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Abstract
Introduction
Introduction: Klinefelter syndrome (KS) is the most common
sex chromosomal aneuploidy. It affects 1:667 males. It is a
major cause of male factor infertility due to the associated
testicular atrophy. This study aims to describe the karyotype
pattern identified in a cohort of Sri Lankan infertile males
referred for cytogenetic testing as a component of the
urological evaluation.
Materials and methods
The karyotype reports of males with severe oligozoospermia
(sperm cell count <5 million cells/ml in seminal fluid
analysis) and azoospermia, who were referred for
karyotyping between January 2010 and February 2019 were
maintained prospectively in an anonymized database and
analysed retrospectively. All patients were referred from a
single urological practice. Karyotyping was performed on
routinely cultured lymphocytes after GTG-banding
according to the guidelines of the International System for
Human Cytogenetic Nomenclature (2016).
Results
A total of 69 infertile males underwent karyotyping. 40
(58.0%) had azoospermia and 29 (42.0%) had severe
oligozoospermia. Abnormal karyotypes were seen in 14
(20.3%) males, comprising of 11 (78.6%) with KS (47, XXY)
and 3 (21.4%) with 46,XX karyotype. Polymerase chain
reaction for SRY gene was positive in one male with 46,XX
karyotype. Among the KS patients, 6 (54.6%) had
azoospermia and 5 (45.5%) had severe oligozoospermia.
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Conclusions
KS accounted for more than two-thirds of the chromosomal
anomalies among the infertile males referred for karyotyping.
These findings highlight the need for cytogenetic evaluation
of severe oligozoospermic and azoospermic males prior to
undertaking extensive invasive investigations and treatment
measures in both partners.
Introduction
Klinefelter syndrome (KS) is the commonest sex
chromosomal aneuploidy. It affects 1:667 males (1). Majority
have the 47, XXY karyotype, while other mosaic and nonm o s a i c f o r m s s u c h a s 4 8 , X X X Y, 4 9 , X X X X Y,
46,XY/47,XXY have also been reported (2). The additional X
chromosomes cause abnormality in testicular germinal layer
functions, leading to hypergonadotropic hypogonadism and
male infertility (2).
Seminal fluid analysis (SFA) has a sensitivity rate of 89.6% in
diagnosing male infertility and can identify 9 out of 10
infertile men (3). KS individuals are known to have severe
oligozoospermia or azoospermia in their SFA (4). Thus,
karyotyping is routinely carried out in developed countries
when either severe oligozoospermia or azoospermia are
observed in the SFA, with a view to detecting underlying
genetic conditions such as KS (5, 6).
Yoshida et al., reported significantly higher chromosomal
abnormalities in males with low testicular volume, and high
levels of serum follicular stimulating hormone (FSH) or
luteinizing hormone (LH) (7). It is noteworthy that the clinical
features of hypogonadism and other laboratory findings such
as raised serum FSH and LH levels are taken into
consideration when deciding on recommendations for
cytogenetic testing.
At present, there is paucity of data on the frequency of
Klinefelter syndrome among Sri Lankan infertile males.
Currently, there are also no national guidelines for cytogenetic
testing of such individuals in our health care setting. This
study, therefore aims to describe the karyotype pattern
identified in a cohort of Sri Lankan infertile males referred for
cytogenetic testing as a component of the urological
evaluation.
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Materials and methods
The karyotype reports of Sri Lankan males diagnosed with
severe oligozoospermia (sperm count <5million cells/ml) or
azoospermia, who were referred for cytogenetic testing
between January 2010 and February 2019 were maintained
prospectively in an anonymized database and was analysed
retrospectively. All patients were referred from a single
urological practice. The study was approved by the Ethics
Review Committee of the Faculty of Medicine, University of
Colombo (Protocol no. EC-13-181).
Conventional karyotyping was performed by an experienced
cytogeneticist on peripheral blood lymphocytes after routine
chromosome culture and GTG-banding according to the
guidelines of the International System for Human Cytogenetic Nomenclature (2016). In each case, a minimum of 20
well-banded metaphase spreads were examined at 450-500
resolution to identify the presence of any numerical or
structural abnormalities. In individuals with the 46,XX
karyotype, polymerase chain reaction (PCR) for the presence
of the sex-determining region on the Y chromosome (SRY)
gene was performed using standard published protocols by
Ke-hui-cui (8).
Results
Out of the total 69 infertile males who underwent
karyotyping, 40 (58.0%) had azoospermia and 29 (42.0%)
had severe oligozoospermia. Abnormal karyotypes were seen
in 14 (20.3%) males, comprising of 11 (78.6%) with KS (47,
XXY) and 3 (21.4%) with 46, XX karyotype. Among the KS
patients, 6 (54.6%) had azoospermia and 5 (45.5%) had
severe oligozoospermia. PCR for SRY gene was positive in
one male with the 46, XX karyotype, due to SRY translocation
to the X-chromosome, and the other two were negative for
SRY gene. The karyotype data are shown in Table 1.

Table 1. Karyotypes identified in azoospermic and severe
oligozoospermic males

Discussion
Among the numerous factors causing male infertility,
underlying chromosomal abnormalities are known to play a
prime role. The clinical phenotypes associated with these
chromosomal anomalies may not be apparent during the early
years of life leading to presentation of these males later in their
adulthood with infertility.
Wosnitzer reported that 3%-5% of males with severe
oligozoospermia and 14%-19% of males with azoospermia in
their SFA had abnormal karyotypes, with the majority being
non-mosaic KS (9). Similarly, a Japanese study conducted by
Nakamura et al., identified that 12.6% (225/1790) infertile
males had chromosomal abnormalities, and the most frequent
anomaly was KS in 28.4% (64/225) (10). In the present study,
one fifths of the cohort had abnormal karyotypes and KS
accounted for more than two-thirds of the chromosomal
anomalies among the infertile males. However, a study
limitation that may have contributed to the high frequency of
KS observed in this cohort might be that it was performed on
infertile males referred from only a single urological practice.
KS (47,XXY) characteristically presents with hypogonadism,
raised FSH, LH and low testosterone levels (9). Azoospermia
was observed in 54.6% and severe oligozoospermia in 45.5%
of males with KS in the present study. Several other studies
have also reported KS to be associated predominantly with
azoospermia and severe oligozoospermia (11). European and
American guidelines recommend performing karyotyping
and genetic counseling in males who present with severe
oligozoospermia and azoospermia (5, 6). The European
Association of Urology (EAU) guidelines 2016, recommends
performing standard karyotype analysis in all men with sperm
count <10 million/ml who seek fertility treatment (5). The
American Urological Association (AUA) recommends
carrying out karyotyping in patients with much lower sperm
counts (<5 million/ml). Infertile males who have had a past
history of fertility and those who have had prior sperm counts
above 5 million cells/ml in SFA are usually not recommended
to undergo cytogenetic testing (6). Prognostic information for
guiding fertility treatment is a necessity in KS patients as the
available treatment modalities are not only expensive but also
undergoing such interventions are emotionally and
psychologically taxing for the affected couples.
Apart from KS, individuals who are phenotypically male with
the 46,XX karyotype may also present with infertility. One
such patient in the present study had 46, XX karyotype and the
PCR for the SRY gene was positive. This finding along with
the patient's clinical phenotype, which included small
testicular volume and azoospermia were consistent with De
La Chapelle syndrome. Two other males with the 46,XX
karyotype tested negative for the SRY gene using PCR.
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In such cases, SRY gene sequencing would need to be
performed to identify point mutations which are not
detectable by PCR. Majority of the 46,XX males are known to
be azoospermic. A similar finding was observed in our study.
The paucity of data on the chromosomal abnormalities
underlying male factor infertility and lack of established
national guidelines on cytogenetic evaluation of such males
are current challenges facing the practice of fertility treatment
in Sri Lanka. The high prevalence of KS in this cohort
highlights the need for cytogenetic testing of severe
oligozoospermic and azoospermic males to help avoid
extensive and invasive investigations in both partners and
unnecessary physical and psychological burden on them.
All authors disclose no conflict of interest. The study was conducted
in accordance with the ethical standards of the relevant institutional
or national ethics committee and the Helsinki Declaration of 1975, as
revised in 2000.
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