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Abstract: Deafness is one of the most common birth defects in newborns, ranking at the top 

of the five major disabilities. It is essential to perform rapid and precise genetic screening 

for combined hearing and deafness in newborns immediately after birth. In recent years, 

due to the rapid advancements in molecular biology technology, research into deafness 

genes has deepened significantly. Selecting the appropriate genetic tests enhances the 

detection rate of deafness genes. Choosing suitable intervention strategies can effectively 

avoid the progression from deafness to muteness. This ensures that children with congenital 

hearing impairments receive timely and effective interventions and treatments, reducing the 

incidence of neonatal deafness and enhancing the quality of life for deaf children. This 

review summarizes the current state of hereditary hearing loss, aiming to offer optimal 

guidance for advancing combined newborn hearing and genetic screening in clinical 

practice. 

1. Introduction 

The most common cause of neonatal deafness is genetic. In clinical practice, universal newborn 

hearing screening is performed after birth; however, it cannot identify the cause at an early stage. 

Performing genetic testing for deafness in the neonatal period allows for early detection of carriers, 

clarification of the molecular causes, and timely, targeted interventions and treatments. This can 

effectively prevent the onset of deafness and enhance the quality of life for deaf children in later 

stages. The most common deafness genes in China are GJB2, GJB3, SLC26A4, and mitochondrial 

12SrRNA[1]. Genetic testing methods include DNA sequencing, gene chip analysis, polymerase 

chain reaction (PCR) with flow-through hybridization, matrix-assisted laser desorption ionization 

time-of-flight mass spectrometry, multiplex displacement amplification and single nucleotide 

polymorphism (SNP) typing, denaturing high-performance liquid chromatography, and high-

throughput sequencing (NGS)[2]. All these methods are applicable for deafness gene testing. This 

article reviews the current state of congenital hearing impairment, aiming to offer optimal guidance 

for the clinical advancement of combined neonatal hearing and deafness gene screening. 

MEDS Basic Medicine (2024) 
Clausius Scientific Press, Canada

DOI: 10.23977/medbm.2024.020211 
ISSN 2616-2091 Vol. 2 Num. 2

76

mailto:514332846@qq.com


2. Background and significance 

The implementation of newborn hearing screening gradually began in China in the late 1990s 

and has been progressively improved and promoted over the following years. After years of effort, 

significant progress has been made, and newborn hearing screening is now widely conducted across 

the country. In 2004, the Ministry of Health issued the "Technical Specifications for Newborn 

Hearing Screening," which was revised by an expert group in 2010. It explicitly requires that all 

newborns who do not pass the screening should undergo comprehensive audiological and medical 

evaluations within three months of birth. Infants diagnosed with permanent hearing loss should 

receive intervention treatment as soon as possible within six months to maximize their auditory and 

speech communication abilities and cognitive development[3]. 

Newborn hearing screening is an important clinical method for diagnosing hearing loss and has 

shown significant clinical effectiveness. However, its effectiveness in diagnosing drug-induced and 

delayed-onset hearing loss is relatively poor. At present, scholars suggest that combining hearing 

screening with genetic testing for deafness can effectively prevent the occurrence and development 

of hearing loss and improve prognosis. In 2007, Qiuju Wang[4] and her team first proposed the 

concept of "combined newborn hearing and deafness gene screening" in China, which has since 

been gradually carried out nationwide. Beijing took the lead in 2012, and now many provinces and 

cities across the country, including Chengdu, Dalian, Suzhou, Shenyang, Zhengzhou, Changsha, 

Jinan, Nanjing, Tianjin, and Wuhan[5], have implemented combined newborn hearing and deafness 

gene screening. Quality control systems for this combined screening are gradually being established 

nationwide. 

With the development of the combined newborn hearing and deafness gene screening system, 

many newborns with hearing loss are being detected within a few weeks after birth, significantly the 

diagnosis age to 2-3 months. Early diagnosis and intervention can significantly improve their 

language and developmental outcomes. Although the incidence of hearing loss in children is lower 

than in adults, the consequences are more severe. If unaddressed, hearing loss in children can affect 

their speech development, reading abilities, and academic performance, further impacting their 

cognitive abilities and social development. Early identification and timely intervention can reduce 

adverse outcomes. 

In 2019, Professor Qiuju Wang[6] and her research team followed up with 1.2 million newborns 

who had completed genetic screening in China. The results showed that combined newborn hearing 

and genetic screening significantly reduced the incidence of hearing loss. A study by Shihao Zhou[7] 

and others on 152,676 newborns in Changsha, which included testing for four or more deafness-

related genes, found a mutation carrier rate of 4.57%, with 438 newborns (0.29%) having a risk of 

drug-induced hearing loss that could not be detected by hearing screening alone. Therefore, 

combined newborn hearing and deafness gene screening is of great significance. 

3. Overview 

3.1. Etiology and classification 

Congenital deafness refers to hearing loss caused by abnormal maternal pregnancy, abnormal 

delivery processes, or genetic factors, and it can be categorized into two major types: genetic and 

non-genetic. The causes of hearing loss include various environmental factors such as infections 

and ototoxic medications. However, in developed countries, genetic factors account for 50%-60% 

of hearing loss in children[8]. Genetic hearing loss can be further divided into syndromic hearing 

loss (SHL) and non-syndromic hearing loss (NSHL), with NSHL accounting for approximately 

70%[9]. In terms of inheritance patterns, genetic hearing loss can be classified into autosomal 
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dominant, autosomal recessive, X-linked, and mitochondrial maternal inheritance[10]. NSHL is more 

commonly associated with autosomal recessive inheritance. 

3.2. Epidemiology 

According to reports, the prevalence of congenital deafness in newborns is about 1.8/1000, 

increasing to approximately 2.7/1000 by age five, and reaching around 3.5/1000 during 

adolescence[11]. Based on 2024 statistics from the World Health Organization, over 5% of the global 

population (approximately 430 million people) have hearing disabilities. It is estimated that by 2050, 

more than 700 million people, or one-tenth of the global population, will experience disabling 

hearing loss[12]. Epidemiological studies suggest that the majority of nonsyndromic hearing loss 

(NSHL) cases are monogenic, with the primary causes in China being mutations in the genes GJB2, 

GJB3, SLC26A4, and mitochondrial 12SrRNA[1]. Therefore, genetic testing for hearing loss in 

newborns can determine if they carry deafness-related genes, which can inform the need for early 

intervention to ensure children do not miss the optimal period for language learning. Combining 

newborn hearing screening with genetic screening for deafness can complement each other and 

significantly improve the early detection rate of-risk factors for hearing loss., the World Health 

Organization advocates for early diagnosis and detection of the disease, as timely intervention can 

reduce the risk of hearing loss[12]. According to the "Technical Specifications for Newborn 

Screening" and the "Specifications for Genetic Screening of Hereditary Deafness," it is 

recommended that all newborns undergo combined hearing and genetic screening for deafness 

within three days of birth[13]. 

3.3. High risk factors 

The high-risk factors for hearing loss primarily include[3.14]: 

1) Neonatal intensive care unit (NICU) stay of more than 5 days;  

2) Family history of hereditary childhood hearing loss;  

3) Intrauterine infections caused by cytomegalovirus, rubella virus, herpes virus, syphilis, 

toxoplasmosis, etc.; 

4) Viral or bacterial meningitis;  

5) Neonatal asphyxia (e.g., Apgar score of ≤7 at 1 minute or 5 minutes, accompanied by 

umbilical artery blood gas pH <7.2);  

6) Neonatal respiratory distress syndrome; 

7) Mechanical ventilation; 

8) Extracorporeal membrane oxygenation (ECMO); 

9) Neonatal hyperbilirubinemia requiring exchange transfusion; 

10) Maternal use of ototoxic drugs or loop diuretics during pregnancy, or substance abuse and 

alcohol consumption; 

11) Extremely low birth weight infants; 

12) Craniofacial anomalies (e.g., malformations of the auricle or ear canal, cleft lip, cleft palate, 

etc.). 

4. Main research methods 

4.1. Newborn hearing screening 

The commonly used method for newborn hearing screening is Otoacoustic Emission (OAE)[15]. 

OAE is a series of distortion signals generated when the cochlea is simultaneously stimulated by 
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two initial pure tones with a certain frequency ratio, due to the nonlinear modulation effect of the 

basilar membrane. These signals are transmitted to the external ear canal through the ossicular chain 

and tympanic membrane, and the audio energy is recorded. However, OAE cannot reflect the 

condition of the auditory neural pathway beyond the cochlea, so it should be combined with the 

Auditory Brainstem Response (ABR). ABR is another rapid detection method for evoked potentials, 

using a specialized probe for quick newborn hearing screening. It can detect not only conductive 

hearing loss but also post-cochlear lesions, and ABR has higher specificity[16]. The degree of 

hearing loss in infants is mainly assessed through ABR, which represents the current clinical gold 

standard[17]. Combining both methods can more effectively reduce the rate of missed diagnoses. The 

combination of OAE and ABR leverages each other’s strengths to comprehensively reflect the 

physiological functions and pathological phenomena of the auditory pathway from the cochlea to 

the brainstem[18]. Yangping Zhuang[16] and teams reported that in newborn hearing screening, the 

combined use of OAE and ABR has higher value compared to using either method alone, thereby 

improving screening accuracy. 

4.2. Genetic testing methods 

Currently, commonly used gene detection methods include DNA sequencing technology, gene 

chip technology, high-throughput gene genotyping detection technology, PCR + flow-through 

hybridization technology, and matrix-assisted laser desorption ionization time-of-flight mass 

spectrometry (MALDI-TOF MS)[2]. The first three are often used for hearing loss gene detection. 

Gene chip technology, introduced in 1995, is widely used in clinical applications for hearing loss 

gene detection due to its high throughput, relatively simple operation, and easy interpretation of 

results[18]. Next-generation sequencing (NGS), introduced in 2005, offers extensive detection 

capabilities for known genes and the ability to identify unknown genes, thereby providing effective 

assistance for early diagnosis. Sanger sequencing, known for its high accuracy, is considered the 

gold standard for gene diagnosis. However, due to its low throughput, time-consuming process, and 

high cost, it is not routinely used and is only employed for further validation of homozygous 

mutations and abnormal mutations (where both normal and mutant points are not colored). Sanger 

sequencing is commonly used for gene mutations at specific sites[2]. Gene chip technology is often 

used for large-scale population screening and multi-gene mutation detection[18]. High-throughput 

sequencing technology is commonly used for detecting rare hearing loss gene mutations and single-

gene heterozygous mutation patients[19]. 

5. Common deafness genes in China 

5.1. GJB2 gene 

With the progress of extensive research, the most common deafness susceptibility genes in China 

have been identified[1]. Among the deafness susceptibility genes in China, the highest detection rate 

is for the GJB2 gene. The GJB2 gene, located on chromosome 13 at 13q11-q12, is primarily 

inherited in an autosomal recessive pattern, with the gene locus designated as DFNB1. The GJB2 

gene encodes the protein Gap Junction Protein 26 (Connexin 26, Cx26), which is mainly expressed 

in the non-sensory epithelial cells and connective tissue cells of the cochlea. The Cx26 protein 

forms intercellular channels on the surface of adjacent cells and is involved in the potassium ion 

cycle from hair cells to the stria vascularis. It is responsible for regulating the lymph fluid that flows 

back into the cochlea from the inner ear hair cells. Through these channels, potassium ions are 

pumped back into the cochlear endolymph, thereby maintaining the endolymphatic potential of the 

cochlea and sensing incoming sounds. Mutations in the GJB2 gene result in disturbances of inner 
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ear electrolyte balance and retention of metabolic by-products, leading to apoptosis of hair cells. 

The c.235delC mutation in GJB2 is a common mutation site causing Sensorineural Hearing Loss 

(SHL) and is associated with autosomal recessive Non-Syndromic Hearing Loss (NSHL) and 

auditory neuropathy spectrum disorders[20-21]. Research by Guo Xuehong[22] and others has found 

that the GJB2 gene is a pathogenic factor associated with congenital deafness or severe-to-profound 

sensorineural hearing loss, and it is also the first hereditary deafness gene to be cloned and 

identified in humans. Dai Pu[23] and others discovered that the proportion of NSHL caused by GJB2 

gene mutations in different regions of China ranges from 4% to 30%, with c.235delC being the 

main mutation site, having a mutation rate of 13% to 21%, followed by the c.299-300delAT 

mutation. Research by Wang Leilei[24] and others showed that the detection rate of GJB2 gene 

mutations in 117 non-syndromic deaf patients was 21%; therefore, it is believed that the synergistic 

effect of the compound heterozygous mutations c.235delC + c.299-300delAT is the pathogenic 

gene mutation causing deafness in patients. 

5.2. SLC26A4 gene 

The SLC26A4 gene is the second most common gene associated with hearing loss susceptibility. 

This gene is located on chromosome 7 at position 7q31 and follows an autosomal recessive 

inheritance pattern, with its locus designated as DFNB4. The SLC26A4 gene encodes the Pendrin 

protein, and is therefore also known as the PDS gene. Pendrin protein is widely expressed in the 

thyroid gland, kidneys, and inner ear. In the inner ear, it is primarily expressed in the endolymphatic 

duct, endolymphatic sac, saccule, and macula. Its main function is anion transport. Mutations in the 

SLC26A4 gene primarily cause NSHL (non-syndromic hearing loss) and Pendred syndrome, which 

is characterized by hearing loss and thyroid goiter. Both conditions manifest as bilateral 

sensorineural hearing loss and inner earformations, but these are rarely detected in newborns 

because thyroid function is normal at birth. Most children with Pendred syndrome do not develop 

goiter until around age 20, making early diagnosis challenging. Chinese patients with large 

vestibular aqueduct syndrome (LVAS) have a higher mutation rate at the c.919-2 site of the 

SLC26A4 gene[25]. The vestibular aqueduct is a bony channel that connects the cochlea to the 

cerebrospinal fluid in the posterior cranial fossa. It helps maintain the metabolic environment 

balance by allowing unidirectional flow of endolymph within the endolymphatic duct, essential for 

the metabolic homeostasis of inner ear hair cells (auditory cells). An enlarged vestibular aqueduct 

leads to an enlarged endolymphatic, causing endolymph reflux, disrupting the metabolic 

environment of hair cells, and resulting in sensorineural hearing loss due to toxic damage to the hair 

cells. The molecular mechanism for the enlargement of the endolymphatic duct may involve 

impaired absorption of sodium ions, chloride ions, and water by the endolymphatic sac during 

development. LVAS is the most common inner ear malformation in newborns. Most children with 

LVAS do not show symptoms at birth but develop hearing loss due to triggers such as colds, fevers, 

high decibel exposure, or head trauma, commonly referred to as "sudden slap-induced deafness." 

Liu Licui[26] et al. analyzed the audiological phenotypes and deafness gene mutation characteristics 

in 558 children with NSHL, finding that SLC26A4 gene mutations were detected in 22.2% of 

patients with severe hearing loss and 14.8% of those with profound hearing loss. Huang Lihui[27] et 

al. studied 18 children (36 ears) with hearing loss caused by SLC26A4 gene mutations, finding that 

50.00% had profound hearing loss and 36.11% had severe hearing loss. Therefore, hearing loss in 

children with SLC26A4 gene mutations is predominantly severe to profound. 

5.3. Mitochondrial DNA genes 

The earliest discovered mutation site in mitochondrial DNA (Mitochondrial DeoxyriboNucleic 
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Acid, mtDNA) related to hereditary deafness is the A1555G mutation. mtDNA mutations primarily 

occur in the 12SrRNA gene and tRNASer gene[28]. The mechanism of deafness may be due to the 

A1555G mutation in the 12SrRNA of mtDNA, which affects the normal synthesis of ribosomal 

proteins and the production of adenosine triphosphate. The A1555G mutation causes ribosomes to 

resemble bacterial ribosomes, making individuals with the 12SrRNA-A1555G mutation more 

susceptible to damage by aminoglycoside antibiotics. This impacts the function of inner hair cells 

and the organ of Corti, leading to hearing loss after using aminoglycoside antibiotics. Even minimal 

or therapeutic doses of aminoglycoside drugs can induce tinnitus or more severe hearing damage. 

This constitutes a significant molecular basis for hearing loss induced by aminoglycoside 

antibiotics[22]. The 12SrRNA-A1555G mutation is characterized by maternal inheritance and a 

mitochondrial disease threshold effect[29]. The higher the proportion of mutant mtDNA, the more 

significant the hearing loss. Changes in the quality and quantity of mtDNA are crucial factors in 

determining clinical phenotypes. Some other variations may significantly increase the response and 

sensitivity to drug toxicity, leading to NSHL. The prevalence of hearing loss following 

aminoglycoside treatment is estimated to be between 2%-25%[30]. Therefore, genetic testing for 

deafness can effectively reduce the incidence of hearing loss induced by aminoglycoside antibiotics. 

5.4. GJB3 gene 

Professor Xia Jiahui first discovered the mutation of the GJB3 gene related to hearing loss in 

1998[31]. The GJB3 gene is located on autosome 1p33-p35 and encodes the translated protein 

Connexin31 (Cx31). Genetic hearing impairment types within this gene can result in both 

autosomal recessive and autosomal dominant inheritance patterns[32], primarily manifesting as 

acquired high-frequency hearing loss. Mutations in the GJB3 gene can cause NSHL (Non-

Syndromic Hearing Loss). The 538C>T mutation directly leads to a sudden termination of coding at 

the 180-base connection. The corresponding protein expression is located at the second 

transmembrane region of the gap junction protein, which is a critical area forming the voltage-gated 

channel. This gene mutation at the site is likely to directly reduce the permeability of the gated 

channel. Guoxue Hong[22] et al. found that the pathogenic mutation sites 538C>T and 547G>A of 

the GJB3 gene are closely related to acquired high-frequency sensorineural hearing loss. 

6. Intervention 

The primary goal of hearing loss treatment is to restore or partially restore lost hearing. 

Treatment for hearing loss begins with ruling out any underlying primary diseases, followed by 

methods such as drug therapy. In the acute phase (within 14 days) of pediatric hearing loss, 

administering glucocorticoids promptly is effective. If systemic treatment fails to significantly 

improve the condition, hearing aids become necessary. Cochlear implantation is also an effective 

treatment, with surgery ideally performed before the age of 6 to maximize outcomes. Cochlear 

implants are specifically designed for patients with sensorineural hearing loss and, when combined 

with speech training, can help improve language functions to some extent. 

However, the most ideal treatment for hereditary deafness is gene therapy, which involves 

compensating for defective genes with normal ones. The basic principle is to correct or replace the 

gene mutations causing deafness using gene editing, gene replacement, and other techniques, 

thereby fundamentally restoring or improving hearing in a single intervention. Recently, Professor 

Shu Yilai and his research team at Fudan University employed the gene therapy "RRG-003" to 

permanently restore hearing in children with congenital deafness caused by OTOF (Otoferlin) gene 

mutations leading to otoferlin deficiency. This represents a significant advancement in gene therapy. 

Continuous progress in gene therapy offers new hope for treating hearing loss[33]. 
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7. Conclusion 

A deaf patient used significant social resources, thereby making early detection and intervention 

crucial to minimize such waste. As gene sequencing costs decline, genetic testing has become more 

widely adopted in clinical practice. Early genetic screening can significantly reduce costs associated 

with deafness, which is of great significance to society. Prospective studies conducted across 

various provinces and cities in China have demonstrated that this integrated approach can promptly 

identify newborns with hearing abnormalities, enabling early intervention and the prevention of 

birth defects. Therefore, it is crucial to vigorously promote combined hearing and deafness gene 

screening in clinical practice, enhance genetic counseling, and ensure regular follow-up. This 

approach ensures that infants carrying deafness genes receive early and effective prevention and 

intervention, and provides scientific guidance for marriage and childbearing to prevent the 

occurrence of deafness-related birth defects. 
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