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ABSTRACT

Title = Genetic association of consanguinity and familydmsin congenital hearing
loss

Background: Understanding how consanguinity and family histaglate to
congenital hearing loss is essential to preventing morbidity from occurring in
subsequent generations. The study's goal was terndee how strongly
consanguinity and family history relate to congainhearing loss and the genetic

prevalence of GJB2 gene in our study .

Objective: To evaluate the genetic association of consanguamtl family history of

congenital hearing loss .

Material and Methods: The case control study was done using 32 consaggusn

congenital hearing loss and 32 non-consanguineonsyndromic congenital hearing
loss. Detailed history was taken from the parerith the regard to family history of
hearing loss and consanguinity.2ml blood sampleee vedllected and DNA was

extracted and looked for GJB2 gene in both groups.

Statistical analysis: Comparative analysis between case and control grosmg
a chi-square test or fisher extract test and indégecet-test. Statistical analysis was
performed with SPSS 24.0 software. The correlati@s considered as significant

statistically ifp-value< 0.05.

Results: In our study, among consanguineous marriages, teakdown of the
degree of consanguinity showed that 37.5% of céisetsdegree relatives, 37.5%
involved second-degree relatives and 25% involvaddtdegree relatives . These

results indicated statistically a very significasdrrelation among consanguineous
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marriages and degree of consanguinity (p<0.05). wWgnochildren with
consanguineous parents, 21.88% had a familial fyistd hearing loss, whereas
18.75% of those with non-consanguineous parentsaahadhily history. This finding
showed no significant association between consaitguiand family history
suggesting that family history alone may not betrang predictor of congenital

hearing impairment when compared to the impacbakanguinity.

The genotype and allele frequencies were identitatompared two groups with
Ref/Ref and C/C variants being the most preval&iaB2 gene specifically the
rs104894396 variant (chrl3:20189511, GRCh38) whimyplves a C>T single

nucleotide variation is present in both consanguigeand non-consanguineous

group .

Conclusion: In conclusion, based on the results, a very sicguifi correlation among
consanguineous marriages and degree of consang(i0.05). The incidence of
congenital hearing loss is our study is 64 (100%)B2 gene specifically the
rs104894396 variant (chrl3:20189511, GRCh38) whiméplves a C>T single
nucleotide variation is present in both consanguiseand non-consanguineous group
indicating that mutation in GBJ2 gene is one of ¥heous cause leading to non-

syndromic congenital deafness in our study .

Keywords. Congenital hearing loss, consanguineous and nosac@uineous

marriages , GJB2 gene , Family history
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INTRODUCTION

The most prevalent sensory neuropathy in developingptries is hearing loss
with prevalence between 1-3 children per 1,000 mendyof which more than half
caused by hereditafyAccording to the 2005 estimates of WHO, 278 milljpeople
have disabling hearing impairment. The prevalenceleafness in Southeast Asia
ranges from 4.6% to 8.8 .The second most frequectorf causing years living in

disability (YLD), accounting for 4.7% of all YLD ikearing los$.

Children's speech, language, and schooling areinglacted by hearing
impairment, which frequently results in less oppoities as people with deafness
isolate from society. Hearing loss is often negdas it cannot be seen and also not
enough knowledge of parents regarding hearing progres diagnosis is also
delayed. Early recognization of deafness in childbdes an effective application of

medical, rehabilitative, and preventive intervensid

Persistent deafness of childhood is divided int@tiary in 50%, acquired in
25% and unknown in 25%.According to the phenotype, hearing loss is clasbi
either nonsyndromic or syndromic. Mostly 70% of HidLnon-syndromic while 30%
is syndromic®> 70 genes linked to nonsyndromic types, as welinase than 400
hearing loss syndromes. There are approximatelyldélGassociated with congenital
deafness, one of which is the gap junction BetaZlwis present at chromosome
13912 encoding for protein connexin 26 that’s maifdlund in cochlea and in the
epidermis®. Severe to profound autosomal recessive nonsyridrdeafness most
commonly carried by beta 2 gene (GJB2) mutatione.Bensorineural hearing
function depends on Connexin 26, a tiny molecudg iha gap junction protein which

is essential in potassium recycling in the cochl@his gene was originally associated
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with an autosomal recessive kind of deafn&skitations in connexin 26 account for
at least 20% of all hereditary hearing loss and b@%ll deafness. Connexin 26 gene
(pW24X) mutations in India accounts for more th&¥8Bof non-syndromic recessive

impairment patients.

Half of sensorineural deafness cases are causedhieyited hearing loss.
Numerous documented genes, environmental or a ffaabors that contribute to
deafness making it an etiologically diverse feat&@ignificant new understandings of
the pathophysiology of hearing have been made lplessy the discovery of over 125
distinct genes linked to deafnéSdleonatal hearing testing facilities are offered for
the universal disease in the majority of developedntries. The goal of these
programs is to screen every baby within a monthrdasirth. Better developmental
outcomes later in early childhood are supporte@dnyy diagnosis, intervention, and
therapy. Whole Genome Sequencing and Whole Exonguebeing (WGS) has
become commonplace because of the establishmexéxif Generation Sequencing
and capacity to sequence numerous base pairs amaolisly changing the approach

to disease-gene discovery.

Consanguinity is the connection among the people are descended from a
shared ancestor. The name originates from latimgeicon" indicating “with" and
"sanguis" indicating “blood” indicating blood relaships. A consanguineous
marriage is the relationship among two people wieocannected as close relatives or
second cousiff In certain parts like the Middle East, Asia, Afjcand Latin
America, consanguineous marriage are especially mmm® Consanguineous
marriages make up 20% to more than 50% of the gepepulation in the majority of

South Asia*
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Siblings of consanguineous couples are much mdedylito suffer from
inherited illnesses such as hearing loss. Despéeet deeply ingrained cultural and
social imperatives consanguineous marriage arecia$sd with increased genetic
risks including congenital hearing loss, undersapra critical public health issue
linked to this long standing traditidA. The majority of consanguineous marriages are
inbetween first cousin of mother's aswell as fatheide this tradition is especially
common in the southern states of Andhra Pradedangana, Tamilnadu as well as
Karnataka. In addition to other backward sectidhs,lower middle class, and those

with higher wealth indice¥

A child who has a family history of deafness istémes most probably like to
develop permanent hearing loss. In the southeriomegf India, family history
remains a significant risk factor. Female baby mortality rates were substantially
more than male and consanguineous group had nolycéagher stillbirth rates.
Mothers of consanguineous marriages reported aidsmably greater rate of
congenital abnormalities than mothers in non-cogsareous marriage¥. Ocular
genetic abnormalities are more likely to occur ipnsanguineous individuals.
Couples married inside biological relationships haduch greater rate of intellectual
handica?® Children born into non-consanguineous marriagedem® likely to have
low birth weights®>. The odds of their children and grandchildren eifig mental
illnesses, cardiac disease, hypertension, straabetes and stroke were shown to be
0.85%, 0.84%, 1.57%, 0.43%, 0.34%, and 0.14% réispdG in consanguineous

marriages?

In the Indian literature, to our knowledge thereretr much research linking
hearing impairment to family history. The degreeMuich consanguinity and family

history are linked to hearing impairment in Ind& mot well known. Planning
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nationwide initiatives like the Prevention of Dea$s will benefit from this data.
Furthermore, there is a dearth of literature inegian like south India where
consanguinity is quite prevalenthis study purpose is to know the prevalence of
congenital deafness in children from both consarmgpus and non-consanguineous
marriages and identifying genes involved in nonesgmic hearing loss which will

aid in prevention, proper diagnosis and understandf the underlying mechanism.
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AIMS AND OBJECTIVES

Primary objective -To identify the genetic association for congeni@hfness
in children with consanguineous marriage and famiggory
Secondary objective Fo find the incidence of congenital hearing loss in

study population
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REVIEW OF LITERATURE

Many genes have been linked to non-syndromic cdtajeteafness. Seminal
study on the genetic basis of hearing loss identi&bout 100 genes including GJB2
(connexin 26), SLC26A4 (pendred syndrome) and MYR15JB2 mutations are the
leading cause of autosomal recessive non-syndrdrearing loss accounting for

around half of cases in some populati@ﬁws

One of the major reason for congenital nonsyndrongicessive hearing
impairement is W24X gene mutation . It would beiea® diagnose deafness early if
this mutation could be found early in life. Thislivassist the subjects in putting the
intervention strategies into practice such as legreign language and using hearing
aids to improve their quality of life and obtairnrfal education. 5 out of 20 subjects

were found to have 25 % mutation in the W24X géhe.

Usher, Pendred, Treacher Collins and Alport synésmmWaardenburg
syndrome, branchio-oto-renalsyndrome , biotiniddséiciency as well as Norrie
disease are a few of the most prevalent syndroelated to congenital syndromic

hearing los$>

Gap junctions are a key intercellular communicatimechanism that is crucial
for exchanging metabolites as well as electrolyfesclass of membrane proteins
known as connexins forms gap-junction channels wiibnnexons that are
homologous in neighboring cells. By regulating tHenal growth of cell clusters,
connexins play a crucial function in development. établishing the foundation for
cortical circuits that form during synaptic growtbnnexin expression may direct the

creation of complex functional structures in thevging brain®
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Understanding these genetics behind non-syndroma&ndss is needed for
both patients and physicians. First, the patierghinbe informed about the NSHL's
aetiology. Family history, audiologic tests, termadorbone CT and blood
examinations, thyroid function assays , in certsituations an ECG to rule out

cardiac abnormalities in syndromic hearing loss .

Even so, it could be challenging to distinguishwsstn NSHL or syndromic
deafnesS. This is the point at which genetic testing becsroricial because it can
often reveal the reason for hearing impairment. iraén types of deafness - mixed,
sensorineural and conducti#®atients with a strong genetic background may be
examined for mutations prior to six months of agefore the age of six months has
been shown to dramatically improve language devetoyg with early intervention,

rehabilitation can therefore begin right away.

Second, both diagnosis and prognosis can be achibyeidentifying the
particular mutations. Since certain mutations arked to particular auditory
characteristics, prognostication can be achieveddbwtifying these variants.Tests
such as BERA were accessible and crucial for thekwyp but administering
subjective assessments to children is challengenetic tests can be used to
anticipate auditory features which gives the dodtaportant information when

scheduling hearing aid placements and follow*up.

Thirdly, those who are genetically susceptible #honot take certain
medications or engage in certain activities. Amlgogsides could cause or worsen
SHNL in people having the A1555G mitochondrial ntistas>' Even when there is
no contact to aminoglycosides it has been demdassitthat patients with the A1555G

mutation had a relatively high frequency of SNAL
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Fourth, syndromic hearing loss may be suspectenvaing related disorders
if causal mutations are found in them. DiabeteBitugis also present in people with
the mitochondrial DNA mutation A3243G. Patientshwihe SLC26A4 mutation get
goiters in addition to SNHE2 Within certain situations, doctors can anticipaiated
illnesses and check the baby for them. Fifth, posgoation following surgery may
potentially benefit from genetic testing. Desplte fact that all patients are regularly
offered cochlear implant surgery, those who hawechondrial abnormalities recover
considerably better from the procedure. Even thomnochondrial mutations that
cause SNHL are extremely uncommon, cochlear im@argery has been shown to
be quite helpful in these situations, indicatingttthe cochlea is the primary organ
affected by mitochondrial DNA alteratioffs.At last, determining the hereditary
origin of hearing loss might assist the physicianoiffering appropriate genetic

counselling.

A child born into a consanguineous marriage hawgeefold increased risk of
permanent hearing impairment, the second degremmganguinity has a threefold
increased risk and the third degree has a twofudehsed risk2 Consanguineous
marriage is a significant topic for scientists hesm of its effects on reproduction
.Research indicates that children of consanguinemugples are more likely to

experience pregnancy loss and health defécts.

Consanguineous marriage in India is mostly deteedhiby religion and the
north-south regional split in culture rather thagiseconomic status. Consanguineous
marriage was 9.9% common overall, the largest angst prevalences were seen in
the South (23%) and North-East (3.1%) regions, aetbgely. The percentage of
Muslims was 15% higher than that of Hindus (9%).e Tikelihood of women

marrying their cousins was lower for those whodiva cities, were part of nuclear
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families, had more education and were from weal#imyilies (p < 0.01). Darbhangia
Khotta Muslims in the West Bengal marriages weréwben first cousins with
incidence of 92.098’Among rural women in Karnataka's Belgaum Distrarpund

52.0% of weddings were negotiated unions betwashdousins®

In India, consanguineous marriage is common, andiest have identified a
number of contributing factors. According to earliesearch, respondents who had
previously been married, had lower educationalratiant, lived in rural regions, and

had a lower economic standing were far more likelge consanguineod®

In the Northern part of the Indian state of Bihasted that due to the
less dowry, consanguinity is more likely to be supgd by households with blood
relatives. In these kinds of unions, the newlywedker than only the groom's family
can profit from the bride's parents having somtuarfce over the dowry's utilization
0 Additionally, it has been noted that in order teserve cultural identity, people in
communities marry their cousins because there ammembers of the same cultural
group in the migrated aréa . The main justifications for choosing consangaoire
marriage in areas with high consanguinity rates @eserving the family's lineage
solidarity, making it easier for partners to find@npatible spouse, supporting female
status and better relationships with in-laws, r@uyt¢he cost of marriage, increasing
the possibility of receiving better care for elgemdividuals and most importantly
improving the stability of the marriage .Many larigeman populations highly favor
consanguineous marriage. Consanguinity's impachemeditary deafness has been
thoroughly investigated and recorded. Numerousevgihave proposed that genetic
factors account for about half of children's seim&ural hearing loss in both Indian

and western literatures .

Page 9



Review of literature

Family history is a significant component in detemimg the likelihood of
congenital deafness. Their findings emphasisedirtiportance of complete family
history assessments in clinical settings which @ande genetic testing and

counselling*?

The presence of affected relatives increased twiHbod of discovering
genetic variants linked to hearing loss. This redea@mphasises the relavance of
family history in determining the genetics landseay congenital deafne$$They
discovered that 40% of the subjects had a posiaeily history indicating a

significant genetic component in this commuritty.

CLASSIFICATION OF HEARING LOSS DETERMINED BY THE LE SION

SITE
Hearing loss
{ |
Y |
Congenta Acquired
' R ¢ v — )
 Conductive | | Sensoringural | | Mixed Organic Functional
. 4 a. Psychosomatic
Y Y ¥__ |b. Malingering
Conductive Sensorineural Mixed | c. Hysterical
3
Sensory Neural
g
Peripheral Central
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1. Conductive deafness affecting the external / miedie
2. Sensori-neural deafness that impacts the centitoay pathway, cochlear
nerve or inner ear.

3. Mixed deafness

BASED ON AETIOLOGY

Sensorineural deafness is categorised into thggestyAcquired, genetic and

unknown

1.Acquired HL - Teratogens including viral as well as pharmacialalgfactors can
cause hearing loss. HL could be caused by bioctanghysiological or viral causes.
But genetic heritage has a significant impact snpitevalence. The following risk

indicators could affect the hearing process :

a. Prenatal causes such as congenital illnesses (GiMkpes virus, smallpox,
syphilis, measles and toxoplasmosis) and ear alaiiies since birth

b. Birth factors such as preterm, low weight at biftss than 1500gm) as well
as increase bilirubin levels in blood

c. Post-delivery complications such as blood, otitesdia, mumps, and bacterial
meningitis, infections as well as autotoxin medésirike aminoglycosides as

well as head injuries or skull fractures .

2. Genetic HL: The inheritance of HL was described by Irish ptigs William Wild
in the early 1800s. He makes a distinction betweecessive and dominant
inheritance in his idea. He also discovered thdinked transmission was more

common in men.
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SEVERITY - Decibels is the unit of sound (dB), which are fogarithm of the

intensity of the sound wave divided by 10 -15 dBhs typical hearing threshold. The

normal level for a conversation is between 45 ahdB.
DURATION - HL is divided into the following kinds accordirig the age of onset:

a. Prelingual: Hearing loss develops prior to learnitog speak. Congenital

hearing loss prevents a child from speaking nogmall
b. Post-lingual: Hearing loss arises after the develaqt of speech.

c. Presbycusis: More than 50% of people aged 80 arreé than 25% of people

aged 60 have presbycusis
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Table 1 — Classification based on etiology

CRITERION CLASS DEFINITION AND EXAMPLES
Prelingual deafness Deafness develops prior toilegto speak
Postlingual Deafness arises following the emergence of
Age of onset deafness speech
Presbycusis Age related deafness
Acquired Due to environmental agents
Genetic Due to genetic mutations
Etiology
Idiopathic Unknown etiology
Clinical Syndromic In conjunction with additional symptoms
phenotypes Non syndromic The only shortcoming is deafness
Conductive HL Affecting the external / middle ear
Impacts the central auditory pathway, cochlear
Sensorineural HL
Position of nerve or inner ear
damage Combination of sensorineural as well as
Mixed HL
conductive hearing loss
Mild 26-40dB
Severity Moderate 41-55dB
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Moderately severe 56-70 dB
Severe 71-90 dB
Profound >90 dB
Autosomal
DFNA loci
dominant
Autosomal
DFNB loci
recessive
Mode of
inheritance Sex linked DFNX loci
Y - linked DFNY loci
Mitochondrial 12SrRNA, tRNASer

EPIDEMIOLOGY

WHO estimates that approximately 7.5 million peoplve deafness.The

incidence of deafness is 2.83 per 1,000 childreh3a5 per 1,000 in adolescerifs .

RISK FACTORS

The Joint Committee on Infant Hearing have recagphithese risk factors for
hearing impairment such as positive family histopremature babies , infants 750—
1500 g in weight, use of aminoglycosides, venaiess and assisted ventilation in
the NICU?® It has also been discovered that a hospital stager than 12 days as

well as receiving high-frequency breathing therapy independent hazards leading
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to deafness. There are chances of possibility kafyde maturation of auditory system
among newborns admitted in this settfAd@articular gene mutation or a combination
of gene mutations can cause deafness; environméuuirs like trauma, drugs,

illnesses or both environmental factors and geset interact to cause deafness.

Hearing loss caused by genetics can be classified Syndromic or non-
syndromic. Eighty percent of hereditary instancet autosomal recessive
nonsyndromic deafness are congenital. Twenty peroemeafness are autosomal
dominant non-syndromic. Modes of inheritance cotegb¢o maternal mitochondrial
DNA or X-linked DNA are rare “® Severe to profound autosomal recessive
nonsyndromic deafness most commonly carried by Bejane (GJB2) mutatiofi®.

Early palliative care and special education arerss and important in child life.

Syndromic cause of congenital deafness can be mmadénical examination
and morphological characteristics such heterochaomidis, branchial cysts or
fistulae, dystopia canthorum, pre-auricular pitd #ggs and pigmentary anomaltés.

Over 400 of these syndromes have been desctbed.

The gene for GJB2 is located on chromosome 13qgdldsaone of around 100
loci associated with congenital deafness. This gaoduces connexin 26 a protein
mainly in the epidermis and cochlea. The substatmavn as Connexin 26 is
essential for cochlea's recycling of potassium &ordthe sensorineural hearing
function. It works by facilitating the transfer simall molecules from cell to cell. This
is the initial gene linked with the autosomal resbes form. At least 20% of all
genetic hearing loss and 10% of remaining deafriesshildren are caused by

mutations in connexin 28.
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Consanguinity can affect the overall incidence eafdess in a society by
affecting how recessive genes are expresdaerefore, consanguinity-based genetic

inheritance will boost the gene for hearing impa&nt's endurance and dissemination.
Mechanisms/pathophysiology

Forms of congenital hearing deafness are 1- Gengtic Acquired.
Pathophysiology and processes are different frooh esher. All the components of
the hearing pathway (auditory function or pathoptiggical mechanisms that may
impair it) are susceptible to genetic alteratioklawever, the majority of genes
connected to syndromic hearing loss are also litkgde same-named disease.
Homeostasis of inner ear— Endolymph and stria vascularis maintain inner ea
equilibrium. Endolymph is necessary for the souashgfer and surrounds the inner
ear hair cells . The basal, marginal and middlersynake up the stria vascularis. The
intermediate and basal cells below are attachdibrtocytes which is underlying the
spiral ligament and to each other through gap janst while the marginal cells view
the endolymph. This gap junction network which adlows ion transport connects

the cells electrically. The genes GJB-2 and GJBdbde its proteins.

Mutations in either of the two MARVEL domain-contaig protein 2 (MARVELD?2)
or Claudin-14 (tricellulin ) resulting in humantasomal recessive non-syndromic
deafness®*** Inner ear homeostasis also depends on the endolynpti being
maintained at the proper levéllthough the precise source of these oscillatiams$ a
the sudden loss of hearing is unknown, it is likghat they are connected to
endolymphatic hydrops a condition marked by a sisrpif endolymph buildup in the

vestibular system as well as cochtea.
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Figure 1. Homeostasis of inner ear

Electrical-mechanical transductiornt On the hair cells apical surface, stereocilia are
actin-rich projections that resemble staircases amedconnected by proteins. As a
result, the stereocilia anchored in the basilar brame shifts in reaction to sound
towards tectorial membrane creating a shearingandiy pressing of hair cells. One
rather common kind of autosomal dominant non-symitadeafness is by mutations
in KCNQ4. Longitudinal actin fibres within the stecilia are cross-linked by many
proteins including Espin encoding the ESPN genprtwide strength and stiffness.
ESPN mutations can result in either autosomal sdoesion-syndromic or autosomal
dominant non syndromic deafness. Otoferlin (encdue®TOF) plays a key role in

this exocytosis process.
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ACQUIRED CAUSES - The most frequent prenatal infectious agent thases
deafness is Herpesvirida, which is a member of Ggmegalovirus family. For
months the viral DNA has been detected in bodydfiiprimarily in urine and saliva.
Pregnancy-related vertical transfer of congenite\Cis 32% likely. There is 1.4%
chance of vertical transmission in moms who areEsitive after reactivation or
reinfection. 10% of neonates with CMV infection éihsymptoms since childhood
and their features is critical when the mother @mis the virus during the first

trimester of pregnancy or around conceptfdn .

Rubella— Congenital heart disease, cataracts and heargsgdre the classic trifecta
of congenital rubella syndrome symptofitSDirect cochlear injury, cell mortality in
Corti organ as well as stria vascularis , chargfjesndolymph’'s makeup after strial

damage can be caused by viruZes.

ASSESSMENT OF HEARING STATUS

If the screening is not successful, the infantsukhadeally be evaluated
medically and audiologically to determine whethieeyt have a hearing loss before
they turn three months old. Applying the level afathess to the better ear and

averaging it across frequencies of 500, 1,000,®2z30well as 4,000 Hz is advised.

Evoked Oto-acoustic emissionsA physiological test specifically gauges how oute
hair cells react when a click stimulus is prese.ﬁbedsmall, flexible plug is used by
OAAE and placed in baby's ear. Through the plugynds are transmitted. A
recording device in the plug records the OAE resolt a normal ear to stimuli.

Emissions are absent in a baby with deafness.
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AUTOMATED AUDITORY BRAINSTEM RESPONSE - Are measurements of
electrical activity produced in the brainstem patlhwesponsible for hearing. These
tests are triggered by fast, multifrequency clitkgvaluate the function of brainstem
at various auditory pathway stages. The baby'ssatovered with tiny metal discs
with thin electrodes, which send impulses to a aa@pso that the results may be
recorded. Uses a broadband click stimulus in tih¢écemeasure the cochlear response

in the 1-4 kHz rang&

PURE TONE AUDIOMETRY - Once a child reaches 4 years old standard

audiometry is usually performed.
ASSESSMENT OF CONGENITAL DEAFNESS

It guides these parents to understand their ‘shiltkaring loss, offer
personalised genetic counselling, alleviate guilil &elps in treatment like cochlear
implantation, adapted educational needs or heaitg} It may also aid in detecting
concurrent medical issues that should be treatemanitored. Finally, determining
the aetiology may help identify avoidable hazards deafness involving in future
deterioration like head trauma or the use of amyuugides, as well as partially
predict the deterioration of deafness. For unitdtdeafness, the aetiological work-up
may consist of comprehensive clinical assessmedetermine whether hearing loss
has a syndromic caus&® Further research may be required in the futureedding

on the anticipated diagnosis and the outcomestehsive genetic testing.

Genetic diagnosis-The creation of a pedigree and family history aleays the first
steps. Autosomal recessive inheritance may be mirése patient who has no other
afflicted family members but environmental fact@ausing deafness is taken into

consideration. For non-syndromic hearing loss, Dié¢ating is mandatory as they
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include multiple putative causal gene and fewerkeyar making it tough to detect
with DNA.®* Consequently, the diagnostic application of idgirty genes linked to
hearing loss has far behind scientific advancemAdtancements in technology,
such Next-generation DNA sequencing succeededdlysing several genes at once.
Genetics play a crucial role in enabling persoedlispatient diagnosis and
management® Drawback with extensive genetic testing is thdfiadilty in
interpreting a large number of variations whichegimportant details regarding the

potential pathogenicity of genetic variations.

Diagnostics in acquired congenital hearing loss Amniotic fluid in CMV PCR can
be used to prove CMV infection in gestation. Follogv delivery, the newborn's
samples of saliva, urine, or throat swabs shoulddiained and examined. Sample of
blood is frequently drawn within the first weekl@fth in many developed nations in

order to check for endocrine, metabolic and otheblems?®

On desiccated blood sites the residual blood ist. kéfpwever, local storage
regulations may limit the samples availability. fhermore, the diagnostic sensitivity
of these bloodspots is inferior to that of samplésaliva or urine taken in "real-
time."MRI, visual function evaluation and hearingamination is necessary in case of

suspected congenital CMV infectidii.
MANAGEMENT

Cytomegalovirus: Antiviral therapy is necessary for clinically evidecongenital
CMV infection involving the brain. An ideal coursé treatment was initially thought
to involve six weeks of intravenous ganciclovir oral valganciclovir while

neutropenia was acknowledged as a potential sifbxtefSeveral more treatment
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strategies that are presently being investigated anmunoglobulin therapy,

prophylactic vaccination and antiviral treatmenpiegnancy®

Congenital rubella infection - Prevented by taking a prepubertal immunisation,
along with other illnesses. Immunisation againserhagglutination inhibition

antibody is advised for women of reproductive agd has a negative test result for
the antibody, as well as for children aged 12 taridhths, with a booster shot at age

4-5 years.
HEARING RESTORATION

Conventional hearing aid provides the mainstaytrimeat in auditory rehabilitation
for sensorineural deafness patients. Hearing aidsttee primary management for
conductive deafness patients when medical or swyrger contraindicated.
Notwithstanding these benefits, there are a nurobdrawbacks to wearing hearing
aids such as little perceived benefit, high costbfems (including blockage of the
external auditory canal) and aesthetic isSti€onsequently, barely one out of every
five persons who qualify does §b.Compared to conventional aid, implants provide
greater gains and less distortion. However, itsesfead acceptance has been
hampered by the requirement for surgical treatmemprbitant prices and no

insurance.

BONE ANCHORED HEARING AIDS - Useful for child with external auditory
canal complete bony atresiarawbacks - 2.4-38.1 percent of cases reported skin
reactions, 18% had failure of osseo integratiof4% in second surgery* Bone-
anchored hearing implants are beneficial for peophile they are intermediately
beneficial for those with typical hearing levels 45-60 dB . The contralateral

routeing of the offside signal aid will wirelesglgnsmit that sound to a hearing aid

Page 21



Review of literature

worn in the good ear, while the processor on tde sif the deaf ear functions as a

microphone, sending sound straight to the hearmnghreough the skull bone.

a b 3 4 € Abutment Implant

Figure 2 — Bone anchored hearing aids

COCHLEAR IMPLANTS - The best treatment for severe to profound desfie

cochlear implantation which gives sufficient souqaality for meaningful speech
understanding. Electrode arrays are introducedasabturn of cochlea. Nowadays,
parents who prefer oral communication for their kiith substantial congenital

hearing loss should consider cochlear implanta®the standard of treatment.

THE GENETIC FOUNDATION OF NON-SYNDROMIC HEARING LOS S

The inner ear is highly susceptible to genetiafoalterations, and the function of the
inner ear is influenced by several genes becautieeahner ear's distinct physiology
and structure, which set it apart from other anaahregions. Cochlea and inner ear
problems can result from mutations in genes thgtilege hair cell adhesion, ionic

homeostasis, hair cell cytoskeletons, intracellul@nsport, and neurotransmitter

release.

GJB2/GJB6 - Globally, Connexin 26 is major reason for hegiioss in a wide range

of ethnic groups. It is thought that the cochlegép junction protein, GJB2 is
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necessary for the recycling of potassium ions tfatsduce into sensory hair cells.
Mutations in GJB2 which impact DFNB3 are the pniynaeason of hereditary
hearing loss. Over 100 GJB2 mutation being diseein the non-syndromic
deafness patients and amount and distribution helse mutations varies by
population. However, for the majority of these ggpes, some phenotypic diversity

was still seen particularly in 35delG homozygousques.

In 1999, it was first proposed that GJB6, the gemehromosome 13 next to
GJB2 had a role in nonsyndromic congenital headiosg . The cochlea expresses the
GJB2 and GJB6 genes, which work together to cregitanembrane’s hemichannels
and are essential for the inner ear's potassiurtratidh Allelic variability may exist
at the GJB2 locus, as evidenced by documented pjpowariances among families.
GBJ2 is a small gene with 5.5 kilobases. A 4.2KbNARas well as 226 amino acid
protein are produced by the gene's two exons. TI&2@ene's coding region has a
six-repeat G at locations 30 to 3550 % of patients with GJB2 gene mutations get
profound HL with 30% experiencing severe, modetzd86 , 2% mild’* The 261
amino acid protein connexin 30 expresses the G&B& g The brain, thyroid as well
as cochlea are among the bodily tissues that genemmnexin 30°. GBJ genes
encode connexins which is related to a transmemebpaotein family with 20 people
in humans’®.Connexins share a similar architecture despitéanees in size and
primary amino acid makeup. Two exterior and oneaullular loop connect the
proteins four transmembrane domain. The cytoplasidie is where amino as well as
carboxyl terminals are present. Connexons are Hemitels created by the
oligomerization of six connexins. The gap juncticmannels are then created by
connexons moving through the membrane. Connexigfegntially interact with one

another to generate both homomeric and heterorolesicnels.
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Figure 3 : Schematic structure and domains of conngn 26 protein, Connexon

and Gap junction channel

DFNB2 (MYQO7A) - Usher syndrome Type 1B is linked with MYO7A mtidas,
which is located at 11g13 and over a hundred disfihyO7A mutant alleles have

been discovered as of noff.

DFNB4(SLC26A4 gene)} On chromosome 7931, SLC26A4 gene is located @
have recessive mutations that cause sensorinesméebs witH%or without goitre”’
This gene is associated with pendred syndrome wdd@aksed by cochlear defects such
as dilated sacs and ducts of endolymph and swebstibular ducts.Goitre usually
happens in early adolescence or adult. The majofitiiose impacted have vestibular

impairment.

DFNB7 - Located on chromosome 9q13-g21, HL was discoveveoetcaused by
DFNB7 . Eleven DFNB7/11 families and one DFNA36 fignare associated with

eight mutations in this geri8.
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DFNB67 (TMHS gene)- LHFPL5 encoding the 2162 nucleotide mRNA andfoas
exons. is equivalent to a 219 amino acid proteittahsmembrane domain with four

passes is the anticipated protein structtire.
NON-SYNDROMIC AUTOSOMAL DOMINANT DEAFNESS

DFNA2 (GJB3) — Encodes connexin 31 gene which is found on chsmmes 1p33-
p35 generates the 270 amino acid protein and fikhtas the reason for DFNA as

well as DFNB.

DFNA5 — Located on chromosome 7pl15.The DFNA5 genes have fmed to

contain five known mutations.

DFNAG6 - With eight exons, 33.4 kb length ,size of 3.6akid located in the DFNA6
locus on chromosome 4p16 and encoding the 890 amaiid polypeptide®
Wolframin, an endoplasmic plasmareticulum proteswveh a role in processing,

membrane trafficking as well as calcium homeostasislation®®

DFNA9(COCH gene)- On chromosome 14q12-q13, the DFNA9 gene is tinkih
vestibular dysfunction and deafness. The extraleellnatrix protein cochlin which
has Von Willebrand factor A-like domains and the@lCdomain is encoded by

COCH®
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Figure 4 : Cochlin's schematic structure and the loations of mutations across its
domains. Two VWF domains and an LCCL domain come &fr the NT signal
peptide. Several cysteine residues are indicated b$g, the amino (NH2) and

carboxyl (COOH) termini are indicated by NT and CT.
X and Y linked HL - The causative gene is PCDHY which codes forquadherirf®

MITOCHONDRIAL HEARING LOSS - Several genes contribute to mitochondrial
HL.% Mutations in mitochondrial DNA which produce engrthrough oxidative
phosphorylation, can lead to systemic neurologidiskases. Mitochondrial DNA
mutations, whether inherited or acquired can leadvdrious clinical symptoms
including myopathy, neuropathy, hyperglycemia, amhsorineural HE®* In the
homoplasmic state the multiorganic mitochondrialsodilers can be fatal.
Mitochondrial homoplasmy occurs in LHON (Leber Htitary Optic Neuropathy)

and maternally inherited HL
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TABLE 2 - Identified mitochondrial DNA mutations in Deafness

GENE MUTATION PHENOTYPE
1555A->C Non syndromic deafness /Aminoglycoside induc
worsened
12SrRNA 1494C->T Non syndromic deafness /Aminoglycoside
induced/worsened
961 Non syndromic deafness/Aminoglycoside
induced/worsened
1095T>C Non syndromic deafness /Aminoglycoside
induced/parkinsonism and neuropathy
827A>G Non syndromic deafness /Aminoglycoside iredlc
7444G>A Non syndromic deafness /Aminoglycoside aedl
7445A->G Non syndromic deafness /Palmoplantar Kelerima
7472insC Non syndromic /Neurological dysfunctiorgliding
tRNAS® ataxia, dysarthria and myoclonus
7510T->C Nonsyndromic deafness / no other manifiests
7511T->C Non syndromic deafness / no other marifests
7512T>C Deafness /Progressive myoclonic epilepslyadiaixia
Trnad™®" 3243A>G Maternally inherited diabetes and deaffigsl AS
tRNA™® 8296A>G Maternally inherited diabetes and deafness
8332A>G Dystonia, stroke like episodes and deafness
tRNA®Y 14709T>C Maternally inherited diabetes and deafness
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Syndromic genetic deafness -

Usher Syndrome- Boughman et al. (1983) state that Usher syndratnieh bears
the name of British ophthalmologist Charles Ush#91@), accounting 3-5% of
autosomal recessive deafness among general peaplaivd Liu (2010) identified

clinical subgroups based on HL severity and resiiigmentosa onsét.

TABLE 3 - Genes linked to Usher syndrome

LOCUS GENES
11q13.5 MYO7A
10q22.2 CDH23

10G21-22 PCDH15

17G24-25 SANS
USH2A (1g41) USH2A
USH2D (9932) WHRN

USH3 (3921-¢25) USH3A

10q24.31 PDZD7

Pendred syndrome: Coined by British physician Vaughan Pendred @88 the
prevalent syndromic form of HL linked to goitre. &t 4-10% of deaf people have
this autosomal recessive disorder. SLC26A4 is &xtain chromosome 7¢g31 and

codes for the pendrin proteff.
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Figure 5 : Hypothetic structure and domains of pendn protein. The leading

mutations which make up 60% of the entire PS gerletid are displayed: L236P,
IVS8+1G>A, T416P and H723R. Transmembrane domaiesiralicated by TM1—
TM12, extracellular domains by ECI-6, transmembrdamains by IC, amino (NH2)

terminus by NT and carboxyl (COOH) terminus by CT.
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TABLE 4 - Summary of syndromic genes

Mode of Inheritance

Syndrome

Locus/Gene

Autosomal dominant

Neurofibromatosis 2

NF2

EYA2,3

SIX1,5

Treacher collins

TCOF

Stickler syndrome

COL2A1

STL2COL11A2

STL3/COL11A1

STL4/COL9A1

STL5/COL9A2

Waardenburg syndrome

PAX3

MITF

SNA12

EDNS3

EDNRB

Autosomal recessive

Pendred syndrome

=+

PDS/SLC26A4

Jervell and Lange Nielson syndrome

JLNS1/KCNQ1

JLNS2/KCNE1

Usher syndrome

MYO7A

USHC,1D,1E,1F

SANS

CiB2

2A,2C,2D,3A,3B

Refsum disease

PHYH/PAHX

PEX7

X-Linked dominant

Alport syndrome

COL4AS5,A3,A4

Mitochondrial

MELAS

MTTL

MERRF

MTTK
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Next generation sequencing and hearing loss: unloitig genetic mysteries

Tailored diagnostic procedures are necessary faretgmlly connected
disorders such as hearing impairment to identiirtimolecular causes. Frederick
Sanger developed the DNA sequencing technique #b,1&hich was a watershed
moment in this field of study’. Direct sequencing or Sanger sequencing can igentif
the disease-causing genes in a small number. Dthim¢pst decade, next-generation
sequencing (NGS) has transformed genetic researdhdagnostics by reducing
DNA sequencing costs and time. The complete genamaindreds of genes might
be sequenced in a few days which can analyze nhare & million base pairs in a

single experiment*

The most popular NGS techniques for finding patmogeariants linked to
deafness are whole exome sequencing and multigenelsp The WES offers the
advantage of sequencing the entire coding DNA ssmpudabout 20,000 protein-
coding genes). Because of this, WES may be use@ihtmose almost every known
genetic condition. Multigene panel sequencing plesia cost-effective diagnostic

solution. Panel sequencing analyses the known getsed with a certain disease.

Targeted NGS offers benefits but whole-genome serjng (WGS) remains
the most advanced method, despite its high costhdnarea of genetics linked HL
uniqgue genes have been found using NGS technologyalf of the patterns of
inheritance listed above. NGS technology has sstalsidentified genes that were

wrongly categorised as pathogeffic.

There are numerous commercial NGS tests availailelinical diagnostics,
each with its own set of technology and gene countshe past, 20 commercially

available test for genetically related hearing lesformed by NGS technology
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Due to the ongoing decrease in prices and acchiyshNGS-based diagnostic
approaches will become the norm in the near futoresiderably improving the level

of patient care.
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MATERIALS AND METHODS

Methodology:

Material and Methods

Source of data —Children who came to ENT and HNS OPD with compkiot

congenital hearing loss
Study design —-Case and Control group
Study period —One year

Sample size - As per formula

o 2
Y+1i (25—+z~g) p.()—po)

n= T S
3 p1 —p2)=

Y = ratio of control to cases

P l=proportion in cases

P2= proportion in control
*=average proportion in exposed

1+1(24+1.037)2 (12.5)(B7.5)
1 (25)2

_1+1 (3.037)2 (12.5)(87.5)
B (25)2

__ (2x10087.65)
Ui (625)

141 (9.223 x 1093.75)
1 (625)2

n=32.28

So Minimum Required sample size= nx2= 32 case gro@@ control group
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Inclusion criteria :  1- Patients with congenital deafness

2-Age group from 2-18years

Exclusion criteria: 1- Patients who had acquired deafness due to envinoamne

factors like infections, trauma, ototoxic medicaga

2. Patient who didn’t give consent for study

Identifying Genetic Markers for Non-Syndromic Deafness

The present study aimed to determine genetic manedaited with congenital
deafness among two groups: deaf children born tsammguineous marriages (n=32)
and deaf children born to non-consanguineous numsign=32). The genetic focus
was on theGJB2 gene , specifically the rs104894396 variant (cl2#QB89511,
GRCh38.p14), which involves a C>T single nucleotideiation (SNV).Involvement
of this gene mutation is one of the responsiblese for congenital deafness so our
genetic focus was on GJB2 gene .Samples of bloa@ waken from consenting

children for extraction of DNA, amplification, amgnotyping.

1. Sample Collection: Blood samples were collected from 64 deaf children,
divided into two groups: those born to consanguisemarriages (n=32) and
those born to non-consanguineous marriages (nEX2JA tubes were used
to ensure that the blood samples remained uncleitedthe genetic material
preserved for downstream processing.

2. DNA Isolation: The QIAamp DNA Blood Mini Kit (Cat. No. 51106) is
employed to extract genomic DNA from blood samplesoteinase K was
added to facilitate protein digestion, and Buffdr was used to lyse cells,

releasing the DNA into solution. Ethanol was thelled to encourage the
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silica membrane's DNA attachment in the QIAamp Msagin columns.
Sequential washing with Buffer AW and Buffer AW2nreved impurities,
including proteins and other cellular componentsaly, DNA was eluted
using Buffer AE, ensuring the recovery of high-purgenomic DNA for
further analysis.

. DNA Quiality Check (QC): Quality as well as concentration of the isolated
DNA were assessed using a NanoPhotometer (N-60 tdunplen, Germany).
The A260/A280 ratio was checked to confirm DNA pyriensuring it was
free from significant contamination by RNA or prioie DNA concentration
measurements ensured sufficient template avaiialbdi PCR amplification.

. PCR Amplification: The region of theGJB2 gene containing the
rs104894396 variant was amplified using specifimprs. The forward primer
(TCTTTTCCAGAGCAAAC CGC) and reverse primer
(GACACGAAGATCAGCTGCAG) were used in a reaction nois¢ that
included Tag DNA Polymerase 2x Master Mix RED, téaitgp DNA (50 ng),
and water of PCR quality. A 286 bp product was poadl for analysis by
denaturation-related thermal cycling circumstan@@®ealing at 54°C and
extension.

. Restriction Digestion: The PCR result was broken down with thezyme
Alul, which recognizes and cuts specific sequeraeshe variant site. To
guarantee thorough digestion, the reaction mixtas incubated for one to
two hours at 37°C. Digested fragments of varyirgsiindicated the genotype
(CIC, CIT or TIT) based on the presence of spenifideotide changes.

. Gel Electrophoresis: Ethidium bromide-stained 3% agarose gel was used to

assess the PCR results. The gel was run underasthodnditions, and DNA
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fragments were visualized under UV light. Fragmeites were used to
determine the genotype of each sample.

7. Data Analysis: Genotype distributions and the two groups' alledgjdiencies
were evaluated to assess the association betweernvahant and non-
syndromic deafness. The role of consanguinity waduated to identify its

contribution to genetic susceptibility.

Explanation in detail:

1. Sample Collection

Patient histories were collected by reviewing veawersations with parents.
Demographics, onset, pre- and postnatal historyrelaied ENT clinical examination
findings, including pure tone audiometry, tympantme auditory brainstem
response, otoacoustic emissions, and computed taping and magnetic resonance
imaging were all obtained from medical recordsidPds’ medical records were also
examined for other potential causes of SNHL. P#idaving an acquired aetiology
(such as preterm, meningitis, hyperbilirubinemigguima or ototoxic medication
exposure) were excluded, as were those with coatiraongenital illnesses. Auditory
neuropathy was detected using otoacoustic emissidrauditory brainstem response,

which are routine tests at our center.

After obtaining consent, parents were asked if tveye blood relatives (first
cousins who "shared the same grandparent,” or demmusins who "shared the same
great grandparent," or the same tribe), had a yanistory of hearing loss (paternal or
maternal), had a number of children with congenB&NHL, had education and
socioeconomic status, and were aware of the implacbnsanguineous marriage on

offspring hearing prior to marriage.
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Blood samples were collected from 64 deaf child@n nonsyndromic
congenital hearing loss These participants werglelivinto two groups: 32 children
born to consanguineous marriages and 32 childrem b non-consanguineous
marriages. The two groups (consanguineous vs nsaogiiineous) was analysed on
various factors, including (1) Degree of consangyi(2) The percentage of child

with congenital SNHL (3) Family history (4) Type @énotype (5) Type of allele

The blood samples were drawn using sterile venippwectechniques and
exchanged right away into tubes coated with EDTAn@intain the stability of the
genetic material and avoid clotting. Participangsevrecruited with informed consent
obtained from their guardians. To preserve sampisgrity, all samples were

shipped on ice and kept at -20°C until DNA isolatio

2. DNA Isolation

The QIAamp DNA Blood Mini Kit (Cat. No. 51106) wassed to obtain
genomic DNA from the blood samples that were ctdidc The following protocol

was followed to ensure high-quality DNA extraction:

a. Proteinase K Treatment:
o0 A microcentrifuge tube of 1.5mL was prepared witbtBinase K of 20
ML to digest proteins in the blood sample.
0 200 pL volume of blood was put into the tubes engusufficient
sample availability for DNA extraction.

o0 The sample and enzyme were mixed thoroughly.
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b. Cell Lysis:

0 To guarantee thorough mixing, 200 pL of Buffer Alsvadded to the
tube and vortexed for 15 seconds.

o0 To lyse cells the mixture was incubating themZ0rminutes at 56°C
and release the DNA into the solution.

c. DNA Binding Preparation:

o Ethanol (200 pL, 96-100%) were incorporated intatg and mixed
thoroughly to promote attachment of DNA onto thénspolumn’s
silica membrane.

d. DNA Binding to Spin Column:

o0 QlAamp mini spin column was carefully positioned @ 2 ml
containing tube with produced lysate

o For one minute, centrifugation was carried out @@ g (8000 rpm)
to enable the DNA binding to the column membrane

e. Washing Steps

0 To eliminate contaminants, 500 pL of buffer AW wasroduced to

column and centrifuged for one minute at 6000 x g.
To guarantee complete washing, 500 pL of buffer AWRAs
introduced, and the column was centrifuged foréhm@nutes at full
speed (20,000 x g).
f. Elution:
To elute the DNA, 200 pL of buffer AE have beenraduced into spin
column afterithad been moved to a sterilemdL5microcentrifuge tubes .
o0 The pure DNA was collected by centrifuging the ocafuat 6000 x g

for one minute following a one-minute incubationripd at room
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temperature. For additional examinations, the eie¢h DNA is
maintained at -20°C.

3. DNA Quality Check (QC)

The isolated DNA was of good quality and quantitpswassessed by a
NanoPhotometer (N-60 touch, Implen, Germany). Absoce was measured at
260nm and 280nm to evaluate the quality of DNA. TAR60/A280 ratio was
calculated, with a worth around 1.8 indicating pudf DNA. Concentration of DNA

was recorded to ensure that sufficient amounts aeaédable for PCR amplification.

4. PCR Amplification

The GJB2 gene region containing the rs104894396 variantmagnified using PCR

.Steps were performed as follows:

1. Primer Design:
o Forward primer: TCTTTTCCAGAGCAAACCGC.
0 Reverse primer: GACACGAAGATCAGCTGCAG.
0 These primers targeted the specific 286 bp regfothe@GJIB2 gene
containing the variant.
2. Reaction Preparation:
o0 PCR was set up in a total volume of 25 pL contgnin
& Tag DNA Polymerase 2x Master Mix RED (Ampligon,

5200300) — 12.5 pL.

i

Forward primer (1.0 uM) — 0.5 pL.

& Reverse primer (1.0 uM) — 0.5 pL.

i

Template DNA (50 ng) — 1 pL.

& PCR-grade water — 10.5 pL.
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3. Thermal Cycling Conditions:
o Denaturation at 95°C in 3 minutes.
o 35 cycles of:
# Denaturation at 95°C for 30 seconds.
# Annealing at 54°C for 30 seconds.
# Extension at 72°C for 30 seconds.
o Finally 72°C for 5 minutes. The amplified PCR protiuare stored at
4°C.
4. Restriction Digestion -The restriction enzyme Alul was used to analyze the

PCR results for restriction fragment length polyptosm.

The digestion process included:

1. Reaction Setup:
0 A mixture containing the PCR producAlul enzyme, and the
appropriate buffer was prepared.
0 To guarantee full digestion, the reaction has beeunbated for one to
two hours at 37°C.
2. Expected Fragment Sizes:
o C/C (wild type): 274 bp and 14 bp.
o CI/T (heterozygous):247 bp, 168 bp, 104 bp, and 14 bp.
o T/T (homozygous mutant):168 bp, 104 bp, and 14 bp.
6. Gel Electrophoresis
Digested PCR products was examined utilizing 3% raga gel
electrophoresis. Ethidium bromide is put to prepgeeso that DNA could be seen

under a UV lamp
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RESULTS

A total of 64 samples were analyzed. 32 casesoofs@nguineous marriage
and 32 cases of nonconsanguinous marriage wergideoed. All patients who
presented to the OPD of Department of Otorhinolgoyogy and Head & Neck

surgery, at Jawaharlal Nehru Medical College, KAHER

All results are studied and described under follgwviheadings: Age and
Sex Distribution: Out of a total of 64 cases , thstribution of data by age group
looked like this: Thiry six patients were identdien the age range of 2-5 years,
Twenty cases were observed within the age bracke6-00 years, and the
remaining eight cases were reported among indilgdaged >11 years. This
distribution provides insight into the prevalencé amngenital hearing loss in
consanguineous and nonconsanguineous marriagesa@osus age demographics,
indicating a notable representation of cases in2theyears age range, followed by
those in early teenage years the late childhoodh wiean 21.33 and standard

deviation of 11.47
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Table 5 — According to age distribution

Age group Number Percentage
Two to 5 years 36 56.25
6 to ten years 20 31.25
More 11 years 8 12.50
Total 64 100.00
Mean 21.33
SD 11.47
AGE GROUP

= 2-5years =6-10 years =>1lyears

GRAPH 1 : Age wise distribution
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Table 6 : Type of parental marriage wise distributon and incidence of congenital

hearing loss
Type of parental marriage Number Percentage
Consanguineous marriage 32 50.00
Non-Consanguineous marriage 32 50.00
Total 64 100.00

Consanguine
marriage
50.00%

Non-Consanguine
marriage
50.00%

GRAPH 2: Type of parental marriage wise distribution
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Table 7 : Comparison of type of parental marriage wh degree of consanguinity

Non-
Degree Qf. Consangumeous % Consanguin % Total %
Consanguinity marriage eous
marriage
Nil 0 0.00 32 100.000 32 50.00
First 12 37.50 0 0.00 12 18.75
Second 12 37.50 0 0.00 12 18.75
Third 8 25.00 0 0.00 8 12.50
Total 32 100.00 32 100.0p 64 100.00

Chi-square=64.0000, p=0.0001*

*p<0.05

40.00

35.00

30.00

25.00

Percentage

20.00

10.00
5.00

0.00

15.001

37.50 37.50

Consanguine marriage

Non-Consanguine
marriage

18.75 1875

Total

@ First

O Second

O Third

GRAPH 3 : Comparison of type of parents marriage wth degree of

consanguinity
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Table 8 : Comparison of type of parental marriage wh Family history

Results

Family | Consanguineous % Non- % Total %
history marriage Consanguineoul
S marriage
No 25 78.13 26 81.25 51 79.69
Yes 7 21.88 6 18.75 13 20.31
Total 32 100.00 32 100.00 64 100.00

Chi-square=0.0970, p=0.7560

Percentage

Consanguine marriage

Non-Consanguine

marriage

Total

E No

O Yes

GRAPH 4 : Comparison of type of parental marriage vith Family history
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Table 9 : Comparison of type of parental marriage Wwh Genotype Type

Genotype | Consanguinous Non-
T té/p marri%l R % Consanguinous % Total %
yp 9 marriage
Alt/Alt 3 9.38 3 9.38 6 9.38
Ref/Alt 1 3.13 1 3.13 2 3.13
Ref/Ref 28 87.50 28 87.50 56 87.50
Total 32 100.00 32 100.00 64 100.00
Chi-square=0.0001, p=1.0000
= 2730 8756
90.00 1
80.00 1
o 70.001
&
= 60.00
S 50.001
40.001
30.00 1
20001 1 g 5 9.38 9.38
10.00 1 3.13 3.13 3.13
0.00
Consanguine marriage Non-Consanguine Total
marriage
O Alt/Alt O Ref/Alt O Ref/Ref

GRAPH 5 : Comparison of type of parental marriage vith Genotype Type
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Table 10 : Comparison of type of parental marriagewvith Alleles

. Non-
Alleles Consan_gumous % Consanguinous % Total %
marriage )
marriage
AIA 3 9.38 3 9.38 6 9.38
C/A 1 3.13 1 3.13 2 3.13
c/C 28 87.50 28 87.50 56 87.50
Total 32 100.00 32 100.00 64 100.00
Chi-square=0.0001, p=1.0000
Q7 50
87.50 87.50 R
90.00 1 P — | ——a P — |
80.00 1
o 70.00 1
g
= 60.001
S
2 50.001
40.00 1
30.00 1
50 | g3 9.38 9.38
10.00 1 3.13 3.13 3.13
0.00
Consanguine marriage Non-Consanguine Total
marriage
O A/A OC/A oc/ic

GRAPH 6 : Comparison of type of parental marriage vith Alleles
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1. Descriptive Statistics
+ Sample Size:
o Total subjects: 64
o Consanguineous Group:32 subjects
o Non-consanguineous Group32 subjects

o The incidence of congenital hearing loss is 100%p@&tients)

Age Distribution:
o Consanguineous:
= Age varied between 2 to 16 years
= Mean age= 10.3 years
o Non-consanguineous:
= Ages varied between 2 to 15 years
= Mean agex 8.7 years
o Note: A formal t-test (or Mann—-Whitney U test, given pitde non-
normality) can be used to assess if this age difieg is statistically
significant.
2. Genotype Distribution (rs104894396)
Genotypes were determined by PCR-RFLP and are iasted
« C/C (Wild-type homozygote)
« CJ/A (Heterozygote)
+ A/A (Mutant homozygote)
Overall (n = 64):
« CJ/C: 56 subjects (87.7%)
+ CJ/A: 2 subjects (3.1%)

+ A/A: 6 subjects (9.2%)
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By Group:

Group ciC C/A A/A Total

Consanguineous (32) 28 (87.5%)| 1(3.1%) | 3(9.4%)| 32

Non-consanguineous (32)| 28 (87.9%)| 1(3.0%)| 3 (9.1%)| 32

« Analysis:
A chi-square or Fisher’s exact test among the Isbibws virtually identical
genotype frequencies (p 1.0), indicating significant difference between

children born of both groups regarding this SNViils

3. Allele Frequencies

Since each subject carries two alleles, totaledlel 64 x 2 = 128.
+ Calculation:
o CAllee
» From C/C:57x2=114
= FromC/A:2x1=2
= Total C=114+2=116
o AAlde
= FromC/A:2x1=2
= From A/A: 6 x2=12
= TotalA=2+12=14
« Frequencies:
o Frequency of G 116/130 = 89.2%

o Frequency of A 14/130 = 10.8%
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4. Hardy—Weinberg Equilibrium (HWE)

Using the observed allele frequencies (p = 0.1@f7Afand q = 0.8923 for C), the

expected genotype frequencies would be:

+ Expected Proportions:

o A/A (p?: (0.1077)%= 0.0116
o CJ/A (2pg): 2 x 0.1077 x 0.89230.1920
o CIC (g?: (0.8923)& 0.7962
+ Expected Counts (n = 64):
o Expected A/A~0.0116 x 64 0.74
o Expected C/A0.1920 x 64~ 12.2
o Expected C/G:0.7962 x 64 50.9
« Observed Counts:
o AIA=6,C/IA=2,C/C=57
+ Chi-square Calculation:
v2=(57-51.75)251.75+(2-12.5)212.5+(6-0.75)20.75\ckirtac{(57 -
51.75)"2}{51.75} + \frac{(2 - 12.5)"2}{12.5} + \fra§(6 -
0.75)"2}{0.75}2=51.75(5%51.75)212.5(2-12.5)2-0.75(6-0.75)2
o For C/C: (57-51.75)2/51.7%5.25)2/51.750.53(57 - 51.75)"2/51.75
\approx (5.25)"2/51.75 \approx
0.53(57-51.75)2/51.7%5.25)2/51.750.53
o For C/A: (2-12.5)2/12.5(10.5)2/12.58.82(2- 12.5)"2/12.5 \approx
(10.5)"2/12.5 \approx 8.82{22.5)2/12.5(10.5)2/12.58.82
o For A/A: (6-0.75)2/0.75(5.25)2/0.7536.75(6 - 0.75)*2/0.75 \approx
(5.25)"2/0.75 \approx 36.75(6—0.75)2/0:(5.25)2/0.7536.75

o Total y2=0.53 +8.82 + 36.75 = 46.1
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Degrees of Freedom1 (for a biallelic marker)
Interpretation:
The very high chi-square valug?(~ 46.1) with one degree of freedom
provides a p-value < 0.001, showing a notableavian from Hardy—
Weinberg equilibrium.
Possible reasons include:

o The study population is not a random sample frora tgeneral

population , All samples have congenital deafness.
o There may be selection bias or association of ¥ ®ith the disease

phenotype.

5. Association with History of family hearing loss

Family History (Yes/No):
o In both groups, all children with a reported famitystory (7 in
consanguineous, 6 in non-consanguineous) had the&iotype.
o In contrast, the few individuals with variant afiel(C/A or A/A) were
found only among those without a positive familgtbry.
Interpretation:
While the numbers are very small there does no¢apip be an
connection between the existence of the A alleld &amily history of

deafness in this sample.

Page 51



Discussion

DISCUSSION

This study has found a substantial link betweersanguineous marriages and
deafness. Information about the risk variables e&fdess will be of significant
therapeutic importance since it can give familied enedical professionals important
information about the etiologic, other related keabsues and the likelihood of
recurrence in a subsequent pregnatio@onsanguinity and family history suggest
that genetic aetiology may be involved. Two Lat#mms, "con0" (common) and
"sanguineus" (blood) are the roots of the word Samguinity." Two close relatives

have a marriage relationsfip

Approximately 20% of people globally currentBside in societies that favor
consanguineous marriage.Over 50% of congenital ndsaf is hereditary with
autosomal recessive inheritance being the commaraaste. Autosomal recessive
inheritance is strongly linked to consanguinity. rétises the likelihood that the
offspring will share the faulty gene which raisks tikelihood that hearing loss will
run in the family. In % and &' degree consanguinity, the percentage of genenshari
is 25% and 12.5% respectivéR?”. The present study is done to ascertain the geneti
association of consanguinity as well as familydrngtin congenital hearing loss. Our
study population consisted of 64 individuals withneyndromic congenital hearing
loss were half of the affected children (50%) wbogn to consanguineous parents,
while the other half had non-consanguineous pareAtsong consanguineous
marriages, the breakdown of the degree of consaitgshowed that 37.5% of cases
involved first-degree relatives, 37.5% involved aedt-degree relatives, and 25%
involved third-degree relatives. These results datid a statistically a very

significant correlation among consanguineous mgesaand degree of consanguinity
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(p<0.05). This strong correlation suggests that tleseness association among

parents, the higher chance of likelihood of contgghiearing loss in their offspring.

Comparatively, Selvarajan et*Istudied 210 infants with permanent hearing
impairment and examined the genetic relationshipiden consanguinity and family
history and congenital hearing impairment. Theynfba very significant correlation
(p=0.000) and an odds ratio of 3.7 indicating tb@hsanguineous marriage almost
guadruples the risk of hearing impairment. They agamined the risk associated
with varying degrees of consanguinity demonstratiigat second-degree
consanguinity carries a higher risk than third-éegrSimilar to our study, in the first
and second Saudi Arabian population surveys betw&enand 47 percent of
respondents were consanguineous, where the preeal#@ninherited sensorineural
hearing impairment in that same cohort ranged @ &&d 37% respectively/.
According to comprehensive nationwide research gotadl in Omatf®, 70% of deaf

children had parents who were consanguineous.

According to a recent Iranian study, 61.4% of tlopuation with hearing
impairments was consanguinetlis Additionally, they discovered that
consanguineous marriages were common among 77.1%#opfe with more than one
disabled child in the family. According to a schéalsed study conducted in South
India 41% of students with hearing impairments hamhsanguineous paretits
Almazroua et al. in another larger trial where I88ldren with congenital hearing
deafness participattti revealed that 69.3% of the impacted children'misrwere
direct cousins and 83.1% had parents who were bielated. With an odds ratio of
4.8 their study also shows that consanguineousfsated a considerably increased

chance of having numerous children with congertidring loss (p=0.005). The
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thorough analysis of consanguinity levels in theiork was one of its main

advantages.

According to their findings, first cousin marriagesre 3.5 several times more
probable to result in many children among CHL tmam-consanguineous unions.
The risk persisted even when second and third newsere eliminated (RR: 1.4, OR:
1.6). Examining several impacted children in thensafamily was a significant
difference in Almazroua et & study. They observed that compared to 6.25% of
non-consanguineous parents, 31.4% of parents witisacguineous had presented
congenital hearing loss in several children (p=B)00n addition to consanguinity,
hearing impairment can be directly influenced bfamily history of early hearing
impairment. This specific medical history can higlad the diagnosis and determine
whether further testing is necessary. Family nysts always the first piece of

information gathered for genetic testing.

Understanding the pattern of inheritance of heammgairment is beneficial.
When analyzing the relationship between parentatiege type and family history of
congenital hearing impairment in our study, theadatlicated that 79.69% of affected
individuals had no reported family history, whil®.21% had a positive family
history. Among children with consanguineous pare®1s88% had a familial history
of hearing loss whereas 18.75% of those with narsanguineous parents had a
family history. This finding showed no significamssociation between consanguinity
and family history suggesting that family histotgree may not be a strong predictor
of congenital hearing impairment when comparedhi® itmpact of consanguinity.
Similar to present results, Almazroua et al.rebttet 20.6 percent and 22.8 percent
of affected children had familial history of heayitoss on the father and mother

sidest®.
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Selvarajan et al carried out a stiffffound that 6.5 odds ratio which indicates
that a positive family history raises the risk by @imes and a very significant
correlation (p=0.000) between hearing impairmera &mily history. Additionally,
they found that with an odds ratio of 21, newbdims have both consanguinity and
family history are at the highest risk. Additioryalexamining the degree of deafness,
they observed that family history had a modestedation (r=0.68) in their study.
This risk factor was present in about 30% of cleifdwith hearing impairment, which
led to the strongest correlation between it anerottsk factors such infections, low
birth weight, and premature birth. After extraatithe risk estimate seems to be 67 in
their study. According to a Karnataka sti{ 25% of infants with deafness having
a familial history of the condition. 38% of hearimgpaired children in Kerala had a
familial background of the ailmenf® These statistics show how important it is to
raise awareness of a treatable cause of deafn#ss Widia. In the present study, the
genotype distribution among affected individuals swaonsistent across both
consanguineous and non-consanguineous marriagepggrothe majority of
individuals (87.50%) had the Ref/Ref genotype, @wh#.38% had the Alt/Alt
genotype, and only 3.13% had the Ref/Alt genotyg@ch indicated that GJB2 gene
allele is present in both groups and has no staily significant association between

parental marriage type and genotype distribution.

Given the small numbers of heterozygotes and mutanozygotes, larger
research is warranted to ascertain the possibtviemnent in congenital deafness and
to explore whether the observed HWE deviation igedr by disease association or
other factors. The mutant A allele is relativelyer&10.8%) in this study sample. The

marked deviation from Hardy—Weinberg equilibrium <p0.001) likely reflects the
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fact that the study sample is a selected groupogenitally deaf children rather than

a random sample of the general population.

Genotype and allele frequencies were nearly idahbetween children born
to consanguineous and non-consanguineous parerggesting that parental
consanguinity does not influence the distributibthis SNV among the deaf children
in this study. Hence no consanguinity effect onoggpe and GJB2 genetic mutation
is present in both groups and is one of the cafisensyndromic congenital hearing
loss .This also suggest that genes related toeritad hearing loss is complex and
may involve various genes as well as environmergehbles beyond those analyzed

in this study.

LIMITATIONS

Our study had few limitations. The study size (n=84comparatively modest,
could restrict the findings that are generalizabldarger groups. The study focuses
primarily on consanguinity and family history withioconsidering other potential
environment and genes variables that influence ¢mgenital hearing loss.
Additionally, genetic analysis is limited to a siiiecset of genotypes and alleles of
connexin 26 , potentially overlooking other releivganetic mutations. The study also
relies on reported family history which could bepewted by recollection bias.
Finally, the lack of detailed environmental exp@&sudata limits thorough
comprehension of the multifactorial nature of carigge hearing loss. Future research

with larger cohorts and broader genetic screersmgeded to validate these findings.
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CONCLUSION

The study we conducted highlights the significaminmection among
consanguineous marriages and congenital deafnessndérating that a higher degree
of parental consanguinity correlates with an inseehlikelihood of the condition.
Incidence of congenital hearing loss in our studswt00% (64 patients ) who are
nonsyndromic congenital hearing loss .The sta#ibtanalysis shows that among
congenital hearing loss in children, 50% were btwnparents in consanguineous
marriages, with a significant proportion being tfireand second-degree relatives.
These finding underscores genetic hazards connéxteahsanguinity, as it increases
the likelihood of acquiring recessive genes mutetidghat contribute to hearing
impairment. However, despite the strong link betweensanguinity and congenital
hearing loss our study finds no significant asdamebetween parental marriage type

and family history of hearing impairment.

The majority of affected individuals (79.69%) ladka reported families with
hearing problems suggesting that many cases mag dtie to spontaneous genetic

mutations or unrecognized hereditary patterns.

Additionally, the study finds no significant relatiship between consanguinity
and specific genotype types or allele distributiofiie genotype and allele
frequencies were nearly identical in compared twoupgs with Ref/Ref and C/C
variants being the most prevale@JB2 gene specifically the rs104894396 variant
(chr13:20189511, GRCh38.p14), which involves a Gilgle nucleotide variation
(SNV) is present in both consanguineous and nosamguineous group indicating
that mutation in GBJ2 gene is one of cause resplendior nonsyndromic congenital

deafness in our study as same as other studie$ Wwhit been published in literatures
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by other authors .This implies that while consangyiincreases the overall genetic
risk, it does not necessarily determine the preseoic specific genetic variants

responsible for the condition.

Overall, the results of this analysis highlight thignificance of antenatal
screening, genetic counselling as well as publiaraness, especially in communities
where consanguineous marriages are common. Earhetige screening and
audiological assessments for children born to augisiaeous parents could help in
the initial identification as well as managementongenital deafness . Furthermore,
universal neonatal hearing screening must be madecassary component of the
National Health Mission, which should cover fact@sch as family history of

deafness and consanguinity.
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SUMMARY

Hearing loss is a critical public health concerrmtipalarly in developing
countries where its prevalence can range from £/31p000 newborns. Hereditary
factors account for over half of these congenitases making it essential to
understand the genetic association and risk fac@ssociated with hearing
impairment. This study investigates the prevaleviceongenital deafness in children
from both consanguineous and non-consanguineousages with a specific focus
on the genetic associations linked to the GJB2 gemenexin 26) which is known to

play a significant role in hereditary hearing loss.

Objectives is to identify genetic association fongenital deafness in children
born to consanguineous marriages and those wimayf history of hearing loss and
also to determine the incidence of congenital ihgaloss within the study
population.A case-control study was conducted @rex year involving 64 children
aged 2-18 years who presented with nonsyndromiagemtal hearing loss at the
ENT and HNS outpatient department. The sample cegr32 children from
consanguineous marriages and 32 from non-consasmusrmarriages.Blood samples
were collected for DNA extraction and genotypingeafcally targeting the
rs104894396 variant of the GJB2 gene, which is @atal with non-syndromic
hearing loss.Results stated that the mean agertfipants was 21.33 years with a
significant proportion (56.25%) aged between 2-@rgeindicating that congenital
hearing loss is most prevalent in early childhoddlf of the children (50%) were
born to consanguineous parents, revealing a <Sigmfi correlation between
consanguinity and congenital hearing loss (p <)0.0%is finding underscores the
genetic risks associated with consanguineous ngasiavhere the likelihood of

inheriting recessive genetic traits increases.
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A family history of hearing loss was reported in20% of the cases however,
no significant association was found between fanfilgtory and consanguinity
suggesting that many cases of congenital hearisg hoay arise from spontaneous

genetic mutations rather than inherited patterns.

Genotype analysis revealed that the majority ofdcdn (87.5%) had the
Ref/Ref genotype, with no significant differencegienotype distribution between the
two groups (p = 1.000). This indicates that thespnee of the GJB2 gene variant does
not differ significantly between children from camguineous and non-
consanguineous marriages. The allele frequencysisaihowed that the C allele was
present in approximately 89.2% of the samples, avtile A allele was found in
10.8%. A significant deviation from Hardy-Weinbeeguilibrium (p < 0.001) was
observed, suggesting that the study population meyepresent a random sample of

the general population potentially due to selecti@s.

The findings of this study highlight a significarssociation between
consanguineous marriages and congenital deafnessphasizing the need for
increased awareness and early intervention stestegn communities where
consanguinity is prevalent. While consanguinityseai the overall genetic risk for
hearing loss, it does not necessarily predict ttesence of specific genetic variants
associated with the condition. The study underscdhe importance of genetic
counselling and early screening for hearing losstiqularly for children born to
consanguineous parents. Future research should fatdarger cohorts and broader
genetic screening to further elucidate the comgleretic landscape of congenital
hearing loss, as well as the potential environmdatdors that may contribute to this

condition.
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ANNEXURES

ANNEXURE — | - INFORMED CONSENT FORM

“‘GENETIC ASSOCIATION OF CONSANGUINITY AND FAMILY HI  STORY

IN CONGENITAL HEARING LOSS”

Name of Student/Principal Investigator:

Name of Guide/Co Investigators:

Objective: To know the genetic association of consanguinity &mily history in

congenital hearing loss.

To know the incidence of congenital hearing loss

Explanation of procedure: After taking informed consent from the patient dhelir

parents, demographic details of all the patient W recorded, predesigned
proforma and thorough clinical history will be oioiad. ENT examinations were done
and 2ml blood samples were taken for DNA extractiming polymerase chain

reaction.

Withdrawal from participation in the study: Participation in this study is
voluntary. You will be free to decide whether tatmapate in this study or continue
participation once enrolled. In case you decidewithdraw your participation,
you are free to do so. However, please convey theisidn to the principal

investigator.
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Possible benefits from participating in the study:You will/will not have nor get
any benefits by participating in this study. Theadgathered will help the population

at large.

Possible risks from participating in the study: There are no risks involved in

participating in this study.

Privacy and confidentiality: The information collected from you will be coddd,
prevent any person from identifying you. Yourntty will never be revealed. The
data collected from you will be kept confidentialdaonly processed or aggregated

data will be used for publication.

Financial incentives: You will not receive any payment for participatimg this

study.

Authorization for publication of aggregated data: Results obtained after
processing of the aggregated data will be publisieedscientific purposes and or

presented to scientific groups. However, your itentill never be revealed.

Questions:In case of any questions with regard to this stydy are free to contact:
BE0122012 If you have any question or complainthwegard to your right as study
participant you may contact Dr Harsha Hegde, Cleasgn, Ethical committee of

JNMC, 0831-2473777 Extension 4052.

Legal rights: By signing this consent form, we are not wavamy of your legal

rights.
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CONSENT STATEMENT

I am making a voluntary decision to participate the study “Genetic
association of consanguinity and family history dangenital hearing loss”. My
signature below indicates that | have decided tdigyate and | have read the
information provided above or the information pard above has been read to me in
the language that | understand best. | was giverogiportunity to ask questions and

that they have been answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE Il - PROFORMA FOR DATA COLLECTION

“‘GENETIC ASSOCIATION OF CONSANGUINITY AND FAMILY

HISTORY IN CONEGNITAL HEARING LOSS”

Date: I.P. No:
Name: Occupation:
Age: Phone No:
Sex:

Address:

CLINICAL PROFILE:

Chief Complaint:

History of Present lliness: Past History:
Personal History:

Family History:

l) _General Physical Examination -

Blood Pressure:
Pulse:

Respiratory Rate
Pallor

Icterus

Cyanosis

Clubbing
Lymphadenopathy

Odema

Page 76



Annexures

[I) ENT Examination

1. EAR EXAMINATION:

Right

Left

Pinna

Pre auricular area

Post auricular area

Tragal Tenderness

Mastoid Tenderness

External auditory canal

Tympanic membrane

RIGHT

Right

EEFE

Left

TUNING FORK TESTS:

Rinne’s test:

Weber's test:

Absolute Bone Conduction test :

2. NOSE EXAMINATION:

External appearance

Root

Bridge
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Dorsum
Ala

Tip
Columella
Vestibule

Cold spatula test -

Anterior Rhinoscopy -

Posterior Rhinoscopy

Paranasal Sinus Examination

Right

Left

Frontal Sinus tenderness

Ethmoidal Sinuses tendernes

Maxillary Sinus tenderness
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3. THROAT EXAMINATION:

Oral cavity:

Lips

Gingivolabial sulcus
Buccal mucosa
Gingivobuccal sulcus
Gums

Teeth

Anterior 2 /3 rd of tongue
Floor of mouth

Hard palate

Retromolar trigone

Oropharynx:

Soft palate
Uvula

Anterior pillar
Tonsil
Posterior pillar

Posterior pharyngeal wall

Indirect Laryngoscopy

DIAGNOSIS
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ANNEXURE IlI- PHOTOGRAPHS

Annexures

PHOTOGRAPH 1: PHOTOGRAPH OF SAMPLE COLLECTION IN ED TA
TUBE

PHOTOGRAPH 2: PHOTORAPH OF RAW GEL IMAGES OF
GENOMIC DNA ALLELE TYPES ON POLYMERASE CHAIN

REACTION

C/A c/C
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PHOTOGRAPH 3 — AGAROSE GEL (1.2%) SHOWING PCR AMPLI CATION

OF GJB2 GENE

PHTOGRAPH 4 — AGAROSE GEL (0.8%) SHOWING THE GENOM IC DNA
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PHOTGRAPH 5 — AGAROSE GEL (1.5%) SHOWING THE RESTRICTION

FRAGMENT LENGTH POLYMERISATION OF PCR PRODUCT
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ANNEXURE IV- KEY TO MASTERCHART

AGE IN YEARS

SEX MALE AND FEMALE

GROUPS TYPE OF PARENTAL CONSANGUINITY / NON-

MARRIAGE CONSANGUINITY

DEGREE OF CONSANGUINITY 157/2NP/3RP /NIL

FAMILY HISTORY PRESENT / ABSENT
GENOTYPE REF/REF ; REF/ALT ; ALT/ALT
ALLELE C/C; CIA; AIA
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ANNEXURE V- MASTERCHART

> > =
u E x O
= W z oz L
0 O < =~ e w
|2 lw o = 2 w3 |oc| £ |4
: Q LLl o TZ o) L
O < >0 -
<< TR) = | <
o= og |Sx| ©
o |g&%
1 | 1009684 7 MALE Consanguinous marriage FIRST INO f/Rd | C/C
2 | 1186218| 4 MALE Non-Consanguinous marriage NIL NRef/Alt | C/IA
3 | 1186614| 4 MALE Consanguinous marriage SECOND NOef/A& | C/A
4 | 1188225/ 10 FEMALKH Consanguinous marriage SECONDO |NRef/Ref| C/C
5 | 1187743 3| FEMALE Consanguinous marriage FIRS[T H&f/Ref | C/C
6 | 1187709 9| FEMALE Consanguinous marriage FIRS[T NBef/Ref | C/C
7 118267 | 3| FEMALE Non-Consanguinous marriage NIL Naref/Ref | C/C
8 | 1187004 6| FEMALE Consanguinous marriage THIRD N®ef/Ref | C/C
9 | 118621¢| 5 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
1C | 118697: | 11 | FEMALE Consanguinous marria SECONL | NO | Ref/Rel | C/C
11 | 118707¢ | 3 | FEMALE Non-Consanguinous marria NIL NO | Alt/Alt | A/A
12 | 118696: | 4 | FEMALE Consanguinous marria FIRST YES | Ref/Rel | C/C
13 | 118897. | 8 | FEMALE Consanguinous marria THIRD NO | Alt/Alt | A/A
14 | 118898: | 2 | FEMALE Consanguinous marria FIRST YES | Ref/Rel | C/C
15 | 118700 | 5 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
16 | 117948 | 4 | FEMALE Consanguinous marria SECONL | NO | Ref/Rel | C/C
17 | 118308: | 3 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
18 | 118346¢ | 5 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
18 | 118432¢ | 4 | FEMALE Consanguinous marria THIRD NO | Ref/Rel | C/C
20 | 118423 | 4 MALE Consanguinous marria SECONL | NO | Ref/Rel | C/C
21 | 118486! | 3 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
22 | 118498( | 5 | FEMALE Consanguinous marria THIRD NO | Ref/Ret | C/C
23 | 118565: | 2 | FEMALE Consanguinous marria SECONL | NO | Ref/Rel | C/C
24 | 118305t | 4 | FEMALE Non-Consanguinous marria NIL NO | Ref/Ret | C/C
25 | 116197 | 1C| MALE Non-Consanguinous marria NIL NO | Alt/Alt | A/A
26 | 116358: | 9 | FEMALE Consanguinoumarriage FIRST YES | Ref/Rel | C/C
27 | 116345! | 6 | FEMALE Non-Consanguinous marria NIL YES | Ref/Rel | C/C
28 | 116380( | 4 | FEMALE Non-Consanguinous marria NIL NO | Ref/Ret | C/C
29 | 116195¢ | 5 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
3C | 116345{ | 3 | FEMALE Consanguinous marria THIRD NO | Alt/Alt | A/A
31 | 116376. | 1C | MALE Consanguinous marria THIRD NO | Alt/Alt | A/A
32 | 116268( | 5 MALE Consanguinous marria SECONL | NO | Ref/Ret | C/C
33 | 116380: | 8 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
34 | 116427' | 11 | MALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
35 | 116580¢ | 3 MALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
36 | 116372t | 4 | FEMALE Non-Consanguinous marria NIL NO | Ref/Ret | C/C
37 | 116580! | 12 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
38 | 116646( | 4 | FEMALE Consanguinous marria FIRST YES | Ref/Rel | C/C
39 | 116676. | 3 | FEMALE Non-Consanguinous marria NIL NO | Alt/Alt | A/A
4C | 116645¢ | 2 | FEMALE Non-Consanguinousmarria NIL NO | Ref/Rel | C/C
41 | 116676: | 12 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
42 | 116915: | 5 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
43 | 116135 | 8 MALE Non-Consanguinous marria NIL YES | Ref/Rel | C/C
44 | 1179625 5| FEMALE Consanguinous marriage SECONDO |NRef/Ref| C/C
45 | 1161944 3| FEMALE Consanguinous marriage SECONDES Y Ref/Ref | C/C
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117958: | 11 | FEMALE Consanguinous marria SECONL | YES | Ref/Rel | CIC
119721{ | 7 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
1190377 6| FEMALE Consanguinous marriage THIRD N®ef/Ref | C/C
1166764 7| FEMALE Consanguinous marriage FIRST N@ef/Ref | C/C
1170046| 4| FEMALE Consanguinous marriage FIRST NQef/Ref | C/C
1169977 5| FEMALE Non-Consanguinous marriage NIL| YES | Ref/Ref | CIC
116673{ | 9 | FEMALE Consanguinous marria FIRST NO | Ref/Rel | C/C
117004¢{ | 7 | FEMALE Consanguinous marria FIRST NO | Ref/Rel | C/C
117066: | 6 MALE Non-Consanguinous marria NIL YES | Ref/lRel | C/IC
116648. | 1C | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
117079{ | 8 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
117427t | 2 | FEMALE Consanguinous marria THIRD NO | Ref/Rel | C/C
1175010 13 FEMALE Consanguinous marriage SECONNO | Ref/Ref| C/C
1174375 5| FEMALE Non-Consanguinous marriage NIL| NO | Ref/Ref| C/C
1177756 4| FEMALE Non-Consanguinous marriage NIL| YES | Ref/Ref | C/C
1177691 5| FEMALE Non-Consanguinous marriage NIL| YES | Ref/Ref | C/C
117566¢ | 12 | FEMALE Non-Consanguinous marria NIL NO | Ref/Rel | C/C
117601: | 6 MALE Consanguinous marria SECONL | NO | Ref/Rel | C/C
117831: | 13| MALE Consanguinous marria FIRST NO | Ref/Rel | C/C
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