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ABSTRACT 

Objective: To assess the frequency of Y chromosome microdeletions in males presenting with azoospermia and 
oligozoospermia using multiplex polymerase chain reaction and to identify the specific regions of the Y chromosome involved 
in these microdeletions to determine their association with reproductive hormone levels. 
Study Design: Cross-sectional study. 
Place and Duration of Study:  Departments of Molecular Diagnostics and Endocrinology, Armed Forces Institute of 
Pathology, Rawalpindi Pakistan, from Jun 2021 to Jun 2022. 
Methodology: Samples from a total of 112 patients having primary male infertility (76 patients diagnosed with Azoospermia 
and 36 patients with severe oligozoospermia) were included in this study. All patients underwent testing of serum 
testosterone, Follicle-stimulating hormone (FSH), Luteinizing hormone (LH) and prolactin. Multiplex PCR was done for 
detection of Y-chromosome microdeletions. A total of eight Sequence-Tagged Site (STS) markers, including ZFX/ZFY and sex-
determining region (SRY) on Yp arm, were used as the internal positive control, as per the recommendations of the European 
Academy of Andrology (EAA) and the European Molecular Genetics Quality Network (EQMN).  
Results: We detected 3 (2.67%) cases of Y chromosome microdeletions from individuals having azoospermia, all involved 
AZFc region with no significant correlation found between Y-chromosome microdeletions and levels of reproductive 
hormones. 
Conclusion: AZFc microdeletions were the most common type with better prognosis as compared to AZFa and AZFb 
deletions. This highlights the role of Y-chromosome microdeletions (YCMD) screening in non-obstructive azoospermic and 
severely oligozoospermic men. The level of testosterone was also found to be lower in individuals having microdeletions. 
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INTRODUCTION 

The inability to conceive after 12 months of 
regular and unprotected intercourse is defined as 
infertility,1 amounting to almost 15% of couples 
globally. Around 20-50% of these infertility cases are 
attributable to men.2 Problems in ejecting semen, low 
sperm levels, abnormal sperm shape (morphology) 
and movement (motility), along with common lifestyle 
factors, such as cigarettes smoking, alcohol 
consumption, psychological stress, increased Body 
Mass Index (BMI) and advanced paternal age, are 
associated with male infertility, however, highly 
heterogeneous histological phenotypes in the testis 
and semen, with 2,000 genes involved in 
spermatogenesis alone, the most common genetic 
reason of male infertility (25%) is azoospermia.3 
Chromosomal aberrations, numerical or structural, are 
also a frequent cause.4 Due to the presence of many 

ampliconic and palindromic sequences on the long 
arm of the Y chromosome (Yq), it is susceptible to self-
recombination and to intra-chromosomal deletion, due 
to which, Y chromosome genes show copy number 
variation.5 Y chromosome microdeletions,6 occur as Y 
chromosome is the smallest chromosome, consisting of 
a long (Yq) and short (Yp) arm, harbouring Sex 
Determining Region (SRY), which controls 
spermatogenesis via genes located on Azospermia 
Factor (AZF) regions,7 located on long arm of Y 
chromosome (Yq11), which is essential for normal 
spermatogenesis as AZF microdeletions cause 
approximately 14% of oligozoospermia and 
azoospermia cases. AZF region consists of three non-
overlapping loci: AZF a, AZF b and AZF c from 
proximal to distal end.8 Microdeletion in AZFb region 
causes spermatogenic arrest while deletion in AZFc 
region presents with histological and clinical features 
ranging from hypo-spermatogenesis to Sertoli-cell 
only syndrome (SCOS).7,9 Our aim was to evaluate the 
prevalence of various Y chromosome microdeletions 
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using multiplex Polymerase Chain Reaction (PCR) 
among men who are experiencing primary infertility 
due to non-obstructive azoospermia and severe 
oligozoospermia and to explore correlation between Y 
chromosome microdeletions and reproductive 
hormone levels. 

METHODOLOGY 

This was cross-sectional study done at Armed 
Forces Institute of Pathology (AFIP), Rawalpindi, 
Pakistan, from June 2021 to June 2022. Data collection 
was done after gaining approval from Institutional 
Review Board vide Reference Number FC-CHP-
24/READ-IRB/21/666. Non-probability convenient  
sampling technique was used and estimated sample 
size of 112 was calculated through the World Health 
Organization (WHO) sample size calculator, by 
keeping confidence interval at 95% and power at 80% 
with prevalence of Y chromosome microdeletions at 
6.1%.10  

Inclusion Criteria: Adult males aged 18 to 50 years 
with primary infertility and a sperm count less than 5 
million × 106/mL were eligible for inclusion in the 
study if they provided informed, written consent.  

Exclusion Criteria: Individuals with azoospermia 
caused by obstruction or oligozoospermia resulting 
from infective or congenital factors were excluded. 

Semen analysis was conducted by automated 
analyser at least twice for each participant. Semen was 
checked for standard sperm quality parameters 
(semen count, sperm volume, sperm motility and 
morphology) as per WHO guidelines. Based on at 
least two semen analysis reports, participants were 
divided into two groups: those having no sperm in 
ejaculate were regarded as azoospermic and ones with 
sperm count of 5 million ×106/mL or less per ml were 
labelled severely oligozoospermic. Reproductive 
hormone profile (total serum testosterone, FSH, LH 
and prolactin) was measured by chemiluminescence 
principle using ADVIA Centaur autoanalyzer. For Y-
chromosome microdeletion analyses, 2.5 ml peripheral 
venous blood sample was acquired in EDTA tube. 
Extraction of genomic DNA was done using 
commercially available GeneJET DNA Purification Kit 
(Thermo-fischer) whose yield was tested by NANO 
DROP spectrophotometer. To diagnose complete AZF 
deletions accurately, two multiplex polymerase chain 
reactions were used. The set of PCR primers used 
consisted of 8 STS (Sequence Tagged Sites) markers 
which included ZFX/ZFY and sex-determining region 
(SRY) on Yp arm,11 as shown in Table-I. On detection 

of a deletion, the multi-plex PCR was repeated along 
with the single-plex amplification of that specific 
marker to confirm the deletion. 

Statistical Package for the Social Sciences (SPSS) 
version 24 was used for statistical analysis. 
Quantitative variables were examined using 
descriptive statistics like median and Interquartile 
Range (IQR), whereas qualitative variables were 
analysed using percentages and frequency for which 
comparison between outcome groups was done. 
Mann-Whitney test was used to compare biochemical 
parameters (Testosterone, FSH, LH and Prolactin) 
with Y chromosome microdeletions and independent 
sample t-test was applied for comparison of 
reproductive hormone levels with microdeletion 
where a p-value of ≤0.05 showed statistical 
significance. 
 

 

Figure-1:  1st column is DNA ladder,2nd and 4th columns are 
external controls and Multiplex 1 and Multiplex 2 are patients’ 
samples. In Multiplex 1, sY 254 is absent while Multiplex 2 
shows, sY 255 is absent 

 

RESULTS 

A total of 112 males with primary infertility were 
included in the study. The frequency of Y 
chromosome microdeletions was found to be 2.67%. 
The median (IQR) age of the infertile males was 
32.29(5.49) years. Based on sperm count in semen 
analysis, 76(75.24%) participants had azoospermia 
while 36(24.2%) had severe oligozoospermia. 
Participants were divided into three categories based 
on age, with 33(33.3%) individuals being <30 years, 
62(62.6%) being 30-45 years in age and 4(4%) being 
>45 years old. The median levels for serum 
testosterone, FSH, LH and prolactin were 12.3 nmol/L 
(IQR 8.30), 6.50 mIU/ml (13.80), 5.50 mIU/ml (5.40) 
and 198 uIU/ml (112) respectively. Y-chromosome 
microdeletions were noted in 3 participants, with a 
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frequency of 2.67% overall. All the cases of 
microdeletions were detected among infertile males 
with azoospermia. Among the two groups, 3.94% 
(3/76) of azoospermic patients were having Y-
chromosome microdeletion while no microdeletion 
was detected in males with severe oligozoospermia. 
Among the participants found to have Y-chromosome 
microdeletion, AZFc region was involved in all the 
cases, making it the most common microdeletion 

being detected. On chromosomal studies, all the 
patients having microdeletions were found to have 
normal male karyotype (46XY). In participants with 
microdeletions, the level of testosterone was 12.6 
nmol/L, while the levels of FSH were 6.5 mIU/mL 
and LH were 5.4 mIU/mL. It was observed that 
testosterone levels were relatively lower in 
participants with microdeletions compared to those 
without deletions, while FSH levels were elevated in 

Table-I: Gene specification and Primer set for Y Chromosome Microdeletion Analysis, (n=112) 

Multiplex PCR Set STs Locus Region Sequence Size(bp) 

Multiplex 1 

sY86, 
 
 

sY127 
 
 

sY254 

DYS273 
 
 

DYS218 
 
 

DAZ 
 
 

ZFX 
 
 
 

SRY 
 
 

AZFa 
 
 

AZFb 
 
 

AZFc 
 
 

X 
 
 
 

Yp 

GTGACACACAGACTATGCTTC 
ACACACAGAGGGACAACCC 

 
CTAGGCTCACAAACGAAAAG 
CTGCAGGCAGTAATAAGGG 

 
GGGTGTTACCAGAAGGCAAAATC 
GAACCGTATCTACCAAAGCAGC 

 
CCATTCACACGAAAGACTATCC 
AGACCTGACTGTAAAATCTCCC 

 
 

GAATATTCCCGCTCTCCGG 
GCTGGTGCTCCATTCTTGAG 

318 
 
 

277 
 
 

380 
 
 

585 
 
 
 

470 

Multiplex 2 

 
 

sY84 
 
 
 

sY134 
 
 
 

sY255 

 
 

DYS148 
 
 
 

DYS224 
 
 
 

DAZ 
 
 
 

ZFX 
 
 
 

SRY 

 
AZFa 

 
 
 

AZFb 
 
 
 

AZFc 
 
 
 

X 
 
 
 

Yp 

 
AGAAGGGTCTGAAAGCAGG 
GCCTACTACCTGGAGGCTTC 

 
 

GCTTAAAATGTTTGAGAAGCC 
CATCATGCTATGCACTTCAG 

 
GTTACAGGATTCGGCGTG 
CTCGTCATGTGCAGCCAC 

 
 

CCATTCACACGAAAGACTATCC 
AGACCTGACTGTAAAATCTCCC 

 
 

GAATATTCCCGCTCTCCGG 
GCTGGTGCTCCATTCTTGAG 

 
 

326 
 
 

249 
 
 
 

123 
 
 
 
 

585 
 
 
 
 

470 
 

Table-II: Descriptive Statistics (Median, IQR) of Hormonal Profile, (n=112) 

Hormonal Profile Total Azoospermia Oligozoospermia p-value  

Testosterone (nmol/L) 12.3(8.30) 12.15(8.68) 12.90(7.10) 0.387 

FSH (mIU/ml) 6.50(13.8) 6.80(15.05) 5.90(8.60) 0.872 

LH (mIU/ml) 5.50(5.40) 5.55(5.80) 4.90(3.20) 0.280 

Prolactin (uIU/ml) 198(112) 207(111) 180(110) 0.533 

Microdeletions 3 3 0 0.21 

*FSH: Follicle-stimulating hormone, LH: Luteinizing hormone 
 

Table-III: Comparison of Reproductive Hormone Levels with Microdeletion, (n=112) 

Hormonal Profile 
Micro-deletion 

p-value  
Yes No 

Testosterone(nmol/L) 13.67±7.67 13.85±6.44 0.065 

FSH (mIU/ml) 19.20±4.40 12.82±18.78 0.068 

LH (mIU/ml) 9.87±1.18 7.42±7.21 0.447 

Prolactin (uIU/ml) 168.67±22.59 210.72±93.02 0.932 
*FSH: Follicle-stimulating hormone, LH: Luteinizing hormone 
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participants with microdeletions compared to those 
without deletions. 

DISCUSSION 

In this study, the Multiplex PCR for Y 
chromosome microdeletions was performed to assess 
its prevalence among primary infertile males having 
azoospermia and severe oligozoospermia. In infertile 
subjects, Klinefelter syndrome is the most common 
karyotype abnormality, while Y chromosome long 
arm microdeletions are the most prevalent non-
numerical chromosomal abnormality, where 
occurrence of Y chromosome microdeletions was 
found to be 2.67%(3/112). AZF region microdeletions 
of long arm of Y chromosome are among the 
significant causes of non-obstructive azoospermia and 
oligozoospermia, presenting as male factor infertility, 
where Y chromosome microdeletions frequency is 
approximately 2% in general population, increasing 
up to almost 16% in cases of azoospermia and severe 
oligozoospermia,12 while the occurrence of these Y 
chromosome microdeletions is reportedly much lower, 
around 1 in 4000 (0.025%).13 This correlation between  
Y chromosome deletions and male infertility, first 
hypothesized by Zuffardi and Tiepolo in 1976 has now 
been well established owing to advanced molecular 
techniques.14 especially as the frequency of AZF 
microdeletions (2.67%) detected in our study is similar 
to ranges reported in other studies, such as, 2.5 % in 
Qatar,15 and 2.27% in Saudi Arabia.16 However, our 
result is slightly lower than the reported frequency of 
16.1% in India,17 and 20.6% in Iran.18 A study 
conducted in Lahore, Pakistan, for frequency of 
microdeletions reported that no case of Y-chromosome 
microdeletion could be found while one of the two 
samples of EAA Quality Control Schemes exhibited 
deletion.19 The discrepancy in Y chromosome 
microdeletion frequency can be attributed to several 
factors like smaller sample size, selection bias, number 
and type of markers (STS) used, patient selection 
criterion, ethnic background of the subjects and 
environmental or occupational exposure.20 The 
possible mechanism that may account for this 
variation of Y chromosome microdeletions is interplay 
of genetic and environmental factors where the 
existence of repetitive DNA sequences may be the 
most likely explanation for varying degrees of 
frequency as no recombination happens in AZF region 
of Y chromosome.21 All the cases of microdeletions in 
our study were found in AZFc region making it the 
most common type of deletion and being associated 

with both azoospermia and oligozoospermia 
phenotype, as reported earlier, AZFc microdeletion is 
invariably the most common type reported in 
studies.2,22 It is common for non-obstructive 
azoospermia patients to have elevated serum FSH and 
LH, although patients having normal reproductive 
hormone levels can also carry microdeletions at the 
AZF loci.23 In our study, levels of FSH were 
comparatively higher while levels of testosterone were 
lower normal in patients with microdeletions. The 
recent development of techniques like 
Intracytoplasmic sperm injection (ICSI) and testicular 
sperm extraction (TESE) can help infertile male 
partner with azoospermia or oligozoospermia to 
achieve successful fertilizations and pregnancy.24 

LIMITATIONS OF STUDY 

This study is limited from being generalised to the 
local population due to its sample size and being a single 
centre study.  

CONCLUSION 

This study demonstrated that Y chromosome 
microdeletion had frequency of 2.67% among primary 
infertile men in our population while the most common type 
of microdeletion found    was AZFc microdeletion hence 
highlighting role of YCMD screening in males having non-
obstructive azoospermia and severe oligozoospermia.  
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