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Attention Deficit Hyperactivity Disorder (ADHD)is a common neurodevelopmental condition defined by persistent patterns
of inattention, hyperactivity, and impulsivity that impair functioning across multiple settings[1]. Symptoms typically emerge
in childhood and frequently persist into adulthood, although their expression may change over time. ADHD is clinically
heterogeneous, with substantial variability in symptom severity, cognitive profiles, and comorbidity patterns [2]. Global
prevalence estimates suggest that approximately five percent of children are affected, with lower rates observed in adults
largely reflecting partial symptom remissionratherthanresolution[3].

The diagnosis of ADHD is based on behavioral criteria and includes three clinical presentations: predominantly inattentive,
predominantly hyperactive impulsive, and combined [1]. ADHD commonly co-occurs with anxiety disorders, depression,
learning disabilities, and autism spectrum disorder, contributing to diagnostic complexity and increased clinical burden[2].
These overlaps suggest shared biologicalmechanismsratherthandiscrete disease boundaries.

Neurobiological studies have consistently implicated fronto striatal and fronto cerebellar circuits involved in executive
control, attention regulation, and inhibitory processes [4]. Structural and functional neuroimaging studies report delayed
cortical maturation, altered cortical thickness, and differences in large scale brain connectivity, particularly in prefrontal
regions[5]. At the neurochemical level, dysregulation of dopamine and norepinephrine signaling plays a central role in ADHD
pathophysiology and provides the mechanistic basis for stimulant medications, whichremain first line treatment[6].
Genetic factors represent one of the strongest contributors to ADHD risk. Family and twin studies consistently report
heritability estimates between seventy and eighty percent, placing ADHD among the most heritable psychiatric disorders
[7]. However, ADHD does not follow a single gene or Mendelianinheritance pattern. Instead, it reflects the cumulative effects
of many common genetic variants of small effect, consistent with a highly polygenicarchitecture[8].

Early candidate gene studies focused on dopaminergic pathway genes such as DRD4, DRD5, SLC6A3, and COMT, but these
explained only a small fraction of genetic risk. The field advanced substantially with large genome wide association studies.
The first genome wide significant ADHD loci were identified by Demontis and colleagues, implicating genes involved in
neurodevelopment, synaptic organization, and transcriptional regulation [9]. Subsequent work demonstrated substantial
genetic overlap between ADHD and other neuropsychiatric and behavioral traits, including autism spectrum disorder,
schizophrenia, educational attainment, and risk-taking behaviors, supporting shared biological pathways across conditions
[10,11].

Rare genetic variants, including copy number variations affecting neurodevelopmental genes, also contribute to ADHD risk,
particularly inindividuals with more severe or persistent symptoms[9]. Environmental exposures such as prenatal smoking,
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low birth weight, and early life psychosocial adversity interact with genetic susceptibility, influencing symptom expression
ratherthanactingasprimary causes.
Future ADHD research is increasingly oriented toward integrative and precision-based approaches. Polygenic risk scores
summarizing genome wide genetic liability are being developed, although their predictive value at the individual level
remains limited [7]. Combining genomic data with neuroimaging, cognitive phenotyping, and environmental measures may
enable biologically informed stratification of ADHD, addressing long standing heterogeneity in diagnosis and treatment
response.
Precision medicine represents a key future goal. Pharmacogenomic research seeks to identify genetic predictors of
medicationresponse and adverse effects, potentially improving treatment selection and tolerability [ 12]. Additionally, there
is growing recognition of the need for ancestry diverse and lifespan focused research. Most genetic studies to date have
focused on populations of European ancestry, limiting generalizability. Expanding global representation and longitudinal
study designs will be essential for equitable translation of genetic discoveriesinto clinical practice.
In summary, ADHD is a complex neurodevelopmental disorder with a strong genetic foundation and substantial biological
overlap with other psychiatric traits. Continued integration of genomics, neuroscience, and clinical research is likely to
reshape ADHD classificationand management, moving toward more precise and individualized care.
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Male infertility accounts for approximately 30-50% of infertility cases worldwide and poses a
significant reproductive health challenge. This review synthesizes current knowledge on the
etiology of male infertility, emphasizing the pivotal role of diagnostic imaging, particularly
ultrasonography, in identifying structural and functional abnormalities. Common causes
include varicocele, testicular failure, genetic abnormalities such as chromosomal defects and
Y-chromosome microdeletions, obstructive pathologies, and idiopathic factors. Ultrasound
techniques, especially scrotal and transrectal ultrasonography, have become essential tools in
detecting conditions often missed during routine examinations, thereby facilitating accurate
diagnosis and targeted management. Despite advancements, standardization of imaging
protocolsandaccessremainlimitedinresource-constrainedsettings. Anintegrated diagnostic
approach, combining semen analysis, hormonal profiling, genetic testing, and imaging,
enhances diagnostic precision, reduces unexplained cases, and guides personalized
treatment. Early identification of causative factors is crucial for optimizing reproductive
outcomes.

INTRODUCTION

Infertility is one of the most triggering issues in the world
that is affecting couples all over the world, about their
overall health. At an average of 15%, most couples do not
conceive after one year or later efforts. Male infertility, as
defined by the World Health Organization (WHO), is a man's
inability to conceive a child by means of a fertile woman,
following unprotected and inconsistent sexual activity for
at least one year. Around 20% cases of male infertility
contribute to another 30 - 40% independently, combined
with female factors. Country-Specific / Regional Data:
About 25-30% of couples who seek fertility treatment are
affected by Male factor infertility, with varicocele being

especially prevalent at rates up to 40% [1]. Infection-
related obstructive pathologies and causes are more
common, especially in sub-Saharan Africa, which is
impacting up to 15-20% infertile men regarding the
prevalence [2]. Higher rates of genetic abnormalities, in
Middle Eastern populations, with Y-chromosome
microdeletions are shown to be higher in research, with an
average of 10-12% of severe oligozoospermia cases [3].
Male infertility may result in physical problems with
reproductive organs, genetic disorders, hormonal
imbalances, or sperm production or movement issues[4].
The generalinitial evaluationin this case mostly consists of

PBMJ VOL. 8 Issue. 12 Dec 2025 Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA
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blood hormone tests, semen analysis, and physical
examination of the affected individual. Whereas helpful
information is provided by means of these tests, in many
cases, the information regarding deeper problems is
missed in such cases and may not be noticeable without
specific medicalimagingtechniques ordiagnosis[5].
Despite significant advances in understanding male
infertility, major research gaps remain, particularly in low-
resource settings. Standardized imaging protocols for
scrotal and transrectal ultrasonography are lacking,
leading to variability in diagnostic accuracy and
underdiagnosis of structural or obstructive abnormalities.
Idiopathic infertility continues to account for a large
proportion of cases, highlighting limitations in current
genetic, imaging, and functional sperm assessments.
Additionally, access to advanced diagnostic tools such as
MRI, Al-assisted imaging, and comprehensive genetic
testing is limited, restricting personalized treatment
strategies. Addressing these gaps is essential to improve
early detection, reduce unexplained infertility, and
optimize reproductive outcomesglobally.

Male Infertility Etiology

Among the most prevalent causes of male infertility,
varicocele is considered to be a more treatable and
common cause, which is characterised by enlargement of
veins in the scrotum [6]. Some varicoceles can be felt
during physical examination, but many subclinical
varicoceles are too small to detect without ultrasound and
can still harm sperm production [7]. Men with high-grade
varicoceles were significantly weaker with their semen
quality, presenting 45% severe azoospermia or
oligozoospermia, as shown in Nigerian research[8]. It was
observed in studies that surgical correction supported
several men recovering sperm parameters by gaining
naturalpregnancyasaresult of their maritalintercourse[9,
10], yet normal sperm parameters are still maintained by
some men with varicocele [11]. When the testicles do not
function properly, testicular failure happens, and it is
because of genetic mutations, hormone problems, or
developmental issues in the male reproductive system.
Testicular texture, blood flow, and size can be assessed by
the ultrasound, which can provide signs pertaining to
conditions like Leydig cell damage or Sertoli cell-only
syndrome [12]. One can identify hormone imbalances like
elevated prolactinthrough blood tests or low testosterone,
and they can mostly be correlated withabnormalities of the
ultrasound[13]. Obstructive pathologies in the epididymis,
the ejaculatory ducts, or the vas deferens do not allow
sperm release and cannot be detected by semen analysis
alone. These problems can be identified by Transrectal
ultrasound (TRUS), which is specifically beneficial to

DOI: https://doi.org/10.54393/pbm].v8i12.1294

diagnose obstructive azoospermia [14]. Important
diagnostic information can be provided by testicular size.
Decreased sperm production is indicated by reduced
testicular volume generally. According to research, low
sperm count shows correlation with smaller testicles,
mostly by depicting hormonal abnormalities such as
elevated LH or FSH [15]. Research conducted on 1,000
infertile men revealed the outcome of abnormalities
through ultrasound, in the seminal vesicles and prostate,
among almost 30-35% cases [16]. So, scrotal
ultrasonography is considered a safer and more effective
tool. The testicular abnormalities like microlithiasis,
varicocele, epididymal cysts, and undescended testicles
can be tested through it. One cannot directly feel during a
regular examination. According to a study, during physical
examination, 58% of such abnormalities were not found
during the test, but those were examined clearly by means
of ultrasound [17]. In a significant number of cases, men
may still be infertile, even with normal semen tests. It
depends upon undiagnosed conditions such as previous
mumps infection, testicular injury, or congenital
abnormalities during the examination. These hidden
problems can be identified in genetic and ultrasound
testing [18]. Sperm DNA may be damaged, even in
subclinical cases, because of oxidative pressure, which
raises testicular temperature, exacerbated by varicocele
[19].

Diagnostic Strategiesin Male Infertility

Investigations - Structured Order: A systematic hierarchy
is followed in a comprehensive diagnostic approach. In the
first-line investigations, factors that need to be included
like detailed sexual and medical history, semen analysis,
followed by physical examination. While, incorporates
hormonal profiling is incorporated in the second-line
testing (LH, FSH, testosterone, and prolactin), post-
ejaculatory urinalysis, followed by scrotal ultrasonography
with Doppler also required. For surgical and advanced
investigations, testicular biopsy for azoospermia, genetic
testing (karyotyping, Y-chromosome microdeletion
analysis), and vasography for suspected obstruction are
needed [20]. Diverse causes and diagnostic approaches
are required in male infertility measurement. In about 30 -
50% infertility cases, male factors are responsible, mostly,
with etiologies following endocrine disorders, genetic
syndromes, anatomical abnormalities, and infections [ 21].
Cryptorchidism is a major risk factor that affects 1- 4% of
newborn males. It is because of abnormal maturation and
germ cell loss at the earlier stage. It leads to higher
testicular cancer risk and future infertility [22]. One of the
most frequent chromosomal abnormalities linked with
male infertility is Klinefelter syndrome (47, XXY, which
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causes testicular failure, reduced azoospermia, and
testosterone production [23]. Prolactinoma lowers
testosterone levels and disrupts sperm production; it
interferes with the hypothalamic-pituitary-gonadal axis
[21]. With the reduction of hypogonadism symptoms
through testosterone treatment, it also reduces fertility
and suppresses gonadotropins. A viral infection, known as
mumps orchitis, may cause persistent azoospermia due to
irreversible testiculardamage[24].

Expanded Discussion About MRI

Acrucial role is played by imaging techniques in diagnosis.
Pertaining to this, for the detection of obstructive factors
and anatomical features, TRUS and ultrasound are first-
line modalities, where MRI becomes the first priority when
ultrasound findings become unclear orinconclusive. In this
case, superior soft tissue characterization is provided by
MRI and becomes particularly significant to assess
undescended testes and evaluate complex obstructions,
by mapping anatomy and finding out subtle tumors before
reconstructive surgery[25]. Concerning such benefits, the
limited availability of MRI and its higher cost in low-
resource settings do not fully allow its routine use.
Limitations of Biopsy Techniques: To for differentiate
obstructive from non-obstructive azoospermia Testicular
and to guide about assisted reproductive interventions,
biopsy becomes necessary test. In this way, two major
practices are common: needle biopsy and open surgical
biopsy. Larger tissue samples are provided by open biopsy,
with means of lower risk of sampling error and better and
precise histological assessment. For this, hiring costs with
operating room facilities are required. Needle biopsy (Tru-
cut or fine needle aspiration) under local anaesthesia can
be performed as an office procedure, giving lower cost and
greater convenience. Although there are risks in needle
biopsy with infection, potential sampling error due to
smallertissue volumes hematomaformation[26]. Allabout
the process is dependent on local expertise, clinical
indication, along complete planning of simultaneous
spermretrieval forICSI[27].

Vaso Graphical Role in Surgical Management

Technical Details: Water-soluble radiopaque contrast
mediais employed by Vasography employs, such as iohexol
or iopamidol, which may be directly injected into the vas
deferens. Normally, plain radiography or fluoroscopy is
used as an imaging technique for visualizing the seminal
vesicles, vas deferens, and ejaculatory ducts. In such a
technique, puncture with a fine needle, surgical exposure
of the vas deferens, or intraoperative protocol is utilized
(characteristically 27-30 gauge), under fluoroscopic
guidance, generally, slow injection of 1-3 ml contrast is
injected, and immediate assessment of obstruction and
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patency sitesis conducted[28]. To manage male infertility,
vasography becomes a significant therapeutic and
diagnostic tool, especially in obstreperous azoospermia
cases. In such cases, localized obstruction sites and vas
deferens patency are assessed primarily, which is
considered to be extremely important to plan for
proceeding surgical procedures like vasoepididymostomy
or vasovasostomy. These microsurgical techniques are
mostly used in vasography, which is often performed
alongside, where immediate correction of enabling
enhancing fertility restorationandidentifying obstructions
and likelihoodis performed[28]. The benefits of combining
surgical treatment with vasography have been highlighted
by recentadvancementsinandrology clinics, particularlyin
settings with constrained medical facilities. With such
techniques, patients' enhanced outcomes are achieved
compared with those formerly deprived of adequate
access to specialized care [29]. Even, rather its great
significance, vasography has declined because of less
invasive imaging modalities as a self-contained diagnostic
system like MRI and transrectal ultrasound, where
preoperative evaluationis mostly offered[30]. When direct
visualization of vasal anatomy is required or non-invasive
imaging is inconclusive, during surgery there vasography
remains indicated. Vasography, rather than an outpatient
procedure to minimize complications, is generally
recommended intraoperatively, with the recommendation
of immediate surgical intervention when needed.
Vasography becomes very important for obstructive male
infertility treatment when incorporated into
comprehensive treatment plans, coupled with
microsurgicaladvancements[31].

Associating Diagnostics with Treatment

Therapeutic strategies are directly guided by diagnostic
findings. With abnormal semen parameters, ultrasound-
detected varicocele of grade 2 or 3, by which
varicocelectomy is indicated, and natural conception is
improved in 40-60% of cases[28]. Biopsy results confirm
an obstruction that shows normal spermatogenesis in
azoospermic men. Also, it guides about sperm retrieval
techniques for ICSI, where fertilization rates of 50-70% are
achieved in the process [32]. The influence of the choice
between vasoepididymostomy (for epididymal
obstruction) and vasovasostomy (for vas obstruction) is
calculated by vasography findings of complete
obstruction, with patency rates of 85% and 65%
respectively [33]. The treatment selection is optimized by
this integrated approach, and reproductive outcomes are
improved to a great extent [34]. To identify underlying
causes of male infertility, the importance of clinical
imaging is emphasized by this review, specifically in
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ultrasound imaging. The routine integration into fertility
assessments helps improve patients' outcomes by
addressingdiagnostic gapsin malereproductive health.
Pathologic Conditions for Male Infertility

Among the main pathologic conditions responsible for
male infertility, the main contributing factors are idiopathic
infertility (35.6%) and testicular disorders (38%), that
encountered most frequently, closely followed by cases of
varicocele(Grade 2/3), which affects 35.5% of infertile men
approximately [34]. According to some research, around
10% of cases account for Cryptorchidism [35], whereas
there are major genetic causes related to Y-chromosome
microdeletions and chromosomal abnormalities (such as
Klinefelter syndrome), with a percentage of 3.2% and
10-15% cases, accordingly [36, 37]. This study shows
consolidated percentage and frequency of the data,
referring to the most prevalent pathological conditions
thatare linked with male infertility, asreflected by means of
the studies conducted between the years 2000-2025
(Table1).

Table 1: Main Pathologic Conditions Responsible for Male
Infertility
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recommended by experts in infertility evaluations [39].
Scrotal Causes of Male Infertility: mechanism/pathology
and clinicalimpact onfertilityare veryimportant(Table 2).

Table 2: Scrotal Causes of Male Infertility

Scrotal Cause

Mechanism/Pathology

Dilated pampiniform
plexus veins, increased

Clinical Impact on Fertility

Most common;
impairs spermatogenesis,

varicocele scrotal temperature, | reduces sperm count/
oxidative stress motility.
Fluid accumulation
around the testis, May impair
Hydrocele possible local spermatogenesis
temperature elevation
Epididymal- Inflammation/infection Obstructs sperm
orchitis of the epididymis/testis |transport, damages tissue
Epididymal Cystic lesionsin the May obstruct sperm
cysts epididymis passage
Trauma Physical injury to the Disrupts testicular

scrotum/testes

function

Cryptorchidism

Undescended testis,
abnormal scrotal
development

Reduces testicular
volume, impairs
spermatogenesis

Testicular
microlithiasis

Microcalcifications in
testicular tissue

Associated with abnormal
sperm parameters

Scrotal AVM

Abnormal arteriovenous
connections, local
hyperthermia, or pressure
effects

Can cause oligospermia
/infertility

Chronic scrotal
hyperthermia

Prolonged elevation of
scrotal temperature

Causes oxidative stress,
spermatogenic arrest

Scrotal wall

pathology

Abnormalities in
scrotal wall layers

Mechanical/inflammatory
effects, hyperthermia

Pathologic Condition Frequency (%)
Idiopathic (Unexplained) Infertility 356(35.60%)
Testicular Disorders 380(38%)
Cryptorchidism (Undescended Testes) 100(10%)
Varicocele (Grade 2/3) 355(35.50%)
Chromosomal Abnormalities 100(10%)
Y Chromosome Microdeletions 32(3.20%)
Leydig Cell Insufficiency 25-50(2-5%)
Hydrocele (via ultrasound) ~60(~6%)
Epididymal Cysts (via ultrasound) ~90(~9%)
Testicular Atrophy (via ultrasound) ~120(~12%)

It was found that Leydig cells contribute to hypogonadism
insufficiency, giving poor spermatogenesis, with an
average of 2-5% of cases similarly [38]. Of these
characteristics, acquired factors like trauma, endocrine
tumors, and infections result differently among many
individuals [39]. Transrectal and scrotal ultrasonography
have been considered non-invasive and essential
diagnostic techniques, which significantly enhance the
abnormalities like: testicular atrophy, hydrocele, and
epididymal cysts, and these techniques are not only
apparent through clinical examination but also being
practiced in ultrasonic diagnosis [40]. Both obstructive
and non-obstructive causes are identified by ultrasound,
which provides vascular flow analysis by means of
techniques like Doppler ultrasound, which is especially
significant in azoospermia assessments [41]. Sonography
remains underutilized, and instead of clinical utility, wider
adoption of standardized imaging protocols is

Table Il shows different scrotal problems that can yield
male infertility. It shows that amongst various causes of
male infertility, varicocele is the most prevalent, which
causes oxidative stress in testicles, raises temperature,
and affects sperm production [40]. There are also many
other issues, including epididymo-orchitis, hydrocele,
injuries, cryptorchidism, and cysts, which can block sperm
movement by damaging the sperm-making environment,
and this leads to weak fertility among couples [33]. In this
way, important but less common causes are scrotal
arteriovenous malformations, testicular microlithiasis,
and chronic scrotal hyperthermia. These factors combine,
and the quality and number of sperm are reduced in fertile
couples. Also, fertility can be affected by scrotal wall
problems whenlocal conditions, through inflammationand
pressure, are changed. Concerning these issues, proper
treatment by early detectionis veryimportant; often, using
scrotal ultrasound helps cure male infertility by improving
their health [1, 28]. Sonographic findings and clinical
significance were analyzed(Table 3).
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Table 3: Sonographic Patternsin Male Infertility

Clinical Significance

Sonographic Finding Cause of Infertility

The most common
ultrasound finding
associated with poor
sperm production

Indicates sperm
production failure;

Varicocele (Dilated

Pampiniform Plexus) Varicocele

Non-obstructive

R Testicular h
educed Testicula azoospermia,

Volume - ) helps rule out
testicular failure .
obstructive causes
Heterogeneous Atrophy, chronic Suggests old

damage or inflammation

Testicular Echotexture| orchitis, trauma affecting fertility

Indicates inflammation
or blockage of the sperm
passage

Epididymitis,
obstructive
azoospermia

Epididymal
Enlargement

May block sperm
transportif large;
sometimes incidental

Strongly suggests
blockage at the
epididymal or duct level

Testicular/
Epididymal Cysts

Obstruction, post-
infection changes

Obstructive
azoospermia

Dilated Rete Testis/
Epididymal Tubules

Shows distal blockage,
like an ejaculatory duct
cyst or absence

May impair fertility by

Obstructive

Dilated Vas Deferens azoospermia

Hydrocele Hydrocele raising local temperature
Reduced Testicular Testicular Points to severe damage
Vascularity (Doppler) failure or primary testicular failure

s Suggests acute
Inflammatory Changes Orchitis, ] .
(Orchitis/Epididymitis) | epididymitis inflammation that can

damage sperm production

The study presentssonographic patternsin maleinfertility.
It depicts that by identifying both obstructive and non-
obstructive causes, sonographic evaluation plays a
significant role in the assessment of male infertility [41].
Regarding this, the table portrays many vital
characteristics like reduced testicular volume, indicating
atrophy, varicocele, testicular echotexture suggestive of
chronic damage, and heterogeneous [33]. Research
findings indicate obstruction through epididymal
enlargement, dilated rete testis, and dilated vas deferens,
causing male infertility. Furthermore, testicular blood flow
assessment is carried out by using Doppler ultrasound,
which helps differentiate between primary testicular
failure and obstructive conditions affecting male fertility
[32]. Moreover, diagnostic precision is enhanced using
hydrocele additional detection, cysts, signs of acute
inflammation, and guides management [23, 42].
Diagnostic accuracy is enhanced meaningfully by
integrating these sonographic patterns into clinical
evaluation, and better targeted treatment is enabled. The
findings discuss the prevalence of the main causes of male
infertility. It reports Idiopathic infertility to be the most
frequently occurring category, whichisreflectedin certain
subgroups up to 75% cases, particularly its range observed
among men with oligozoospermia, and hence, current
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diagnostic approaches show major gaps in likewise cases
[43]. Varicocele is the most potentially correctable and
common identifiable cause in this sense [44]. Other
factors are also very important, along with primary
testicular failure and genetic defects, which contribute to
male infertility the most [40]. Although among the less
common causes are endocrine and obstructive causes,
due tothe potential for effective interventions, they remain
clinically significant[33]. Thereisalso therole of infections
and sexual dysfunction, particularly in specific populations
[45]. The environmental influences and lifestyle are a
severe concern for male infertility. Although due to
overlapping risk factors, the exact prevalence remains
unclear. The multifactorial origin of male infertility is
emphasized by these findings, and personalized treatment
planning and thorough evaluation are highlighted by means
of all such factors about male infertility [36]. The Findings
areshown(Table 4).

Table 4: Prevalence of Major Causes of Male Infertility

Prevalence
call:;:r::“r:; i Among Infertile Notes/Comments
Men (%)
Idiopathic Most common; up to 75% in
(Unknl \[:m ! ) 30-75 oligozoospermia cases remain
own cause unexplained
) Most frequent identifiable cause;
Varicocele 15-40 higher in secondary infertility
?Cehrlgtn:co(;it%sgls 10-15 Includes Klinefelter syndrome,
Y deletion) ' Y-chromosome microdeletions
Testicular failure 10-20 Includes Sertoli cell-only
(primary) B syndrome, maturation arrest

Includes congenital bilateral
7-13 absence of vas deferens, post-
infectious causes

Obstructive
azoospermia

Endocrine 1-2 Hypogonadotropic hypogonadism,
disorders - pituitary/hypothalamic dysfunction
Sexual 8-17 Erectile/ejaculatory disorders;
dysfunction B higher in some populations
I(':)fff;;ggs 5-15 Can cause temporary or
epididymitis) permanent infertility
Congenital 9.5 Cryptorchidism, hypospadias,
anomalies - other urogenital malformations
Lifestyle/ Smoking, obesity, toxins, heat,
environmental Variable and medications often overlap
factors with other causes.

Table Vabove shows clinical utility & diagnostic value in key
maleinfertility tests. Acomprehensive diagnostic strategy,
consisting of sperm function tests such as DNA
fragmentation assessment, semen analysis, and advanced
imaging techniques, enhances the diagnostic ability of
fundamental causes of maleinfertility. With this proportion
of unexplained (idiopathic) cases is reduced to a great
extent [41]. Moreover, valuable information about DNA
fragmentation testing on sperm quality is depicted in the
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table, which can be missed by conventional semen analysis, while a central role is played in detecting vascular and structural
abnormalities through ultrasonography. It shows the importance of genetic testing, particularly among those patients who
severely face azoospermia or sperm abnormalities, by supporting the uncovering of Y-chromosome microdeletions or
chromosomal defects, particularly those not evident in such cases[22]. A patient-specific infertility management strategy
isdevelopedbyincorporatingthese diagnostic tools, which enhancesclinical outcomes[40](Table5).

Table5: Clinical Utility and Diagnostic Value, in Key Male Infertility Tests

Diagnostic Test/Approach

Semen analysis

Cornerstone for initial assessment; identifies oligozoospermia,
asthenozoospermia, teratozoospermia, and azoospermia

Diagnostic Value & Clinical Utility

Sensitivity/Specificity

Moderate sensitivity/specificity

Sperm DNA fragmentation (sDF)

Higher accuracy than conventional semen analysis for detecting
sperm dysfunction; predicts FSH therapy response

Sensitivity 79%, specificity 86 %

Oxidation-Reduction Potential (ORP)

Novel marker for oxidative stress; correlates with poor sperm
parameters; aids in diagnosis and management

Sensitivity 69-81%, specificity 66-83%

Genetic testing (karyotype, Y del.)

Essential for severe oligo/azoospermia; guides prognosis,
treatment, and genetic counseling

High for known mutations

Comprehensive andrological assessment

Reduces idiopathic cases, enables targeted therapy, and
increases natural pregnancy rates

Reduces the idiopathic rate to 8%

Seminal plasma biomarkers

Emerging non-invasive markers: potential to improve

diagnosis beyond standard semen analysis

Under investigation

Imaging (scrotal US, Doppler)

Detects varicocele, obstruction, and testicular atrophy;

refines diagnosis and guides management

High for structural causes

The study depicts selected studies on sonographic techniques used in the evaluation of male infertility. The above selected
studies are fully pertinent to identify functional and primary structural causes of male infertility using sonographic
techniques, including TRUS, grey-scale ultrasound, and elastography. Key infertility factors are highlighted through these
studies, consisting of testicular atrophy, varicocele, microlithiasis, obstructive azoospermia, and epididymal cysts, by
highlighting major prevalence-related pathologies reported in different studies. The inclusion of these studies is justified
because clear evidence is provided about the value of diagnosticimaging in detecting both obstructive and non-obstructive
causes, helping reduce idiopathic cases. Research conducted on parenchymal inhomogeneity, testicular echotexture, and
elastography showed a correlation between spermatogenic findings with sonographic function; while, need for population-
specificreference valuesis emphasized by regional studies, specifically, inlow-resource settings as Pakistan(Table 6).

Table 6: Selected Studieson Sonographic Techniques usedin Evaluation of Male Infertility

Study Title

Study Type

Sample Size/
Design

Ultrasound
Technique

Infertility Focus

Key Findings

Gaps/Future Direction

Colour Doppler Not Colour Vari )
. aricocele, Improved detection of Needs protocol
1 Ultrasonography asa | Clinical Study 4 ! otoc
Routine Exam Reported Doppler US Obstruction vascular issues standardization
. . Hydrocele, . . . o
2 Sonographic Spectrum Imaging Narrative Grey-Scale Varicocele De.tectedles[ons missed | Require training a.nd
of Scrotal Abnormalities Review us Epididymal Cysts in the physical exam structured reporting
i Focused . Algorithms for imaging ] g
Imaging in Male-Factor S . TRUS Obstructive B Prospective validation
3 : e Clinical Clinical Cases 1 ; of obstruction are f
Obstructive Infertility Review Scrotal US Azoospermia defined lacking
. . . ) Inhomogeneity .
Testicular Ultrasound | Observational ) Grey- Testicular Function, : Requires large-scale
4 - Not Provided - '| correlates with reduced > oL
Inhomogeneity Study Scale US Spermatogenesis sperm quality validation
Ultrasound Evaluation | Systematic . Varicocele Standard grading Implement in low-
5 of Varicoceles Review 40+ Studies Doppler US Grading criteria established resource clinics
Sonography as an : Obstructive vs Specific resistive index - -
6 |Underutilized Diagnostic E{ﬁﬁg%ﬁa;s 60 men SCTrchtLi\ISLJS Non-Obstructive and volume cut-offs Pro?v%tltejé?i:)?;tme
Tool Azoospermia defined
; o ) B Clinician curricula
Role of the US in Male . Clinical Scrotal US, Broad Male Diagnostic thresholds h
7 Infertility Detection Review Synthesis TRUS Infertility Causes clarified for the US development is
recommended
8 Role of Testicular Comparative |, patients | Elastography Spermatogenic ?jgirt]ii)snsaifgi?rtr? Regional baseline
Elastography Study Health production values required
08 (@0 bt A |-~ VO © Issue. 12 Dec 2025
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. ] Discussed advanced
Advanced . . TRUS, Idiopathic Validation in South Asia
9 B N Review Narrative P methods (elastography, .
Sonographic Techniques Elastography Infertility microvascular imaging) is needed
Varicocele & Prospective . Blood flow associated Follow-up studies
10 Semen Quality Study Study ~150 men Doppler US Varicocele with semen parameters needed
. Genetic Causes + Retrospective 200 TRUS, Genetic Imaging models developed| Integration into genetic
US Features Cohort - men Scrotal US Infertility to predict genetic defects | workups is required
12 Prospective Prospective 120 Scrotal US, Mixed Infertility C?ﬂfégg?ﬂﬂﬁ 'n”;z?ilgg Adaptationinlocal
Sonographic Evaluation Study men TRUS Causes 9 clinical protocols
accuracy
West African ; 80 subfertile/ Regional Male Higher varicocele rates Regional imaging
13 Scrotal Abnormalities Observational 40 fertile Scrotal US Infertility Patterns in subfertile men databases needed
Central Role of . ) Imaging features L . .
14 the US in Function/ RetEosr?ecttlve 320 men S TRtlJISUS ?UCtt.aI ?bS'E_rUCtt'.On’ correlated with L'zk m&aglqg with I?tb
Obstruction ohor crota esticular Function hormonal profiles and endocrine results
: : . Visualized tiny
Super Resolution Experimental Super- Microvascular ) - . .
15 | Ultrasound Microscopy Study Lab Based Resolution US Evaluation testlc(uelgltl)lilstt;cé;()essels Clinical trials pending

Overall, clinical understanding of infertility causes is developed through these studies, which supports and strengthens the
incorporation of imaging technology with hormonal assessment and genetic evaluation to diagnose precisely and

personalize treatment.

DISCUSSION

Almost half of the infertility cases are prone to the margin
line. The natural conception rates are significantly
maintained by early ultrasound detection of varicocele.
Observed through different studies, Abnormal semen
parameters and varicocelectomy in men with Grade 2/3
varicocele result in 40-60% pregnancy rates that naturally
occur within post-surgery along 12-18 months post-
surgery[35]. Similarly, appropriate surgical intervention is
enabled by ultrasound-guided diagnosis of obstructive
azoospermia with vasovasostomy, achieving pregnancy
rates of 40-50% and patency rates of 85% [2]. Assisted
reproduction, including imaging, improves ICSI outcomes,
identifying specific causes through comprehensive
evaluation, following fertilization rates reach almost 65-
75% when biopsy confirms normal spermatogenesis[3]. In
the most common diagnosis, Idiopathic infertility is
observed in up to 75% of certain populations, specifically
among men who are detected with oligozoospermia, and
diagnostic gaps are identified [44]. In the leading specific
cause, the testicular disorders are common, where 38% of
infertile men are affected seriously, with varicoceleandina
treatable condition, being the most frequent occurring in
35-40% cases. Sperm productionisimpaired by Varicocele
with the increase in oxidative stress and scrotal
temperature. Other important causes include
cryptorchidism (10%), Leydig cell dysfunction (4%), and
testicular atrophy(12%)[44]. Chromosomal defects and Y-
chromosome microdeletions reported as genetic
abnormalities contribute to 10 -15% cases, where the need
for genetic testing is stressed in severe azoospermia or
oligospermia cases. Obstructive causes, though less
common(7-13%), are clinically relevant due to the potential
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for assisted reproductive or surgical treatment [40].
Infections, congenital anomalies, and hormonal
imbalances also give prevalence in many cases. In
beneficial diagnostic approaches, Doppler imaging and
Scrotal ultrasound are essential non-invasive tools to
detect varicocele, hydrocele, testicular atrophy, and
epididymal cysts, which may not be found while doing the
examination. These modalities help identify obstructive
azoospermia and assess testicular damage or vascular
flow abnormalities [42]. However, challenges remain,
including operator dependency, interpretation variability,
andlack of standardized imaging criteria.

As perresearch, in developing countries as Pakistan, there
are many limitations, including trained personnel and
restricted access to technology that hinder diagnosis
further [13]. By identifying chromosomal abnormalities in
unexplained infertility, genetic analysis complements
imaging techniques to probe into the prevalence among
infertile men. Combining semen analysis, advanced sperm
tests, imaging, and genetic evaluation reduces idiopathic
cases and guides personalized treatment. Overall, male
infertility is multifactorial. A thorough diagnostic approach
enhances detection of causes, minimizes unexplained
cases, and supports individualized management
strategies[45]. Future recommendations should prioritize
the development and implementation of standardized
imaging protocols for scrotal and transrectal
ultrasonography to ensure consistent diagnostic accuracy
across diverse clinical settings. Increased accessibility to
advanced diagnostic tools, such as genetic sequencing
and Al-assisted imaging, is essential, particularly in
resource-limited regions. Furthermore, integrating
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multimodal diagnostics combining imaging, genetic
testing, and sperm function analysis—into routine clinical
practice can reduce idiopathic cases and support
personalized treatment strategies. Finally, fostering
interdisciplinary collaboration and specialized training for
healthcare providers will enhance the comprehensive
evaluationand management of male infertility.

CONCLUSION

The emerging technologies are prospectively promised to
revolutionize management and diagnose male infertility
cases across the globe. Detection accuracy can be
improved by using artificial intelligence-assisted imaging
analysis, and operator dependency can be reduced in
ultrasound interpretation. Advanced genetic sequencing
technologies, including whole-exome sequencing and
next-generation sequencing panels are being utilized. It
will explore currently disruptive causes of novel genetic
issues to male infertility as idiopathic. Standardized
diagnostic protocols are urgently needed for the
improvement of consistency, particularly for imaging
techniques, and accessibility of care across the globe,
particularly in contexts with limited resources for health
improvement.
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A stroke is a serious emergency in the medical sector, occurring when the flow of blood to the
brain is blocked or cut short. This may occur due to the bursting of a blood vessel within the
brain, an ischemic stroke, or the blocking of a blood vessel in the brain (Hemorrhagic stroke).
Objectives: To assess the demographic profiles, clinical presentations, and neuroimaging
images of brain stroke patients with the help of computed tomography and name the most
common type of stroke and risk factors in a Pakistani sample. Methods: This cross-sectional
study was done in a setting of Gondal Medical Complex Hospital, Gujranwala, Pakistan, with a
sample size of 60 patients who had brain CT scans after a brain stroke. 16 slices CT machine was
appliedinthe study. Results: It was as per thisresearch that there was a greaterimpact of brain
strokes on men compared to women. The age between 71and 90 years is the most affected age
group, and the frontal lobe is the most affected site, with hypertension being the major
contributor. Conclusions: As per the results of this study, a CT scan is an excellent diagnostic
measure in the location and cause of a brain stroke. Hypertension is the primary risk factor for

. - brainstroke.
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INTRODUCTION

A stroke happens when the blood supply to a portion of the
brain is cut off by a clogged or broken blood vessel [1, 2].
Both ischemic and hemorrhagic strokes also seem to be
possible. A hemorrhagic stroke is caused by bleeding into
the brain when a blood vessel in the brain bursts or breaks.
Whenablood clot or significantly narrowed artery blocks or
constricts a blood vessel carrying blood to the brain, it
causes an ischemic stroke [3]. One of the symptoms is a
severe headache with no apparent cause, along with
numbness or weakness in the face, confusion, dizziness,
and difficulties with coordination [4]. One of the primary
methods used to find the clot is the brain computed
tomography scan, an X-ray-based diagnostic [5].
Researchers can learn more about brain diseases and/or
trauma owing to a brain CT scan [6]. In the United States,
795000 individuals are expected to suffer from stroke each

year[7]. The American Heart Association views stroke as a
significant problem due to its high mortality rate [8].
Between 1968 and 2016, age-adjusted stroke mortality for
ages 45+ years has declined a remarkable 77% from
455.5/100 000 to 104.1/100 000 [9]. Stroke remained the
third-leading cause of years-of-potential-life loss globally
in 2013, with approximately 6.4 million deaths (11.8%). In
2019, there were 3.94 million (95% uncertainty interval
3.43-458) new stroke casesin China[10]. The total number
of DALYs caused by IS, as well as the deaths arising from IS
and HS, survivors, and incident events for both IS and HS,
increased significantly between 1990 and 2013 [11]. Two
types of strokes are prevalent in people of all ages
(ischemic and hemorrhagic). Stroke patients are
susceptible to having another one[12]. Stroke is one of the
10 highest contributors to Medicare costs[13], and among
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the elderly, stroke and TIA are the leading causes of
hospitalization[14]. Stroke-related hospital fatalities from
2009 to 2016 accounted for 7.4% of all hospital deaths. The
group of patients between the ages of 70 and 79 had the
highest annual average of entries, accounting for 26% of
the total, followed by those between the ages of 60 and 69
(23.7%) and those older than 80 (20.4%)[15]. Globally, the
stroke incidence, stroke prevalence, deaths from stroke,
and stroke-related disability-adjusted life-years (DALYs)
increased by 70%, 85%, 43%, and 32%, respectively, from
1990t02019.

Despite the critical role of CT imaging in the diagnosis of
acute stroke, there is limited data from Pakistan on the
demographic patterns, risk factors, and neuroimaging
findings in stroke patients, particularly in the elderly
population. Most existing studies are single-center,
retrospective, and involve small sample sizes, limiting
generalizability. Moreover, early ischemic changes may be
underrepresented due to the exclusive use of non-contrast
CT without advanced imaging modalities like MRI or CT
perfusion. There is a need for larger, multi-center, and
prospective studies to better understand stroke
epidemiology, risk factors, and imaging characteristics in
the local population to inform prevention and management
strategies. This study aimed to assess the degree of
knowledge of the risk factors and symptoms of stroke
among the general population and stroke survivors. To
improve stroke prevention and the start of successful
treatment, as well as to assess the high-risk population's
understanding of stroke warning symptoms, risk factors,
andtherapy.

METHODS

This was a retrospective cross-sectional study conducted
at Gondal Medical Complex Hospital in Gujranwala,
Pakistan. Data were collected retrospectively from
hospital records of patients who presented between
January 28, 2022, and February 15, 2023. A consecutive
sample of 60 patients was included, representing all
eligible cases with complete clinical and imaging data
during the 13-month study period. While a formal sample
size or power calculation was not performed, a limitation
acknowledged for this descriptive study, this number is
consistent with sample sizes used in similar single-center,
retrospective neuroimaging studies. The sample provides
adequate data for a preliminary descriptive analysis of
stroke type distribution and demographic patterns, though
it may be underpowered for detailed subgroup
comparisons. Data were collected after obtaining written
informed consent from all participants, inaccordance with
the ethical principles outlined in the Declaration of
Helsinki. Adult patients(age >18 years)wereincludedif they

DOI: https://doi.org/10.54393/pbmj.v8i12.1297

had a clinical diagnosis of acute stroke by the attending
neurologist, and a non-contrast CT scan of the brain
confirming acute ischemic or hemorrhagic stroke.
Patients were excluded if they had a transient ischemic
attack (TIA) or stroke mimics (e.g., migraine, seizure,
metabolic encephalopathy), incomplete medical or
imaging records, prior history of stroke, or major comorbid
conditions that could confound presentation or imaging
findings (e.g., advanced renal failure requiring dialysis,
recent cardiac arrest, or known intracranial tumor). The
patients included in this study had a history of severe
headache, dizziness, loss of balance, confusion, trouble
speaking, etc. Patients with cardiac problems and renal
failure were excluded. The slice thickness was 5mm. The
brainwasimaged using 64-slices ToshibaCT scannerto get
images in the supine position. All patients underwent non-
contrast computed tomography of the brain using a 64-
slice Toshiba Aquilion scanner. The imaging protocol
included axial slices with a 5 mm thickness, 120 kVp, and
automated tube current modulation. All scans were
independently reviewed by two certified radiologists, each
with over five years of experience in neuroradiology.
Discrepancies wereresolved by consensusor, if needed, by
a third senior radiologist. Stroke classification (ischemic
vs. hemorrhagic) and localization were performed using
established CT criteria, including hypodensity for acute
ischemia and hyperdensity for acute hemorrhage. The
inter-rater reliability for stroke type classification,
assessed using Cohen's kappa, was substantial ( =0.81).
Demographic information, medical history, and
documented clinical symptoms at presentation (including
headache, dizziness, focal weakness, and speech
difficulties) were extracted from standardized hospital
admission records. These symptoms were recorded by the
attending neurologist as part of routine clinical
assessment; no additional quantification scales were
applied retrospectively. Informed consent was waived for
thisretrospective study by the ethics committee due to the
use of anonymized data. Statistical analysis was performed
using IBM SPSS Statistics (Version 26.0). Descriptive
statistics are presented as frequencies and percentages.
Associations between categorical variables were explored
using cross-tabulation. Given the small sample size and low
expected cell counts, formal inferential tests (e.g., Chi-
square) were not applied; results are therefore presented
as descriptive trends without claims of statistical
significance.

RESULTS

This study included those 60 patients: 27 patients were
female and 33 patients were male and according to these
results brain stroke was more common in male than in
female(Figure1).
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Findings show about the types of brain stroke in which
ischemic stroke (50) is more common than hemorrhagic
stroke(10)(Figure 2).

50

10

Hemorrhagic Stroke

Count
—_— o W AN (V)]
() (e o o o o

Ischemic Stroke

Type of Brain Stroke
Figure 2: Frequency Distribution of Types of Strokes (Ischemic,
Hemorrhagic)
The study crosstabulation between Gender of
patients*Types of brain strokes shows that 26 male had
ischemic stroke and 7 had hemorrhagic stroke whereas 24
female had ischemic stroke and 3 had hemorrhagic stroke
(Table1).
Table 1: The Crosstabulation Between Gender of Patients*Types
of Brain Strokes

Types of Brain Stroke
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Table 2: The Crosstabulation Between Symptoms of Stroke of
Patientsand Types of Brain Strokes

Symptoms of Stroke Patients, Types of Brain Stroke

Types of Brain Stroke Crosstabulation |gchemic Hemorrhage
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Headache
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Cva

Diabetes

Left Hemiplegia
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Confusion
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Left Hemiparesis

Ischemic Heart Disease
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Total

Gender of Patients Total
Ischemic Hemorrhage
Male 26 7 33
Female 24 3 27
Total 50 10 60

Crosstabulation between symptoms of stroke patients
*Types of brain stroke show that hypertension is a major
cause of brain stroke(Table 2).
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DISCUSSION

A retrospective study on 60 stroke patients that were
assessed using computed tomography (CT) showed a
number of interesting trends in terms of the distribution of
stroke types, risk factors, and demographic factors
involving our health facility. The fact thatischemic stroke is
more common than hemorrhagic stroke, that hypertension
is strongly linked with it, and the fact that it is
disproportionately common among the female population
and in older individuals, is an important piece of evidence
that should be furtheranalyzed withinthe framework of the
already available literature. This result that ischemic
strokes occurred in 83.3 percent of the infections is
consistent with the data from the world, the ischemic
strokes make up about 70-85 percent of all strokes [16].
This trend can be attributed to the increased prevalence of
atherosclerosis, cardioembolic disease, and small vessel
pathology, all of which are predisposing factorstoischemic
and not hemorrhagic events. Hypertension was the most
commonly reported clinical factor in this cohort (35.0%),
which is in line with its proven status as the number one
modifiable risk factor that causes stroke [17].
Hypertension is a risk factor in the pathogenesis of stroke
by affecting the pathogenesis in many ways, such as
endothelial dysfunction, arterial remodelling, and elevated
cerebral perfusion pressure, which can cause ischemic(via
large artery atherosclerosis or via lacunar infarction) and
haemorrhagic strokes (via rupture of Charcot-Bouchard
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aneurysms) [18]. Present sample has shown that
hypertension is very common among people, which
highlights the importance of proper blood pressure
screening and management in stroke prevention
programs. In our cohort, the prevailing number of male
patients (55% patients) was noted; this has been seen in
several stroke registries across the world [19]. This gender
disparity might be attributed to a number of related
factors. At a biological level, premenopausal women
possess the advantage of protection of estrogen against
vascular endothelial activity and lipid metabolism [20].
Behaviorally, men in our area can be more exposed to the
classic stroke risk factors, such as smoking, work-related
stress, and a worse healthcare-seeking pattern towards
non-symptomatic high blood pressure. This disparity may
also be increased by socioeconomic factors such as
increased rates of outdoor jobs and disparities in health
literacy [21]. It is important to mention, though, that,
although theincidence of strokesis greaterin men, women
tend to have poorer functional outcomes and more severe
strokes, perhaps because they have strokesin later life and
tend to have more comorbidities [22]. The prevalence of
cases accumulated in the 71-90 year age category is the
result of the accumulation of the vascular aging process
and long-term exposure to the risk factors. Physiological
alterations also relate to aging, and they make the stroke
more vulnerable, such as stiffening of the arteries,
decreased cerebrovascular responsiveness, and failure of
the collateral circulation [23]. Moreover, elderly people
tend to possess several comorbidities (atrial fibrillation,
diabetes, chronic kidney disease, etc.)that tend to interact
to increase the risk of stroke. This close relationship
between stroke severity and advanced age may be
mediated by factors that include the decreasing brain
reserve, frailty, and delayed symptom recognition and
hospital visits[25]. These data demonstrate the necessity
of age-related prevention methods and the use of acute
care plansthatapplytoelderlyindividuals.

This study has several limitations, including its
retrospective design and reliance on data from a single
center, which may limit the generalizability of the findings.
The small sample size (n=60) and lack of formal power
calculation constrain the ability to perform robust
subgroup analyses or detect less common associations.
Furthermore, the use of non-contrast CT alone, while
excellent for acute hemorrhage detection, may
underrepresent early or subtle ischemic changes
compared to advanced modalities like MRl or CT perfusion.
Future studies should employ prospective, multi-center
designs with larger, more diverse cohorts to validate and
extend these findings. Incorporating advanced
neuroimaging, such as MRI with diffusion-weighted
sequencesorCTangiography, wouldimprove the detection

DOI: https://doi.org/10.54393/pbmj.v8i12.1297

and etiological classification of stroke, particularly in the
hyperacute phase. Additionally, longitudinal research is
needed to explore long-term outcomes, recurrence rates,
and the impact of targeted risk-factor management
programs, especially for hypertension, in the local
population.

CONCLUSIONS

This study found that non-contrast CT is an essential and
reliable tool for the rapid diagnosis and differentiation of
acute stroke. Inthis CT-based evaluation, ischemic strokes
were observed more frequently than hemorrhagic strokes,
and male patients and those aged 71-90 years were more
commonly represented in the cohort. Hypertension was
identified as the most common associated clinical
condition.
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In the context of the continued rapid progress of the incorporation of Al technology into the
healthcare system of the state of Pakistan, there are considerable shortcomings regarding the
knowledge and readiness of the faculty who teach medicine at various institutions of the
country's education system, including provinces with historically underrepresented portions of
the community, like Balochistan. Objectives: To evaluate the knowledge, educational
experience, perceptions, and preparedness of the medical teaching staff of Bolan Medical
Collegeregarding Al technology. Methods: A cross-sectional observational study with a sample
of 200 teaching faculty. A 24-point questionnaire was based on the literature received and the
study used Google Forms, ensuring objectivity with anonymization. Descriptive and inferential
analyses were used with SPSS version 27.0. Results: The sample, 119 (59.5%), were aware of
applications of Al in medicine; only 53 (26.5%) reported being formally educated on Al.
Awareness of Al in clinical sciences was 112 (56%). Knowledge of at least one Al-related
programming language was 126 (63%), while familiarity with Al-related journals was 60 (30%).
Only 42(21%)reported Al-related educationin their curriculum. The average knowledge stood at
2.33+1.070na6-point scale, reflecting moderate awareness, with only moderate application of
Alknowledge, and 53(26.5%)reporting ease of application. Conclusions: Teaching staff appear
interestedand aware of Al; however, major shortcomings point to the requirement ofimmediate
faculty development programs to equip educators with knowledge and wisdom so that Al can
safely beimplementedin medicine.

INTRODUCTION

The application of Al technology grew gradually within the
field of healthcare, with its first reported application being
the use of a computational algorithm on cases of patients
with acute abdominal pain. This application occurred as
early as the year 1976 [1]. Since this early application of Al
technology within the realm of healthcare, the technology
has made great progress to the point of being applied not
only in diagnostics but other aspects of the medical field.
Recent years have witnessed the application of Al
technology being incorporated within education. This
application of Al technology pain. cannot only affect the

practice of the medical field, but also the training of the
next set of physicians, too. That being the reality, various
ethical issues are due to the growing application of Al
technology. This necessitates the study of the ethical
implications of Al technology, particularly with the next set
of physicians who will practice medicine after their
training. Although there have been efforts recently on the
part of well-off nations to integrate Al with their medical
education programs as well as healthcare delivery
systems, there still exist enormous inequalities on the part
of developing nations. Although Al technology has the
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potential of improving the diagnostic efficiency of medical
practitioners [2]. there may exist various constraints that
could hamper the widespread application of Al technology
in developing nations due to various reasons, like a lack of
knowledge about Al technology [3], the unavailability of
training facilities, and ambiguity regarding its application
at the ethical levels. Various research works published so
far have indicated the possibility that the early application
of Al technology during medical education could improve
the knowledge levels and proper application of the
technology later on during practice amongst future
practitioners. However, there is still a lack of sufficient
research on the knowledge levels of the academic staff at
various institutions across the world regarding [4, 5]. The
province of Baluchistan, which might well rank as the most
under-represented area of the country's medical
education system, at the present time simply lacks an iota
of published information regarding the education of the
medical faculty on the topic of Al. The incorporation of Al
technology into medical practice requires more than
simple technological acculturation; it necessitates a
knowledge base of its potential and its constraints. [6, 7].
The study targets the knowledge levels regarding the
ethical aspects of Al at the institution with the purpose of
determining the educational levels of the departments
regardingAlattheinstitution[8].

Despite the rapid global integration of Al, faculty in
underrepresented regions of Pakistan, such as
Balochistan, have limited formal training and curriculum
exposure, restricting their ability to effectively incorporate
Alinto teachingand clinical practice. While awareness of Al
exists, practical experience and ethical understanding
remain low. Existing research on Al in medical education
largely focuses on developed countries, creating a gap in
understandingfaculty preparednessin developingregions.
This highlights the urgent need for structured training
programs and curriculum integration to enhance Al
competencyamong medical educators. The studyaimed to
assess the knowledge, educational exposure, perceptions,
and readiness of medical teaching faculty at Bolan Medical
College regarding artificial intelligence (Al)in medicine and
medical education.

METHODS

This cross-sectional study was conducted from Jan 2025-
June 2025 at the Bolan Medical College, Quetta. Its purpose
was the exploration of knowledge, educational experience,
and perceptions of Al among the medical faculty at the
institution. The study population of this community-based
study only comprised the medical faculty at the institution,
which includes professors, Associate professors,
Assistant professors, Senior Registrars, Junior Registrars,

DOI: https://doi.org/10.54393/pbmj.v8i12.1332

and lecturers. The only individuals who were not part of the
study population were those who were not currently
engaged with the institution as professors or who refused
participation. Boththese aspects of cognitive engagement
with the institution made them not part of the study
population. Digitalinformed consent was sought preceding
the distribution of the inquiries on the form [11, 12]. All
participation in the study remained voluntary. Digital
informed consent forms the first point of engagement with
potential subjects who consent via their email address on
the form. The sample size was determined based on the
total population of approximately 250 medical teaching
faculty at Bolan Medical College. Using the Krejcie and
Morgan table for determining sample size for a known
population, a sample of 200 participants was deemed
adequate to achieve a confidence level of 95% with a
margin of error of 5%. This sample size is also consistent
with similar cross-sectional studies assessing knowledge
and attitudes among healthcare professionals. The
instrument used for data collection consisted of a web-
based questionnaire that could only appear if the
participant met certain criteria. This instrument was
formed using Google Forms and is based on various
published works on the application of Al in medical
education and practice. This instrument included only the
essential points that usually come under the well-known
instruments. Additionally, a pilot study testing the
instrument was not conducted; there was an overview of
the instrument by experts regarding its relevance and
clarity, andtheinstrument only consisted of points that had
been discussed under various published works on Al. This
made the testing of the instrument even more feasible and
easier. Additionally, the instrument of this study consisted
of points that usually come under well-known instruments.
This made the instrument even more reliable. The final
instrument consisted of 24 items that were collated into
sections on demographics, familiarity with Al-related
knowledge, training experience, usefulness of Al
technologies, potential obstacles, and willingness to
incorporate Al technologies into educational and practice
contexts later on. Both fixed-choice and scale-type
questions were employed. To guarantee that the results
were complete with regard to the given set of issues, the
questionnairerequiredthatalltheissuesbeansweredfirst,
preceding the form's submission release. After completing
the questionnaire, the participants' answers remained
completely unnamed and securely placed on coded-
accessible documents. Ethical permission of the study was
soughtand obtained from the Institutional Review Board of
the Bolan Medical College in Quetta. All procedures
followed the ethical guidelines set forth under the
Declaration of Helsinki. Participants were told that the
gathered information would remain strictly confidential
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and that it could only be used with academic intent. The
results of the questionnaire were exported into Microsoft
Excel and interpreted using the SPSS Statistics software
version 27.0. The internal consistency of the multi-item
knowledge and attitude scales within the adapted
questionnaire was found to be acceptable, with a
Cronbach's alpha of 0.65. Descriptive statistics were used
to state the frequency and percentages regarding
qualitative variables. A knowledge index was calculated
based on an assigned point per affirmative reply of the six
critical knowledge points, with a maximum accumulated
points being set at 6. Statistics of the mean and standard
deviations were calculated for the knowledge index based
on academic levels. Chi-square analyses of association
were used regarding the relationship of academic levels
with specializations and willingness regarding Al projects.
A p-value of <0.05 represented significance. As the
questionnaire aimedat the completion of every single field,
there were nomissingvalues.

RESULTS

The findings indicate that although a majority of faculty
membersreport basicawareness of Aland its applications,
formal educational exposure and curriculum integration
remain notablylimited. Thisdisparity suggeststhat current
knowledge is largely self-acquired rather than
institutionally structured, reflecting gaps in academic
preparedness. Strengthening formal training and
curricular emphasis is therefore essential to foster
informed attitudes and enhance pedagogical readiness for
Alinmedical education(Table1).

Table 1: Awareness and Educational Exposure to Artificial
Intelligence Among Faculty(n=200)

Variable Yes No

Application of Alin the medical field 19 81
Formal education on Al 53 147

Al application in clinical sciences 12 288
Alisincluded in the college curriculum 42 158
Knowledge of any computer language 126 74
Knowledge of Al-related journals 60 140

Overallresponsesrevealacautiously optimistic perception
of Al among faculty. While participants largely
acknowledge the beneficial role of Alin early diagnosis and
recognize the importance of faculty involvement in its
application, many remain uncertain about Al's potential to
replace physicians or increase diagnostic errors. The
substantial proportion of “don't know" responses reflects
ongoing ambiguity and highlights the need for structured
educational initiatives to clarify Al's practical implications
inclinical practice(Table 2).
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Table 2: Perceptionsand Attitudes Towards Al(n=200)

Questions Agree SX:;%'Y KD:;‘:, Disagree gg:;zz
AIwiIIirﬁiJrI]aec?u?Sryesicians 28 18 81 63 n
and severity sbscsement | 102 | 3 |48 | 1w | o
e I B e B
e et 8 | w6 || v | 0

There is no statistically significant association between a
faculty member's designation (rank) or their medical
specialization and their desire to work on Al projects. This
indicates that interest in engaging with Al is uniformly
distributed across all seniority levels and clinical fields
withinthe sampled faculty.(Table 3).

Table 3: Chi-Square Test

3 pP-
Test Value df EhE

Designation vs. Desire to Work on Al | 0.83 | 4 |0.9341|Not significant
Specialization vs. Desire to Work on Al| 7.21 | 8 [0.5144|Not significant

DISCUSSION

This study hasrevealed that the knowledge of Alamong the
faculty of the institution is moderate, with considerable
disparities at the educational and application levels. This
study corroborates the fact that despite the advances
made at an Al application and integration level across the
world. [13]. The moderate index of knowledge of Al at an
average of 2.33 out of 6) corroborates the fact that there
are considerable disparities at an [14]. A considerable
proportion of the faculty members, thatis, 59.5%, claimed
familiarity with the application of Al technology in
medicine; however, only a few professors were exposed
through educational programs on the topic, that is, only
26.5% of the group followed Al educational programs [15,
16]. This causes considerable concern regarding the
authenticity of the knowledge imparted through these
programs [17]. But the fact that there is a lack of clarity on
the implications of Al, with an indication that the greatest
weakness of Al could lie in its potential burden on the
practitioners [44%], with almost half of them feeling the
possibility [18]. This fear of Al's implications has existed
even with other researchers'findings regarding the ethical
dilemmas of AIB,7. As a result of this fear of Al and its
implications, with particular relevance to Al's ethical
aspects modeled on the requirements of medicine and
health delivery, the professional development programs of
the faculty must consider knowledge of the ethical
implications of Al as well [19]. More than two-thirds of the
subjects never worked with Al at their place of work.

Interpretation
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Additionally, only about a quarter of the subjects found Al
easy to apply. This disparity between theoretical
knowledge and practical experience with Al persists as an
area of study in Al-related educational literature6. Some
investigations have indicated that the lack of direct
practical experience greatly hinders the capacity of
educators within the medical field to effectively
incorporate[20]. Therelevance of thisissue at the practice
levels of the medical field cannot possibly be
overemphasized since the success of Al technology within
the field of medicine and education highly depends on the
capacity of practitioners to effectively apply these
technologies. Notably, there was no statistical association
between the faculty type/specialization and their desire to
incorporate Al. Thisimplies that there could be widespread
enthusiasm about integrating Al across faculty types. This
fact could be viewed as an encouraging point about the
training programs within the institution. This phenomenon
of widespread enthusiasm over Al across different
demographic segments has indeed been reported
elsewhere across the region and the world34. This implies
that the Al training programs could effectively apply across
different faculty segments without the requirements being
highly specific [21]. Through the application of a complete
knowledge index and chi-squared analyses, there is both
breadth and depth added to the study regarding the
readiness of faculty members to adapt Al technology.
Some of the disadvantages of the studylieinitsapplication
of a hypothetical set of data that made it feasible to assess
more faculty members effectively, but at the same time,
restricted the applicability of the results of the study to the
generalfaculty[22,23].

This study has several limitations. Its single-center design
at Bolan Medical College limits the generalizability of
findings to other institutions or regions in Pakistan. The
reliance on self-reported data may introduce social
desirability bias, and the cross-sectional nature prevents
establishing causal relationships. Additionally, the
knowledge assessment tool, while adapted from literature,
may not fully capture the depth or practical nuances of Al
competency among medical educators. Future studies
must attempt to confirm these results through the
collection of original data with more representative
samples at various medical colleges across Pakistan and
other countries. Longitudinal research study designs will
further prove useful in determining the effects of Al
training programs on the knowledge and application levels
of the faculty. Furthermore, other forms of research
focusing on the various issues and motivational variables
affecting the proclivities of the faculty toward Al issues
may offer deeperinsightsregarding more useful strategies
of education.
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CONCLUSIONS

This study reaches the conclusion that despite the
encouraging levels of awareness and positivity regarding
theincorporation of Altechnologiesin the field of medicine
being exhibited by the medical education faculty of the
Bolan Medical College at Quetta, there are still considerable
discrepancies that exist regarding the education and
application of Al technology. This indicates that the
medical education faculty at the Bolan Medical College at
Quetta could greatly benefit if specific training programs
are designed that could enable them to apply the
knowledge of Altechnology within the field of medicine.
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An estimated 430 million individuals in the world, with 34 million children, need to have their
disabling hearing loss rehabilitated. Objectives: To identify the nature, extent, and etiology of
hearing impairments among patients visiting the Global Management Team (GMT) Clinic in
Rawalpindi, Pakistan. Methods: The cross-sectional study was a quantitative observational
study that was carried out between February, 2025 and May, 2025, involving 383 patients having
hearing loss. A purposive sampling was used, which was non-probability. The data were
gathered with the help of a self-administered questionnaire that was validated with a study
involving ten respondents and reqgular audiological tests, such as pure-tone audiometry and
tympanometry, conducted by a qualified audiologist. SPSSversion 25.0 was used to conduct the
data analysis through cross-tabulations and descriptive statistics. Results: Sensorineural
hearing loss ranked highest (71.8%), conductive (14.7%), and mixed hearing loss (10.4%). The
majority of patients were severely and profoundly impaired in hearing. The top causes were
disease-related conditions(41.2)and presbycusis(31.8), and genetic factors, trauma, and noise
exposure were less common. Bilateral and acquired hearing loss was predominant.
Conclusions: The clinic is mostly affected by presbycusis and disease-related conditions,
which are the major causes of severe to profound sensorineural hearing loss. The findings
highlight the need to diagnose early, screen hearingregularly, and carry out public awareness to
enhance preventionandtreatment measures.

INTRODUCTION

Hearing impairment, which can be explained as the
reduction of hearing ability, is a common chronic disorder
that affects both children and adults[1, 2]. It affects more
than abillion individuals around the world, with a number of
adults and children abnormally reached (332 and 34 million,
respectively)[3]. Approximately 700 million people, or 1in
10 people, will suffer hearing impairment by the year 2050
[4]. It has a global burden that is equal to that of the other
chronic diseases, including diabetes, arthritis, and
hypertension[2, 3]. South Asia has the highest prevalence
rate, followed by the Asia Pacific and Sub-Saharan Africa
[5]. Almost 80 percent of disabling hearing impairment
people reside in low-and-middle income countries(LMICs),

soitisasilentandinvisibleillness[6]. The World Report on
Hearing states that no individual is to lose hearing as a
result of avoidable factors, and the hearing-impaired
persons should receive rehabilitative and supportive
treatment. Unattended hearing loss may have a
considerable effect on language development, quality of
life, education, economic independence, and mental well-
being, which leads to an annual expenditure of more than
USD 980 billion[7]. It is attributed to depression, cognitive
impairment, and diminished social functioning[8, 9]. It has
animpact on speech, learning, and development, resulting
in poor academic results and social isolation [10, 11].
Patterns of hearing loss (HL) denote the way people
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perceive hearing impairment [3]. The hearing loss may be
classified as conductive, sensorineural, or mixed.
Conductive hearing loss involves the inability to transmit
sound to the inner ear via the outer or the middle ear and is
usually curable. Sensorineural deafness is caused by the
destruction of the cochlea, auditory nerve, or the auditory
pathways to the brain, whereas mixed deafness is caused
by conductive and sensorineural aspects [2]. The loss of
hearingmay also be graded depending on the severity: mild
(26-40 dB), moderate (41-55 dB), moderately severe (56-70
dB), severe (71-90 dB), and profound (91 dB)[12]. It is also
categorized as congenital and acquired, but the latter is
more widespread in the developing world. Genetic or
maternal infections, birth complications, and exposure to
medications are the congenital causes. Causes that are
acquired are infections like meningitis, measles, mumps,
chronic ear infections, ototoxic drugs, noise, and aging
[13]. The recent research in the South Asian region has
pointed to the high diversity in the causes and trends of
hearing loss. A study on Frontier Medical College,
Abbottabad, had reported conductive hearing loss as the
most prevalent type, and chronic suppurative otitis media
(CSOM) as the most common cause, especially in younger,
rural, and socioeconomically disadvantaged groups[14].In
another study, sensorineural hearing loss was observed to
be more common among adults with age, presbycusis, and
noise exposure as the major factors, and chronic otitis
media(COM)as a secondary cause[15]. Correspondingly, a
massive retrospective study based in India documented
sensorineural hearing loss in 78% of the cases, with
presbycusis and ototoxicity being the most common
causes, and most of the cases were also characterized by
bilateral, mild to moderate hearing loss [1]. Such results
show that regional variations exist and are dependent on
age, environmental factors, and access to healthcare
services in regard to the nature and causes of hearing
impairment.

Hearing loss is a prevalent yet under-recognized health
issue worldwide, affecting millions of individuals and
leading to significant impacts on communication,
education, and quality of life. In Pakistan, limited data exist
on the patterns, severity, and causes of hearing
impairment, particularly in tertiary care settings like the
GMT Clinic in Rawalpindi. While global studies indicate
variations in hearing loss etiology by age, region, and
environmental factors, there is a lack of locally
representative research that examines both congenital
and acquired causes, their distribution across age groups,
and severity levels. This gap underscores the need for
systematic studies to inform early detection, targeted
interventions, and public health strategies tailored to the
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regional population. This study aimed to evaluate the
nature, the degree, and the etiology of hearing loss in
patients receiving tertiary care in an effort to facilitate
early detection and raise awareness and specific
interventionsinthe face of scarcelocal data.

METHODS

The study was carried out in the Global Management Team
Rehab Centre on the Main Saidpur Road, opposite the Al
Hameed Wedding Hall, at Kali Tanki Stop, and within the
year, four months, starting in February through May, 2025.
There was a total of 383 patients with hearing loss who
were under the clinic during this period. The size of the
sample was calculated by expected attendance at clinics
and prevalence of hearing loss cases according to the
regional studies to be sufficiently powerful. Non-
probability purposive sampling technique was used to
recruit the study participants that were on the inclusion
criteria, that is, patients of any age and gender, and were
willing to give verbal consent after being diagnosed with
hearing loss. Patients who had a history of incomplete
audiological datathat wasnot complete, those who had ear
surgery within the past six months, or had comorbid
conditions, which might have affected their hearing. A self-
designed questionnaire was used to gather the data, and
the data were displayed in accordance with the study
objectives and the aim to collect demographic data,
history-related suspected causes of hearing loss, and
audiological findings. A pilot study would be used to
validate the gquestionnaire by taking ten respondents, to
ascertain its clarity, relevancy and dependability. As a
routine procedure, a certified audiologist administered
audiological assessments, which comprised pure-tone
audiometry and tympanometry, to determine the level of
acuity of the condition. Potential confounders, which
included age, sex, and previous contact with ototoxic drugs
ornoise, were capturedandincludedin the analysis of data.
SPSS version 25.0 was used to analyze the data. The data
were summarized by descriptive statistics data including
frequencies, percentages, and graphical tools, including
bar charts, pie charts, and histograms. Cross-tabulations
were used to investigate the relationship between
important variables, and statistical methods were chosen
based onthe nature of the data, which was cateqgorical.

RESULTS

The study sample consisted of 383 (211 men, 172 women),
whichwas slightly male-dominated, and could be explained
by occupational noise exposures, higher rates of health
behavior seeking medical assistance, or cultural norms(16-
18). Most of the respondents were 010 years, and secondly,
3160 years. Hearing difficulty inisolation or(a bit less often)
in combination with other complaints was the most
common to report; ear fullness and blockage were much
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less common (possibly because of middle ear pathology or
because of cerumen impaction). The cases of Tinnitus and
muffled hearing were relatively rare. Hearing loss was
acquired in 277 participants (72.3%) and 106 participants
(27.7%), respectively. Out of the people who had acquired
loss, 50.9% were experiencing the loss for more than ayear
(1-byears), 24.9% less than six months (0-Byears), 19.1% six
to tenyears(6-10 years), and a small fraction (more than 10
years). Another characteristic was bilateral hearing loss
(93.7% versus unilateral hearing loss - 6.3%), with very little
difference betweenthe left and theright ear(54.2 and 45.8,
respectively). Sensorineural hearing loss (SNHL) was the
predominant type across all age groups, particularly in
participants aged 0-10 years (97 cases)and 71-80 years (35
cases)(Figure1).
Type of HL

275, 275,
71.8% 71.8%
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= 12 11, = 2 104% 104%

50 3.1%  2.9%
0
Normal Hearing  Conductive Hearing ~ Sensorineural Mixed Hearing Loss

Loss Hearing Loss
M Right Ear Left Ear

Figure1: Type of Hearing Loss

Conductive hearing loss occurred more frequently among
individuals aged 0-40 years, whereas mixed loss was
primarily observed in the 11-50-year age group. Only 12
participants demonstrated normal hearing, predominantly
younger individuals. SNHL was mostly severe (176 cases)or
profound (70 cases), while conductive loss was typically
mild (33 cases) or moderate (19 cases), and mixed loss was
moderately severe(17 cases)or severe(21cases). The most
frequent disorders that were linked to SNHL were
presbycusis (122 cases), perinatal complications (39
cases), genetic factors (29 cases), and meningitis (27
cases). In the conductive loss, it was found that the cause
was mostly in otitis media(32 cases)and wax impaction(18
cases), whereas in mixed loss, the causes were mostly in
otitis media (26 cases) and perinatal factors (3 cases)
(Figure 2).
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Pattern age-specific revealed that congenital hearing loss
was found to be most within the age group of 0-10-year (94
out of 116 cases), which was mainly caused by perinatal
complications (42 cases), genetic factors (27 cases) and
meningitis (22 cases), compared to the participants above
theage of 30; pre-eminence wasin presbycusis(125 cases),
otitis media (66 cases), and wax impaction (21 cases).
Conditions known to result in the commonest causes of
hearing loss such as otitis media, perinatal complications,
and meningitis, and less frequent causes such as
infections, perforation, allergies, brain tumors, high blood
pressure, andinfrequent causes such as cerebral palsy and
ear discharge. Other causes 6.6% of cases consisted of
ototoxicity, preterm birth, NICU hospitalization, foreign
body, Eustachian tube dysfunction, and tinnitus(Figure 3).
Suspected Cause of Hearing Loss
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Figure 3: Suspected Cause of Hearing Loss

The overall results suggest that hearing impairment in this
age group has two modes of age distributions: firstly, the
congenital and disease-induced cases are most frequent
among children, and secondly, age-related sensorineural
losses occur among adults. Bidirectional participation and
severe-to-profound SNHL were common, which
underscores the importance of early diagnosis, positive
preventive measurestoreversible conditions such as otitis
media and wax blockage, and attempts to intervene in the
irreversible etiology, such as presbycusis and perinatal
diseases.
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DISCUSSION

This cross-sectional study, which used a quantitative
design, was done during a period of three months in the
GMT Clinic, Rawalpindi, and associated hearing loss in 383
study participants. There was very little difference
between males and females(55.1%), whichisinline with the
trend of occupational exposure and health-seeking
behavior[16,17]. As stated in the introduction, hearing loss
can significantly affect social well-being, work, psych
emotional state, and academic success [18]. The
sensorineural hearing loss (71.8%) was the most common
type, and that is also correlated with the findings by
Rwanda (72%) [19]. Conversely, nevertheless, 94.7%
conductive loss was found by Al-Ani et al. indicating
regional differences in etiology [4]. The majority of
patients in our study experienced severe to profound
bilateral loss, which is also observed in Rwanda (24%
profound), while Ethiopiareported only 4% profound cases,
possibly due to earlier intervention [19, 20]. The most
common cause was disease-related (41.2%). Likewise,
chronic suppurative otitis media was found to be common
(29.5%) by Al-Balasi et al.[3]. On the other hand, Shuaibu et
al. found higher rates of ototoxicity (9.7%)and presbycusis
(16.7%) [2]. According to our data, presbycusis was the
second most common cause (31.8%), which is consistent
with the findings of Abraham et al. who discovered it in
52.8% of cases [13]. However, secretory otitis media
(35.1%) was identified as the primary factor in the Iraqi
study [4]. Our data's genetic factors (7.4%) were
comparable to Gupta et al. 10% congenital or prenatal
causes[1]. Similar to Rwanda(6.5%), trauma accounted for
4.1% of the cases, whereas noise-induced hearing loss
(3.6%) was less common than in India's 8% [1, 19].
Additionally, ototoxicity was less common (2%) than in the
Indian sample (10%), where aminoglycosides played a
significant role [1]. In accordance with Nigerian data
(63.2%), bilateral loss predominated(93.7%), in contrast to
the higher unilateral rate (50.76%) in Iraq [2, 4]. 7.8% of
respondents reported family history, which is comparable
tothe13.5% reported by Khanaletal.inIndia[ 21]. SNHL was
frequently associated with meningitis, perinatal problems,
and presbycusis in our study. However, otitis media
continued to be the leading cause in Yemen, resulting in
primarily conductive loss[3]. Presbycusis predominatedin
older age groups, but genetic and perinatal factors were
more prevalent in children under ten. In Rwanda, the
majority of losses were caused by infectionand ageing[19].
whereas Al-Ani et al. reported secretory otitis media
acrossagegroups[4].

This study is limited by its single-center, cross-sectional
designanduse of purposive sampling, which may affect the
generalizability of findings. Additionally, reliance on self-
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reported data and retrospective clinical records could
introduce recall or reporting bias. Future multi-center
studies with longitudinal designs are recommended to
better understand the progression and determinants of
hearing loss in diverse populations. Community-based
hearing screening programs and public health initiatives
targeting preventable causes such as noise exposure and
chronic otitis mediashould also be prioritized.

CONCLUSIONS

Sensorineural hearing loss was identified as the most
prevalent among patients, followed by conductive hearing
loss, while mixed hearing loss was found to be the least
prevalent. In terms of severity, the majority of participants
were found to have a severe degree of hearing loss,
followed by profound, moderately severe, moderate, and
mild degrees in the respective order. Among the possible
causes, disease-related conditions emerged as the most
frequently reported factor, with age-related hearing loss
(presbycusis) being the second most common cause
observed in this population. Other contributors included
genetic causes, trauma, noise exposure, and ototoxic
medication use. The study showed that acquired hearing
loss was significantly more common than congenital
hearing loss. A high rate of bilateral hearing loss as
comparedtounilateralhearingloss was observed.

Authors’ Contribution
Conceptualization: MF, Z, YU

Methodology: MR, S

Formalanalysis: HM

Writingand drafting: SK, S

Reviewand editing: MF, HM, MR, SK, S, Z, YU

All authors approved the final manuscript and take
responsibility forthe integrity of the work.

Conflicts of Interest
Theauthorsdeclarenoconflict of interest.
Source of Funding

The author received no financial support for the research,
authorshipand/orpublication of thisarticle.

REFERENCES

[1] GuptaA, Singh R, Damle GK. Determining the Causes
and Pattern of Hearing Loss in A Tertiary Hospital: An
Observational Study. International Journal of Life
Sciences, Biotechnology and Pharma Research.
2023 Jun;12(2): 2250-3137.

[2] ShuaibulY, Chitumu D, Mohammed IB, Shofoluwe NA,
Usman MA, Bakari A et al. Pattern of Hearing Lossina
Tertiary Hospital in the North Western Nigeria. Sahel
Medical Journal. 2018 Oct; 21(4): 208-212. doi: 10.410
3/smj.smj_57_17.

Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA PBMJ VOL. 8 Issue. 12 Dec 2025
26 By This work is licensed under a Creative Commons Attribution 4.0 International License.




FarhanMetadl.,

(3]

PBMJ VOL. 8 Issue. 12 Dec 2025

Pattern and Causes of Hearing Loss at GMT Clinic

Al-Balasi AK and Omer DM. Prevalence, Pattern, and
Etiology of Hearing Loss in a Tertiary Otolaryngology
Center in Central Yemen. Saudi Journal of
Otorhinolaryngology Head and Neck Surgery. 2024
Jul; 26(3): 159-63. doi: 10.4103/sjoh.sjoh_5_24.
Al-Ani RM, Jamal KK, Fakhri FW, Muhamed SH,
Muhamed NH, Ali OF. Prevalence of Hearing Loss
Among Patients Attending the Private
Otolaryngology Clinic, Ramadi City, Anbar, Irag. The
Egyptian Journal of Otolaryngology. 2024 Jul; 40(1):
1-6.d0i:10.1186/s43163-024-00636-y.

Kavre N. Pattern of Hearing Loss among Patients
Attending Otorhinolaryngology Outpatient
Department at Kathmandu University Hospital.
Otolaryngology Open Access Journal. 2017 Jul; 2(2):
1-5.d0i:10.23880/00AJ-16000153.

Mtimkulu TK and Khoza-Shangase K. Patterns of
Presentation of Adults with Hearing Impairmentin A
Peri-Urban Community in South Africa: A Qualitative
Study. BioMed Central Health Services Research.
2023 Sep; 23(1): 1-10. doi: 10.1186/s12913-023-10025-
5.

World Health Organization. World report on hearing.
World Health Organization; 2021 Mar.

Alrasheed AM, Junaid M, Ardi KT, Ebraheem FA,
Alaidaroos 0Z, Ardi Il K. Quality of Life Among Adults
with Hearing Loss who were Prescribed Hearing Aids
in Aseer Province, Saudi Arabia: A Cross-Sectional
Tertiary Center-Based Study. Cureus. 2023 Sep;
15(9): 1-10. doi: 10.7759/cureus.45922.

Aryal S, Bhattarai B, Prabhu P, Bhattarai B. Impact of
Hearing Loss on The Quality of Life in Adults with
Hearing Impairment. Nepalese Medical Journal.
2022 Dec;5(2): 597-601. doi: 10.3126/nmj.v5i2.48294.
Sharma RK, Chern A, Golub JS, Lalwani AK.
Subclinical Hearing Loss and Educational
Performance in Children: A National Study. Frontiers
In Audiology and Otology. 2023 Aug; 1: 1-11. doi: 10.33
89/fauot.2023.1214188.

Ibekwe UM and Oghenekaro EN. Hearing Loss in the
Pediatric Age Group. Sahel Medical Journal. 2020
Apr; 23(2):116-120. doi: 10.4103/smj.sm;j_30_19.
Adekola OD, Adeoye EQ, Akande O, Akpan SS. A Text-
to-Speech and Speech-to-Text Application for
Students with Hearing and Speaking Impairments.
International Journal of Computer Techniques. 2021
Sep; 8(5): 6-14.

Abraham ZS and Kahinga AA. Characteristics of
Hearing Loss in Dar es Salaam, Tanzania. South
Sudan Medical Journal. 2022 Nov; 15(4): 143-146. doi:
10.4314/ssmj.v15i4.5.

[14]

[16]

(17]

(18]

DOI: https://doi.org/10.54393/pbmj.v8i12.1308

Babar M, Usman F, Shinwari WU, Nagra SR, Ahmed
SA. Causes of Hearing Impairment Observed in
Clinical and Hospital Setting. Pakistan Journal of
Medical & Health Sciences. 2022 Oct; 16(08): 1-3. doi:
10.53350/pjmhs22168862.

Shwetha, Sathyaki D C, Ponnana P. A Clinico-
Epidemiological Study of Hearing Loss in Adult
Patients Presenting to a Tertiary Healthcare Center
in India. Medpulse International Journal of Ear, Nose,
and Throat. 2021Sep; 19(3): 18-20. doi: 10.26611/10161
932.

Nelson DI, Nelson RY, ConchaBBarrientos M,
Fingerhut M. The Global Burden of Occupational
NoiseBnduced Hearing Loss. American Journal of
Industrial Medicine. 2005 Dec; 48(6): 446-58. doi:
10.1002/ajim.20223.

Courtenay WH. Constructions of Masculinity and
Their Influence on Men's Well-Being: A Theory of
Gender and Health. Social Science and Medicine.
2000 May; 50(10): 1385-1401. doi: 10.1016/S0277-
9536(99)00390-1.

Shaikh BT and Hatcher J. Health Seeking Behaviour
and Health Service Utilization in Pakistan:
Challenging the Policy Makers. Journal of Public
Health. 2005 Mar; 27(1): 49-54. doi: 10.1093/pubmed/
fdh207.

Bukuru Lc, Murwanashyaka L, Uwamahoro G, Murisa
S, Gasana E, Sayinzoga CD et al. Prevalence, Types,
and Degree of Hearing Loss Among Patients
Consulting Rwanda Military Hospital. Braina Journal.
2024 Mar; 1(1): 1-5.

Ebiyo DH, Bidu KT, Boka A. Prevalence and
Associated Factors of Hearing Loss Among Patients
Visiting St. Paul's Hospital Millennium Medical
College, Ethiopia. World Journal of Biology,
Pharmacy and Health Sciences. 2024 Feb; 17(2): 331-
343.doi:10.30574/wjbphs.2024.17.2.0053.

Khanal P, Acharya S, Lageju N. Pattern of Hearing
Loss Among Patients Attending the Ear, Nose, and
Throat Department of a Tertiary Hospital in Nepal: A
Retrospective Study. Indian Journal of
Otolaryngology and Head and Neck Surgery. 2022
Aug; 74(1): 559-562. doi: 10.1007/s12070-021-02392-
4

Copyright © 2025. PBMJ, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License. 27




Identification of Escherichia coliand Klebsiella species from drinking water

Larik JM et al.,

DOI: https://doi.org/10.54393/pbmj.v8i12.1330

PAKISTAN BIOMEDICAL JOURNAL

https://www.pakistanbmj.com/journal/index.php/pbmj/index

ISSN (E): 2709-2798, (P): 2709-278X

Volume 8, Issue 12 (December 2025)

Original Article

OPEN aACCESS

Isolation and Identification of (VFKHUL F KanB .FORHELV Lsid€0i€sDising
Chromogenic Agar from Drinking Water of District Thar, Sindh, Pakistan

Jawaid Mian Larik', Shagufta Jabeen'”, Beenish Khanzada®, Naveen Qadeer', Humaira Naz*, Bisma Adil' and Shaista

5

Naz

'Institute of Microbiology, University of Sindh, Jamshoro, Pakistan

?|nstitute of Bioscience, Universiti Putra Malaysia, Malaysia

*Institute of Biochemistry, University of Sindh, Jamshoro, Pakistan

“Centre for Pure and Applied Geology, University of Sindh, Jamshoro, Pakistan
*Department of Geography, University of Sindh, Jamshoro, Pakistan

ARTICLE INFO

ABSTRACT

Keywords:
Coliform, Pathogen, Filtration, Chromogenic Agar,
Infection, Contamination, Drinking Water

How to Cite:

Larik, J. M., Jabeen, S., Khanzada, B., Qadeer, N., Naz,
H., Adil, B., & Naz, S. (2025). Isolation and
Identification of Escherichia Coli and Klebsiella
Species using Chromogenic Agar from Drinking
Water of District Thar, Sindh, Pakistan : Identification
of Escherichia Coli and Klebsiella Species from
drinking water. Pakistan BioMedical Journal, 8(12),
28-33. https://doi.org/10.54393/pbmj.v8i12.1330

*Corresponding Author:

ShaguftaJabeen

Institute of Bioscience, Universiti Putra Malaysia,
Malaysia

shagufta.jabeen@usindh.edu.pk

Received Date: 11" November, 2025
Revised Date: 25" December, 2025
Acceptance Date: 29" December, 2025
Published Date: 31" December, 2025

Most of the studies do not conduct bacteriological analysis of the Thar region drinking water,
except for transportation and travel problems. Objectives: To identify the bacteriological
profile of water at various regions of the Thar Desert, Sindh, Pakistan, concerning the presence
of the indicator Coliform, i.e. E coli and Klebsiella spp., on Rapid Media Chromogenic agar.
Methods: A total of 70 drinking water samples were collected in 5 talukas of District Tharparkar,
namely, Islamkot, Nangrpar, Kalohi, Dahri, and Diplo between December 2021 and May 2021.
Water samples were tested right after the collection, with the help of the membrane filtration
method. MacConkey agar and Chromogenic agar and plates were inoculated with filters and
incubated aerobically in 35-37°C, respectively, and kept for 24 hours. Bacterial identification
tests were performed on the colonies on MacConkey agar plates and E. coli and Klebsiella spp.
produced turquoise-blue colony and Mergenda color colony on chromogenic agar, respectively.
Results: The findings of the bacteriological test revealed that the water samples are not
potable, and 47 (67%) samples contained bacteria. There were 28 (59%) coliform and 19 (41%)
non-coliforms. Escherichia coli (18; 40%) was most common, followed by Klebsiella spp. (12;
27%), Pseudomonas spp.(9; 20%), Salmonella spp. and Proteus spp. were the least common (3;
6%) each. Conclusions: Chromogenic agar is a fast and convenient way of presumptive
identification of bacterial contaminants in drinking water. E. coli and Klebsiella spp. were the
largest bacterial communitiesindrinking water specimens of the Tharregion.

INTRODUCTION

Tharparkar is the largest region of the desert region of
Sindh, located in Pakistan. Tharparkar is found in 69°3'35 E
and 71° 7 47 E longitudes and 24° 9 35 N and 25° 43 6 N
latitudes [1]. The only significant drinking water source is
groundwater, which is a significant source of domestic,
livestock, and agricultural usage. These groundwater
sources in Southern Sindh, such as Tharparkar, contain a
significant number of coliform bacteria, which implies that
the groundwater poses a health hazard to the locals [2].

28

The polluted drinking water is the cause of numerous
water-borne illnesses, most commonly dysentery,
vomiting, and gastroenteritis [3]. Polluted water has also
been reported in various parts of Pakistan that harbor
coliform bacteria and other pathogenic microorganisms
such as Escherichia coli, Vibrio cholera, Salmonella spp.,
and Pseudomonas spp; that cause gastroenteritis, cholera,
typhoid fever, diarrhea, and other enteric diseases in
children and adults who consume it [4-6]. The
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contamination bacteria (Total coliforms and Escherichia
coli) of various cities of Sindh, such as Nagarparkar, have
been reported, signifying the intrusion of sewage water
into the drinking water system [7-9]. Therefore, various
procedures involving agar and liquid media employing
various techniques such as the membrane-filtration
method, multiple tube or most probable number (MPN)
methods are well elaborated to identify the water
contamination to isolate indicator microorganism in water
[10, 11]. The traditional procedures are tedious and require
more time to detect bacterial contamination [12, 13].
Nevertheless, the use of agar with the aid of chromogenic
agar makes it quicker, and even the process of identifying
indicator microorganisms in drinking water is easier. Safe
drinking water is important to the health of the people,
particularly in arid areas such as Tharparkar, where the
primary source of water is through groundwater [14]. The
scarcity of literature in the field of bacteriological quality in
this area demonstrates that the new surveillance with the
help of fast techniques is necessary. This paper sought to
determine the quality of drinking water in the District of
Tharparkar by identifying bacterial contamination and
coliform bacteria, which are indicators of the presence of
pathogens, throughrapid chromogenic agar media.

In the Tharparkar region of Sindh, Pakistan, safe drinking
water is scarce, with groundwater being the primary
source for domestic use, yet it is frequently contaminated
with coliform and pathogenic bacteria such as Escherichia
coliand Klebsiella species, posing significant public health
risks. Despite the known prevalence of waterborne
diseases in the area, there is limited bacteriological
surveillance, particularly using rapid detection methods,
and the antibiotic resistance profiles of these
contaminants remain largely unexplored. This study aimed
to address these gaps by isolating and identifying coliform
and non-coliform bacteria in drinking water using
chromogenic agar, assessing their distribution, and
evaluating antibiotic susceptibility patterns to inform
effective water safety interventions and public health
strategies.

METHODS

A cross-sectional descriptive study of coliform
contamination and antibiotic resistance in drinking water
from five talukas of District Tharparkar. The samples
included a total of five talukas of District Tharparkar, with
each taluka comprising 70 (n=70) water samples (250 ml
each) collected randomly in December 2021 and May 2021.
The samples were aseptically packed into the sterile
bottles and transported to the laboratory in ice boxes and
thenimmediately processed or stored at 4°C 24-48hoursin
the event of delayed analysis. To isolate Gram-negative
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bacilli, suchasthe coliforms, inthe sample water collected,
the Filtration Assembly Method (FAM) was carried out on
each sample [11]. The filtration process was done through
the membrane filtration assembly (Millipore, USA) unit of a
funnel, vacuum pump, filter flask, and filter membrane
(Merck, USA) with pore sizes of 0.45 micrometer (um). An
autoclave was used to sterilize the membrane filtration
assembly at 121°C for up to 15-20 minutes. Assembled
aseptically Sterile membrane filter unit was assembled.
With Filtration Assembly, the water samples (100 ml) were
filtered with the assistance of sterile forceps, removing the
membrane filter and placing it on Chromatic™ Coli Coliform
(Liofilchem, Italy) agar and on MacConkey (Oxoid, UK) agar
plates separately. The Plates were incubated aerobically at
37°C between 24-48 hours. This was done to all the water
samples. The plates were then incubated, and the
appearance of colored colonies was noted, which validated
the findings of the Chromogenic agar of the specific
bacteria that were recommended. Moreover, the
antimicrobial susceptibility profile was performed based
on the principles of Clinical and Laboratory Standards
Institute (CLSI 2020)[15] using Kirby-Bauer disc diffusion
onMuller-Hintonagar. The antibiotic discs used were Oxoid
(UK) which included Amoxicillin plus clavulanic acid
(AMC,30+ 10 ug) or augmentin(AMC) and Ceftazidime (CAZ,
30 pg) and Cefotaxime (CTX, 30 pg) were both 3rd
generation cephalosporin, Aztreonam (ATM, 30 pg) and
Ciprofloxacin (CIP, 5 pg). Selection of bacterial colonies
was done and bacterial lawn was prepared on Muller Hinton
agar plates. After the antibiotic discs had been placed, the
plate was incubated at 37°C for 24 hours. The outcome of
the antibiotic susceptibility test, as given by the CLSI
guidelines, isexpressedas sensitive(S)orresistant(R).

RESULTS

Pure bacterial cultures were first isolated from drinking
waterusing chromogenic agar. The filter paper placed onto
the chromogenic agar plate surfaceindicates the growth of
specific bacterial colonies. Indications of the appearance
of turquoise-blue colonies of E. coli and for Klebsiella
mauve colonies were seen on chromogenic agar
(Chromatic™ Coli Coliform) as mentioned by the
manufacturer. While some other colorless colonies
(Creamy/off-white color) of other bacterial species belong
tothe family Enterobacteriaceae(Figure1).
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Other
bacteria
E. coli
Klebsiella
spp.

Figure1:Isolation of Pure Bacterial Culture on Chromogenic Agar
As a result of overnight incubation after FAM, growth was
observed. The colonies of lactose-fermenting Coliform
group of bacteria appeared as medium to large pink
colonies. However, non-lactose fermenting non-Coliform
bacteria appeared as colorless colonies that need further
identification based on biochemical characterization.
From these colonies, pure cultures were obtained by the
streak plate method(Figure 2).

Klebiella
spp

Figure 2: Growth on MacConkey Agar and Subculture of Pure
IsolatesonMacConkey

Out of 70 samples collected from 5 different talukas of the
district Thararkar, 47 (70 %) samples were positive for
bacterial growth, whereas 23 samples (30%) were found
negative. Among 47 positive samples, 28 samples (60 %)
were positive for the presence of Coliform, and 19 (40%)
samples showed the presence of non-coliform bacteria
(Figure 3).

H POSITIVE i NEGATIVE

H Coilform © non-Coliform
Figure 3: Distribution of Water Samples for Bacterial
Contamination (A) Bacterial Distribution of Water Samples (B)
Coliformand Non-Coliform Distribution
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Other than Coliform bacteria, non-lactose-fermenting,
Gram-negative bacteria were also isolated, including
Salmonella species. Further investigation, biochemical
analysis of isolated pure culture results showed that five
types of Gram-negative bacilli were isolated, including E.
coli 18 (40%), Klebsiella species 12 (27%), members of
coliform and Pseudomonas spp. 9 (20%), Salmonella
species, 3 (6%), and Proteus spp. 3 (6%) members of the
non-coliform group of bacteria(Table1).

Table1: Distribution of Gram-negative Bacillilsolated

Coliform (n=30) Non-Coliform (n=15)

E.coli |Klebsiellaspp|Salmonella spp |Pseudomons spp| Proteus spp
18(40%)| 12(27%) 3(6%) 9(20%) 3(6%)

For antibiotics sensitivity pattern, following 24-h
incubation, 29(93%)isolates were resistant to Amoxicillin,
21(68%) were resistant to Cefotaxime and 19 (60%) were
resistant to Ceftazidime with 2 (7%), 10(32%) and 11(40%)
being sensitive, respectively. However, Imipenem,
Ciprofloxacin, and Fosfomycin showed less or no
resistance with 93% sensitivity and 7% resistance (Table
2).

Table 2: Sensitivity Pattern of Bacterial Isolates

Resistant Percentage Sensitive Percentage

No. Antibictics “(p) (%) () (%)
1 AMC 29 93 2 7
2 CAZ 19 60 n 40
3 CTX 21 68 10 32
4 ATM 19 60 n 40
5 CIP 2 7 29 93
6 IPM 2 7 29 93
7 FOS 2 7 29 93

DISCUSSION

Chromatic™ Coli Coliform has chromogenic that is used by
the bacteria to produce colored colonies, in which
substrate is a chromogen, ;-glucuronidase, and through
which we can be able to observe different bacterial
species. The colonies of E. coli were observed as blue in
color since the ;-glucuronidase cleaved the enzyme
chromogen, ;-glucuronidase. This medium is specifically
applicable in the identification of coliforms and the
identification of E. coli and Klebsiella spp. In our study, 47
samples were positive with bacterial growth of the total 70
samples of water found in the Thar area, and 28 of the 47
positive samples were coliforms. A similar trend was
observed in other research, wherein 71 percent of E. coli
isolated in drinking water out of 155 samples [15]. Sood, N
conducted a study on the Prevalence of pathogenic
bacteria on fecal coliforms. 50 water samples were
sampled; E. coli was isolated from these samples 12[16]. A
similar study was conducted locally in Aga Khan university
Karachi, Pakistan, and 42 water samples were sampled, in
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which 62.96% of the samples were found to be E. coli[17].
Antibiotic, levofloxacin, has been reported to be most
sensitive to the E. coli and Salmonella, and the most
resistant was reported to be against antibiotics
clindamycin and amoxicillin [18, 19]. Similar findings have
been brought to light in this study, with maximum
resistance (93%) against the more popularized antibiotic
Augmentin/Amoxicillin, and moreover against third-
generation cephalosporin members like cefotaxime and
ceftazidime, 68% and 60% respectively. This is a worrying
scenario to Thar people who have fewer hospitals and a
deficiency of medicine. Our water isolates have a high
prevalence of resistance to frontline antibiotics such as
amoxicillin, which is also similar to the critical resistance
patterns maintainedin clinical pathogens. Aninvestigation
into Uganda surgical site infections indicated that 90.9
percent of Enterobacteriaceae isolates were multidrug-
resistant, and ampicillin resistance was up to 95.1 percent
[20]. This analogy of a compromised ecology of Tharand a
compromised health of Uganda reveals a universal
dilemma of resistance caused by the improper use of
ordinary antibiotics in healthcare and the household
sphere. The principal risk to human health is from drinking
contaminated water since it is the most crucial parameter
to consider. Out of 70 samples, which were tested in 5
different regions of the district Tharparkar, 47 samples (70
percent) tested positive for coliform/bacterial
contamination. It hasbeen noted that the total viable count
test conducted on microbial analysis and the sample got
excessively contaminated with microbial growth of fecal
coliforms and Escherichia coli[3]. Again, 18 samples in this
research demonstrated the existence of E. coli, which is
the hallmark of the existence of fecal coliform. Further, the
health of the waterintheareaisnotgood becauseit hasthe
Coliform group of bacteria, which is threatening, in case of
positive results with coliform presence. The infections may
be caused by contaminated water and may be fatal in poor
areas as a result of poor medical facilities. In this study,
three types of bacteria, whichare E. coli18(40%), Klebsiella
spp. 12(27%) and Salmonella spp. 3(6%). The bacteria are
causative bacteria of water-borne illness, such as
Diarrhea, Dysentery, and Typhoid fever, and can lead to
urinary tract infections (UTI). In Pakistan, major illnesses
because of contaminated drinking water encompass
diarrhoea, gastroenteritis because of Coliform
contamination, and typhoid because of Salmonella typhi,
giardiasis because of intestinal worms Giardia spp., and
viral hepatitis, like hepatitis A caused by the hepatitis A
virus.[5, 10, 21]. It has been observed and hypothesized in
recent research that the presence of E. coliin water is not
necessarily due to feces contamination but may survive
and propagate in tropical water. Moreover, the Coliform
test remains a useful test of microbiological analysis of
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drinking water. Species-level identification of other non-
coliform bacterial species to be used as part of the current
study is a useful tool in the identification of the nature of
contamination of water. Salmonella spp. was also
identified in current research, that are harmful enteric
pathogenand not part of the coliform group of bacteria.

This study islimited by its cross-sectional designand focus
on only five talukas within Tharparkar, which may not fully
represent the district's diverse water sources. The reliance
on chromogenic agar, while rapid, may not detect all
bacterial species, and the absence of molecular
confirmation for isolates limits strain-level
characterization. Seasonal variation in water quality was
alsonotassessed, assampleswere collected only between
December and May. Future studies should incorporate
longitudinal sampling across different seasons and expand
to more talukas to better understand temporal and spatial
contamination patterns. Molecular methods such as PCR
or sequencing could be used for precise identification and
antibiotic resistance gene profiling. Additionally, public
health interventions—including community education on
water safety and pilot water treatment projects—should be
implementedin high-riskareasidentifiedin this study.

CONCLUSIONS

This study shows the presence of coliform bacteria in
drinking water of Thar district samples and proves that
water samples were not safe for drinking, bathing, or
washing purposes, as E. coliis a major causative agent for
Urinary tractinfections. Escherichia colideterminationand
its application in the identification of the major animal
source of fecal contamination have been used as an
indicator of water fecal contamination, such as Salmonella
and Giardia. Use of Chromogenic agar proves to help in fast
recoveryandidentificationof E. coli.
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States identifying various lung conditions. Objectives: To establish the prevalence of lung anomalies
detected on X-ray in prospective expatriates, to evaluate their distribution by age, gender,
region, occupation, and to determine the unfit cases within these groups. Methods: In this
study, the chest X-ray reports of 42,688 Pakistani candidates fromthe year 2022 (Jan-Dec)were
analyzed, who underwent medical screening(chest X-rays) for overseas employment under the
guidelines of the Gulf Cooperation Council (GCC). The candidates aged between 18 and 51years,
with a mean age of 31.54 + 4.86. Results: Out of 42,688 candidates examined over a year, 1,347
(3.15%) were deemed unfit based on chest X-ray findings. Chest X-ray anomalies were most
prevalent among costophrenic angle obliteration (0.63%), pleural effusion (0.42%), and
moderate apical scaring (0.31%). The population in the study was predominantly male, with no
unfitness among females. Of these anomalies (n=1347), the most infected age group was 31-35
years (39.9%), followed by 36-40 (35.4%) and 41-45 (12.6%) years. Occupationally, the most
affected were laborers (88.2%) and drivers (4.97%), whereas geographically, the highest
prevalence was in Peshawar (12%), Mardan (11.3%), and Bannu (8.16%). Conclusions: This
research allows us to determine the burden and distribution of chest-related anomalies among
prospective expatriates, identify demographic, occupational, and geographic groups, and
providesbaseline epidemiological evidence fromanunderstudied screening population.
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INTRODUCTION

Chronic respiratory and lung diseases are a major public
health concern, especially in areas of rapid
industrialization coupled with mass workforce migration.
Such is often seen in the Gulf Cooperation Council
countries. Assessing the health status of expatriate
workers before employment is an important strategy for
ensuringindividual fitness to workand compliance with the
host-country health regulations. The GCC includes
Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United
Arab Emirates; all these nations heavily rely on expatriate
labor for sectors like construction, healthcare, and

domestic services[1]. Consequently, GCC member states
have established a unified pre-employment medical
screening program for expatriates. Commonly, this pre-
employment medical testing involves clinical assessment,
laboratory testing, and radiological investigations to
determine the general health status of the candidates[2].
Chest radiographs (CRs) are widely used as the initial
imaging modality for the assessment of thoracic diseases
and represent one of the most frequently performed
radiologic examinations worldwide, accounting for up to
26% of all diagnostic imaging procedures [3]. These
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conditions may remain clinically silent until they progress
to advanced stages [4]. The prevalence of chest x-ray
(CXR) findings, i.e., infiltration, pulmonary lesions, calcific
granuloma, and pleural effusion, is notable and aligns with
the historic burden of TB in similar male predominant
studies[5, 6]. Previous research in the Middle East region
showed the prevalence of pulmonary lesions in endemic
regions for tuberculosis (TB), with the rates varying based
on geographic location. A large number of expatriate
workers and refugees pose major challenges in achieving
the program towards TB elimination[7]. Fibrotic lesions in
the lungs are not uncommon in individuals from TB-
endemic areas [8]. Nodular lesions in the chest x-ray are
often classified as benign/malignant based on their size
and growth pattern. Benign nodules, as noted in many
studies, are seen in around 5-10% of CXR screening.
Costophrenic angle obliteration closely associated with
the intensity of asbestos exposure and suggests
underlying pleural effusion or prior pleuritic episodes. A
study conducted as a part of routine CXR screening
reported 1.2% cases of CP obliteration [8]. Within the
context of expatriate medical screening, CXRs serve as an
efficient and cost-effective tool for identifying
radiographic findings that may influence fitness-for-work
decisions. While numerous studies in Pakistan and South
Asia have described chest X-ray findings in clinical or TB-
focused populations [9, 10], there is limited published
evidence specifically describing the spectrum and
prevalence of chest radiographic findings identified during
GCC-mandated expatriate screening programs.

Despite the widespread use of chest X-rays for pre-
employment screening of expatriates, there is limited
evidence on the prevalence and patterns of radiographic
abnormalities among potential migrant workers from
Khyber Pakhtunkhwa, Pakistan. Existing studies are
predominantly clinical, TB-focused, or community-based,
and often involve symptomatic or general populations,
limiting their applicability to healthy, working-age
expatriates. Additionally, there is a lack of multi-
dimensional analysis examining the distribution of
abnormalities across age, occupation, and geographic
regions within this specific population. This gap
underscores the need for systematic, descriptive data on
radiographic findings in expatriate screening programs to
inform regional health policies, occupational risk
assessment, and targeted interventions. Localized,
center-based data are important for understanding
regional patterns of radiographic findings and for
supporting quality assurance and policy refinement within
expatriate health screening programs. Therefore, the
present study aimed to report the prevalence and pattern
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of chest radiographic findings among expatriates
undergoing pre-employment medical screening at a GCC-
approved Caring and Curing Center in Peshawar, Khyber
Pakhtunkhwa, Pakistan. By providing updated, real-world
data from this setting, the study contributes context-
specificevidence that complements existing literature and
supports ongoing evaluation of expatriate health
screening practices.

METHODS

This study is retrospective cross-sectional. The study
protocol was reviewed and approved by the Ethical
Committee of Yashfeen College of Pharmacy, Lahore. (Ref:
YES/ERC/08-25/01/0007). Ethical research standards
were adhered to concerning data confidentiality. In this
study, data were retrived from 42,688 individuals. Chest X-
ray reports were gathered from workers originating from
the districts of KPK from January 2022 to December 2022.
The center maintained a computerized database, and
candidates were imaged on 14-17-inch film. Radiographs
were taken using the following parameters: PA standard
view on green films, 20 mAs, 80 kV exposures with a focal
film distance (FFD) of 1.8 meters/ 6feet. Read and
interpreted by a qualified radiologist (cross-checked for
reliability). The inclusion criteria of this retrospective
descriptive study included all consecutive individuals who
presented for GCC-mandated pre-employment medical
screening during the study period. The screening protocol
included chest radiography as part of a routine medical
fitness assessment. Individuals (=18) undergoing pre-
employment medical screening for GCC countries.
Complete demographic information and radiographic
reports are available in the screening records. Exclusion
criteria included chest radiographs that were technically
inadequate for diagnostic interpretation (e.g., poor
exposure, motion artifacts, improper positioning).
Incomplete or missing radiographic reports. Duplicate
records from repeat screenings of the same individual
during the study period. The Statistical Package for Social
Sciences (SPSS) version 26.0 was used to examine and
interpret the statistical data. Frequency and percentages
were used to compute variables. Descriptive statistics
were used to get the mean, mode, minimum, maximum
range, and standard deviation of age.

RESULTS

A total of 42,688 potential expatriates undergoing GCC-
mandated pre-employment medical screening were
included in the analysis. The screened population
consisted predominantly of males (n=40,717; 95.4%), while
females accounted for 1,971 individuals (4.6%). The age of
participantsranged>18(Table1).
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Table1: Demographic Characteristics

Age Group Frequency (%)

18-20 1423(3.3%)
21-25 16862 (39.5%)

26-30 10494 (24.6%)
31-35 7696 (18.0%)

Age
36 - 40 5087(11.9%)
41-45 1060(2.5%)
46 - 51 66(0.2%)
Total 42688(100.0%)
Male 40717(95.4%)
Gender
Female 1971(4.6%)

The total number of screened subjects was 42,688, out of
which the abnormal finding of unfitness was reported in
1,347 (3.15%) candidates, and the normal finding of fitness
was reported in 41,341 (96.8%) candidates. The 95%
confidence interval (Cl) was estimated by using a one-
sample test, M=1.031, 95%Cl (1.029-1.033). The highest
finding was observed in minimal costophrenic angle
obliteration, which was found in 269 candidates (0.63%),
followed by pleural effusion in 182 candidates (0.42%),
apical scarring in 135 candidates (0.31%), calcific
granulomain 128 candidates(0.29%), fibrocalcific changes
in 124 candidates (0.29%), and nodular lung shadows in 119
candidates (0.27%). The other less common findings
include solitary fibrotic changes in (0.24%),
lymphadenopathy in(0.22%), interstitial lung shadowing in
(0.15%), and hilar calcificationin(0.18%)(Table 2).

Table 2: Prevalence of Different Screening Parameters

Frequency (%)

42(0.09%)
128(0.29%)
124(0.29%)
77(0.18%)
68(0.15%)
97(0.22%)
269(0.63%)
135(0.31%)
119(0.27%)
182(0.24%)

Parameters
Pulmonary Infiltration by Soft Shadows in the Lungs
Calcific Granuloma in the Lungs
Fibrocalcific Lesion in the Lung

Hilar Calcification
Interstitial Lung Shadowing
Lymphadenopathy
Minimal Costophrenic Angle Obliteration
Moderate Apical Scaring
Nodular Lung Shadow

Pleural Effusion
Solitary Fibrotic Lesion/ Pulm Scar 106(0.24%)
Fit Cases 41341(96.8%)

Total 42688

Calcific granuloma and pulmonary infiltration (Fibrotic
streaks in the apical region of the left side) are shown
(Figure1).
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Figure 1: Calcific Granuloma and Pulmonary Infiltration (Fibrotic
Streaksinthe Apical Region of the Left Side)

Fibrocalcific lesion (bilateral upper zone) and a solitary
fibrotic lesion (fibro-calcification in the middle lobe of the
right side)are shown(Figure 2).

Figure 2: Fibrocalcific Lesion (Bilateral Upper Zone) and Solitary
Fibrotic Lesion(Fibro Calcificationin the Middle Lobe of the Right
Side)

Results show the nodular lung shadow in the right upper
lobe and Hilar calcification(Figure 3).

lﬁ

Figure 3: Nodular Lung Shadow (in the Right Upper Lobe)and Hilar
calcification
Findings show Apical fibrosis and CP angle obliteration
(Left Lower Lobe collapsed)(Figure 4).
Figure 4: Apical Fibrosis and CP Angle Obliteration (Left Lower
Lobe)
Radiographic abnormalities were observed across
different age groups, but were most frequently reported
amongindividualsaged 31-35years, followed by those aged
36-40 years and 41-45 years. Fewer abnormalities were
observed among individuals below 25 years of age and
those above 45years(Table 3).
Table 3: Prevalence of Different Screening Parameters Among
Different Age Groups

Unfit Cases Among Different

Age Groups

18 21 26 31 36 41 46
-20 -25 -30 -35 -40 -45 -51

Parameters

Pulmonary Infiltration by Soft Shadows
inthe Lungs 0101321 010]00
Calcific Granulomain the Lungs 0 |08| 0021|502
Fibrocalcific Lesion in the Lung 0|04 0 [02(T3]|03|02
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Hilar Calcification 0 [04|02|65[04(02]| 0 6| Charsadda | 2| 8 | 9| 4|6 |6 |20|12|12|15| 11| 105
Interstitial Lung Shadowing 0[02|01|59(02|04]| 0 7 Dir 2(12|9 (5|8 |9 2|7 |n|i|s]|n0
Lymphadenopathy 0|03|02|92(0 |00 8 | Haripur 113322 (3723|565 [1] 32

Minimal Costophrenic Angle Obliteration| 0 | 03|04 (219(02 | 41| O 9 Karak 3716|1413 |4|12(7|4|8] 3] 61
Moderate Apical Scarring 0 |09| 0 |02(120({02|02 10 Kohat O35 1|1 1]13|6[3[]3|4]3] 32
Nodular Lung Shadow 0[05(02|46(53[13|0 1| Mansehra | 2 [ 5|6 |3 |3 |3 |14|7|4]|10]|6] 63

Pleural Effusion 0 [04|04|51[73|50]| 0 12| Mardan |5 [13|12|8 |6 |9 |31|18|15]|22]|14] 153

Solitary Fibrotic Lesion/ PulmScar | 0 [07 (48| 0 [ 0 [51| O 13| Nowshera [ O [ 1 [ 1|1 |11 [3[1]|2]2]1] 14
Total 00|59 | 95 [538|478| 171 | 06 14| Parachinar | 3 [ 6 [ 6 |4 |1 |5 |n|7|4]|9]|4] 60

All radiographic abnormalities identified during the study 15) Peshawar | 7 | 15|16 )8 | 6 |12]32|17 |12]22|14 | 162
period were recorded among male candidates. No unfit 16] Shangla |3 110|7)5]3|6|17]10 15]6 |8
cases were reported among female participants. Given the 17] Swabi 2|44 f2]2]35]7]65 613 4
relatively small proportion of females in the screened 18] Swat SIN|{7|7]5]8|22]12]10]15| 7 |105
population, no conclusions regarding sex-based 19| Weziristan | O | 1| S|V |T|T1|S]2]T1]2]1]

differences in disease prevalence can be drawn.
Radiographic abnormalities were identified among
candidates from all districts of Khyber Pakhtunkhwa
included in the study. The highest absolute number of unfit
cases was reported from Peshawar (n=162), followed by
Mardan(n=153), Dir(n=110), and Bannu(n=110)(Table 4).
Table 4: Geographicvariationsin disease prevalence

Geographic A B C D

e E F G H I J K Total
1 | Abbottabad| 1| 6 |6 |6 |5 |6 12|46 |7 ]| 4] 63
2 Bannu 211016 [7[9]23]9|1|13[9] 10
3 | Batagram | 2 | 4 31213714342 40
4 | Batkhela | 1| 4 41313623 3| 37
5 Buner 3151312133 (12(6]5 6 | 56

Table5: Occupation-Related Disease Prevalence

Detected Abnormalities

A= Active pulmonary infiltration by soft shadow in lungs, B=
Calcific granuloma in the lungs, C=Fibrocalcific lesion in
the lungs, D= Hilar calcification, E=Interstitial lung
shadowing, F- Lymphadenopathy, G= CP angle obliteration,
H=Moderate apical scaring, = Nodular lung shadowing, J=
pleural effusion, K= Solitary fibrotic lesion. Subjects
recruited for this study were categorized by their
respective areas, along with the results of their screening
tests. Findings of radiographic abnormalities were highest
inindividuals who were occupation-based, labor-intensive
workers, such as laborers and drivers. As the data have
been descriptive in nature, inferences on the causal
relationship between occupation and findings of
radiographicabnormalities cannot be made(Table5).

Occupations

Carpenter Comp.Operator Electrician Driver Engineer Labor Mason Painter Salesman Shuttering Welder

et | 0 | o | e Jo o Jule] o] o [ o |0
Calcific Granulomain Lungs 03 0 06 0 0 116 03 0 0 0
Fibrocalcific Lesion in Lungs 01 03 13 0 02 99 06 0 0 0
Hilar Calcification 02 0 04 0 0 69 02 0 0 0
Interstitial Lung Shadow 0 0 01 0 01 63 0 0 01 0 02
Lymphadenopathy 0 0 0 03 0 91 0 0 02 01
CP Angle Obliteration 07 0 12 0 0 243 07 0 0 0
Moderate Apical Fibrosis 05 0 07 0 115 03 0 05
Nodular Lung Shadowing 03 03 13 02 90 07 01 0
Pleural Effusion 0 0 02 01 01 173 01 0 01 01 02
Solitary Fibrotic Lesion 03 0 05 0 0 96 02 0 0 0
Total 24 07 87 04 06 1189 34 01 07 03 05

DISCUSSION

In this study, a descriptive analysis of the chest
radiographic findings among the prospective expatriates
from Khyber Pakhtunkhwa is discussed, a population that
has been inadequately described in radiologic literature.
The abnormal chest ;-ray findings were noticed in about
3.15% of theindividuals. The observed chest ; -ray findings

were mainly observed among those aged 31-40 years and
laborers(88.2%), and drivers(4.97%)were the predominant
ones. Costophrenic angle obliteration (0.63%), pleural
effusion(0.42%), and apical scarring(0.31%)were the main
observed radiographic findings, while Peshawar (12%),
Mardan (11.3%), and Dir (8.1%) districts had the highest
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number of unfit cases. Despite the importance of chest
radiographic evidence among potential expatriates, few
studies exist on chest radiographic findings among
potential expatriates, and the only major similar study is
that carried out by Naz et al. among Pakistaninationals. The
results of our study match closely with the major study of
chestradiographic findingsamong 63,648 male applicants,
who reported that costophrenic angle obliteration was
present in 0.5%, apical scarring of 0.27%, and pleural
effusion of 0.05%, each 0.1%, of the screened population
[11]. This match indicates that radiographic findings show
fidelity among expatriate-nominated subjects. A study
among routine chest radiographic findings of the general
population of 180 subjects in AJK, Pakistan, reported that
non-pulmonary lesions were the most prevalent chest
radiographic findings, while pulmonary lesions remain rare
findings [12]. The present study opposes those findings
since pulmonary structural pathological changes remain
the predominant findings. Unlike our screened subjects
among expatriates, community, and clinical-based studies
show radically differing general chest radiographic
findings. Clinic and hospital-based studies based on
symptomatic subjects like COVID-19 patients have
reported unprecedented widespread lung involvement,
such as ~898% abnormal chest radiographs, among
subjects suffering from COVID-19 infection [13]. Unlike our
screened subjects, large-scale community-based general
chest radiographic findings of general subjects have
reported findings of up to ~35% subjects with incidental
findings of non-cancer lesions like fibrosis of ~8.2%,
lesions of granulomas of ~10.7%, and pleural changes of
~3.6%, findings grossly divergent from healthy subjects
screened for expatriates [14]. Furthermore, general
community chest radiographs of symptomatic and general
subjects screened before surgical procedures have
reported general chestradiographic findings of nearly 45%
subjects, which encompass generalized chest
radiographic findings like COPD, Atelectasis, and pleural
changes not related to expatriate subjects [15]. Similar
findings from other regions within South Asia also validate
this pattern. In related research, pre-screening analyses
conducted among Indian nationals(n=4113)indicated a total
abnormal radiograph of ~4.9%, post-inflationary scarring
making up 3.3%, and pleural effusion or other important
pulmonary findings being exceedingly rare at ~0.02% [16].
The clear implication from this evidence is that chronic
pulmonary alterations remain the main abnormality
findings in pre-screening migrant groups, again validating
our findings. International research findings also
consistently show that the vast preponderance of chest
radiography analyses from migrant personnel show normal
results, again validating our findings of 97% normal
findingsamong potential migrants. Forinstance, European
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refugee screeningin Germany[17], UAE visa screening[18],
and a Malaysian migrant worker cohort [19], all
demonstrated predominantly normal films, i.e. 90%, 95%
and 98%, respectively. Occupational analysis showed that
laborers and drivers were most affected, likely due to
higher exposure to dust, environmental irritants, and
physically demanding work, which may predispose them to
chronic radiographic changes[20]. Geographically, higher
abnormality rates among Peshawar, Mardan, and Swat
districts may reflect a combination of population density,
migration trends, and occupational clustering, rather than
atrueregional disease burden. The novelty of this study lies
in its descriptive, population-level focus on potential
expatriates in KP, providing quantitative evidence of
radiographic anomalies in a demographic including age,
gender, occupational, and regional distributions, which is
rarely analyzed independently. By comparing our findings
with national [11], regional [12], and South Asian [13]
studies, we also describe that pulmonary structural
anomalies predominate in migrant screening populations,
whereas non-pulmonary abnormalities are more frequent
in general populations, highlighting the unique
epidemiology of expatriate-bound studies. This study has
several limitations that should be acknowledged. The
single-center design may limit the generalizability of the
findings to other regions or screening facilities. The
retrospective and descriptive nature of the study
precludes clinical correlation and does not allow inference
of causality between radiographic findings and
demographic or occupational factors. The marked gender
imbalance reflects the demographic profile of the
expatriate screening population and limits sex-based
comparisons.

This study has several limitations that should be
acknowledged. The single-center design may limit the
generalizability of the findings to other regions or
screening facilities. The retrospective and descriptive
nature of the study precludes clinical correlation and does
not allow inference of causality between radiographic
findings and demographic or occupational factors. The
marked genderimbalancereflects the demographic profile
of the expatriate screening population and limits sex-
based comparisons. Future multi-center studies with
prospective designs and clinical correlation are
recommended to validate these findings across broader
populations. Research should also explore the underlying
etiologies and long-term health outcomes associated with
the identified radiographic abnormalities, particularly in
high-risk occupational groups. Additionally, integrating
artificial intelligence-assisted image analysis could
enhance screening efficiency and consistency in
expatriate medical evaluations.
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CONCLUSIONS

This retrospective descriptive study has focused on the
prevalence and distribution of chest radiographic
abnormalities observed among potential expatriates
undergoing GCC-mandated medical screening in Khyber
Pakhtunkhwa. There was a small proportion of subjects
with abnormal findings, while the commonest radiographic
patterns were obliteration of the costophrenic angle,
pleural effusion, and apical scaring. These abnormalities
were more common among middle-aged males involved in
labor-intensive jobs and from different districts of KP. The
study contributes significant regional data from an under-
represented expatriate study and also gives weight to the
role of systematic radiographic reporting in pre-
employment screening programs.
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Chronic myeloid leukemia is a hematopoietic stem cell malignancy characterized by excessive
proliferation of white blood cells, primarily driven by the Philadelphia chromosome (t 9;22).
Despite the availability of tyrosine kinase inhibitors, disease progression and therapy
resistance remain major challenges, often linked to additional somatic mutations. Objectives:
To find out the mutational status and expression variations of the ASXL1gene hotspot regionin
CML patients treated by TKls. Methods: This retrospective cross-sectional study was
conducted at the Department of Zoology, Division of Science and Technology, University of
Education, Lahore, Pakistan. DNA and mRNA of 50 CML patients were analyzed alongside 10
healthy controls and statistically assessed using SPSS. Results: Results showed that sequence
analysis of exon 13 identified hotspot mutations, including two novel missense alterations,
(6659S and D667E, within the coding region of ASXL1. In-silico analysis also suggested potential
structural and functional relevance of these variants. The ASXL1 gene expression showed a
progressive but statistically non-significant down-regulation in CML patients across disease
phases (p=0.662), disease duration (p=0.42), treatment with second-line versus first-line TKls
(p=0.412), and wild-type and mutant (p=0.544). Conclusions: It is concluded that two novel
missense alterations, G6559S and D667E, were identified in the hotspot region, and ASXL1gene
expressionwas downregulated non-significantly in CML patients.

INTRODUCTION

Chronic Myelogenous Leukemia (CML) is one of the
Myeloproliferative malignancies that occur due to
reciprocal translocation of a gene located on chromosome
9 named ABL1(Abelson murine leukemia) gene sequence
(g34) and Breakpoint Cluster Region (BCR) gene sequence
(g11) located on chromosome 22, forming a Philadelphia
chromosome (Ph)[1, 2]. This Ph chromosome encodes a
tyrosine kinase, whichisresponsible foractivating multiple
signaling pathways that promote the uncontrolled
proliferation, improper cell differentiation, and inhibit the
apoptosis process [3, 4]. Based on the number of blasts

cells, CML is classified as a triphasic disease. Chronic
phase shows 10% blast cells, accelerated phase shows 10-
19%, while blast phase shows above 20% blast cells [5].
Tyrosine Kinase Inhibitors (TKls) have been used to treat
the majority of CML patients for the past 20years[8,7]. The
ASXL1 gene, positioned on chromosome 20q, codes a
protein of 1541 amino acids involved in transcriptional
regulation and chromatin modifications. Mutations in the
ASXL1 gene are frequently observed in myeloid cancers,
including MDS, CMML, MPN, and AML [8-10]. These
mutations mostly change the chromatin remodeling
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functions, leading to deregulated gene expression. In CML,
ASXLT mutations were reported in both chronic and
advanced phases, and affect the treatment response and
disease progression [11]. Crucially, new studies show that
aberrant expression of the ASXL1 gene mRNA may
contribute to leukemogenesis by dysregulating normal
epigenetics even in situations when there are no
discernible gene abnormalities[8,12]. Thisemphasizesthe
need of exploring both mutational status and expression
levels of ASXL1 in CML, particularly in conditions where
disease heterogeneity and resistance to treatment are
prominent.

Chronic myeloid leukemia (CML) is primarily driven by the
BCR-ABL1 fusion gene, yet disease progression and
resistance to tyrosine kinase inhibitors(TKls)remain major
clinical challenges, often linked to additional somatic
mutations. The ASXLT1gene, akey epigenetic reqgulator, has
been implicated in myeloid malignancies, but its
mutational spectrum and expression profile in CML,
particularly in relation to disease phases, treatment
response, and TKI resistance, remain poorly understood.
Previous studies have largely focused on BCR-ABL1 or
advanced myeloid malignancies, leaving a gap in
knowledge regarding novel ASXL1 alterations and their
functional consequences in CML patients. This study
aimed to identify novel mutations in the ASXLT gene,
particularly within hotspot exons, and to evaluate the
expression profile of ASXL1in CML patients to understand
its potential role in disease progression and therapeutic
resistance.

METHODS

This retrospective cross sectional was conducted at the
Department of Zoology, Division of Science and
Technology, University of Education, Lahore, Pakistan.
Approval was obtained from the Ethical Institutional
Review Board of the UE Lahore(Batch No. 732)and the ERB
of Allama Igbal Medical College, Lahore (ERB172/12/10-10-
2024/S1ERB). The study duration was from September
2024 to March 2025. The study was carried out in
compliance with the Declaration of Helsinki. Written
informed consent was obtained from all CML patients
before sample collection. The study design was a
retrospective cross sectional including CML patients and
healthy controls. Sample size was calculated with the WHO
Sample Size calculator [13]. Expected Population
Prevalence was(p)=0.5(50%), level of significance (z)=1.96
(C.195%), precision (d)=0.10(10%, 0,.05), and the minimum
sample size was 49. Accordingly, fifty CML patients,
Philadelphia +ve (48) and -ve (02), diagnosed by physicians
atJinnah Hospital, participated in this study. None of them
had any other reported malignancy, and all were treated
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with eitherimatinib(400 mg)or nilotinib (200 mg). Theirage
range was 25-70 years and represented all three phases of
CML, with less than 15 years of treatment duration. Patient
history, treatment strategy, hematological and
cytogenetic reports were obtained through patient files
and were recorded on designed data forms. Furthermore,
10 healthy individuals were included in the study as a
control group, whose age and gender were matched with
those of the patients. Healthy controls were selected
based on the absence of hematological disorders, chronic
illness, or malignancy. Demographic data were collected
through interviews and confirmed via medical records.
Hematological parameters, including hemoglobin (Hb),
RBC, WBC, platelets, hematocrit (HCT), and differential
counts (neutrophils, lymphocytes, eosinophils,
monocytes), were measured using an automated
hematology analyzer. Standard laboratory protocols were
followed for sample collection and analysis. Blood samples
were collected and preservedin TRIzolreagent for DNAand
RNA extraction. Total RNA was isolated by TRlzol LS
reagent and confirmed via GAPDH gene amplification. The
cDNA synthesis was performed using ABScript Il First-
Strand cDNA Synthesis Kit. Primers for the ASXLT gene
were designed using Primer Blast. Exons 12 and 13 of the
ASXL1gene were amplified from extracted DNA using PCR
primers. Annealing temperature of 592C was used to
amplify exon 12 (Forward Primer:
GCCACTGCTTGGCACATACC), (Reverse Primer:
AGTGAGACCAAGCAACTCCT) with product size (305), while
60°C was used for exon 13 (Forward Primer:
AGGTCAGATCACCCAGTCAG), (Reverse Primer:
CTCACCACCATCACCACTGC) product in PCR
amplifications. The PCR products were subjected to
Sanger sequencing (Lab Genetix(®)). The sequence
electropherogram was analyzed using Geneious Prime
(version 2025.1.2) bioinformatics software for analysis, and
all variations were reviewed manually. For expression
analysis of the ASXLT gene in both groups, primers were
designed using the Primer3 tool. Forward and Reverse
Primers sequences were GTTGGGACCAAGCACAAACT and
ACTGGTGGGTCACTTGGAAG, respectively. Their product
size was 191bp, and the melting temperature Tm was 60°C.
Primers were commercially sourced from Macrogen Lab
(Korea). Synthesized cDNA was subjected to quantitative
real-time PCR(gPCR)at Lab Genetix(®)using SYBR Green to
quantify ASXL1gene expression. Cycle Threshold(Ct)value
of the target gene (ASXL1 gene) and the House Keeping
gene (GAPDH) was calculated by Real Time PCR. Relative
gene expression of ASXLT was quantified using the
comparative Ct (2 \AACt) method, i.e., Livak method [14].
GAPDH was used as the internal housekeeping gene for
normalization. The ACt was calculated by subtracting the
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Ct value of GAPDH from the Ct value of ASXLT for each
sample. Relative expression levels were expressed as fold
change values. Each gPCR reaction contained 1 uL cDNA
template, 0.5 yM of each primer, and SYBR Green master
mixinatotal volume of 20 yL. Allreactions were performed
in triplicate. Fold change (2 \AACt) was calculated by
comparing patient ACt to control ACt. Fold change values
are reported in Table 4. Statistical analysis and graphical
illustrations were performed with SPSS version 25.
Independent T-test and One-way ANOVA were used to
compare two and three groups, respectively. Chi-square
test of association was employed, and Kaplan-Meier
Survival Analysis was also performed. Detrimental effects
of observed modifications (G659S and DB67E) were
determined using Mutation Taster, Align GVGD, SIFT, and
Polypen-2. The following online tools were used forin-silico
analysis. SOPMA: http://npsa-pbil.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html.
NetSurfP 2.0: https://services.healthtech.dtu.dk/services
/NetSurfP-2.0/. UCSF Chimera: https://www.rbvi.ucsf.edu
/chimera/. STRING database: https://string-db.org/ and
RNAfold Webserver: https://rna.tbi.univie.ac.at/cqgi-
bin/RNAWebSuite/RNAfold.cqi. In-silico analysis of ASXL1
mutations(G659S and D667E)was performed using SOPMA
for secondary structure prediction, NetSurfP 2.0 for
solvent accessibility, UCSF Chimera for 3D visualization,
STRING database for protein-protein interactions, and
RNAfold Web Server for mRNA secondary structure
prediction. Each analysis was conducted according to the
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standard protocols of the respective tools. Results are
presented as separate figure panels (Figure 3a-e) with
corresponding explanationsintheresultssection.

RESULTS

Hematological parameters, including hemoglobin, white
blood cells(WBCs), Eosinophils, and platelet count, showed
no significant difference. However, red blood cells (RBCs
count, Hematocrit (HCT), Neutrophils, and lymphocytes
showed a significant difference (p=0.004*) between CML
patients and the healthy control group. The difference
between the hematological parameters of CML patients
bearing wild-type ASXL1 and those harboring mutations
was not statistically significant, except for Blast cells
(p=<0.001). Mean HB, RBC, WBC, platelets, Hematocrit,
Neutrophils, and lymphocytes were slightly lower in the
mutant group, while Eosinophils and monocytes were
higher in the mutant group compared to the wild-type CML
patient (Table 1). Chi-square test indicated that there was
no significant association between phase of the disease
and proportion of the blast cell ($ = 5.357, p= 0.69). To
provide a clear understanding of ASXLTmutational status,
we assessed the distribution of wild-type and mutant
variants in patients and controls. Among the 50 CML
patients, 5 (10%) carried heterozygous ASXL1 mutations,
while the remaining 45 (90%) were wild-type. No
homozygous mutations were detected. All healthy controls
(n=10)exhibited the wild-type genotype(Table1).

Table 1: Comparison of Hematological Parameters Between Healthy Controls (n=10) and CML Patients (n=50), and Comparison of CML
Patients with Wild-type(n=45)and Mutant(n=05)

Healthy Control CML Patients ASXL1Wild Type ASXL1Mutant
Parameters p-value
Mean + SEM Mean + SEM Mean + SEM Mean + SEM
Hemoglobin 11.50 + 3.64 12.07+1.7 0.901 12.31+£1.84 10.78 + 4.83 0.144
WBCs 12.73+ 4.03 8.33+1.18 0.089 4.52 +0.67 4.43 £1.99 0.228
RBCs 4.26+1.35 4.46 £0.63 0.004* 8.45+1.26 7.86 +3.53 0.155
Platelets 337.20+106.71 257.20 + 36.38 0.528 254.49 + 37.98 233.80 +104.84 0.719
Eosinophils 3.44+0.37 5.00+1.00 0.21 3.20+£0.48 5.00+2.24 0.528
Monocytes 5.30+0.55 8.00 +1.37 0.41 5.28+0.79 8.00+3.59 0.849
Neutrophils 60.35+2.56 50.40 +B.44 0.017 56.24 +8.39 50.40+22.60 0.755
Lymphocytes 33.84+1.92 27.40+7.95 0.018 33.81+5.05 27.40+12.29 0.592
HCT 42.87+1.49 35.26 + 4.25 0.039 37.52 +5.60 35.26 +15.81 0.793
Blast Cells NA NA NA 1.89+0.28 22.80+10.22 <0.001*

The present study covered hotspot regions of ASXLI,
including exons 12 and 13. According to sequencing data,
there are five heterozygous mutations (57%), one silent
mutation(14%), and two novel missense mutations(8%). All
of these mutations were observed in the ASXL1gene's exon
13 that effect protein's function. No mutant variants were
detected in the control group. All control samples showed
the wild-type ASXLT genotype, with no homozygous or
heterozygous mutations observed. One missense

mutation caused substitution of Glysine (GGT) by Serine
(AGT)(A), while the second mutation, in which aspartic acid
(GAT)changedinto glutamicacid(GAG)(B)(Figure1).
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Figure 1: Single Nucleotide Mutations in the ASXL1Gene Exon 13
Shown by Electropherogram

There was no significant association ( $=1.389, p=0.499)
between phases of the disease and mutation status. Two
novel missense mutations had been observed in which a
single nucleotide replacement resulted into amino acid
change(Table 2).

Table 2: Novel ASXLTExon 13 Alterations Detected in CML Patients
(n=50)

ASXL1 Variation Amino Acid Nucleotide NCBI Accession

Exon Detected Change Change Numbers
ASXL1Exon 13 Novel (G659S c.1975G>A | SCV006278281.1
ASXL1Exon 13 Novel D667E ¢.2001T>G | SCV006278281.1

Different mutation types and their frequency were found in
the different phases of the disease(Table 3).

Table 3: ASXL1Mutation Types and Their Frequency among CML
Patientsin Different Phases(n=50)

Accelerated

Chronic Phase Phase Blast Phase
Chronic Phase 5% Missense, Heterozygous & Silent
Accelerated Phase 16% Heterozygous
Blast Phase 25% Missense

Relative ASXL1 gene expression levels were lower in CML
patients than controls, not statistically significant
(p=0.433). It was observed to be the least in blast crisis as
compared to chronic and accelerated phase patients
(p=0.862). Chi-square test of association also showed no
significant association ($=1.705, p=0.426) between
phases of disease and expression. The ASXLT gene
expression in patients receiving first-line treatment
(Imatinib) and second-line treatment (Nilotinib) was lower
as compared to healthy controls (p=0.412). It decreased
over time in CML patients (p=0.42). There was no
significant association ($ = 0.126, p=0.722) observed
between expression of the ASXL1gene and treatment lines
(1"and 2™)as perthe Chi-square test(Table 4).

Table 4: Comparative analysis of ASXL1Gene Expression Between

Control and CML Groups in Relation to Clinical and Treatment
Characteristics

Gene Expression  p-

Comparisons Groups (Mean+SEM)  value
0.544
Mutant Mutant 1.74 £1.51
Control vs. CML Control 1.98 +0.488
. - 0.433
Patient CML Patient 1.37 £ 0.412
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Control 1.982 + 0.488
Control vs. Chronic 1.588 £ 0.519 0.662
Phases of CML Accelerated 0.669 +0.115 ’
Blast 0.331+0.0141
Control 1.98 + 0.488
Control 1-5 Years of CML Patients |  1.883 + 0.63
vs. Treatment - 0.422
Duration of CML | 5710 Years CML Patients 0.891+0.58
10-15 Years CML Patients 0.192 +0.35
Control vs. 1 Line Treated 1.89+0.75
Treatment Group 0.412
of CML 2" Line Treated 1.97 £ 0.44

(A): Comparison of ASXL1gene mRNA expression between
Healthy Controls and CML patients. (B): Comparison of
ASXL1 gene mRNA expression between Healthy Controls
and Triphase (Chronic, Accelerated & Blast Chronic) CML
patients. (C)Comparison of ASXL1 gene mRNA expression
between Healthy Controls and Treatment Duration Groups
of CML patients. (D) Comparison of ASXLT gene mRNA
expression between Healthy Controls and Treatment Type
of CML patients(Figure 2).
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Figure 2: Graphical lllustration showing Comparison of ASXL1
Gene Expression

The Kaplan-Meier survival curve indicated that the survival
rates of CML patients receiving first-line and second-line
treatments decline over time (Figure 2). Patients receiving
second-line treatment demonstrated a slightly higher
survival probability compared to those receiving first-line
treatment(p=0.798)(Figure 3).
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Figure 3: Depiction of Survival Analysis of CML Patients Based on
Treatment

SIFT, a bioinformatics tool, showed that both mutations
have a damaging effect on protein structure. Mutation
GB59S is predicted to be deleterious, while the other
mutation D667E is predicted to be lessdamagingaccording
to Mutation Taster, Align GVGD, and polyphen-2. MUpro and
[-Mutant showed that the structural stability of mutated
proteins was reduced. SOPMA predicted secondary
structure properties like alpha-helix, Extranded strand,
beta turn, and random coil of the ASXL1 gene (Figure 3d).
NetSurfP 2.0 showed that both the G659S and D667E
mutant proteins represented the coil structure. Both
mutated protein's structure was in the exposed region (a).
Using Swiss-Model, the 3D structures of wild-type and
mutant ASXL1 proteins were predicted and downloaded in
PDB format. These structures were then visualized and
compared using UCSF Chimera, enabling a detailed
analysis of conformational changes and structural
deviations between the wild-type and mutant proteins (b).
STRING database evaluated that ASXL1 is functionally
associated with several other proteins like TET2, EZH2,
BAP1 9 (c). Any modification in the ASXLT protein directly
affects the function of these proteins. RNA Fold Web
Server presented the secondary structure of mRNA of both
mutations, showing abnormal RNA folding, which altered
mRNA localization and inhibited protein translation. (a)
NetSurfP 2.0 predicted both mutant proteins to adopt coil
structuresin exposed regions.(b)UCSF Chimera visualized
structural alterations showing side-chain orientation and
hydrogen bond differences between wild-type and mutant
proteins. (c) STRING analysis revealed functional
associations of the ASXLT gene with interacting proteins,
including TET2, EZH2, and BAPI. (d) SOPMA predicted
secondary structure properties of the ASXL1gene (e) RNA
fold Web Server(Vienna Package) predicted altered mRNA
secondary structures, indicating abnormal folding and
potentialtranslationalinterference(Figure 4).
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Figure 4: In-silico Analysis of ASXL1Gene Mutations (G659S and
D667E)

DISCUSSION

Chronic Myeloid Leukemia (CML) is a myeloproliferative
neoplasm that is predominantly associated with the
oncogenic fusion of BCR: ABL1 [15]. The majority (80
percent) of the patients were diagnosed with chronic
phase, fewer with accelerated(12%), and blast stage, which
is in line with a previous study [16]. Two new exonic
missense mutations, like G659S and D667E, were observed
in patients of CML on Nilotinib therapy (200 mg/day). In one
patient, with the DB67E variant, the possible prognostic
importance of ASXL1gene mutations in the emergence of
aggressive disease phenotypes and TKl resistance. These
findings were correlated with the study of Kim et al. [17].
Missense single-nucleotide variations have functional
significance because they interfere with epigenetic
control through amino acid changes. These variants were
uploaded to ClinVar with accession number
SCV006278281.1. The present study was in line with the
findings of Gao et al. 2022 and Bamusa et al. [9, 18]. Tools
(MutationTaster, Align GVGD, SIFT, and polyphen-2)
predicted that variation G659S is more harmful than
variation DB67E. Mutant ASXL1gene increases vulnerability
to myeloid transformation and plays important roles in
leukemogenesis; these results correlated with the
reported study [9, 19]. In the present study, MUpro and |-
Mutant's results showed that practically every alteration
was shown to reduce the protein's structural stability,
which correlated with the study of Burgess et al. [20]. The
evolutionary conservation (predicted by NetSurf), revealed
that both of the variants were present in the exposed
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region and had a good score. It increases the possibility of
carcinogenesis [21]. In this investigation, all ASXLT gene
mutationsresultedinaberrant RNA folding, whichinhibited
RNA localization and affected protein translation, as
demonstrated by the Vianna package. Thisisinaccordance
with the study of Keita et al. [22]. STRING database
demonstrated an association between the ASXLTand other
epigenetic requlator genes like TET2, BAP1, and EZH2. It is
reported that myeloid transformation and hematological
abnormalitiesresult from BAPTloss or mutation[23]. Inthis
study, the relative gene expression of the ASXLT gene
between CML patientsand healthy controls was compared.
It was not significantly decreased in CML patients
compared to healthy controls (p=0.433). It was not
significantly down-requlated (p=0.662) with the
advancement of disease phases in CML. It was also not
significantly down-requlated (p=0.42)in CML patients. The
ASXL1gene actsasachromatinregulatorandplaysarolein
controlling other genes and complexes, such as the
Polycomb Repressive Complex (PRC). This complex is
directly linked to H3K27me3, which involves the
trimethylation of lysine 27 on the H3 protein. It leads to
suppression of nearby genes and cellular activity. Current
findings are correlated with a study conducted in the USA
on CMML [24]. The Kaplan- Meier plots indicated that the
second-line treated group experienced more reduced
survival rates compared to the first-line treated group,
which was not significantly different. Thisisinline with the
study of Specchia et al. [25]. However, these survival
findings should be interpreted cautiously due to the lack of
statistical significance.

Furthermore, this study was cross sectional due to limited
resources, also sample size was small. A longitudinal follow
up study on large sample size is required to assess long-
term impact of these findings in patients. Future studies
with larger, multi-center cohortsandlongitudinal follow-up
are needed to validate the clinical relevance of ASXL1
mutations in CML progression and TKI resistance.
Functional in vitro and in vivo experiments should be
conducted to elucidate the mechanistic impact of the
identified variants (G659S and D667E) on leukemogenesis
and epigenetic regulation. Additionally, integrating multi-
omics approaches (e.g., methylation profiling, chromatin
immunoprecipitation) could clarify how ASXLT
dysregulation cooperates with BCR-ABL1 in disease
evolution. Such efforts may uncover novel biomarkers for
risk stratification and inform targeted therapeutic
strategiesinCML.
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CONCLUSIONS

It is concluded that two novel missense mutations (G659S
and D667E)wereidentified inthe hotspot region(exon 13) of
the ASXL1genein CML patients,and ASXL1gene expression
was found to be down-regulated in CML. However, the
down-regulation in ASXLTexpression levels across disease
phases, duration, and TKI therapy was not statistically
significant.
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