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Introduction

Klinefelter syndrome (KS) is the most prevalent sex chromo-
some disorder in males and is the most common genetic 
cause of male infertility.1,2 First described in 1942 as an 
endocrine disorder characterized by high follicle-stimulating 
hormone (FSH) levels, small firm testes, gynecomastia, and 
hypogonadism.3 The most common chromosomal aberra-
tion of KS is 47,XXY, where an additional X chromosome is 
present. The pathogenesis of KS can be explained by non-
disjunction in either meiotic divisions during germ-cell 
development, or in early embryonic mitotic cell divisions.4 
A subset of KS, mosaic KS (46,XY/47,XXY), occurs when the 
extra X chromosome is only present in a certain proportion 
of cells. Men with mosaic KS have a higher prognostic value 
of spermatogenesis than men with non-mosaic KS.5 

The Y chromosome is composed of many genes known 
to drive gonadal differentiation and testicular development.6 
Despite its importance in creating the male phenotype, 
the chromosome contains a large proportion of repeti-
tive genetic elements, rendering it unstable and prone to 
deletions — termed Y chromosome microdeletions (YCM).7 
Microdeletions of a specific region of the Y chromosome 
long arm, the azoospermia factor (AZF) locus, are commonly 
associated with impaired spermatogenesis. After KS, YCM is 
the second most common genetic cause of male infertility.1 

The AZF locus can be classified into four intervals (AZFa, 
AZFb, AZFc, AZFd), where the severity of male infertility is 
greatest in AZFa deletions and decreases with subsequently 
deleted intervals. In addition to the specific Y chromosome 
interval deleted, the severity of infertility phenotypes is cor-
related to the size of deletion — complete vs. partial, and 

multiple AZF loci (e.g., AZFab) vs. classical (single-interval 
deleted) AZF deletions (e.g., AZFa). Besides impaired sperm-
atogenesis, men with YCM typically present with higher FSH 
levels and inconsistent effects of luteinizing hormone (LH), 
testosterone levels, and testicular volume.8 The prevalence 
of YCM varies depending on geographic and ethnic back-
ground, but the global prevalence among men with non-
obstructive azoospermia has been reported to be approxi-
mately 7.6%.9 Given the high prevalence of KS and YCM 
in non-obstructive azoospermia, it is recommended to test 
for both during the clinical evaluation of severely oligozoo-
spermic patients. 

Case report

The patient is a 34-year-old man who was seen for an infertil-
ity evaluation. He had a thirteen-month history of primary 
infertility with his 37-year old female partner. Neither the 
patient nor his partner have had any pregnancies from previ-
ous relationships. The patient has an unremarkable surgical, 
family, and social history pertaining to fertility. His physical 
exam was unremarkable, with no signs of gynecomastia, 
normal virilization, and of average height. Scrotal physical 
exam revealed a right and left testicular volume of 12 cc and 
10 cc, respectively, with normal firmness and normal epi-
didymides bilatrally. Spermatic cord examination revealed 
no varicoceles and vas deferens were both felt bilaterally. He 
is currently using allopurinol to help control his history of 
gout, though he has had no recent flareups. His partner has 
had no history of abnormal menstruation, sexually transmit-
ted infections, pelvic inflammatory disease, endometriosis, 
uterine fibroids, or any abdominal or pelvic surgery. 

The patient’s hormone panel revealed a normal profile 
(morning serum total testosterone of 19.3 nmol/L, prolactin 
of 8.9 ug/L, FSH of 4.4 U/L, LH of 2.5 U/L). Three repeated 
semen analyses revealed severe oligozoospermia/crypto-
zoospermia (≤1 million/ml) (Table 1). Given this, the man 
underwent chromosomal analysis and Y chromosome micro-
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deletion testing. Karyotype results revealed mosaic KS with 
46,XY[14 cells], and 47,XXY[11 cells]. YCM testing was also 
positive for a complete AZFc deletion. 

Discussion 

The literature describing the genetic relationship between 
either mosaic or non-mosaic KS and YCM is unclear. Certain 
studies have found no association between KS and classical 
YCM,10,11 whereas others propose an association.12,13 In the 
aforementioned studies, all patients with either mosaic or 
non-mosaic KS and a YCM were azoospermic. In this case 
report, however, we describe an exceptional event where a 
severely oligozoospermic/cryptozoospermic man was diag-
nosed with both mosaic KS and a complete AZFc YCM. To 
our knowledge, this is the only reported case in the literature 
where a man with mosaic KS and complete AZFc YCM has 
sperm in their ejaculate.

Men with mosaic KS and YCM typically present with high 
FSH levels and other classical stigmata.3,8 Interestingly, these 
laboratory findings are not present in our patient, and is thus 
exhibiting a less severe phenotype than what is typical for 
men with non-mosaic KS and a complete AZFc deletion.   

This case highlights some of the challenges that arise 
when counselling patients with mosaic karyotypes, namely 
the uncertainty that accompanies such a result. It has long 
been recognized that men with mosaic KS exhibit milder 
symptoms than those with non-mosaic KS.14 Indeed, we 
describe here a phenotypically normal patient with a normal 
male hormone profile and oligospermia. However, a number 
of men with mosaic KS do exhibit the classic non-mosaic 
phenotype to some degree, and 75% of men with mosaic 
KS are described to be azoospermic.14,15 It is important to 
note that peripheral blood karyotyping is not necessarily 
reflective of the cell lines present in the tissues responsible 
for spermatogenesis and, therefore, extrapolating prognos-
tic information from these karyotypes must be done with 
caution. Furthermore, among patients with complete AZFc 
YCM, approximately 22% of men will have severe oligo-
zoospermia or cryptozoospermia, while the remainder are 

azoospermic. However, of the limited studies on combined 
KS and YCM, no cases to date have identified sperm in the 
ejaculate, making this case extremely unique.10-13 This case 
also encourages further investigations to more clearly deter-
mine the relationship between KS and YCM. 

Conclusions

This case describes a unique event where a man with both 
mosaic KS and a complete AZFc YCM was found to be 
severely oligozoospermic. This case underscores the pos-
sibility of identifying sperm in the ejaculate and potential 
fertility with enough motile sperm to use for intracytoplas-
mic sperm injection, in a man with both mosaic KS and a 
complete AZFc YCM, despite all other cases in the litera-
ture reporting azoospermia. We recommend that clinicians 
should consider the possibility of genetic analysis in the 
workup of severely oligozoospermic men, recognize the 
heterogeneity of phenotype despite genetic findings, and 
appreciate the importance of genetic counselling prior to 
assisted reproductive technologies. 
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Table 1.  Semen analyses during infertility evaluations

Laboratory result October 
2018

December 
2018

March 
2019

Volume (ml) 3.4 3.8 0.7

Sperm concentration (million/ml) <1 <1 <1

Motility (%) 8 NP* 45**

Total motile sperm count (million) 0.272 NP* NP*

Progressive motility (%) 2 NP* 39

Morphology (normal forms, %; 
immature forms, /100 sperm)

NP* NP* NP*

NP*: not possible to calculate due to low sperm concentration. **In whole Makler chamber: 
13 progressive motility, 2 non-progressive motility, 18 non-motile.
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