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ABSTR ACT
OBJECTIVE: To determine the prevalence of chromosomal abnormalities and microdeletions on Y chromosome in infertile patients with oligozoosper-
mia or azoospermia in Mato Grosso state, Brazil. 
METHODS: This cross-sectional study enrolled 94 men from infertile couples. Karyotype analysis was performed by lymphocyte culture technique. DNA 
from each sample was extracted using non-enzymatic method. Microdeletions were investigated by polymerase chain reaction (PCR). 
RESULTS: With the use of cytogenetic analysis, five patients (5.3%) had abnormal karyotype, one azoospermic patient (1.1%) had karyotype 46,XY,t(7;1)
(qter-p35), one (1.1%) with mild oligozoospermia had karyotype 46,XY,delY(q), and two other azoospermic patients had karyotype 47,XXY, consistent 
with Klinefelter syndrome (KS). One of them (1.1%) with severe oligozoospermia had karyotype 46,XY,8p+. Microdeletion on Y chromosome was found 
in the azoospermia factor c (AZFc) region in only one azoospermic patient (1.1%). 
CONCLUSIONS: The prevalence of genetic abnormalities in oligo/azoospermic Brazilian men from infertile couple was 5.3%, and microdeletion on  
Y chromosome was not a common finding in this population (1.1%).
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Introduction
Researchers have demonstrated great interest in estimating 
correctly a man’s fertility potential. The great emphasis on 
male reproductive health is because of the fact that in 30–50% 
of subfertile couples a male factor may be involved.1–3 Severe 
oligozoospermia (below 5  million spermatozoa/mL) and 
azoospermia have been reported in 10–15% of the infertile 
male.2,4 Infections, traumatisms, cryptorchidism, varicocele, 

tobacco and/or alcohol use, and genetic factors are all impli-
cated in male infertility.2,5–7 In addition, obesity, loss or exces-
sive weight gain, eating disorders, malnutrition, or excessive 
exercise may also be associated with male infertility.3 The pos-
sible presence of a genetic factor must be considered in all cou-
ples with infertility, especially in those that will be submitted 
to complex assisted reproduction techniques due to a male 
factor.8–11 Concerning the genetic factors, the most common 
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abnormal conditions related to male infertility include chro-
mosomal abnormalities, gene mutations, and microdeletions 
on Y chromosome. Currently, these conditions account for 
about 15% of all cases of male infertility.9,11,12

Chromosomal abnormalities, either numerical or struc-
tural, as the major cause of genetic male infertility, may 
involve one or more autosomal chromosome, sex chromo-
some, or both. Most of the anomalies are new events, second-
ary to mutations in parental germ cells; less frequently these 
etiologies are inherited with a Mendelian transmission. Chro-
mosomal abnormality in infertile men affects about 6–8% of 
those with non-obstructive azoospermia, is higher than that 
seen in the general population, and seems to vary inversely 
with the sperm count.8,9,12 Monogenic diseases, such as cystic 
fibrosis, can also be related with male infertility.13,14 A genetic 
azoospermia factor (AZF), located at Yq11, is a established 
and important factor for male germ cell development.15–18 
Microdeletions of the AZF genes are caused by intrachro-
mosomal recombinations among large homologous repetitive 
sequence blocks, and three loci (AZFa, AZFb, and AZFc) 
have been identified in this Yq11 cluster. Microdeletions on 
Yq represent the second most frequent molecular genetic cause 
of male infertility, translated by severe oligozoospermia or 
non-obstructive azoospermia.15,16,19 The deleted in azoosper-
mia (DAZ) gene, located in the AZFc region, was reported 
to be absent in 10–15% of chromosomally normal men with 
diagnosis of severe oligozoospermia or non-obstructive 
azoospermia.20

The frequency of microdeletions in AZFc, AZFb, and 
AZFa regions was reported to be as high as 80%, 1–31% and 
0.5–13%, respectively,21–23 and varies according to the com-
position of the study population. Prevalence lower than 2% 
has been found in non-selected patients.16,20–22 Deletions of 
the entire AZFa region are more severe and invariably result 
in sertoli cell-only syndrome (SCOS) and azoospermia.15,24–26 
The diagnosis of a complete deletion of the AZFa region 
implies the virtual impossibility to retrieve testicular sper-
matozoa. Microdeletions in AZFb are often associated with 
azoospermia, whereas AZFc microdeletions are found either 
in azoospermia or moderate oligozoospermia.27–29 In azo-
ospermic men with partial or complete deletion of the AZFc 
region, sperm can be found in the testis in 9–70% of cases.29,30 
However, spermatid or oligozoospermia has been reported to 
be in association with these delections.25,27 Complete delec-
tions of AZFb and AZFc regions are also characterized by 
SCOS or azoospermia and, in these cases, no spermatozoa is 
found using testicular sperm extraction (TESE).29,31

Considering that a number of severe infertile men may 
have chromosome abnormalities or AZF microdeletions on Y 
chromosome, it is important to establish the prevalence and 
characteristics of these genetic abnormalities in the clinical 
setting, in different populations. With the increased use of 
assisted reproduction techniques, many men, previously con-
sidered infertile, can now procreate using these techniques, 

especially using the intracytoplasmic sperm injection (ICSI). 
Thus, in addition to the classic semen analysis, patients with 
severe oligozoospermia or non-obstructive azoospermia should 
undergo genetic investigation, mainly taking into account that 
some genetic disorders involve a high risk for transmission to 
male descendants.32,33 It is highly recommended that the risk 
of any genetic disorder transmission is estimated before any 
treatment is performed in azoospermic or severe oligozoo-
spermic men.17 Currently, even Y chromosome microdeletions 
detection is recommended for azoospermic men and man with 
sperm count less than 5 millions/mL; in most Brazilian clin-
ics of assisted reproduction techniques, this investigation is 
not routinely performed. The principal aim of this study was 
to establish the prevalence of chromosomal abnormalities and 
microdeletions on Y chromosome in men with severe oligo-
zoospermia or azoospermia in this population.

Material and Methods
This cross-sectional study included 94 oligo/azoospermic men 
seeking clinical assistance in tertiary infertility centers in 
Mato Grosso State, Brazil, from 2009 to 2013. The frequency 
of chromosomal microdeletions may vary from 1 to 10%, or 
even higher, in different populations.34–37 Basic sperm analy-
sis followed WHO criteria,38 and only patients with sperm 
count 5 × 106 were included. The sample size of 94 subjects 
was estimated considering a prevalence of microdeletions on 
Y chromosome in oligozoospermic and azoospermic men of 
7% as found in Brazilian studies on this matter,9 a confidence 
interval of 95%, and an inaccuracy of 5%. The equation for 
sample size determination was n  ×  (Z/m)2 xp(1  -  p), where 
Z = 1.96(95% CI), m = 0.05 (margin of error), and p = 0.07 
(previous report on the proportion of Brazilian infertile men 
with microdeletions).9,39 All patients participated in a stan-
dardized interview to collect the variables of interest: age 
tobacco or alcohol use, length of marriage, offspring, and a 
family history of infertility. Information about smoking and 
alcohol use was obtained during the interview. The number of 
cigarettes or drinks consumed daily was noted and one drink 
was 12 g of pure alcohol, 1 beer, 1 glass of table wine, or 3 cl 
of 40% alcoholic beverage. Users of at least two drinks daily 
were considered as heavy drinkers. Patients with sperm count 
higher than 5 millions/mL or with obstructive azoospermia 
were excluded. The study protocol was approved by the local 
research ethics committee (CEP/UNIC/2009–no. 2009-9), 
and all participants gave informed consent for the study before 
enrollment.

Cytogenetic analysis. Chromosomal analysis was per-
formed using phytohemagglutinin-stimulated peripheral lym-
phocyte cultures as standard cytogenetic technique.40 The 
number of metaphases analyzed followed the criteria recom-
mended by Hook for detecting 8% mosaicism in 40 metaphases, 
with a confidence interval of 95%.41 A resolution of 550-band 
stage was considered satisfactory. The routine analysis was based 
on G- bands by trypsin using Giemsa GTG-banded staining.
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Molecular analysis. Peripheral blood was collected from 
each patient using vacutainer EDTA-containing tube (Becton  
Dickinson UK Ltd, Plymouth, England). Genomic DNA 
was extracted from peripheral blood according to a standard 
protocol.42 Polymerase chain reaction (PCR) was performed 
to verify the occurrence of microdeletion on Y chromosome, 
with the aid of a pair of sY14 primers: sex determining region 
Y protein (SRY) gene (located on the short arm (Yp)) with 
472 bp as a control for the testis-determining factor on the 
short arm of the Y chromosome and for the presence of  
Y-specific sequences. Three pairs of sequence-tagged site 
(STS) primers: sY86 (located in the region AZFa) with 
320  bp, sY134 (located in the region AZFb) with 301  bp, 
and sY254 (located in the AZFc sequence) with 400 bp were 
examined (Invitrogen®, São Paulo, Brazil) (Table 1). The 
multiplex PCR reaction comprised a total volume of 16 µL, 
of which 8  µL was the Supermix (Invitrogen®, São Paulo, 
Brazil), 5 µL of multiplex primer mix and 3 µL of diluted 
DNA. The cycles of denaturation, annealing, and extension 
were performed in a thermocycler (GeneAmp PCR System 
9600, Perkin Elmer®, MA, USA). The process of amplifica-
tion was standardized at the local laboratory and consisted of 
35 cycles using different programs for each pair of primers 
(Table 2). A ZFx/ZFy gene was not used for internal PCR 
control, but in all amplification processes, PCR was moni-
tored using a DNA positive control (normal male individual) 
and a DNA negative control (normal female individual). 
PCR products were observed in electrophoresis (1.0% aga-
rose gel stained with ethidium bromide). After processing, 
the gel was transferred to a transilluminator (Bio-Rad®, CA, 
USA). Photos were taken under ultraviolet light using Image 
Capture System L-PIX-STR (Loccus Biotechnology®, São 
Paulo, Brazil) to register the appearance of bands indicative 
of microdeletion.

Data with normal distribution are presented as mean 
(c) and standard deviation (SD); data with non-Gaussian 
distribution are shown as median and range. Associations 
between variables were examined by c2 test. All analyses were 
performed using the SPSS software for Windows (SPSS,  
version 20, SPSS Inc., Chicago, IL, USA).

Results
The mean age of the patients was 35.3 ± 7.2 years. The medi-
ans of the marriage time and number of years of intercourse 
without any contraceptive method were 8.6 years (range) and 
5.7 (1–23) years, respectively. Baseline clinical characteris-
tics of all patients are presented in Table 3. Personal history 
of mumps infection was present in 49/94 (52%) and genital 
trauma in 24/94 (25.5%) of patients. Smoking habit was pres-
ent in 32/94 (34%), alcohol use in 61/94 (64.9%), and other 
addiction drugs use in 6/94 (6.4%) of patients. Severe oligo-
zoospermia was found in 67% and azoospermia in 33% of 
the included patients. Cytogenetic analysis was performed 
in 91 men because in 3 of them cell cytogenetic cultures had 
poor growth. Abnormal karyotype was found in five patients 
(5.3%). One patient (1.1%) with severe oligozoospermia had 
karyotype 46,XY,8p+; another with karyotype 46,XY,t(7;1)
(qter-p35) was azoospermic; and the third with karyotype 
46,XY,delY(q) had mild oligozoospermia. Other two azo-
ospermic patients had karyotype 47,XXY (2.1%), consistent 
with Klinefelter syndrome (KS). Molecular analysis was per-
formed in all 94 patients, and microdeletion on Y chromosome 
was detected in only one azoospermic man (1.1%) (Table 4).  
This patient had undergone a cytogenetic investigation before 
the Y-microdeletions screening and was cytogenetically nor-
mal. This microdeletion was located at AZFc region and iden-
tified using SY254 marker (Fig. 1).

Discussion
Genetic abnormalities involving a complex multigenic disor-
der can lead to different degrees of spermatogenic failure and 
account for 15–30% of male infertility.20,43 In general, patients 
age and duration of infertility are considered important factors 
in making decisions regarding how to investigate, treat, and 
establish a reproductive prognosis. The marriage average time 
of eight to nine years and exposure time without contraception 
of five to six years, found in the current study, are in agree-
ment with other studies performed in other countries.44,45  
The percentage of patients (52.1%) reporting mumps infection 
in childhood in the current study is high. Worldwide, 15–20% 
of adult men who contract mumps can present orchitis, usually 

Table 1. Locus and sequences of the PCR primers used.

PRIMER
STS

LOCUS PRODUCT SIZE (bp) SEQUENCE (FORWARD/REVERSE)

SY14 SRY 472 bp F 5′-GAATATTCCCGCTCTCCGGA-3′
R 5′-GCTGGTGCTCCATTCTTGAG-3′

SY86 AZFa 320 bp F 5′-ACACACAGAGGGACAACCCT-3′
R 5′-GTGACACACAGACTATGCTTC-3′

SY134 AZFb 301 bp F 5′-GTCTGCCTCACCATAAAACG-3′
R 5′-ACCACTGCCAAAACTTTCAA-3′

SY254 AZFc 400 bp F 5′-GGGTGTTACCAGAAGGCAAA-3′
R 5′-GAACCGTATCTACCAAAGCAGC-3′

Abbreviations: STS, sequence-tagged site; bp, basepair; SRY, sex determining region Y protein; AZF, azoospermia factor.
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of infertile men in the current study, and this prevalence is 
similar to those found in other populations.59–61 Also cur-
rently, sperm mutagenicity capacity of smoking is debatable, 
and a few investigators have reported on possible relation-
ship between smoking habit and Y chromosome microdele-
tion; most authors reported no association.62 A significant 
association between AZFa microdeletion and smoking, 
using SY254 microsatellite as marker, was described.58 The 
only patient with Y microdeletion using this marker found 
in the current study was not smoker. Very large popula-
tion studies are still required to determine whether smok-
ing in fact may induce Y chromosome deletions. The use 
of at least two drinks of alcoholic beverage a week seen in 
65% of patients in the current study is in agreement with 
the findings of other publications. Worldwide, alcohol con-
sumption in infertile men is as high as 88%.49,50 Heavy alco-
hol consumptions, defined as more than 15 drinks a week, 
reported in 32% of patients in the present study are also 
found in other populations. The patient with AZFc deletion 
in the present study used to drink alcohol beverage only at 
weekend days. Despite quick benefits in the semen analysis 
can be obtained after alcohol withdrawal,49 the relationship 
between alcohol use and Y chromosome deletions remains 
elusive and further studies are needed.

In an open review including infertile male, chromo-
some abnormalities were reported on 46% of oligozoosper-
mia and 13.7% of azoospermia men.8 In the current study, 
chromosomal abnormalities were found in five patients, and 
the finding of karyotype 47,XXY in two azoospermic men 
is consistent with studies performed in other populations.44,45 
Autosomal translocation 46,XY,t(7:1)(p35-qter), found in 
one azoospermic patient, was already reported in azoosper-
mic or severe oligozoospermic infertile men.8 The hypothesis 
for this occurrence is that balanced translocations may inter-
fere with normal chromosome pairing and segregation in 
meiosis I, leading to the potential formation of unbalanced 
gametes and subsequent unbalanced abnormal offspring.19,20 
Another possibility is that some autosomal genes involved in 
male gametogenesis may not be regulated by breakpoint.45,63  
However, the relationship between chromosomal breakpoints 

Table 2. Temperatures’ exposure times used in the cycles of gene 
amplification in PCR.

PRIMERS
STS

DENATURATION ANNEALING EXTENSION

SRY 94°C–1 min 64°C–1 min 72°C–2 h and 30 min

SY86 72°C–1 min 72°C–10 min 4°C–5 min

SY134 94°C–5 min 94°C–1 min 56°C–30 sec

SY254 72°C–1 min 72°C–10 min 4°C–5 min

Abbreviations: STS, sequence-tagged site; SRY, sex determining  
region Y protein.

Table 3. Baseline clinical conditions found in infertile men enrolled  
in the study.

BASELINE CHARACTERISTICS FREQUENCY %

Genital disease

Criptorquidia 1/94 1.1

STD 1/94 1.1

Prostatitis 2/94 2.1

Varicocele 10/94 10.6

Varicocelectomy 8/94 8.5

Linfoma 2/94 2.1

Other 3/94 3.2

Heat exposure or radiation 18/94 3.2

Mumps in infection 49/94 52.1

Genital trauma 24/94 25.5

Autoimmune disease 3/94 3.2

Family infertility history 17/94 18.1

Genetic disease history 14/94 14.7

Tobacco 32/94 34.0

Addiction drugs use 6/94 6.4

Alcohol use 61/94 64.9

Abbreviation: STD, sexually transmitted disease.

Table 4. Cytogenetic and Y-microdeletion findings in Brazilian 
oligozoospermic and azoospermic men.

PARAMETER* FREQUENCY (%)

Karyotype

Normal 46,XY 86/91 94.5

Abnormal 46,XY,delY(qter) 1/91 1.1

46,XY,t(7;1) 1/91 1.1

47,XXY 2/91 2.2

46,XY,8p+ 1/91 1.1

AZF microdeletion AZFc 1/94 1.1

Abbreviation: AZF, azoospermia factor.

unilateral.46–48 The prevalence of alcohol consumption, in any 
amount, in the current study was 64.9%; alcohol consump-
tion in infertile men worldwide is reported as high as 88%.49 
Tobacco is known to affect sperm quality and decrease its 
ability to fertilize the egg. In addition, tobacco may increase 
the probability of early spontaneous abortion and reduce the 
implantation rate.50–53 One-third of the patients included in 
the present study reported tobacco use, but no quantification 
was performed and the variable was considered as binomial. 
Worldwide, the decline in semen quality has been associated 
with cigarette smoking.54–56

Concerning the causes of male infertility, there is a con-
sensus that alcohol, tobacco, and illicit drugs abuse must be 
investigated. Once many compounds in tobacco smoke are 
mutagens, the cigarette smoke may affect male reproduction 
leading to little reduction in sperm concentration, motility, 
and morphology.55–58 At present, smoking is reported in 34% 
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and male infertility has been observed with a non-random 
distribution, and more research is needed in this direction.44

The oligozoospermic patient with karyotype 46,XY, 
delY(q12-qter) seen in the present study had no microdele-
tion in any of the three regions analyzed, perhaps because 
the region Yq12-qter, in which had occurred this deletion, 
is a region of the Y chromosome rich in heterochromatin 
without any active gene.64 Although it seems not to be clini-
cally relevant for male infertility, the severe oligozoospermia 
found in a patient with karyotype 46,XY(8p+) without any 
other cause identifiable indicates that some genes added to 
this autosome chromosome may affect spermatogenesis. This 
finding was not reported yet; as far as we know, only dupli-
cation of 8p23.1–p23.3 was already shown to be related to 
oligoasthenozoospermia.65

The finding that cytogenetic changes were more frequent 
in patients with lower sperm concentration is consistent with 
other studies.8,11,16,26 Search for microdeletions on Y chromo-
some (regions AZFa, AZFb, and AZFc) revealed microdele-
tions in the AZFc region in only one azoospermic patient with 
normal karyotype. Globally, the frequency of microdeletions 
varies between 0.7 and 34.5%, with an average of 8.2%.10,13,15 
It is known that microdeletions at AZFc region are in fact the 
most frequent (60–80%); less frequently, microdeletions are 
detected at AZFb (16%) and AZFa (5%) regions. Large micro-
deletions involving two or three AZF regions have also been 
reported in 14% of infertile male.16,24 In about 15% of cases, 
microdeletions are located at regions not overlapping AZFa, 
AZFb, or AZFc.64–67 There is no clear association between 
the size and location of the deletion, and the histological 
phenotype of the testicles. However, it is known that the 
larger the deletion, the more severe is the testicular damage.  
The difficulty found by many researchers in associating 

genotype with testicular phenotype is that it is not completely 
clear and may arise from the selection criteria used for differ-
ent patients included in different studies.

More studies including men of different ethnicities or from 
different geographic areas are needed to determine whether 
the frequencies of genetic abnormalities are much variable in 
different infertile populations.23,65,67 Moreover, low prevalence 
of Y microdeletions has been reported in other population.15,68 
Because patients with a Y microdeletion are at least olizoo-
spermic (less than 5 millions spz/mL), it is rare to have enough 
number of spermatozoa to perform a classic in vitro fertiliza-
tion (IVF) instead of ICSI. In addition, the knowledge of the 
existence of microdeletions is useful to provide a correct diag-
nosis of male infertility. Moreover, it allows the physician to 
refer the patient to adequate assisted reproduction technique 
and examine the value of a testicular biopsy pertinence.20,23 
It must be considered that the son of a man with microde-
letion may inherit this abnormality.67 The low prevalence of  
Y chromosome microdeletion found in the current study could 
be because of the characteristics of the population or the use of 
only one primer; despite this procedure is acceptable and may 
be adopted. The authors recognize that the studied popula-
tion described here is not representative of the total Brazilian 
population of infertile men. However, to our knowledge, this 
is the first study reporting on this subject in Mato Grosso state 
and Amazonian region.
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Figure 1. Gel electrophoresis analysis showing the regions AZFa, AZFb, and AZFc of Y chromosome*. Lane 1: standard size markers; Lane 2: PCR 
products for normal male positive control plus SRY, AZFa, AZFc products; Lane 3: normal male positive control plus SRY, AZFb products; Lane 4: 
normal female negative control plus SRY, AZFa, AZFc products; Lane 5: normal female negative control plus SRY, AZFb products; Lanes 6, 8, 10, 12, 
and 14: patients plus SRY, AZFa, AZFc products; and Lanes 7, 9, 11, 13, and 14: patients plus SRY, AZFb products. 
Notes: *Two multiplex reactions were made for each sample. ↑ The expect band for SY254 was absent in this patient (L12).

http://www.la-press.com


Godoy et al

56 Clinical Medicine Insights: Reproductive Health 2014:8

SFM. Jointly developed the structure and arguments for 
the paper: GCSG, BBG, SFM. Made critical revisions and 
approved final version: JSB, SFM. All authors reviewed and 
approved of the final manuscript. 

REFERENCES
	 1.	 WHO. Infertility: a tabulation of available data on prevalence of primary and 

secondary infertility. Programme on Maternal and Child Health and Family 
Planning, Division of Family Health. Geneva: World Health Organization; 
1991.

	 2.	 Niederberger CS, Meacham RB. Male infertility. Rev Urol. 2003;5:200–203.
	 3.	 Morell V. Basic infertility assessment. Prim Care. 1997;24:195–204.
	 4.	 Krausz C, McElreavey K. Y chromosome and male infertility. Front Biosci. 1999; 

15:E1–E8.
	 5.	 Buck GM, Sever LE, Batt RE, Mendola P. Life-Style factors and female infer-

tility. Epidemiology. 1997;8:435–441.
	 6.	 Augood C, Duckitt K, Templeton AA. Smoking and female infertility: a sys-

tematic review and meta-analysis. Hum Reprod. 1998;13:1532–1539.
	 7.	 Pasqualotto FF, Lucon AM, Sobreiro BP, Pasqualotto EB, Arap S. Effects of 

medical therapy, alcohol, smoking and endocrine disruptors on male infertility. 
Rev Hosp Clin Fac Med. 2004;59:375–382.

	 8.	 Van Assche E, Bonduelle M. Cytogenetics of infertile men. Hum Reprod. 1996; 
11(suppl 4):1–24.

	 9.	 Pina-Neto JM, Carrara RCV, Bisinella R, et al. Somatic cytogenetic and azo-
ospermia factor gene microdeletions studies in infertile men. Braz J Med Biol Res. 
2006;39:555–561.

	 10.	 Düzcan F, Münevver AG, Ozan C, Bagci H. Cytogenetic studies in patients 
with reproductive failure. Acta Obstet Gynecol Scand. 2003;82:53–56.

	 11.	 Sadeghi-Nejad H, Farrokhi F. Genetics of azoospermia: current knowledge, 
clinical implications, and future directions. Part II: Y chromosome microdele-
tions. Urol J. 2007;4:192–196.

	 12.	 Carrara RCV, Bisinella LF, Mazzucatto MD, Martins ES, Yamasaki R. Somatic 
cytogenetic and azoospermia factor gene microdeletion studies in infertile men. 
Braz J Med Biol Res. 2006;39:555–556.

	 13.	 Lissitsina J, Mikelsaar R, Punab M. Cytogenetic analyses in infertile men. Arch 
Androl. 2006;52:91–95.

	 14.	 Varlotta L. Manangement and care of the newly diagnosed patient with cystic 
fibrosis. Curr Opin Pulm Med. 1998;4:311–318.

	 15.	 Foresta C, Moro E, Ferlin A. Y chromosome microdeletions and alterations 
of spermatogenesis. [Microdeleções do cromossomo Y e alterações da esper-
matogênese]. Endocr Rev. 2001;22:226–239.

	 16.	 Krausz C, Hoefsloot L, Simoni M, Tuffelmann F. EAA/EMQN best practice 
guidelines for molecular diagnosis of Y-chromosomal microdeletions: state-of-
the-art 2013. Andrology. 2014;2:5–19.

	 17.	 Pieri PC, Pereira DH, Glina S, Hallak J, McElreavy K, Moreira-Filho CA.  
A cost-effective screening test for detecting AZF microdeletions on the human 
Y chromosome. Genet Test. 2002;6:185–194.

	 18.	 Vogt PH. Human chromosome deletions in Yq11, AZF candidate genes and 
male infertility: history and update. Mol Hum Reprod. 1998;4:739–744.

	 19.	 Repping S, Skaletsky H, Lange J, et al. Recombination between palindromes P5 
and P1 on the human Y chromosome causes massive deletions and spermatogenic 
failure. Am J Hum Genet. 2002;71:906–922.

	 20.	 Ferlin A, Arredi B, Foresta C. Genetic causes of male infertility. Reprod Toxicol. 
2007;22:133–141.

	 21.	 Boivin J, Bunting L, Collins JA, Nygren KG. International estimates of infertil-
ity prevalence and treatment-seeking: potential need and demand for infertility 
medical care. Hum Reprod. 2007;22:1506–1512.

	 22.	 Lange J, Skaletsky H, van Daalen SK, et al. Isodicentric Y chromosomes and 
sex disorders as byproducts of homologous recombination that maintains palin-
dromes. Cell. 2009;138:855–869.

	 23.	 Krausz C, Degl’Innocenti S, Nutri F, et al. Natural transmission of USP9Y gene 
mutations: a new perspective on the role of AZFa genes in male fertility. Hum 
Mol Genet. 2006;15:2673–2681.

	 24.	 Yen PH, Chon NN, Salido EC. The human autosomal gene DAZLA tests speci-
ficity and a candidate for male infertility human male. Hum Mol Genet. 1996;12: 
2013–2017.

	 25.	 Kent-First M, Muallem A, Shultz J, et al. Defining regions of the Y-chromosome 
responsible for male infertility and identification of a fourth AZF region (AZFd) 
by Y-chromosome microdeletion detection. Mol Reprod Dev. 1999;53:27–41.

	 26.	 Kleiman SE, Almong R, Yogev L, et al. Screening for partial AZFa microdele-
tions in the Y chromosome of infertile man: is it of clinical relevance? Fertil 
Steril. 2012;98:43–47.

	 27.	 Longepied G, Saut N, Aknin-Seifer I, et al. Complete deletion of the AZFb 
interval from the Y-chromosome in an oligozoospermic man. Hum Reprod. 2010; 
25:2655–2663.

	 28.	 Kleiman SE, Yogev L, Lehavi O, et al. The likelihood of finding mature sperm 
cells in men with AZFb or AZFb-c deletions: six new cases and a review of the 
literature (1994–2010). Fertil Steril. 2011;95:2005–2012, 2012:e1–4.

	 29.	 Navarro-Costa P, Gonçalves J, Plancha CE. The AZFc region of the Y  
chromosome: at the crossroads between genetic diversity and male infertility. 
Hum Reprod Update. 2010;16:525–542.

	 30.	 Hopps CV, Mielnik A, Goldstein M, Palermo GD, Rosenwaks Z, Schlegel PN. 
Detection of sperm in men with Y-chromosome microdeletions of the AZFa, 
AZFb and AZFc regions. Hum Reprod. 2013;18:1660–1665.

	 31.	 Brandell RA, Mielinik A, Liotta D, et al. AZFb deletions predict the absence of 
spermatozoa with testicular sperm extraction: preliminary report of a prognostic 
genetic test. Hum Reprod. 1998;13:2812–2815.

	 32.	 Peterlin B, Kunej T, Sinkovec J, Gligorievska N, Zorn B. Screening for Y-chro-
mosome microdeletions in 226 Slovenian subfertile men. Hum Reprod. 2002;17: 
17–24.

	 33.	 Cram DS, Ma K, Bhasin S, et al. Y-chromosome analysis of infertile men and 
their sons conceived through intracytoplasmic sperm injection: vertical trans-
mission of deletions and rarity of the novo deletions. Fertil Steril. 2000;74: 
909–915.

	 34.	 Krausz C, Rajpert-De Meyts E, Frydelund-Larsen L, Quintana-Murci L, 
McElreavey K, Skakkebaek NE. Double-blind Y chromosome microdele-
tion analysis in men with known sperm parameters and reproductive hormone 
profiles: microdeletions are specific for spermatogenic failure. J Clin Endocrinol 
Metab. 2001;86:2638–2642.

	 35.	 Penna-Videaú S, Araujo H, Ballesta F, Bllescá JL, Vanrell JA. Chromosomal 
abnormalities and polymorphisms in infertile men. Arch Androl. 2001;46:205–210.

	 36.	 Simoni M, Bakker E, Krausz C. EAA/EMQN best practice guidelines for 
molecular diagnosis of Y chromosomal microdeletions. State of art 2004. Int J 
Androl. 2004;27:240–249.

	 37.	 Van der Ven K, Montag M, Perschka B, et al. Combined cytogenetic and Y chro-
mosome microdeletion screening in males undergoing intracytoplasmic sperm 
injection. Mol Hum Reprod. 1997;3:699–704.

	 38.	 Cooper TG, Noonan E, Eckardstein SV, et al. World Health Organization ref-
erence values for human semen characteristics. Hum Reprod Update. 2010;16: 
231–245.

	 39.	 Flesis JL. Statistical Methods for Rates and Proportions. 2nd ed. New York: Wiley; 
1981.

	 40.	 Moorehed PS, Nowell PC. Chromosome preparations of leukocytes cultured 
from human peripheral blood. Exp Cell Res. 1960;20:613–616.

	 41.	 Hook EB. Exclusion of chromosomal mosaicism: tables of 90%, 95% and 99% 
confidence limits and comments on use. Am J Hum Genet. 1977;29:94–97.

	 42.	 Lahiri DK, Nurnberg JJ Jr. A rapid non-enzimatic method for the prepara-
tion of HMW DNA from blood for RFLP studies. Nucleic Acids Res. 1991;19: 
44–54.

	 43.	 Vicdan A, Vicdan K, Günalp S, Kence A, Akarsu C, Isik AZ. Genetic aspects 
of human male infertility: the frequency of chromosomal abnormalities and  
Y chromosome microdeletions in severe male factor infertility. Eur J Obstet Gyne-
col Reprod Biol. 2004;117:49–54.

	 44.	 Foresta C, Garolla A, Bartoloni L, Bettella A, Ferlin A. Genetic abnormalities 
among severely oligospermic men who are candidates for intracytoplasmic sperm 
injection. J Clin Endocrinol Metab. 2005;90:152–156.

	 45.	 Samli H, Samli MM, Solak M, Imirzalioglu N. Genetic anomalies detected in 
patients with non-obstructive azoospermia and oligozoospermia. Arch Androl. 
2006;52:263–267.

	 46.	 Gazibera B, Gojak R, Drnda A, et al. Spermiogram part of population with 
the manifest orchtis during an ongoing epidemic of mumps. Med Arh. 2012; 
66(3 suppl 1):27–29.

	 47.	 Davis NF, McGuire BB, Mahin JA, Smyth AE, O’Malley KJ, Fitzpatrick JM. 
The increasing incidence of mumps orchitis: a comprehensive review. BJUI Inter-
national. 2010;105:1060–1065.

	 48.	 Doyle JS, Paige EK, Spelman DW. Mumps presenting as epididymo-orchitis 
among young travellers: under-recognition, missed diagnoses and transmission 
risks. Med J Aust. 2011;194:317–318.

	 49.	 Sermondade N, Elloumi H, Berthaut I, et al. Progressive alcohol-induced sperm 
alterations leading to spermatogenic arrest, which was reversed after alcohol 
withdrawal. Reprod Biomed Online. 2010;20:324–327.

	 50.	 Gaur DS, Talekar MS, Pathak VP. Alcohol intake and cigarette smoking: impact of 
two major lifestyle factors on male fertility. Indian J Pathol Microbiol. 2010;53:35–40.

	 51.	 Queiroz ER, Waissmann W. Occupational exposure and effects on the male 
reproductive system. Cad Saúde Pública. 2006;22:485–493.

	 52.	 Shen HM, Chia SE, Ni ZY, New AL, Lee BL, Ong CN. Detection of oxida-
tive DNA damage in human sperm and the association with cigarette smoking. 
Reprod Toxicol. 1997;11:675–680.

http://www.la-press.com


Low prevalence of Y chromosomal microdeletions in infertile men 

57Clinical Medicine Insights: Reproductive Health 2014:8

	 53.	 Zitzmann M, Rolf C, Nordhoff V, et al. Male smokers have a decreased success 
rate for in vitro fertilization and intracytoplasmic sperm injection. Fertil Steril. 
2003;79:1550–1554.

	 54.	 Saaranen M, Suonio S, Kauhanen O, Saarikoski S. Cigarette smoking and 
semen quality in men of reproductive age. Andrologia. 1987;19:670–676.

	 55.	 Vine MF, Margoli BH, Morrison HI, Hulka BS. Cigarette smoking and sperm 
density: a meta-analysis. Fertil Steril. 1994;61:35–43.

	 56.	 Hassa H, Yildirim A, Can C, et al. Effect of smoking on semen parameters of 
men attending an infertility clinic. Clin Exp Obstet Gynecol. 2006;33:19–22.

	 57.	 Bolumar F, Boldsen J. Smoking reduces fecundity: a European multicenter study 
on infertility and subfecundity. Am J Epidemiol. 1996;143:578–587.

	 58.	 Rajneesh CP, Kumar CS, Manimaran A, et al. Sequence Tagged Site (STS) 
analysis of Y-chromosome microdeletions in environmental tobacco smokers 
(ETS) in Tamil Nadu, India. Advan Biol Res. 2010;4:296–300.

	 59.	 Arianpur M, Tarahomi M, Sharifi H, et al. Comparison of spermatozoa quality 
in male smokers and nonsmokers of Iranian infertile couples. Int J Fertil Steril. 
2011;5:152–157.

	 60.	 Collodel G, Pammolli A, Giannerini V, Geminiani M, Moretti E. Semen qual-
ity of male idiopathic infertile smokers and nonsmokers: an ultrastructural study. 
J Androl. 2010;31:108–113.

	 61.	 Irvine DS. Epidemiology and aetiology of male infertility. Hum Reprod. 
1998;13:33–44.

	 62.	 Ablash VG, Saraswathy R, Marimuthu KM. The frequency of Y chromosome 
microdeletions in infertile men from Chennai, a South East Indian population 
and the effect of smoking, drinking alcohol and chemical exposure on their fre-
quencies. Int J Genet Mol Biol. 2010;2:147–157.

	 63.	 Huynh T, Mollar R, Trounson A. Selected genetic factors associated with male 
infertility. Hum Reprod. 2002;8:183–198.

	 64.	 Jobling MA, Lo ICC, Turner DJ, et al. Structural variation on the short arm of 
the human Y chromosome: recurrent multigene deletions encompassing Amelo-
genin Y. Hum Mol Genet. 2007;16:307–316.

	 65.	 Engelen JJM, Moog U, Evers JLH, Dassen H, Albrechts JCM, Hamers AJH. 
Duplication of chromosome region 8p23.1 → p23.3: a benign variant? Am J Med 
Genet. 2000;91:18–21.

	 66.	 Soares AR, Costa P, Silva J, Sousa M, Barros A, Fernandes S. AZFb microdele-
tions and oligozoospermia-which mechanisms? Fertil Steril. 2012;97:858–863.

	 67.	 Silber SJ, Repping S. Transmission of male infertility to future generations: les-
sons from the Y chromosome. Hum Reprod. 2002;83:217–229.

	 68.	 Hellani A, Al-Hassan S, Iqbal MA, Coskun S. Y chromosome microdeletions 
in infertile men with idiopathic oligo- or azoospermia. J Exp Clin Assit Reprod. 
2006;3:1–6.

http://www.la-press.com

