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Background: The Y chromosome has a specific region, namely the Azoospermia Factor (AZF) because azoospermia is typically 
reported in the microdeletion of the AZF region. This study aims to assess the characteristics of AZF microdeletion after screening 
a massive number of low sperm concentration men; and the Microdissection testicular sperm extraction (mTESE) outcomes for 
retrieving sperm from azoospermic patients.
Materials and Methods: This retrospective multiple-center study enrolled a total of 1121 men with azoospermia, cryptozoospermia, 
and severe oligozoospermia from December 2016 to June 2022. An extension analysis used a total of 17 STSs to detect the position- 
occurring microdeletion in the AZF region (AZFa, b, c, and/or d loci). Microdissection testicular sperm extraction (mTESE) was 
performed to retrieve sperm in azoospermic men diagnosed AZFc microdeletion.
Results: One hundred and fifty-three men carried AZF microdeletion were detected in the 1121 participants (13.64%). The incidences 
of AZF microdeletion were confined to AZF a, c, and d regions, both individual and concurrence, with the most common in the AZFc 
region accounting for 49.67%; There was no significant difference in clinical and paraclinical characteristics between the deleted 
regions, except FSH level (highest in AZFa microdeletion, p = 0.043). The AZFc region was the most common type of AZF 
microdeletion (49.67%), including complete microdeletion (4 patients) and gr/gr partial microdeletion (39 patients) with 50.00% and 
63.63% in the success rate of mTESE, separately.
Conclusion: The absence of AZFa and/or AZFb regions often express the most severe phenotype – azoospermia and the increasing 
FSH level. The AZFc region played the most common microdeletion. Microdissection testicular sperm extraction (mTESE) was the 
possible therapy for sperm retrieval from the testis of azoospermia men having AZFc microdeletion.
Keywords: Y chromosome microdeletion, AZF microdeletion, azoospermia, mTESE

Introduction
Male infertility is defined as the inability to make their female partner get pregnant.1 A previous study reported that 90% 
of infertility problems in males were related to abnormal sperm count. Low sperm concentration was categorized into 
azoospermia, cryptozoospermia, and oligozoospermia.2,3 Azoospermia is the situation with no sperm in the semen, which 
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was diagnosed by two consecutive confirmations of lacking sperm in centrifuged ejaculated semen samples. Meanwhile, 
cryptozoospermia or virtual azoospermia seems to have no sperm in the semen ejaculated, but a few sperm can be found 
in the pellet after centrifugation.4 Oligozoospermia occurs in men having less than 15 million sperm/mL in the ejaculate, 
and patients having sperm count less than 5 million sperms/mL were defined as severe oligozoospermia.3,5–7

Among multifactorial causes of male infertility, genetic disorders have been associated with severe oligozoospermia and 
azoospermia. Severe oligozoospermia or azoospermia are at increased risk for getting a genetic abnormality compared to others.8,9 

Y chromosome microdeletions (YCMD) play the second most common genetic factor of male infertility after Klinefelter’s 
syndrome.10 Generally, Y chromosome microdeletion is present in 1:4000 men, and the disorder significantly rises in the infertile 
male group accounting for 2–5% in severe oligospermia and 5–10% in azoospermic males.11 The Y chromosome is a dominant 
sexual factor owing to the presence of SRY (sex-determining region on Y) and also harbors essential genes related to 
spermatogenesis located in the distal end of the long arm (Yq11).11,12 The long arm of the Y chromosome is characterized by 
many ampliconic and palindromic sequences making self-recombination. As a result, intra-chromosomal deletions often occur 
during spermatogenesis.5,13,14 When Y chromosome microdeletion occurs in Yq11, it is referred to as AZF microdeletion.15 After 
the first time introduced in 1976, the Yq11 microdeletion was further divided into the proximal (AZFa), middle (AZFb), and distal 
deletion (AZFc) separately depending on the association with specific spermatogenic disruption phenotype manifestations.16 The 
AZF microdeletions may occur individually (AZFa, b, c loci) or concurrently (AZFbc, AZFabc), which can lead to severe 
oligozoospermia or even azoospermia.16,17 AZFc (~80%) was the most popular Y chromosome microdeletion, followed by AZFa 
(0.5–4%), AZFb (1–5%), and AZFbc (1–3%) deletion. Furthermore, AZFabc was often reported as related to abnormal 
karyotypes such as iso (Y) or 46,XX male.18 Generally, the AZFa deletion could lead to Sertoli cell-only syndrome (SCOS), 
characterized by the only presence of Sertoli cells in seminiferous tubules, while in the AZFb deletion, germ cells often get 
maturation arrest at the spermatocyte stage. In contrast, the AZFc deletion was associated with hypospermatogenesis, which tends 
to have more potential for presenting sperm in the testes.19 Analyzing the AZF regions and their association with genotype and 
phenotype, a fourth AZF region between AZFb and AZFc was identified, which was termed AZFd. Men affected by AZFd 
microdeletion may get mild oligozoospermia or even normozoospermia.20

As the most prevalent, the complete absence of AZFc region leads to disappearance of three coding protein multicopy 
gene families, namely DAZ (deleted in azoospermia), CDY1 (CDY1a and CDY1b; chromodomain protein, 
Y chromosome 1), BPY2 (a basic protein on Y chromosome 2).21 DAZ was reported that have an essential role in the 
pathogenesis of nonobstructive azoospermia; hence, primer sets of two sequence-tagged sites (STSs) were used for basic 
analysis of the presence or absence of DAZ gene at sY254, sY255 loci.10,22–24 With the development of molecular 
techniques, extension analysis of AZFc microdeletions was performed by using more STSs consisting of sY1191, 
sY1291, BPY2, and sY160 (heterochromatic region).21,25 Six STS loci analyzed AZFc microdeletions in complete AZFc 
microdeletions (sY254 + sY255), gr/gr partial deletion type (sY1191 is positive; sY1291 is negative), and b2/b3 partial 
deletion type (sY1291 is positive; sY1191 is negative). Testing for these AZFc microdeletions (partial, complete) could have 
diagnostic and prognostic value for infertility treatment by Microdissection testicular sperm extraction (mTESE), which is 
the most powerful technique enabling the exploration of the testicular parenchyma and is therefore considered the gold- 
standard surgical technique to retrieve sperm in azoospermic carriers. According to the European Academy of Andrology 
(EAA) and the European Molecular Genetics Quality Network (EMQN) guideline, mTESE should not be proposed in AZFa 
deletions and maybe eventually attempted in AZFb or AZFbc deletions, while it is considered as a possible method for 
retrieving sperm in AZFc azoospermic men.10 Much effort has been made in this multicenter study to assess the distribution 
of AZF microdeletion after screening a large number of azoospermic, cryptozoospermic, and oligozoospermic Vietnamese 
men, in detail in analyzing AZFc region prevalences and mTESE outcome.

Materials and Methods
Subjects
One thousand one hundred and twenty-one Vietnamese patients with severe abnormal sperm concentration, including 
azoospermia, cryptozoospermia, and severe oligozoospermia, were recruited from the Military Institute of Clinical 
Embryology and Histology and the Andrology and Fertility Hospital of Hanoi. One hundred and fifteen patients carried 
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AZF microdeletion detected by sequence-tagged sites (STSs) analysis from December 2016 to June 2022. Ten STSs were 
first chosen for founding AZF microdeletion (AZFa, b, c, and/or d loci) in 38 patients. Then, extension analysis using 
a total of 17 STSs detected 115 men having AZF microdeletion. The semen analysis was performed according to the 
guidance of the World Health Organization (WHO) 2010.3 Physical examination, karyotyping, and Y chromosome 
microdeletion reports were adequate while having a few deficiencies in the reproductive hormone results.

DNA Extraction
From the collected samples, genomic DNA was extracted using the G-spin™ Total DNA Extraction Mini Kit (iNtRON 
Bio, Korea), following the manufacturer’s instructions. After that, DNA’s quantity and purity were analyzed with 
a SpectraMax QuickDrop.

Screening AZF Microdeletions by Multiplex PCR
Based on the published guidelines for diagnosing microdeletion on the Y chromosome by the European Academy of 
Andrology (EAA) and the European Molecular Genetics Quality Network (EMQN), basic primer sets of sequence tagged 
sites (STSs) were suggested to ensure the test’s accuracy.10 It was advised that each AZF region include at least two STS 
loci for diagnostic reliability. For the detection of AZFa deletions, the STSs were chosen (with some modifications) as 
sY84, sY86, USP9Y, and DBY. In AZFb and AZFc, these sites were sY127, sY134, and sY254, sY255, respectively. In 
addition to the classical suggestion, the AZFd region was also used to detect microdeletion consisting of two markers, 
sY152, and sY153.

The diagnosis utilized the sY14 (SRY) marker as an internal control to prevent any technical failures. Both positive 
and negative controls were used during the test. Based on the lengths of possible PCR products, the primer sets were 
divided into different tubes to carry out the Multiplex PCR. Then, the PCR reaction mixture of 12.5 ul was prepared as 
follows: 6.25 ul GoTaq Green Master Mix (Promega), 0.25ul forward primer, 0.25ul reverse primer (IDT), 2–3 ul 
genomic DNA, nuclease-free water (Promega). After that, the amplification process was carried out on a thermal cycler 
with the condition as follows: 94°C in 11 minutes, 35 cycles of denaturing at 94°C in 45 seconds, annealing at 57°C in 45 
seconds, then extending at 72°C in 1 minute, with a final extension at 72°C in 6 minutes. The final PCR products would 
then undergo electrophoresis on 2% agarose gel (Cleaver Scientific) at 100V and 100mA in one hour. The gel would then 
be visualized on the omniDOC Gel Documentation System (Cleaver Scientific) to analyze the results. The tests were 
repeated (at least once) until the results were clear.

Performing Extension Diagnosis on AZFb and AZFc Regions
For extension analysis, our genetic laboratory has chosen more STSs for extension analysis. In terms of AZFb, sY105, 
sY121, and sY1192 would be chosen for the extension analysis. Regarding AZFc, sY160, sY1191, sY1291 and BPY2 
were the markers identifying the extension deletion. The PCR ingredients and conditions of the extension diagnosis were 
carried out as described above and repeated at least once.

Microdissection Testicular Sperm Extraction (mTESE) Procedure
General anesthesia was performed before the surgery to avoid painful experiences for our patients. A scrotal incision of 
3–4 cm in length was done to ensure that in parallel to the subcutaneous vessels.26,27 Following the albugineal incision, 
the testicular parenchyma is surveyed at high magnification (×40) under the operating microscope to search carefully 
dilated seminiferous tubules that probably contain spermatozoa in 90% of cases.28 The average duration for our surgery 
operation is about 1–2 hours.

Statistical Analysis
Patient characteristics were presented as mean-standard deviation and proportion. Differences in variables were statis-
tically analyzed with the Fisher’ exact test, Chi square’ test, and Kruskal Wallis test, when appropriate. The STATA 
software (Version 16.0; Stata Corporation) was used to conduct all data. The difference was considered statistically 
significant when p-value <0.05.
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Results
Table 1 shows that AZFa microdeletion may be the most severe type, as azoospermia is always expressed in all 3 AZFa 
patients. We did not find any subjects with AZFb microdeletion. The absence of the AZFc region was the most popular 
microdeletion in the Y chromosome, with 49.67%. The percentages of severe oligozoospermia and azoospermia men in 
AZFc microdeletion were 28.95% and 31.58%, respectively; Meanwhile, the rate of cryptozoospermia was highest at 
39.47%. The difference was statistically significant, with p < 0.05. These three phenotypes could be seen in 6 men 
deleted in the AZFd region.

The second most popular microdeletion occurred in the AZFbcd region, with 28.10%, and there was no statistically 
significant difference between the three phenotypes of AZFbcd microdeletion. While the AZFbc occupied 7.84% of all 
AZF microdeletions and was a more common azoospermia expression (accounted for 83.33%) than cryptozoospermia or 
severe oligozoospermia phenotypes (p < 0.05). Interestingly, 2 cases found with AZFabcd deletion were 46, XX male, 
and both were azoospermic. We also found 35 subjects having other chromosomal disorders, in which 22 cases carried 
disorder in the sex chromosome. Five patients of AZF microdeletions also got Klinefelter syndrome (47, XXY), and they 
all suffered from azoospermia.

Table 2 shows three groups depending on the deleted region in AZFa, AZFc, or AZFd loci. The AZFb microdeletion 
was not found in this study. The levels of FSH hormonal serum between the three groups showed a significant difference, 
with p < 0.05. The subjects with AZFa deletion had the highest level of FSH, with 36.67 ± 12.70 mIU/mL, followed by 
AZFc (14.63 ± 11.44) and AZFd (8.25 ± 3.20). Meanwhile, we did not find significant differences in other paraclinical 
characteristics and testis volume measurements.

Table 3 describes the complete and partial AZFc microdeletion detail in the prevalence and sperm concentration. The 
effectiveness of Microdissection testicular sperm extraction (mTESE) was also evaluated for retrieving sperm from 
azoospermic men. Four cases with complete AZFc microdeletion were detected (sY254+sY255) at 9.30%, 2 subjects of 
them consented to go under mTESE, and one successfully accounted for 50%.

Thirty-nine patients had gr/gr partial AZFc microdeletion (90.70%). Among them, 13 men had severe oligozoos-
permia, 8 had cryptozoospermia, and 18 had azoospermia. Notably, over half of the patients with gr/gr microdeletion had 
sperm through self-ejaculation. Of the 18 others with azoospermia, 11 were treated by Microdissection testicular sperm 
retrieval, and sperm retrieval was successful in 7 of those patients (63.63%).

Table 1 The AZF Microdeletions: Distribution, Karyotype, and Sperm Count Manifestations

AZF Microdeletions 
n (%)

No. of Abnormal 
Karyotype

Azoospermia 
n (%)

Cryptozoospermia 
n (%)

Severe Oligozoospermia 
n (%)

p value

AZFa 3 (1.96) 0 3 (100) 0 (0) 0 (0) 0.309

AZFc 76 (49.67) 13 (5/13 in sex 

chromosome)

24 (31.58) 30 (39.47) 22 (28.95) 0.001

AZFd 6 (3.92) 0 1 (16.67) 2 (33.33) 3 (50.00) 0.124

AZFabc 3 (1.96) 3 (3/3 in sex chromosome) 3 (100) 0 (0) 0 (0) 0.309

AZFabcd 2 (1.31) 2 (2/2 with 46, XX) 2 (100) 0 (0) 0 (0) 0.695

AZFbc 12 (7.84) 5 (3/5 in sex chromosome) 10 (83.33) 1 (8.33) 1 (8.33) 0.033

AZFbcd 43 (28.10) 9 (6/9 in sex 

chromosome))

23 (53.49) 15 (34.88) 5 (11.63) 0.202

AZF bd 1 (0.65) 0 0 (0) 0 (0) 1 (100) 0.209

AZFcd 7 (4.58) 3 (3/3 in sex chromosome) 5 (71.43) 2 (28.57) 0 (0) 0.365

Total 153 (100) 35 71 (46.40) 50 (32.68) 32 (20.92)
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Discussion
The Y chromosome classically includes the pseudoautosomal regions (PAR1 and PAR2) and the male-specific region.25 

Pseudoautosomal areas are located at the distal ends of the chromosome. The other, namely the male-specific region of 

Table 2 Hormonal Profile and Other Specific Symptoms of Men with AZF Individual Microdeletions

Infertile Characteristics n Mean ± SD p value

FSH (mIU/mL) AZFa 3 36.67 ± 12.70 0.043

AZFc 43 14.63 ± 11.44

AZFd 4 8.25 ± 3.20

LH (mIU/mL) AZFa 3 14.67 ± 5.86 0.073

AZFc 44 8.84 ± 6.22

AZFd 4 10.75 ± 2.97

Prolactin (ng/mL) AZFa 3 206.00 ± 87.47 0.326

AZFc 35 291.94 ± 154.98

AZFd 4 216.00 ± 188.19

Estradiol (pg/mL) AZFa 2 36.5 ± 23.33 0.772

AZFc 30 27.60 ± 12.17

AZFd 5 38.00 ± 26.32

Testosterone (ng/mL) AZFa 3 21.67 ± 21.94 0.132

AZFc 46 17.80 ± 10.41

AZFd 5 31.40 ± 13.33

Spermatozoa concentration (106 sperm/mL) AZFa 3 0.0 ± 0.0 0.184

AZFc 76 0.79 ± 1.51

AZFd 6 2.17 ± 2.48

Testis volume (mL) AZFa 3 5.33 ± 1.53 0.099

AZFc 40 8.53 ± 3.89

AZFd 6 10.17 ± 2.64

Notes: Values are number (percent) unless specified otherwise. 
Abbreviation: SD, standard deviation.

Table 3 AZFc Microdeletion and mTESE Outcome for Azoospermia

AZFc Microdeletion Complete  
(sY254 + sY255)

Extension

sY1291 sY1291+sY160

Total (n=43) 4 38 1

No. Severe oligozoospermia 0 13 0

No. Cryptozoospermia 2 8 0

No. Azoospermia 2 17 1

Successful mTESE rate 50% (1 of 2) 63.63% (7 of 11) –
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the Y Chromosome (MSY) containing essential genes responsible for sex determination and spermatogenesis. The MSY 
region consists of the short-arm para-centromeric region, the centromere, and the long-arm para-centromeric component. 
Three ingredient sequences were found in this region consisting of X-transposed (99% similar to the X chromosome), 
X-degenerate (single-copy genes or pseudogene X-linked genes), and amplicons. Ampliconic sequences are character-
ized by sequence pairs organized in eight large palindromes.25 Y chromosomal genetic variations involving point 
mutations, microdeletions, or alterations of genetic copy number, may affect decreased or arrested spermatogenesis.5,29 

When Y chromosome microdeletion occurs in Yq11, it is referred to as AZF microdeletion.15 Indeed, most of the MSY 
amplicons euchromatin located in the Yq11 region recombine through a non-reciprocal transfer of sequences occurring 
between duplicated sequences within the chromosome, the biological process maintaining the gene content between 
repeated sequences organized in pairs in inverted orientation within palindromes.14,21 However, the same orientation 
through Non-Allelic Homologous Recombination (NAHR) is widely supposed that can lead to AZF microdeletions. This 
abnormal recombination process with the same orientation can occur between rich homologous repeated sequences 
leading to genetic material loss.10,30,31

Y-Chromosome Microdeletion (YCM) appended within the proximal part of Y long-arm (Yq11) is highly suggestive 
of spermatogenic disorder and low sperm concentration. The prevalence of YCM was suggested as high as 2% in the 
general population by the Practice Committee of the American Society for Reproductive Medicine (ASRM), while this 
prevalence was far lower than that in the European Academy of Andrology (EAA) report.6,10 In contrast, it is widely 
accepted that the disorders are far more prevalent among men affected by abnormal semen parameters.11 The frequency 
of AZF microdeletion ranges from 2% in Germany, 10.02% in India, 12% in America, and 24.2% in Iran.17,32 In 
a retrospective study performed in 1274 azoospermic or oligozoospermic Chinese men, 164 patients having 
Y chromosome microdeletion was shown at 12.87%.33 AZF microdeletion has been studied globally; their frequency 
within infertile men populations presents vast heterogeneity depending on geography and ethnicity, so more studies on 
this failure need to be done. All Vietnamese patients with azoospermia, cryptozoospermia, and severe oligozoospermia 
were screened for finding AZF microdeletion in this retrospective multicenter study. One hundred and fifty-three men 
carried AZF microdeletion detected in 1121 screened patients by sequence-tagged sites (STSs) analysis. Consequently, 
the proportion of men with AZF microdeletion in severe abnormal sperm count was 13.64%. This proportion was slightly 
higher than that in most recommended countries because stringent inclusion criteria recruited severe oligozoospermia 
with less than a 5 million sperm/mL threshold.

The AZF microdeletions were first classified into three distinct regions, namely the proximal (AZFa), middle (AZFb), 
and distal deletion (AZFc), depending on the reflexing spermatogenic failure phenotype manifestations.16 Then, 
a putative fourth region (AZFd) between AZFb and AZFc was hypothesized.20 For two decades, reliable duplex and/ 
or multiplex PCR diagnostic testing was performed to identify the presence or absence of AZF regions. Multiplex PCR 
permits the concomitant amplification of some targets in the same reaction by using more than 1 pair of primers. It was 
approved that at least two non-polymorphic STS loci should be amplified for diagnostic reliability in each AZF region. 
The EAA/EMQN guidelines recommend a list of primers for AZFa (sY84, sY86), AZFb (sY127, sY134), AZFc (sY254, 
sY255). This primer set will enable the detection of over 95% of the microdeletions reported, so extension determination 
of the microdeletions should be performed.10 Both sY84 and sY86 makers are appended upstream of 
the DDX3Y and USPY9 genes which are essential genes of the AZFa region. The deletion of both sY84 and sY86 is 
often considered a complete deletion. However, partial AZFa deletions have been reported despite both sY84 and sY86 
loci absence, and their effect is milder than the complete situation. Consequently, the AZFa region should be analyzed in 
detail by 4 specific STS (sY84, sY86, USP9Y, DBY).34 In the first period of this study, 38 patients were first diagnosed 
by checking the 10 AZF-specific STSs makers, including AZFa (sY84, sY86, USP9Y, DBY), AZFb (sY127, sY134), 
AZFc (sY254, sY255) and AZFd (sY152, sY153). Then, according to updated guidelines, second-choice markers have 
been performed for extension analyses of AZFb and AZFc microdeletions.10,35,36 Our laboratory has chosen further novel 
markers: sY105, sY121, and sY1192 (for the AZFb region); and sY160, sY1191, sY1291, and BPY2 (for the AZFc 
region), which have an important function to candidate AZF-specific genes.14,37

In the present study, we identified microdeletions of the AZFa, AZFb, AZFc, and AZFd plus several concurrences, 
which were AZFabc, AZFabcd, AZFbc, AZFbcd, AZFbd, and AZFcd. AZFa microdeletion was detected in 3 out of 153 
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patients (1.96%), and all of them were azoospermic. Because of losing 2 genes in the AZFa region, which were USP9Y, 
DBY resulted in Sertoli cell only syndrome (SCOS), having no matured sperm formed in seminiferous tubes.38–41 The 
diagnosis of the AZFa microdeletion mostly implies spermatozoa retrieval failure from the testis.42 Nobody with AZFb 
microdeletion was seen in this study, which was difficult in the prevalence of others.33,43 The AZFb region was supposed 
to be necessary for spermatozoa maturation; thus, a testicular phenotype of maturation arrest can be found in patients 
with complete AZFb microdeletion.44 The highest rate of microdeletion was found at the AZFc region (49.67%), 
followed by 3.92% at the AZFd locus. The AZFd microdeletion often be supposed to get mild oligozoospermia or 
even normozoospermia.20 However, more information about the AZFd region has been added, including the prevalence 
and the manifestation in both azoospermia (1 case), cyptozoospermia (2 cases), and severe oligozoospermia phenotypes 
(3 cases). The AZFbc, AZFbcd, AZFbd, and AZFcd combination phenotypes had a variety of manifestations and did not 
correlate with semen quality (except AZFbc, expressed in mostly azoospermia). In contrast, all males with AZFabc and 
AZFabcd genotypes were in the azoospermia phenotype. Consequently, the different type of AZF microdeletions in 
males reflects different clinical manifestations. About 25–55% of men carrying AZF microdeletions had pathological 
testicular such as hypospermatogenesis, sperm maturation arrest, or SCOS.45,46

Our data also indicated 35 men presented chromosomal abnormalities (22.88%) in 153 patients. Interestingly, 5 
patients of AZF microdeletions also had Klinefelter syndrome (47, XXY), which was reported in some previous 
studies.47,48 Although the variety of degrees of AZF microdeletions can be seen, the combination of the microdeletions 
with Klinefelter syndrome clearly made semen abnormalities severe, mostly in azoospermia.49,50 There were 2 patients 
affected by AZFabcd microdeletion. In this case (all the Yq markers are absent), the interpretation of the control 
marker (SRY) is of outstanding importance. After karyotype analysis, they all were diagnosed in 46, XX male 
syndrome because of Sex-determining region Y (SRY) translocating from the Y to X chromosome during paternal 
meiosis. The 46 XX male, known as de la Chapelle syndrome, presents primary infertility and azoospermia.51,52 

Generally, the infertile severity was most remarkable in AZFa deletions and decreased with subsequently deleted 
intervals AZFb, AZFc, and AZFd, perspectively. In addition, the severity of infertility phenotypes may correlate to the 
size of AZF microdeletion (partial, complete, or concurrence) and the abnormal karyotype situation. Besides sperma-
togenesis failure, patients with AZF microdeletions typically present with higher FSH serum levels and inconsistent 
effects of LH, prolactin, estradiol, and testis volume, which were compared between AZFa, AZFc, and AZFd 
microdeletion groups (AZFb microdeletion was not seen in this study). Physiological serum FSH level is necessary 
for the appropriate induction and maintenance of spermatogenesis. In this study, the average FSH serum levels in 
AZFa and AZFc microdeletion groups were higher than the normal range.53 Men affected by AZFa deletion had the 
highest level of FSH, with 36.67 ± 12.70 mIU/mL, followed by AZFc (14.63 ± 11.44) and AZFd (8.25 ± 3.20). The 
difference had clinical significance. It has been reported that azoospermic patients with high FSH levels ≥20 IU/L have 
lower chances of having live-born children with assisted reproductive technologies,54 so FSH levels might be 
considered as a predictor of mTESE outcome in azoospermic men.

Azoospermic men carrying AZF microdeletions are commonly received specific therapy by microdissection testicular 
sperm extraction (mTESE), which plays the gold-standard surgical technique to retrieve sperm for intracytoplasmic 
sperm injection (ICSI). According to former studies, mTESE is not recommended for AZFa, AZFb, AZFbc, and AZFabc 
patients, because of seldom retrieve spermatozoa.33 Another reason for spending much effort in the AZFc region was the 
highest rate of AZF microdeletions, accounting for 49.67%, which was still less than previous reports, such as 62.20% 
and 77.78%.33,55 When both sY254 and sY255 loci are deleted, a diagnosis of complete AZFc microdeletion can be 
made. Four cases with complete AZFc microdeletion were detected (sY254+sY255), leading to azoospermic/crypto-
zoospermic male infertility. The chance of sperm retrieval during surgical or microsurgical procedures may increase to 
more than 50%.56,57 There was only one type of partial AZFc microdeletion in this study: gr/gr deletion (sY1191 is 
positive; sY1291 is negative), accounting for 39 patients. The partial deletions reduce the copy number of gene families, 
resulting in the loss of one of the two CDY1, two of the four DAZ gene copies, and one of the three BPY2 gene copies. 
The b2/b3 microdeletion removes almost the same gene content as gr/gr.5,14 The partial deletions were common in 
African and Asian men from 10% to 15%, but less than 5% in other populations.5 AZFc is the most common region of 
the AZF locus associated with impaired spermatogenesis, but the partial AZFc microdeletion roles in spermatogenesis 
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are controversial. Notably, over half of the patients with gr/gr microdeletion had sperm through self-ejaculation. Of the 
18 others with azoospermia, 11 were treated by microdissection testicular sperm retrieval, and sperm retrieval was 
successful in 7 of those patients (63.63%). These results indicated that partial AZFc microdeletion was the lightest AZF 
microdeletion type, with variant manifestations in the semen ejaculated and a high possibility of sperm retrieval from 
semen and testis. Although several previous studies reported that the gr/gr deletions also occurred in fertile males with 
normozoospermia, the association of gr/gr microdeletion and male infertility depends on ethnicity, such as Asian, 
Australian, and African men.5,58

Conclusion
The prevalence of AZF microdeletions was 13.64% in Vietnamese men with azoospermia, cryptozoospermia, and severe 
oligozoospermia. The absence of AZFa and/or AZFb regions often expresses azoospermia and the increasing FSH serum. 
The AZFc region played the most widespread type, including complete microdeletion and gr/gr partial microdeletion (but 
no deletions were found in the b2/b3 region) with various changes in semen analysis. Microdissection testicular sperm 
extraction (mTESE) was an effective method for sperm retrieval from the testis of azoospermia men in the AZFc group.
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