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deferens associated with cystic fibrosis, 
and the ciliary dyskinesia syndromes/
Kartagener syndrome.[4-7] Among these, 
Klinefelter syndrome (KS) due to gain of an 
X chromosome (47,XXY) is the leading cause 
followed by Y chromosome microdeletions.[8]

INTRODUCTION

Infertility is defined as the failure to conceive 
after 12 months of unprotected intercourse.[1] 
Infertility is a significant health burden and 
according to recent reports approximately 
48.5 million couples are affected worldwide.[2] 
Male factor is considered to account for up 
to half of these cases.[3] The initial screening 
evaluation for the male partner includes a 
reproductive history and a semen analysis. 
When severe semen abnormality is detected, 
there is a need for additional tests and 
procedures including genetic evaluation.

Genetic abnormalities implicated in male 
infertility include numerical and structural 
chromosomal abnormalities, Y chromosome 
microdeletions, congenital absence of vas 
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ABSTRACT

AIM: To estimate the prevalence of chromosomal abnormalities and Y chromosome 
microdeletion among men with azoospermia and severe oligozoospermia and its correlation 
with successful surgical sperm retrieval. SETTING AND DESIGN: A prospective study in a 
tertiary level infertility unit. MATERIALS AND METHODS: In a prospective observation 
study, men with azoospermia and severe oligozoospermia (concentration <5 million/ml) 
attending the infertility center underwent genetic screening. Peripheral blood karyotype 
was done by Giemsa banding. Y chromosome microdeletion study was performed by a 
multiplex polymerase chain reaction. RESULTS: The study group consisted of 220 men, 
133 of whom had azoospermia and 87 had severe oligozoospermia. Overall, 21/220 (9.5%) 
men had chromosomal abnormalities and 13/220 (5.9%) men had Y chromosome 
microdeletions. Chromosomal abnormalities were seen in 14.3% (19/133) of azoospermic 
men and Y chromosome microdeletions in 8.3% (11/133). Of the 87 men with severe 
oligozoospermia, chromosomal abnormalities and Y chromosome microdeletions were each 
seen in 2.3% (2/87). Testicular sperm aspiration was done in 13 men and was successful in 
only one, who had a deletion of azoospermia factor c. CONCLUSIONS: Our study found 
a fairly high prevalence of genetic abnormality in men with severe semen abnormalities 
and a correlation of genetic abnormalities with surgical sperm retrieval outcomes. These 
findings support the need for genetic screening of these men prior to embarking on surgical 
sperm retrieval and assisted reproductive technology intracytoplasmic sperm injection.
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In nonobstructive azoospermia, the chances of successful 
sperm retrieval depend on various factors such as serum 
levels of follicle-stimulating hormone (FSH), testicular 
volume, and the presence of genetic abnormalities. In 
patients with KS and microdeletions of the azoospermia 
factor a (AZFa) and AZFb loci on the Y chromosome, the 
rates of successful retrieval are very low. Prior identification 
of such men can help in clinical decision making and 
counseling before embarking on invasive procedures.

There is universal agreement on the need for chromosome 
analysis (karyotyping) in the workup of male infertility, 
especially in those with azoospermia and severe 
oligozoospermia (sperm count <5 million/ml). However, 
there is still a lack of consensus regarding the role of Y 
chromosome microdeletion studies, with the American 
Society of Reproductive Medicine (ASRM) recommending 
the use of both karyotyping and Y chromosome microdeletion 
studies prior to performing intracytoplasmic sperm 
injection (ICSI) with their own sperms while the National 
Institute for Health and Care Excellence recommends only 
karyotyping for this group of patients.[9-12]

In view of the conflicting recommendations, we undertook 
this study to estimate the prevalence and the need for 
performing karyotype and Y chromosome microdeletion 
studies in men with severe oligozoospermia or azoospermia. 
We also decided to explore the relation between genetic 
abnormalities and surgical sperm retrieval outcomes in 
men with nonobstructive azoospermia.

MATERIALS AND METHODS

This was a prospective observational study carried out in a 
tertiary care hospital from January 2010 to December 2014. 
Semen analysis was done for all male partners undergoing 
infertility evaluation and those with either azoospermia 
or severe oligozoospermia was recruited after obtaining 
informed consent. Azoospermia was diagnosed by the 
absence of sperm in the ejaculate from both the fresh and the 
centrifuged samples.[13] Nonobstructive azoospermia was 
diagnosed based on serum FSH levels, testicular volume, 
and by exclusion of an obstructive cause. Anonymized data 
were collected and ethical guidelines were followed.

Patients with the following conditions were excluded 
from the study: Obstructive azoospermia as diagnosed by 
normal testicular volume with a distended epididymis or 
absent vas and a normal serum FSH and obvious cause of 
testicular dysfunction such as gonadotoxic drug exposure 
and pituitary and hypothalamic causes. For severe 
oligozoospermia, sperm count of <5 million/ml was taken 
as the cutoff to initiate genetic testing as per the ASRM 
guidelines.[11,14]

The sample size required to estimate the prevalence of a 
chromosomal abnormality was calculated to be 140 for a 5% 
precision based on an estimated prevalence of chromosomal 
abnormalities and Y chromosome microdeletion of 10% 
and 8%, respectively, among men with severe semen 
abnormalities.[14]

Peripheral blood karyotyping was done using standard 
protocols. G-banded karyotypes were reported according 
to the International System for Human Cytogenetics 
Nomenclature.[15,16] Y chromosome microdeletion analysis 
was done by polymerase chain reaction in accordance with 
the guidelines of the European Academy of Andrology and 
the European Molecular Genetics Quality Network[8] using 
the following sequence tagged sites loci: AZFa (sY84, sY86), 
AZFb (sY127, sY134), and AZFc (sY254, sY255) with ZFY 
and SRY as controls.

RESULTS

The study group consisted of 220 men with severe 
oligozoospermia/nonobstructive azoospermia. Severe 
oligozoospermia was seen in 87/220 participants (39.5%) 
and azoospermia in the remaining 133 (60.5%). The 
majority (201/220, 91%) presented with primary infertility. 
All 19 men who presented with secondary infertility had 
severe oligozoospermia.

Chromosomal abnormalities
Chromosomal abnormalities were seen in 21/220 men (9.5%). 
These abnormalities were seen in 19/133 azoospermic 
men (14.3%) and 2/87 men (2.3%) with severe oligozoospermia. 
The most commonly seen abnormality (14/21) was KS. Three 
KS had additional abnormalities as follows: One, a pericentric 
inversion of the Y chromosome which is a normal variation, 
one mosaic KS, and one with AZFc deletion. Structural 
abnormalities of the Y chromosome were seen in four men. 
These were due to a pseudodicentric Y chromosome, an 
isodicentric Y chromosome with coexistent AZFb and c 
microdeletions, and an insertion (Y;7) in one patient each. 
The fourth was a 45, X male who had an unbalanced t(Y;1) 
with deletion of entire AZF region (AZFa, AZFb, and AZFc). 
Mosaic karyotypes were seen in two patients: One mosaic KS 
and one 46, XY/46, XX.

Y chromosome microdeletions
Y chromosome microdeletions were seen in 13/220 
men (5.9%), with deletions of AZFb and AZFc in five each, 
AZFb + AZFc in two, and AZFa + AZFb + AZFc in one. 
Among these 13 men, azoospermia was seen in 11 (8.3%) and 
oligospermia in 2 (2.3%), both of whom had AZFc deletion. 
Ten had normal chromosomes with azoospermia in eight. 
Three men had chromosomal abnormalities, as well as Y 
chromosome microdeletions [Tables 1 and 2].
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Surgical sperm retrieval outcomes
All these men underwent genetic counseling regarding 
implications for fertility, the possibility of aneuploid gametes 
and the risk of genetic abnormalities in the offspring. The 14 
couples with KS were also counseled regarding the higher 
risk of aneuploidy in the offspring resulting from assisted 

conception after which 11 elected to forgo further assisted 
conception with self-gametes.

Thirteen men elected to undergo testicular sperm 
aspiration (TESA). Six had normal karyotypes and AZF 
deletions (four AZFb, one with AZFc, and one combined 

Table 1: Details of the infertile men with chromosomal abnormalities
Age Semen analysis FSH (IU/L) Karyotype Sperm retrieval Sperms retrieved
45 Azoospermia Not available 47,XXY[25] Not done -
46 Azoospermia 16.4 47,XXY[25] Not done -
32 Azoospermia 74.5 47,XXY[25] Not done -
28 Azoospermia 40 47,XXY[25] Not done
34 Azoospermia 46.7 47,XXY[25] Not done
32 Azoospermia 15.4 47,XXY[25] Not done
37 Azoospermia 17.7 47,XXY[25] Not done
45 Azoospermia 74.5 47,XXY[25] Not done
39 Azoospermia 52.7 47,XXY[25] Not done -
28 Azoospermia 40 47,XXY[25] Not done -
35 Azoospermia 13.7 47,XXY[25] TESA Only spermatogonia
31 Azoospermia 29.1 47,XXY[25] TESA + micro-TESE Yes, by micro-TESE
33 Azoospermia 33.3 47,XX, inv (Y)(p11.2q11.2)[25] TESA No
35 Azoospermia 27.9 47,XXY (20)/46,XY (5) Not done
34 Azoospermia 49.7 46,X,?psu dic (Y)(qter à p11.3:: p11.1à qter)[25]/ Not done
32 Azoospermia 15.8 46,X, ins (Y; 7)(p11;p21)[25] TESA No
24 Azoospermia 8.79 45, X[25].ish der (1)(1 pter-1 

qter::Yp11.2-Ypter) (1p36+,1q44+, DX21+, 
SRY+, DY23−, DY21−)(nuc.ish SRY×1.DY23×0)
[100], (DX21×1, DY21×0)[100] (1p36, 1q44)×2[100]

TESA No

34 Azoospermia 27.5 46,X, idic (Y)(q11.21)[25] TESA No
31 Azoospermia 7.48 46,XY, t (13;22)(q14;p11) TESA No
46 Severe 

oligozoospermia
5.31 46,XY, t (3;18)(q13;p11.3)[20] Not indicated

33 Severe 
oligozoospermia

8.37 46,XY[26]/46,XX[9] Not indicated

TESA=Testicular sperm aspiration, TESE=Testicular sperm extraction under ×25 magnification, FSH=Follicle‑stimulating hormone

Table 2: Details of the infertile men with Y chromosome microdeletion
Age Semen analysis FSH 

(IU/L)
Karyotype Yq microdeletion 

(AZF)
Sperm 
retrieval

Sperms 
retrieved

31 Azoospermia 2.5 46,XY AZFb TESA No
36 Azoospermia 4.9 46,XY AZFb TESA No
32 Azoospermia 12.5 46,XY AZFb TESA No
35 Azoospermia 3.35 46,XY[20] AZFb TESA No
45 Azoospermia 4.6 46,XY AZFb Not done
36 Azoospermia 11.7 46,XY AZFc TESA Yes
31 Azoospermia 29.1 47,XXY[25] AZFc Micro-TESE Yes
38 Azoospermia 4.8 46,XY AZFc Not done
35 Severe oligozoospermia 9.6 46,XY AZFc Not indicated
23 Severe oligozoospermia 3.2 46,XY AZFc Not indicated
38 Azoospermia 20 46,XY AZFb+c TESA No
34 Azoospermia 27.5 46,X, idic (Y)(q11.21)[25] AZFb+c TESA No
24 Azoospermia 8.79 45,X[25].ish der (1)(1 pter-1 qter::Yp11.2-Ypter)

(1p36+,1q44+, DX21+, SRY+, DY23−, DY21−)
(nuc.ish SRYX1.DY23X0)[100], (DX21X1, 
DY21XO)[100](1p36,1q44)×2[100]

AZFa+b+c TESA No

TESA=Testicular sperm aspiration, Micro TESE=Testicular sperm extraction under 25× magnification, FSH=Follicle‑stimulating hormone
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AZFb + AZFc), three had KS, and four had chromosomal 
abnormalities other than KS. We followed up the results 
of surgical sperm retrieval and identification of mature 
sperms during the procedure was considered as a successful 
outcome.

TESA was successful only in 1 of the 13 patients who had 
AZFc deletion and a normal karyotype. Only spermatogonia 
could be obtained from one KS. Another patient who had KS, 
as well as AZFc microdeletion, underwent testicular sperm 
extraction (TESE) under ×25 magnification (micro-TESE) 
after the failure of TESA. Micro-TESE yielded mature 
spermatozoa which were cryopreserved for assisted 
reproductive technology (ART) [Tables 1 and 2].

DISCUSSION

In our study of men with severe semen abnormalities, 
the overall prevalence of chromosomal abnormalities 
and Y chromosome microdeletions was 9.5% and 5.9%, 
respectively. Among azoospermic men, chromosomal 
abnormalities were seen in 14.3% and Y chromosome 
microdeletions in 8.3%. Chromosomal abnormalities and 
Y chromosome microdeletions were each seen in 2.3% of 
severe oligospermic men.

Chromosomal abnormalities account for most of the genetic 
causes of male infertility. The frequency of chromosomal 
abnormalities varies from 1% in the general population 
to 5% among severely oligozoospermic men and 10–15% 
among azoospermic men.[4,17] In a study evaluating genetic 
abnormalities in men with severe oligozoospermia, 
the prevalence of chromosomal abnormalities and Y 
microdeletions was 5.6% and 6%, respectively, which is 
in agreement with our results among severe oligospermic 
subgroup.[17]

KS accounts for two-thirds of the karyotypic abnormalities 
in infertile men and is the single leading genetic cause 
of male infertility.[18,19] KS is reported to be present in 
approximately 5% of severely oligozoospermic men and 
10% of azoospermic men.[20] However, a recent systematic 
review has reported that surgical sperm retrieval has 
been successful in up to half of patients with KS.[21] This is 
possibly due to the presence of euploid (46, XY) germ cells 
in spermatogenetic foci in the testes of KS patients.[22] The 
review has therefore concluded that all men with KS need 
not be considered to be obligatorily infertile.[21] In our study, 
sperms were obtained successfully from one of the three 
men with KS who opted for surgical retrieval.

The frequency of autosomal and sex chromosomal 
aneuploidy is possibly increased in spermatozoa from KS 
patients in comparison with controls.[23] According to the 

literature, 101 babies have been to born to KS fathers.[21] 
There have been two reported cases of fetuses diagnosed 
with 47,XXY prenatally.[24,25] Despite a large case series of 
65 KS fathers who conceived 17 chromosomally normal 
children through ICSI using testicular sperms, concerns 
regarding the long-term health of such children still 
remain.[26] Due to limited data, whether preimplantation 
genetic diagnosis is routinely required in KS is still an open 
question.

Structural chromosomal abnormalities such as inversions 
and translocations are also higher among infertile men 
compared to fertile men. The formation of bivalents 
during meiosis is impaired in men with structural 
chromosomal abnormalities, leading to impaired meiosis 
and spermatogenetic arrest.[27-29] In our study, two men had 
balanced translocations between autosomes.

Y chromosome microdeletion is the second most common 
genetic cause of male infertility.[8] Initial studies estimated that 
the prevalence of Y chromosome microdeletions increases 
from approximately 2% in fertile men to 16% in men with 
azoospermia or severe oligozoospermia.[30] However, the 
prevalence appears to be significantly higher in azoospermic 
men (10–15%) when compared to oligozoospermic 
men (5–10%).[20,31]

The male-specific region of the Y chromosome (MSY) is 
unique to the male sex and bears the three AZF regions 
AZFa, AZFb, and AZFc. Deletions of these specific 
regions are thought to be due to nonallelic homologous 
recombination[8] because the MSY does not participate in 
X-Y crossing over.[32] AZFc deletion is the most common, 
accounting for more than two-thirds of the total Y 
microdeletions, followed by AZFb deletion.[31]

AZFa deletion results in Sertoli cell-only syndrome 
and there have been no reported cases of successful 
surgical sperm retrieval in this subgroup.[33-37] AZFb 
deletion is also associated with spermatogenic arrest and 
unsuccessful surgical sperm retrieval in most cases.[34,36,38] 
However, there are a few case reports suggesting that 
AZFb deletions may rarely be associated with some 
residual spermatogenesis in the form of spermatid arrest, 
cryptozoospermia, and oligozoospermia.[39,40] In our study, 
all the men who had isolated AZFb deletion and those with 
combined microdeletion underwent unsuccessful surgical 
retrievals (a + b + c or b + c).

Deletion of the AZFc region is associated with a wide 
spectrum of findings ranging from severe oligozoospermia 
to complete absence of spermatogenesis. There have been 
reports of spontaneous conception[41,42] leading to the 
transmission of the AZFc deletion to the male offspring. 
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With AZFc deletions, the likelihood of successful surgical 
sperm retrieval appears to be close to 50%, thus paving 
the way for the use of assisted conception in these 
patients.[8] The success of surgical sperm retrieval appears 
to be partly dependent on the method used, with higher 
success rates reported with micro-TESE.[36] We retrieved 
sperms in both our azoospermic men who had isolated 
AZFc abnormality.

In our study, there was one patient who had a combination 
of KS with a Y chromosome microdeletion (AZFc). The 
association of KS with Y chromosome microdeletion is 
controversial, with some studies[43-46] supporting such an 
association and other studies[47-49] refuting it. The recent 
guidelines on Y chromosome microdeletion[8] state that 
this discrepancy could be a result of methodological 
disparities. However, another author[45] has speculated that 
this could be a result of ethnicity and genetic drift due to 
the consistent associations of Y chromosome microdeletion 
and karyotyping reported among Asian populations and the 
discrepant results reported among Caucasians. Hence, this 
needs to be explored in future larger studies.

The Y chromosome carrying the microdeletion is likely to be 
passed on to the sons of the affected fathers during ICSI.[50] 
There is a concern among several authors that this would 
cause the infertility phenotype to be passed on to the next 
generation with the sons being likely to become infertile 
adults.[51,52] However, since most of the children conceived 
following ICSI are still in their teens, the definite extent of 
the risk is still unknown.

There is also some concern that Y chromosome microdeletions 
may be associated with Y chromosomal instability leading to 
aneuploid (45,X) cell lines in the offspring. There have been 
two studies in which preimplantation genetic diagnosis was 
performed on embryos obtained after ICSI with sperms of 
Y chromosome microdeletion. The results of these studies 
have been conflicting. One study showed no significant 
increase in aneuploidies,[53] whereas the other study showed 
a significant increase in 45,X cell lines in these embryos.[54]

The clinical implication of detection of Y chromosome 
microdeletion is to decide on the feasibility of surgical 
sperm retrieval. Patients with AZFc deletion can be advised 
to undergo surgical sperm retrieval in view of good success 
rates. AZFa and AZFb microdeletion carriers need to be 
counseled about the very low probability of surgical sperm 
retrieval which is an invasive procedure. In our study, we 
did not find mature sperms in men with isolated AZFb 
or in combined AZFa, b, or c deletion which is agreement 
with the previous studies. Karyotyping and Y chromosome 
microdeletions studies play a major role in counseling 
patients regarding the implications of these findings with 

regard to their impact on fertility, chances of successful 
surgical retrieval, and the possible risk of transmission of 
genetic abnormalities to the offspring following ART.[11]

CONCLUSIONS

The findings of our study support the current guidelines 
regarding the need for offering genetic screening for 
men with severe semen abnormalities before undergoing 
ART-ICSI due to the fairly high prevalence of genetic 
abnormalities in this group. The abnormal genetic findings 
play an important role in prognostication and counseling 
of these couples prior to undertaking ART. However, there 
is a need for more research into the long-term impact on 
children conceived to fathers with genetic abnormalities.
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