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A B S T R A C T   

Objective: Y chromosome Microdeletions are the second genetic cause of infertility in men. Despite its importance for infertility treatment, there is no 
previous research in Peru. The aim of this study was to determine the frequencies and characteristics of Y chromosome microdeletions in a group of 
men who sought infertility consultation at a specialized reproductive medicine center in Peru. 
Methods: In this study, 201 semen samples were analyzed. The samples were obtained from Niu Vida’s fertility program. Each seminal sample was 
analyzed according to the recommendations of the Laboratory Manual of the World Health Organization (WHO) 2010. A buccal swab and a 500 μL 
aliquot of seminal sample were used for the molecular study of Y chromosome microdeletions in each patient. The frequencies and the type of Y 
chromosome microdeletion in the AZFa, AZFb and AZFc regions were evaluated. 
Results: The prevalence of Y chromosome microdeletions in the AZF region was 6.45% in oligozoospermic and azoospermic patients, and a prev-
alence of 20% was observed specifically in azoospermic patients. No microdeletions of AZFb type were detected. A partial region microdeletion of 
AZFa was detected in a teratozoospermic patient with a normal sperm count. 
Conclusions: The study represents the first report on the incidence of Y chromosome microdeletions in Peru. Our results indicate a high prevalence of 
microdeletions in azoospermic patients compared to similar studies. It is suggested to assess the presence of AZFa microdeletions and to evaluate 
additional genetic markers in this region to identify specific mutations that may cause impaired sperm production and male infertility in the 
Peruvian male population.   

1. Introduction 

Infertility is a disease characterized by the failure to establish a clinical pregnancy after 12 months of regular, unprotected sexual 
intercourse or due to an impairment of a person’s capacity to reproduce either as an individual or with his/her partner [1]. Male 
infertility is a global health issue that affects 7% of the male population where the cause remains unexplained [2]. On a global scale, the 
causes of male infertility are wide ranging and poorly understood in most cases. Although various diagnostic tests are available, their 
interpretation is imprecise and often subjective [3]. Despite that, about 20% of infertile males have undetermined infertility, includes 
two categories: idiopathic male infertility that are infertile males with abnormal semen analyses with an unknown cause for that 
abnormality, and unexplained male infertility-males, with “normal” semen analysis who are unable to impregnate due to unknown 
causes [4]. In addition, genetic factors are also responsible for male infertility and are commonly due to chromosomal abnormalities 
such as Klinefelter syndrome 47XXY [5], congenital absence of vas deferens, microdeletions, and cystic fibrosis [6,7]. Because the Yq 
locus contains a large number of genes that are transcribed at the testicular level, the Y chromosome plays a vital role during sexual 
differentiation a spermatogenesis in male development. Thus, as occurs in the Azoospermia Factor (AZF) c region, due to the presence 
of many amplicons and palindromic sequences, these are prone to self-recombination during spermatogenesis and therefore 

* Corresponding author. 
E-mail address: mgavilan@biolinksperu.com (M. Gavilan).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e20221 
Received 19 April 2022; Received in revised form 17 August 2023; Accepted 14 September 2023   

mailto:mgavilan@biolinksperu.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e20221
https://doi.org/10.1016/j.heliyon.2023.e20221
https://doi.org/10.1016/j.heliyon.2023.e20221
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 9 (2023) e20221

2

susceptible to intrachromosomal deletions [8]. 
Microdeletions of the Y chromosome are commonly considered the second leading cause of male infertility. It is estimated that the 

frequency of microdeletions in infertile men is approximately 7% [9]. However, studies show that there is variability of microdeletion 
frequencies by ethnic parameters throughout [10]the world [11]. Y chromosome Microdeletions are more frequently present in the 
AZFc region (60%), less frequent in the AZFb region (16%), and rarely present in the AZFa region (5%). There are Y chromosome 
microdeletions that involve two or three AZF factors simultaneously and are diagnosed in 14% of cases [12]. 

In recent times, assisted reproduction centers allow couples, with a previous diagnosis of male infertility linked to chromosomal 
aberrations, to procreate using the assisted reproductive technique: Intracytoplasmic sperm injection [13,14]. Therefore, it is 
important to perform genomic screening in male patients for the detection of genetic etiologies linked to male infertility. 

The aim of this study is to determine the frequencies and characteristics of the microdeletions of the Y chromosome in the AZFa, 
AZFb and AZFc subregions through the use of the polymerase chain reaction (PCR) in patients who attended a Peruvian center for 
consultation of assisted reproduction. 

2. Materials and methodology 

2.1. Patient selection and experimental design 

This was a prospective experimental study carried out at Niu Vida assisted reproduction center. We received the clinic’s ethics 
committee approval for this study. Two hundred and one patients from the assisted reproduction program were recruited for the study 
during the years 2018 and 2019. These patients were informed and they agreed to sign their consent for the use of the corresponding 
samples. Likewise, it is specified that the study has not carried out a karyotype analysis due to its high cost and the associated ethical 
issues that are not the objective of the research. 

Each seminal sample was analyzed by a spermiogram under the recommendations of the WHO Laboratory Manual of 2010. 
Likewise, inclusion and exclusion criteria were applied to the samples evaluated in this study as follows:  

• Inclusion criteria:  
1. Men with no previously known history of infertility.  
2. Men of legal age. In Peru, from the age of 18 a man is considered of legal age.  
3. Men who agreed to participate in the study by signing the informed consent.  

• Exclusion criteria:  
1. Men older than 65 years (retired men in Peru) because it could influence the results due to pre-existing comorbidities and the use 

of medications that could affect seminal quality. The present study aimed to obtain a more homogeneous and controlled sample.  
2. Men with previous surgical treatments in the reproductive area.  
3. Foreign patients 

2.2. Semen analysis 

Each seminal sample was received in a sterile container duly labeled; samples were kept for 20–30 min for liquefaction to take 
place. The macroscopic analysis was carried out and the following parameters were evaluated: Volume, color, pH, appearance, vis-
cosity and liquefaction. 

Table 1 
Sequences of primers used for PCR. Two internal amplification controls (ZFX/Y and SRY) and two Multiple systems (A and B) were evaluated.  

ocus Primers Sequences Product size (bp) 

Amplifications controls 
ZFX/Y ZFX/Y–F 5′-ACC RCT GTA CTG ACT GTG ATT ACA C-3′ 495 

ZFX/Y–R 5′-GCA CYT CTT TGG TAT CYG AGA AAG T-3′ 
SRY sY14-F 5′-GAA TAT TCC CGC TCT CCG GA-3′ 472 

sY14-R 5′-GCT GGT GCT CCA TTC TTG AG-3′ 
MμLtiplex A 
AZFa sY86-F 5′-GTG ACA CAC AGA CTA TGC TTC-3′ 318 

sY86-R 5′ - ACA CAC AGA GGG ACA ACC CT - 3′ 
AZFb sY127-F 5′-GGC TCA CAA ACG AAA AGA AA-3′ 274 

sY127-R 5′-CTG CAG GCA GTA ATA AGG GA-3′ 
AZFc sY254-F 5′-GGG TGT TAC CAG AAG GCA AA-3′ 380 

sY254-R 5′-GAA CCG TAT CTA CCA AAG CAG C-3′ 
MμLtiplex B 
AZFa sY84-F 5′-AGA AGG GTC CTG AAA GCA GGT-3′ 326 

sY84-R 5′-GCC TAC TAC CTG GAG GCT TC-3′ 
AZFb sY134-F 5′-GTC TGC CTC ACC ATA AAA CG-3′ 301 

sY134-R 5′-ACC ACT GCC AAA ACT TTC AA-3′ 
AZFc sY255-F 5′-GTT ACA GGA TTC GGC GTG AT-3′ 123 

sY255-R 5′-CTC GTC ATG TGC AGC CAC-3′  
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Microscopic evaluation was carried out in two phases: in the first step we evaluate concentration and sperm motility using the 
Mackler chamber, in a second step we smear 20 μL of the sample on a slide to assess the sperm morphology and to determine the 
presence of other cells, agglutinations and other elements. 

2.3. DNA extraction 

To improve the sample collection experience for patients a non-invasive method was chosen: an oral swab [10] and an aliquot of 
500 μL of seminal sample. This study does not evaluate blood samples to maintain non-invasive methods. DNA was extracted from both 
samples using the QIAamp DNA Investigator Kit - Cat. No./ID: 56,504 - USA (QIAGEN). 

The concentration and purity of the DNA were evaluated by spectrophotometry using the NanoDrop 2000 of Thermofisher. The 
DNA concentration was adjusted to a range between 5 and 30 ng/μl and maintained to − 20 ◦C. 

2.4. Polymerase chain reaction (PCR) 

6 STS regions (Sequence-Tagged Sites) of the Azoospermic Factor AZF were evaluated according to what was described by Krausz 
et al. (2013). The AZF regions and the primers used are described in Table 1. The amplification mix was carried out in a volume of 15 μL 
of PCR reaction, using 1 μL of DNA for each amplification reaction. The amplification protocols were as follows: denaturation cycle at 
95 ◦C for 5 min; 35 cycles of hybridization at 94 ◦C for 30 s, annealing at 57 ◦C for 90 s, extension at 72 ◦C for 60 s; and a final extension 
at 72 ◦C for 10 min; preservation at 4 ◦C. Two internal controls were used: the sex determining region in the Y chromosome SRY gene as 
well as the zinc finger expression factor gene: ZFX/Y. 

2.5. Detection of amplification products with vertical electrophoresis 

The PCR products were processed in Polyacrylamide gels using the Silver Sequence Kit (PROMEGA), and vertical electrophoresis 
was carried out at 80 V/cm for 45 min. Subsequently, the gel was photo documented for analysis. The analysis of fragments was 
evaluated with a GeneRuler allelic ladder 100 bp. 

Fig. 1. Vertical Electrophoresis. Ladder 100 bp (Lane 1 and 7). Gel A: Microdeletion in the sY254 region in seminal and oral swab samples (Lane 2 
and 3 respectively). Gel B: microdeletion in the sY255 region in seminal and oral swab samples (Lane 2 and 3, respectively). Line 4: DNA of normal 
male, line 5: DNA female, line 6 Negative control. The red arrow indicates the presence of the AZFc microdeletion. 
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2.6. Statistical analysis 

The experimental data were processed using SPSS 19.0 software. Comparisons were made using the chi square test. The statistic P 
< 0.05 was used as the significance value. Each assay was performed using a normal male DNA control with biological children and a 
female DNA control. 

3. Results 

Out of the 201 patients who were evaluated, 167 exhibited alterations in at least one seminal parameter. The distribution of these 
patients according to their alterations was as follows: 21 patients (10.4%) had oligozoospermia, 50 patients (25%) had asthenozoo-
spermia, 108 patients (54%) had teratozoospermia, and 10 patients (5%) had azoospermia. Furthermore, 33.5% of the patients had 
two or more seminal parameters that were altered. 

We report microdeletions in the Y chromosome AZFc region, the absence of markers in the sY254 bands for seminal and oral swab 
samples in lane 2 and 3 (See Fig. 1A) and sY255 in lane 2 and 3 (See Fig. 1B), respectively. 

Likewise, Fig. 2 shows the microdeletion in the Y chromosome partial region AZFa due to the absence of the sY86 band for seminal 
and oral swab samples in lane 2 and 3 (Fig. 2). 

A total of three microdeletions of the Y chromosome (1.5%) were detected out of a total of 201 samples evaluated in the study, these 
microdeletions are distributed between the AZFa microdeletion (0.5%) and the AZFc (1%). Microdeletions were not detected in the 
AZFb region (See Table 3). 

Two Y chromosome microdeletions (20%) were detected from a total of 10 samples from Azoospermic patients in the study 
population. Likewise, the finding of a teratozoospermic patient with a normal sperm count and the presence of a partial microdeletion 
in the AZFa region is highlighted, which represents 0.6% of the samples with a normal sperm count (See Table 4). 

4. Discussion 

The report presented by Simoni et al. evaluates 91 studies on Y microdeletions carried out around the world corresponding to 41 
countries and 16,316 individuals evaluated [15]. The study points out that the frequencies of microdeletions are distributed 

Fig. 2. Vertical Electrophoresis. Ladder 100 bp (Lane 1 and 7). Microdeletion in the sY86 region in seminal and oral swab samples (Lane 2 and 3, 
respectively). Lane 4: DNA of normal male, line 5: DNA female, line 6 Negative control. The red arrow indicates the presence of the AZFa 
microdeletion. 
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approximately as follows: AZFc: 80%, AZFa: 0.5–4%, AZFb: 1–5% and AZFbc: 1–3% [9]. This report indicates that AZFb micro-
deletions are the second highest incidence reported worldwide, this type of microdeletion was not detected in our study group 
(Table 2). This could be related to the necessity to evaluate a larger population group because the frequencies of microdeletions have a 
wide range of incidence that goes from 1% [16] to 55% [17] around the world. Likewise, microdeletions studies must be evaluated in 
different geographic areas in a given region to estimate the variations in microdeletions frequencies in a population [18]. 

Our study demonstrated a 20% prevalence of microdeletions in Azoospermic patients (2/10) (Table 3), resulting a greater fre-
quency than those reported by other studies on azoospermic patients such as those of Akinsal et al. in Turkey (4.7%) [19], Kim et al. in 
Korea (14%) [20], Aknin-Seifer et al. in France (8%) [21], Sen et al. in India (3.4%) [22], Al-Ouqaili et al. in Iraq (72.5%) [23,24]and 
Al-Qaisi et al. in Iraq (62.5%) [24], among others. This fact must be carefully evaluated, since it can be affected by factors of sample 
size, type of evaluated population and/or criteria for patient selection. 

Regarding Latin America, the percentage of Y chromosome microdeletions detected in oligospermic and azoospermic patients in 
our study was 6.45% (Fig. 2), a similar value compared to other studies in the region reported by Pina-Neto et al. in Brazil 7.5% (12/ 
160) [25], Sánchez et al. in Chile 9.8% (10/102) [26], Torres et al. in Ecuador 8.57% (3/35) [27] and Fernández et al. in Venezuela 
3.45% (1/29) [28]. With respect to other continents Peterlin et al. reported information on microdeletions on Azoospermic and 
Oligospermic patients in Germany 3.2% (12/370), 1.3% (19/1470), Sweden 2% (4/192), Netherlands and Belgium 2.3% (37/1627), 
Ireland 3.6% (2/56) and Slovenia 4.4% (9/226) [29]. Our study did not detect microdeletions in Oligozoospermic patients. 

The partial microdeletion in the AZFa region on STS s86 is unusual due to the low incidence of this type of deletion and it is 
configured as the first finding reported in our region on a sample from a donor with a normal count and a teratozoospermia diagnosis. 
This finding is like a case reported by Luddi et al. in their publication three patients with a family link with a diagnosis of normo-
zoospermia and the deletion of the AZFa region on the USPY9 gene located in this region [30], which requires from our study a more 
in-depth analysis about the impact of the deletion on the expression of proteins on the genetic sequence involved. 

In reference to the study by Elfateh et al. who describe the presence of AZFb and AZFc microdeletions on teratozoospermic samples 
in an Iranian population [31], this study did not report microdeletions from teratozoospermic samples in these regions. On the other 
hand, Hellani et al. describes the presence of microdeletions in teratozoospermic samples of seminal and blood cells, suggesting that 
germinal mosaicism could be responsible for teratozoospermia [32], however the present study does not evidence such a hypothesis 
because the microdeletion is observed in buccal and seminal cells. The study by Sevinç et al. also report the presence of microdeletions 
on teratozoospermic samples but with a diagnosis of Oligospermia [33]. 

It is important to mention that there may be other parameters to take into account regarding the association between the presence 
of Y microdeletions and patient conditions such as anti-sperm antibodies as evaluated in the study by Al-Qaisi et al., whose study found 
no correlation between both pathologies, considering that the study population had a high prevalence of microdeletions [34]. 

At present, the application of the testicular sperm extraction (TESE) technique used to recover spermatozoa from the testis has 

Table 2 
Distribution of sperm abnormalities referred to seminal parameters according to WHO in 
the study population.  

Anomaly N◦ samples % 

Oligozoospermic 21 10.4 
Azoospermic 10 5.0 
Astenozoospermic 50 25 
Teratozoospermic 108 54  

Table 3 
The AZF microdeletion patterns are shown: AZFa (1) and AZFc (2). AZFb microdeletions were not observed.  

n, (%) Microdeletion patterns 

AZFa AZFb AZFc AZF (b + c) AZF (a+b + c) Total 

n 1 0 2 0 0 3 
(%) (0.5) (0.0) (1.0) (0.0) (0.0) 1.5 
AZF: Azoospermic Factor  

Table 4 
Microdeletions detected in relation to sperm concentration.  

Sperm Concentration N◦ Microdeletions (%) 

Absence % Presence % Total 

Azoospermic 8 80 2 20 10 
<15 mill/mL 21 100 0 0 21 
>15 mill/mL 169 100 1 0.6 170 
Total 198  3  201  
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improved the fertility prognosis in patients diagnosed with infertility, however the success of the testicular sperm extraction will 
depend to a large extent on the type of microdeletion evaluated in each patient [35]. 

The microdeletions of the AZFa and AZFb region show that there is a very low success rate on the application of the testicular sperm 
extraction technique for sperm recovery, as demonstrated by the study by Golcalves et al. and Arshad et al. [36,37]. In contrast, AZFc 
microdeletions show a better clinical prognosis for sperm retrieval by testicular sperm extraction of approximately 55% [36,38]. 

In this study, two AZFc microdeletions were detected in samples from azoospermic patients, so that the application of sperm re-
covery techniques would have a good probability of success for Intra Cytoplasmic Sperm Injection (ICSI) treatment [13]. However, it is 
important to note that TESE is an invasive procedure that carries certain risks, and that the success rate of testicular sperm retrieval 
may also depend on other factors such as the age of the patient and the severity of azoospermia and that in addition, microdeletions can 
be transmitted to sons. Therefore, it is essential that patients with azoospermia diagnosed with microdeletions in AZF regions receive a 
detailed evaluation by a specialist in genetics and andrology to determine the best treatment option. 

5. Conclusions 

Studies of microdeletions and based on the PCR should be used with great importance prior to assisted reproduction technology 
(ART) in patients with a diagnosis of severe oligospermia or non-obstructive azoospermia. Our study reports the presence of AZFc 
microdeletions in Azoospermic patients without the presence of AZFb microdeletions, which suggests carrying out larger studies with a 
larger sample size. The first finding of an AZFa microdeletion in our population is highlighted, belonging to a donor with a normal 
sperm count and a diagnosis of teratozoospermia. For this reason, it is suggested to expand the study to evaluate sperm morphology 
due to the correlation with the presence of AZF microdeletions and to evaluate additional markers of the AZFa region to identify 
specific mutations. 
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