (1.010-6.501) 0.088*
Cesarean section 9 (18.4%) 2 (16.7%) 0.889 (0.234-3.378) 1.000*
Blood type (Two cases were missing, N = 47, 11 cases with G/B2 mutation)
A+ 9(19.1%) 2(18.2%) 0.938 (0.243-3.615) 1.000*
B+ 20 (42.6%) 5 (45.5%) 1.125 (0.399-3.172) 1.000*
AB+ 2 (4.3%) 1(9.1%) 2.250 (0.507-9.981) 0.417*
O+ 16 (34.0%) 3 (27.3%) 0.727 (0.223-2.369) 0.725*

* Fisher’s exact test

as follows: Cesarean birth and having rashes dur-
ing pregnancy accounted for 18.4% each, followed
by 16.3% who had preterm birth, and 14.3% who
had a fever during pregnancy. Blood type informa-
tion was also collected. Blood types B and O were
the two most prevalent (42.6% and 34.0%, respec-
tively), followed by 19.1% for type A, and 4.3% for
type AB. All cases were Rh-positive. Despite having
the lowest prevalence, the rate of carrying a G/B2 mu-
tation in children with AB-positive blood was notably
high (50%). As for mutational screening/sequencing
results, no TECTA gene mutations were detected.
However, GJB2 mutations were identified in 12 pa-
tients, accounting for 24.5% of all cases. There were
four (8.2%) cases of heterozygous c.109G>A (V37I),

four (8.2%) cases of homozygous ¢.109G>A (V37I),
one (2.0%) case of heterozygous ¢.299-300delAT, one
(2.0%) case of heterozygous c.341A>G, one (2.0%)
case of heterozygous c.235DelC combined with het-
erozygous c.364DelA, and one case (2.0%) of het-
erozygous ¢.109G>A combined with heterozygous
€.299-300Del AT. The number of cases with GJB2 mu-
tations separated by gender are demonstrated in Fig-
ure 2. There were 7 boys with GJB2 mutations,
with 3 cases of heterozygous c.314A>G, heterozy-
gous ¢.109G>A combined with heterozygous c.299-
300DelAT, and heterozygous ¢.299-300delAT were
only identified in male patients. In comparison, 5
girls were diagnosed with GJB2 mutations, and one
case of heterozygous ¢.235DelC combined with het-
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Figure 1: Results of genes TECTA and GJB2 by pyrosequencing. Only the representative wildtype of TECTA
genes was detected by Sanger sequencing, the collected samples did not carry any targeted TECTA mutations.

erozygous c.364DelA was diagnosed in female patient
only.When analyzed with risk factor data, preterm
birth may potentially be associated with carrying a
GJB2 mutation in children with profound bilateral
hearing loss, with a prevalence ratio of 2.563 (95%
CI: 1.010-6.501), even though p = 0.088 (p < 0.05).
No significant association was found between having
GJB2 mutated genes and other factors, such as liv-
ing in urban areas, having a family history of prelin-
gual deafness, having an abnormal obstetric history,
or having any specific blood type (p > 0.05, chi-square
test or Fisher’s exact test) (Table 2).

DISCUSSION

Hereditary hearing loss is one of the most common
congenital disorders, with approximately 3 out of
1,000 newborns having reduced bilateral hearing sen-
sitivity at the time of screening. In developing coun-
tries like Vietnam, congenital hearing loss can be af-
fected by environmental and hereditary factors, with
the latter involved in nearly 50-60% of cases!!. Es-
tablishing a genetic basis plays a crucial role in the
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diagnosis, intervention, and treatment of congenital
NSHL. However, this process can be difficult since
more than 300 genes are considered to be related to
NSHL due to the complex structure of the hearing sys-
tem 2. Therefore, knowing which genes to target and
which children to test is crucial to delivering an effec-
tive and achievable screening program.

Only pediatric patients were included in our study,
with a median age of 5 (3-11) years old. Interest-
ingly, the age at time of hearing loss diagnosis was
most often 2 years or even younger, while the median
age of intervention was 6 (3-11) years, suggesting that
hearing loss treatment was delayed, which could neg-
atively affect the acquisition of speech and learning
abilities. Treatment costs may be the primary cause
of delays in a developing country like Viet Nam. Fur-
ther research is required to draw a conclusion on this
matter and to establish a basis for the development of
medical policies.

Regarding the genetic etiology of hearing loss, GJB2
mutations were identified in 24.5% of our cases. Our
result was remarkably higher when compared to a
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Figure 2: Number of cases with GJB2 mutations by gender.

prevalence of just 6.9% from a study in Children 1
Hospital —Ho Chi Minh City in Viet Nam in 2016;
notably, that study included all severities of hearing
loss®. A study conducted at the University of Iowa
in 2016 showed a very similar result to our finding
of a rate of 21.6%°. Research from China published
in 2002 found a GJB2 mutation rate of approximately
20%13. A proportion of 18.17% of deaf Iranian pa-
tients had G/B2 mutations”. These results suggest that
GJB2 mutations were still the most frequent causative
factor in genetic-related deafness in children.

In our study, in detail, G/B2 mutations included four
(8.2%) cases identified as heterozygous c.109G>A
(V37I), four (8.2%) cases were homozygous
c.109G>A (V37I), and one case (2.0%) was het-
erozygous ¢.109G>A combined with heterozygous
€.299-300DelAT (Figure 2).
generally higher compared to results from a study
at Chinese PLA General Hospital, which found that
8.13% of patients had GJB2 p.V37I variations, with
heterozygous p.V37I in 5.38% of cases, homozygous
p-V371 in 1.48% of cases, and compound p.V371
plus other GJB2 mutations in 1.27% of cases!?.
Research from Children 1 Hospital—Ho Chi Minh
City, Viet Nam showed a prevalence of 4.6% for

Overall, this result is

the homozygous p.V37I variation of GJ/B2 and one
(1.1%) compound heterozygous V371/235delC case®.

Additionally, one (2.0%) case of heterozygous c.299-
300delAT, one (2.0%) case of heterozygous c.341A>G,
and one (2.0%) case of compound mutation (het-
erozygous c.235DelC combined with heterozygous
c.364DelA) were detected in our study. The detection
rate of the ¢.299-300delAT mutation was also low
in other studies. For example, only one (2.2%) case
of homozygous ¢.299-300delAT was detected in a
study of the Kurdish population in Iran!®. A study
conducted in China of 35 severe-to-profound deaf
patients detected only one case of ¢.299-300del AT 6.
For heterozygous ¢.341A>G, we identified one case
of a single mutation. However, this type is often re-
ported in the form of compound mutations. A study
at Children 1 Hospital—Ho Chi Minh City, Viet
Nam conducted on 96 non-syndromic congenital
hearing loss patients identified 15 (16.67%) cases of
compound mutations, which included heterozygous
c341A>G17.
patients (not restricted to children) in China found

A study of 155 hearing impaired

37 cases of heterozygous c.341A>G, with only one

case having no combined mutations!8,

This may
imply the rarity of heterozygous c.341A>G being
an independent factor in hearing loss screening.
Interestingly, a case of heterozygous c.235DelC plus
heterozygous c.364DelA might be a novel finding

since heterozygous c.235DelC is often referred to as
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a singular mutation on an allele”!3; until now, no

cases of NSHL children with heterozygous c.364DelA
mutation have been reported.

The TECTA mutation was not detected in our study.
According to other studies, its prevalence can be very
low, such as 5.2% in the University of lowa study®,
or as low as 3.2% in research from Japan!®. While
the TECTA mutation is also one of the more frequent
mutations®, a larger sample size might be necessary
to identify such rare cases.

Researching risk factors for genetic hearing loss is an
interesting topic, but to our knowledge, very few re-
ports have been published on this matter. Due to lim-
ited sample size, our data might act as a pilot study for
risk factors. Our study showed no significant associa-
tions between having GJB2 mutations and living in an
urban environment, having a family history of prelin-
gual deafness, or having an abnormal obstetric history
(p > 0.05, Fisher’s exact test). However, preterm birth
may potentially be a risk factor for carrying a GJB2
mutation, as data show a prevalence ratio of 2.563
(95% CI: 1.010-6.501) and a low p-value of 0.088. In
comparison, a study of severe-to-profound deaf pa-
tients in the Romanian population, which reported a
GJB2 carrier rate of 44.12%, showed that prematurity
and living in an urban environment can be risk factors
for a genetic etiology of hearing loss 2.

Our study found that the rate of NSHL children with
B-positive blood type was the highest (42.6%) com-
pared to O-positive blood type in the general Viet-
namese population. The rate of children with AB-
positive blood carrying a G/B2 mutation was quite
high (50%), although the sample size was very small
(only two cases), and the finding was not statisti-
cally significant (p = 0.417). Due to our study de-
sign and limited sample size, the association between
B-positive blood and NSHL, as well as between AB-
positive blood and being a mutated GJB2 carrier, can-
not be further tested to either confirm or rule out
these possible associations, so a case-control study
with an adequate sample size is required to elucidate
this matter.

Our study has several weaknesses that need to be ad-
dressed. First, the sample size is very small, which
made it difficult to detect TECTA mutations and to
draw any definitive conclusions about risk factors.
Second, due to limited resources, our study did not
include a wide range of genetic mutations but focused
only on the G/B2 and TECTA genes, so the full picture
of the genetic etiology of pediatric hearing loss might
not be clearly apparent. Nevertheless, this is one of
a few studies that establish a foundation for genetic
research on NSHL in Ho Chi Minh City, Viet Nam.

5528

In particular, it points out that there has been delayed
treatment in diagnosed children and provides a prim-
itive look into the relationship between hearing loss
in children and possible risk factors.

CONCLUSIONS

Hearing loss at an early age exposes patients to sev-
eral drawbacks if they are not diagnosed and treated
Our study
once again addresses the high prevalence of G/B2 mu-

appropriately and in a timely manner.

tations as a causative factor in hearing loss, identi-
fies one case of NSHL with a novel mutation (het-
erozygous c.235DelC + heterozygous c.364DelA), and
highlights the delay in treatment in diagnosed pa-
tients at the Otorhino-laryngology Hospital in Ho Chi
Minh City, Viet Nam. Further studies are required to
develop a better understanding of the genetic spec-
trum of NSHL and to articulate its relationship with
several risk factors, ultimately establishing a founda-
tion for the development of prophylaxis and treatment
programs.

ABBREVIATIONS

ABR: Auditory Brainstem Response, AR: Acoustic
Reflex, GJB2: Gap junction protein beta 2, NSHL:
Non-Syndromic Hearing Loss, OAE: Otoacoustic
Emission, PCR: Polymerase Chain Reaction, TECTA:
Tectorin alpha

ACKNOWLEDGMENTS

We thank all the patients and the families for their par-
ticipation in our study.

AUTHOR’S CONTRIBUTIONS

Phuong Thu Vu Hoang: analysis, interpretation of
data for the work, drafting the work; final approval of
the version to be published; Minh Xuan Ngo, Quang
Minh Le Tran, Thanh Vinh Nguyen: Substantial con-
tributions to the conception or design of the work;
Hong Giang Do, Thanh Vu Nguyen, Thu Hang Do
Thi, Dieu Hien Huynh Thi: Agreement to be account-
able for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved;
Anh Thu Ha Nguyen: Drafting the work

Chung Thuy Tran Phan: Substantial contributions to
the conception and design of the work; Final approval
of the version to be published; Phuong Thu Vu Hoang:
analysis, interpretation of data for the work, drafting
the work; final approval of the version to be published;
Minh Xuan Ngo, Quang Minh Le Tran, Thanh Vinh
Nguyen: Substantial contributions to the conception
or design of the work; Hong Giang Do, Thanh Vu



Biomedical Research and Therapy 2023, 10(1):5523-5529

Nguyen, Thu Hang Do Thi, Dieu Hien Huynh Thi:
Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropri-
ately investigated and resolved; Anh Thu Ha Nguyen:
Drafting the work; Chung Thuy Tran Phan: Substan-
tial contributions to the conception and design of the
work. All authors read and approved the final version
of the article.

FUNDING

This research is funded by Vietnam National Uni-
versity HoChiMinh City (VNU-HCM) under grant
number GENE2020-44-01.

AVAILABILITY OF DATA AND
MATERIALS

Data and materials used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

This study was conducted in accordance with the

amended Declaration of Helsinki. The institutional

review board approved the study (number of ethi-
cal approval 53/HDDD- TDHYKPNT, 20 June 2019),
and all participants provided written informed con-
sent.

CONSENT FOR PUBLICATION
Not applicable.

COMPETING INTERESTS

The authors declare that they have no competing in-
terests.

REFERENCES

1. Wilson BS, Tucci DL, Merson MH, O'Donoghue GM. Global
hearing health care: new findings and perspectives. Lancet.
2017;390(10111):2503-15. PMID: 28705460. Available from:
10.1016/50140-6736(17)31073-5.

2. Butcher E, Dezateux C, Cortina-Borja M, Knowles RL. Preva-
lence of permanent childhood hearing loss detected at the
universal newborn hearing screen: systematic review and
meta-analysis.  PLoS One. 2019;14(7):e0219600. ~ PMID:
31295316. Available from: 10.1371/journal.pone.0219600.

3. Tomblin JB, Harrison M, Ambrose SE, Walker EA, Oleson JJ,
Moeller MP.  Language Outcomes in Young Children with
Mild to Severe Hearing Loss. Ear and Hearing. 2015;36(0
1):76-91. PMID: 26731161. Available from: 10.1097/AUD.
0000000000000219.

4. Marschark M, Shaver DM, Nagle KM, Newman LA. Predicting
the Academic Achievement of Deaf and Hard-of-Hearing Stu-
dents From Individual, Household, Communication, and Ed-
ucational Factors. Exceptional Children. 2015;81(3):350-69.
PMID: 26549890. Available from: 10.1177/0014402914563700.

5529

5.

20.

. Morton CC, Nance WE.

Khela H, Kenna MA. Genetics of pediatric hearing loss: A
functional perspective. Laryngoscope Investigative Otolaryn-
gology. 2020;5(3):511-9. PMID: 32596495. Available from:
10.1002/1i02.390.

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

CJ, Frees KL. Comprehensive genetic testing in the clinical
evaluation of 1119 patients with hearing loss. Human Ge-
netics. 2016;135(4):441-50. PMID: 26969326. Available from:
10.1007/s00439-016-1648-8.

. Mahdieh N, Rabbani B, Wiley S, Akbari MT, Zeinali S. Ge-

netic causes of nonsyndromic hearing loss in Iran in com-
parison with other populations. Journal of Human Genet-
ics. 2010;55(10):639-48. PMID: 20739942. Available from:
10.1038/jhg.2010.96.

. Dodson KM, Georgolios A, Barr N, Nguyen B, Sismanis A, Arnos

KS. Etiology of unilateral hearing loss in a national heredi-
tary deafness repository. American Journal of Otolaryngol-
ogy. 2012;33(5):590-4. PMID: 22534022. Available from:
10.1016/j.amjoto.2012.03.005.

. Han JJ, Nguyen PD, Oh DY, Han JH, Kim AR, Kim MY. Elu-

cidation of the unique mutation spectrum of severe hearing
loss in a Vietnamese pediatric population. Scientific Reports.
2019;9(1):1604. PMID: 30733538. Available from: 10.1038/
s41598-018-38245-4.

. Lieu JE, Kenna M, Anne S, Davidson L. Hearing Loss in Chil-

dren: A Review. Journal of the American Medical Association.
2020;324(21):2195-205. PMID: 33258894. Available from:
10.1001/jama.2020.17647.

Newborn hearing screening -
silent revolution. The New England Journal of Medicine.
2006;354(20):2151-64. PMID: 16707752.  Available from:
10.1056/NEJMra050700.

. Lin X, Tang W, Ahmad S, Lu J, Colby CC, Zhu J. Applications

of targeted gene capture and next-generation sequencing
technologies in studies of human deafness and other genetic
disabilities. Hearing Research. 2012;288(1-2):67-76. PMID:
22269275. Available from: 10.1016/j.heares.2012.01.004.

. LiuY,Ke X, Qi Y, Li W, Zhu P. Connexin26 gene ( GJB2): preva-

lence of mutations in the Chinese population. Journal of Hu-
man Genetics. 2002;47(12):688-90. PMID: 12522692. Avail-
able from: 10.1007/s100380200106.

. Huang S, Huang B, Wang G, Yuan Y, Dai P. The Relationship be-

tween the p.V371 Mutation in GJB2 and Hearing Phenotypes
in Chinese Individuals. PLoS One. 2015;10(6):e0129662. PMID:
26061099. Available from: 10.1371/journal.pone.0129662.

. Azadegan-Dehkordi F, Bahrami T, Shirzad M, Karbasi G, Yaz-

danpanahi N, Farrokhi E, et al. Mutations in GJB2 as Major
Causes of Autosomal Recessive Non-Syndromic Hearing Loss:
First Report of ¢.299-300delAT Mutation in Kurdish Popula-
tion of Iran. Journal of Audiology & Otology. 2019;23(1):20-6.
PMID: 30518198. Available from: 10.7874/ja0.2018.00185.

. Chen G, Fu S, Dong J, Chen P. Low frequency of GJB2 mu-

tations in thirty-five students with hearing loss in Chinese
consanguineous families. International Journal of Pediatric
Otorhinolaryngology. 2011;75(12):1535-7. PMID: 21962949.
Available from: 10.1016/j.ijpor].2011.09.001.

. Dinh N, Nguyen DH, Lam TH, Nguyen KT, Nguyen CD, Nguyen

H. Mutational Analysis of GJB2 Gene in Non-Syndromic Hear-
ing Loss from Patients at Children’s Hospital 1- Ho Chi Minh
City, Vietnam. SM Otolaryngology. 2017;1(2):1-6. Available
from: 10.36876/smotol.1009.

. Jiang Y, Huang S, Deng T, Wu L, Chen J, Kang D. Mutation

Spectrum of Common Deafness-Causing Genes in Patients
with Non-Syndromic Deafness in the Xiamen Area, China.
PLoS One. 2015;10(8):e0135088. PMID: 26252218. Available
from: 10.1371/journal.pone.0135088.

. Yasukawa R, Moteki H, Nishio SY, Ishikawa K, Abe S, Honkura

Y. The Prevalence and Clinical Characteristics of TECTA-
Associated Autosomal Dominant Hearing Loss.  Genes.
2019;10(10):744. PMID: 31554319. Available from: 10.3390/
genes10100744.

Neagu A, Mocanu Al, Bonciu A, CoadG, Mocanu H. Preva-
lence of GJB2 gene mutations correlated to presence of clini-
cal and environmental risk factors in the etiology of congeni-
tal sensorineural hearing loss of the Romanian population. Ex-
perimental and Therapeutic Medicine. 2021;21(6):612. PMID:
33936269. Available from: 10.3892/etm.2021.10044.


https://www.ncbi.nlm.nih.gov/pubmed/28705460
10.1016/S0140-6736(17)31073-5
https://www.ncbi.nlm.nih.gov/pubmed/31295316
10.1371/journal.pone.0219600
https://www.ncbi.nlm.nih.gov/pubmed/26731161
10.1097/AUD.0000000000000219
10.1097/AUD.0000000000000219
https://www.ncbi.nlm.nih.gov/pubmed/26549890
10.1177/0014402914563700
https://www.ncbi.nlm.nih.gov/pubmed/32596495
10.1002/lio2.390
https://www.ncbi.nlm.nih.gov/pubmed/26969326
10.1007/s00439-016-1648-8
https://www.ncbi.nlm.nih.gov/pubmed/20739942
10.1038/jhg.2010.96
https://www.ncbi.nlm.nih.gov/pubmed/22534022
10.1016/j.amjoto.2012.03.005
https://www.ncbi.nlm.nih.gov/pubmed/30733538
10.1038/s41598-018-38245-4
10.1038/s41598-018-38245-4
https://www.ncbi.nlm.nih.gov/pubmed/33258894
10.1001/jama.2020.17647
https://www.ncbi.nlm.nih.gov/pubmed/16707752
10.1056/NEJMra050700
https://www.ncbi.nlm.nih.gov/pubmed/22269275
10.1016/j.heares.2012.01.004
https://www.ncbi.nlm.nih.gov/pubmed/12522692
10.1007/s100380200106
https://www.ncbi.nlm.nih.gov/pubmed/26061099
10.1371/journal.pone.0129662
https://www.ncbi.nlm.nih.gov/pubmed/30518198
10.7874/jao.2018.00185
https://www.ncbi.nlm.nih.gov/pubmed/21962949
10.1016/j.ijporl.2011.09.001
10.36876/smotol.1009
https://www.ncbi.nlm.nih.gov/pubmed/26252218
10.1371/journal.pone.0135088
https://www.ncbi.nlm.nih.gov/pubmed/31554319
10.3390/genes10100744
10.3390/genes10100744

	Prevalence of GJB2 and TECTA gene mutations in children with non-syndromic hearing loss visiting an Otorhino-laryngology Hospital in Ho Chi Minh City, Viet Nam
	Introduction
	Methods
	Data collection
	Statistical analysis
	DNA isolation
	Pyrosequencing

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments 
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References




