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Abstract

Background While reproductive technologies are
increasingly used worldwide, epidemiologic, clinical and
genetic data regarding infertile men with combined genital
tract and renal abnormalities remain scarce, preventing
adequate genetic counseling.

Methods In a cohort-based study, we assessed the preva-
lence (1995-2014) and the clinical characteristics of renal
disorders in infertile males with genital tract malformation.
In a subset of 34 patients, we performed a detailed phenotype
analysis of renal and genital tract disorders.

Results  Among the 180 patients with congenital uni- or
bilateral absence of vas deferens (CU/BAVD), 45 (25 %) had
arenal malformation. We also identified 14 infertile men with
combined seminal vesicle (SV) and renal malformation but no
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CU/BAVD. Among the 34 patients with detailed clinical
description, renal disease was unknown before the assessment
of the infertility in 27 (79.4 %), and 7 (20.6 %) had chronic
renal failure. Four main renal phenotypes were observed:
solitary kidney (47 %); autosomal-dominant polycystic kid-
ney disease (ADPKD, 0.6 %); uni- or bilateral hypoplastic
kidneys (20.6 %); and a complex renal phenotype associated
with a mutation of the HNFIB gene (5.8 %). Absence of SV
and azoospermia were significantly associated with the pres-
ence of a solitary kidney, while dilatation of SV and
necroasthenozoospermia were suggestive of ADPKD.
Conclusion A dominantly inherited renal disease (ADPKD
or HNF1B-related nephropathy) is frequent in males with
infertility and combined renal and genital tract abnormalities
(26 %). A systematic renal screening should be proposed in
infertile males with CU/BAVD or SV disorders.

Keywords Absence of vas deferens - ADPKD - HNFIB -
Male infertility - Renal disease

Abbreviations
ADPKD  Autosomal dominant polycystic kidney disease

ART Assisted reproductive technologies

cu/ Congenital unilateral/bilateral absence of vas

BAVD deferens

ICSI-ET  Intra-cytoplasmic sperm injection followed by
embryo transfer

Introduction

Infertility is recognized in about 7 % of male individuals in
Western countries [1]. Malformations of the excretory
systems are one of the congenital causes of male infertility
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and include uni- or bilateral heterogeneous disorders, such
as absence, hypotrophy or dilatation of the vas deferens,
epididymis or seminal vesicles. Testis hypotrophy or
absence is also reported in association with other genital
tract disorders. In males investigated for infertility, 1-2 %
harbor a congenital unilateral or bilateral absence of the
vas deferens (CU/BAVD); this percentage increases to
10 % in patients referred for azoospermia [2—4]. Congen-
ital diseases affecting a component of the seminal tract, but
not associated with lumen absence, can also be associated
with partial impairment of one of the sperm parameters and
subsequent infertility.

Genetic studies of the congenital malformations of the
male excretory system are currently limited to the analysis
of the CFTR gene in men with CU/BAVD [5, 6]. CU/
BAVD linked to CFTR mutations is inherited as an auto-
somal recessive disorder. In patients with autosomal-
dominant polycystic kidney disease (ADPKD, PKDI or
PKD?2 mutations), cysts in the seminal tract have been
encountered in ~50 % of patients but were not correlated
to sperm parameters or fertility [7]. In this last study, renal
disease was recognized before genital tract abnormality in
all patients.

Because the seminal tract and the kidney/urinary tract
share a common embryological origin, disorders that occur
at an early stage in the developmental process may lead to
combined genital and kidney/urinary tract malformations,
occasionally accompanied by male infertility and chronic
kidney disease [8, 9]. Most patients with CU/BAVD and
renal abnormalities have no or only one variation of CFTR,
suggesting genetic heterogeneity or non-inherited mecha-
nisms of the genital/renal disorder in some cases [9, 10]. In
addition, the development of new treatments for male
infertility (for instance, intra-cytoplasmic sperm injection
[ICSTI] followed by embryo transfer [ET]) carries the risk of
transmission of inherited renal disease [9]. Unfortunately,
to date, no study has provided in-depth renal phenotyping
of these patients, thus precluding optimal genetic
counseling.

Herein, we report the prevalence of renal abnormalities
in infertility related to excretory-system abnormalities, as
well as the genotypes and phenotypes of 34 men referred
for this peculiar association.

Materials and methods
Patients
In this retrospective study, we included adult males with a

diagnosis of male infertility related to morphological
abnormalities of their genital excretory system and renal
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malformations detected incidentally (1995-2008) or by
systematic screening on abdominal imaging (2009-2014).
Patients were followed at the Male Sterility Center and the
Nephrology Department of the University Hospital of
Toulouse (France). Most patients were cases of primary
infertility (n = 27). In seven patients, renal disease was
known before infertility. Patients were included irrespec-
tive of their CFTR genotype.

While the prevalence of the association of genital tract
and kidneys malformations was approximated according to
a database including all patients referred between 1995 and
2014, characterization of the genotypes and the phenotypes
was based on the subset of patients with sufficient details
concerning the malformations. All patients first had a
physical examination for the detection of vasal and epi-
didymal (caput, corpus and cauda) abnormalities. The
scrotum and kidneys were then examined by ultrasonog-
raphy (US). Thirteen out of the 16 individuals with
azoospermia had epididymal or testicular surgical extrac-
tion of sperm, and all parts of the epididymis and vasa
deferentia were carefully assessed. Supplementary Table 1
reports the characteristics of the genital tract according to
the physical examination or to the surgical exploration.

Clinical, imaging and biological data were collected
according to a standardized chart.

Imaging studies

A single experienced physician (I.F.) performed all ultra-
sonographic abdominal and scrotal examinations of the 34
patients, as well as transrectal ultrasonography (TRUS) in
32. Data from the renal US images and abdominal com-
puted tomography (CT) scans or magnetic resonance
imaging (MRI) were obtained for 34 and 25 patients,
respectively.

Semen collection

After 3-6 days of recommended sexual abstinence, semen
samples were produced by masturbation and collected in
sterile containers at the Sperm Laboratory in the Repro-
ductive Medicine service of the Hospital. Semen analyses
were performed according to the 1999 and 2010 World
Health Organization laboratory manuals. Semen volume
was assessed as recommended, and semen pH measured
within 1 h of ejaculation using a pH paper (6.5-10.0; VWR
International, Fontenay-sous-Bois, France); sperm count
was performed on a Malassez cell (Rogo & Cie, Arcueil,
France); percentage of live spermatozoa was assessed by
identifying those with an intact cell membrane from dye
exclusion (using eosin—nigrosin test) within 1 h of
ejaculation.
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Genetic testing

All patients gave their written informed consent before
DNA collection. The institutional Ethical Committee
(University Hospital of Toulouse) approved DNA collec-
tion and genetic testing and the study complied with the
Declaration of Helsinki revised in 2003. CFTR and HNFIB
genetic testing were performed in the Department of
Medical Genetics at the University Hospital of Toulouse.
Screening of the CFTR gene included a search for point
mutations and exon deletions, corresponding to a detection
rate of 85 to >95 %, according to geographic origin.
Screening of the HNFIB gene consisted of a search for
exon or whole-gene deletions/duplications using quantita-
tive multiplex polymerase chain reaction of short frag-
ments (QMPSF), followed by direct sequencing of the nine
exons and intro-exon boundaries, as previously described
[11]. Testing of HNFIB was restricted to patients without
ADPKD (n = 7) and with a clinical HNFIB score >8 after
2011, as recommended [12].

Results

Prevalence of combined genital tract and renal
malformations

From May 1995 to December 2014, congenital bilateral
absence of the vas deferens (CBAVD) was diagnosed in
111 patients. Among the 96 patients with renal imaging, 18
(18.8 %) had a solitary kidney (n = 13; 13.5 %) or renal
cysts (n = 5; 5.2 %). During the same period, congenital
unilateral absence of the vas deferens (CUAVD) was
diagnosed in 69 patients. Among the 64 patients with renal
imaging, 27 (42.2 %) had a solitary kidney (n = 20;
31.2 %) or renal cysts (n = 7; 10.9 %). Nine out of the 18
CBAVD and 11 out of the 27 CUAVD patients were
included in the clinical descriptive cohort. In addition, we
also identified 14 patients with renal malformations and
seminal vesicle abnormalities (see below), but no CU/
BAVD. Overall, detailed clinical data were available in 34
individuals with abnormalities of their genital excretory
system (32 years, range: 25-50) and with renal malfor-
mations recognized before (n = 7, 18 %) or at the time
(n = 27, 82 %) of infertility assessment. The genetic and
clinical characteristics are summarized in Table 1. More
detailed analyses of individual abnormalities are reported
in Supplementary Tables 1 and 2.

Genetic testing

CFTR was analyzed for mutations in all patients with CU/
BAVD. Three patients displayed monoallelic CFTR

mutations: one patient with ADPKD harbored three CFTR
mutations (p.Arg74Trp, p.Val201Met and p.Asp1270Asn)
segregating in cis; one patient had an orthotopic solitary
kidney (CFTR mutation p.Asp443Tyr); one had a few
cortical cysts without family history of ADPKD (CFTR
mutation p.Leu206Trp).

A renal disease was reported in at least one first-degree
relative in 6 of the 34 patients (17 %). Diagnosis of ADPKD
was established in five patients according to consensus cri-
teria [13]. In two additional patients, renal imaging identified
bilaterally enlarged multicystic kidneys. In those patients,
the lack of a family history of renal and liver cysts suggested
a de novo mutation of PKDI or PKD?2.

Since genital tract malformations belong to the spectrum
of HNFIB-related disease, in both male and female
patients [14-16], HNF 1B mutations were analyzed in 20 of
the 27 patients without ADPKD. Two patients harbored a
HNFIB mutation consisting of a whole-gene deletion in
one and an aminoacid substitution (p.Pro437Leu) in the
other.

Genital tract abnormalities and semen parameters

In all patients, infertility was associated with genital tract
malformations. Abnormality of the seminal vesicles was
the most prominent finding (93.7 %) and included mainly a
uni- or bilateral absence (28.1 and 34.4 %, respectively).
Twenty-seven individuals (79.4 %) had a vas deferens
malformation (CU/BAVD 58.8 %, dilatation 20.6 %).

Sixteen of the 34 patients (47.1 %) had an absence of
corpus and/or cauda in one or both epididymides, whereas
dilatation was identified in ten (29.4 %). Testis hypotrophy
was found in 13 individuals (38.2 %), including six with
bilateral hypotrophy.

Azoospermia was observed in 16 individuals (47.1 %),
oligozoospermia and normozoospermia in 9 (27.2 %). In 8
of the 18 patients with oligo/normozoospermia, necroas-
thenozoospermia was present. Finally, semen volume was
lower than normal in 22/34 patients (64.7 %) and 7
(20.6 %) also displayed an acid pH.

Renal findings

The main renal phenotypes associated with the genital
disorders were as follows: (1) solitary kidney (n = 16,
47 %) in orthotopic (n = 11) or pelvic (n = 5) position;
(2) polycystic kidney disease suggestive of PKDI or PKD?2
mutations (n = 7, 20.6 %); (3) uni- or bilateral hypoplastic
kidneys (n = 7, 20.6 %); and (4) a complex renal pheno-
type (solitary cystic kidney or bilateral microcystic
hyperechogenic kidneys) associated with a mutation of the
HNFIB gene (n =2, 59 %) (Fig. 1). Of the two latter
patients, one individual had severe unilateral kidney
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Table 1 Genital tract and sperm parameters according to the underlying renal disease

ADPKD HNF1B Normal solitary Solitary pelvic Hypoplastic Other renal
n=17) disease kidney kidney kidney(s) malformations
n=2) (n=11) n=25) n=17 n=2)
CFTR variation (monoallelic) 1 (14 %) 0 0 1 (20 %) 0 1 (50 %)
Epididymis
Absence U/B* 0 1/0 (50 %) 4/3 (64 %) 1/4 (100 %) 3/0 (43 %) 0
Dilatation U/B® 0/1 (14 %) 0/2 (100 %) 5/0 (45 %) 0 1/0 (14 %) 2 (100 %)
Calcifications U/B® 1/1 (28 %) 0/2 (100 %) 0 0 0 0
Seminal vesicles
Absence U/B 0/2 (28 %) 0 5/4 (82 %) 0/3 (60 %) 4/1 (71 %) 0/1 (50 %)
Hypotrophy U/B 0 1/0 (50 %) 172 (27 %) 0/2 (40 %) 1/0 (14 %) 0
Dilatation U/B 1/1 (28 %) 0/1 (50 %) 0 0 1/0 (14 %) 0
Vas deferens
Absence U/B 1/0 (14 %) 0/1 (50 %) 5/2 (63 %) 0/5 (100 %) 5/0 (71 %) 0/1 (50 %)
Dilatation U/B 0/1 (28 %) 0/1 (50 %) 3/0 (27 %) 0 1/0 (14 %) 1/0 (50 %)
Semen parameters
Normozoospermia 2 (28 %) 0 4 (36 %) 0 3 (43 %) 0
Azoospermia 2 (28 %) 2 (100 %) 5 (45 %) 5 (100 %) 1 (14 %) 1 (50 %)
Oligozoospermia 3 (43 %) 0 2 (18 %) 0 3 (43 %) 1 (50 %)
Necroasthenozoospermia 571 %) 0 109 %) 0 1 (14 %) 1 (50 %)
Low semen volume 2 (28 %) 2 (100 %) 7 (63 %) 5 (100 %) 4 (57 %) 1 (50 %)
Acid pH (pH <7.2) 1 (14 %) 1 (50 %) 19 %) 3 (60 %) 0 1 (50 %)
Incomplete retro. ejaculation 0 0 2 (18 %) 0 0 0
Additional findings
Inguinal hernia U/B 1/1 (28 %) 0 1/1 (18 %) 0 1/0 (14 %) 1 (50 %)
Cryptorchidism U/B 1/0 (14 %) 0/1 (50 %) 1/0 (18 %) 2/0 (40 %) 0/1 (14 %) 1 (50 %)
Polymalformative syndrome 0 0 109 %) 1 (20 %) 0 1 (50 %)
Pancreas hypoplasia 0 1 (50 %) 0 0 0 0
Renal function
eGFR (ml/min/1.73 m?) 78 £ 41 SKT and 46 94 + 16 80 + 27 75 £ 26 100 and 120

ADPKD autosomal dominant kidney disease

* Epididymal corpus and/or cauda

° Epididymal caput and/or corpus and/or cauda; U/B unilateral/bilateral; retro, retrograde, SKT single kidney transplantation

atrophy and a megaureter; the other had some cortical cysts
in both kidneys, but no family history of ADPKD and no
HNFIB mutation.

At the time of infertility assessment, one patient was on
chronic dialysis, and one had received renal transplanta-
tion. In three of the four patients that displayed stage 3
CKD (eGFR <60 ml/min/1.73 mz), renal disease was
unrecognized before the characterization of the infertility.

In patients with ADPKD, imaging showed various
abnormalities of the vas deferens in four patients: dilatation
(n = 2), calcifications (n = 1) and absence (n = 1). Cal-
cifications of the epididymis were identified in two indi-
viduals. Seminal vesicles were either bilaterally absent
(n = 2), uni/bilaterally dilated (n = 2), or had calcifica-
tions (n = 1). Semen analyses showed two kinds of dis-
orders: necro-asthenozoospermia [n = 5/7; with oligo-
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(n = 3) or normozoospermia (n = 2)], or azoospermia and
low semen volume (n = 2/7).

Among the 11 patients with an orthotopic solitary kid-
ney, five had CUAVD (ipsilateral n = 3, contralateral
n = 2), two had CBAVD, and three displayed vas deferens
dilatation. Bilateral absence of seminal vesicles was
observed in three patients. Semen parameters were
heterogeneous and included azoospermia in 45 %. In
contrast, all five patients with a pelvic solitary kidney had
CBAVD and azoospermia. A uni- or bilateral absence of
the epididymal corpus and/or cauda was observed in 7/11
(63 %) and in 5/5 (100 %) of patients with non-pelvic or
pelvic solitary kidneys, respectively.

In six of the seven patients with hypoplastic kidneys,
CUAVD (n = 5) or deferential bulb absence (n = 1) was
identified. Among the six patients with unilateral
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Fig. 1 Examples of renal
imaging of male patients with
infertility related to excretory-
system abnormalities.

a Horseshoe kidney, b solitary
normal right kidney, ¢ bilateral
polycystic kidney disease and
d solitary pelvic kidney

hypoplastic kidneys, three (50 %) had an ipsilateral
absence of the epididymal corpus and cauda. Seminal
vesicles were absent in five and dilated in the sixth patient.

The patients with a mutation of HNF'1B had two kinds of
genital tract disorders. The individual with a whole-gene
deletion of HNF 1B harbored CBAVD, left seminal-vesicle
hypotrophy, complete left testis-epididymis dissociation
and an absence of the right caput, corpus and cauda of the
epididymis. The second patient had bilateral testis
hypotrophy, a dilatation of both seminal vesicles and caput
epididymides, and calcifications of the genital tract. Both
patients had an azoospermia with a low semen volume.

Finally, in this cohort, unilateral or bilateral absence of
seminal vesicles was significantly associated with a solitary
kidney (5/9 and 8/11, respectively), as well as azoospermia
(62.5 % of azoospermic individuals). CUAVD was ipsilat-
eral to the kidney anomaly in 80 % of these patients. In
contrast, dilatation of at least one seminal vesicle and
necroasthenozoospermia were more suggestive of ADPKD:
2/4 (50 %) and 5/8 patients (62.5 %), respectively.

Other manifestations
Besides kidney, urinary and genital tract abnormalities,

seven individuals (20.7 %) had unilateral (n = 4) or
bilateral cryptorchidism (n = 3), five (14.8 %) had

unilateral or bilateral inguinal hernia, one displayed pan-
creas atrophy, and two had a polymalformative syndrome,
including anal atresia or a vertebral malformation. Last,
four patients with a renal phenotype consistent with
ADPKD also harbored liver cysts.

Outcomes of pregnancies: spontaneous or following
assisted-reproduction technologies

Attempts and outcomes of pregnancies were available for
28/34 couples. The results are summarized in Fig. 2.
Among the patients with ADPKD, three completed a
pregnancy. No renal cysts were detected in their children
(screened at <10 years of age). The two patients with
HNFIB mutations became parents with the help of the
ICSI-ET method. In the patient with a whole-gene deletion,
both female twins harbored the HNFIB deletion and
developed ADPKD-like cystic kidney disease, diabetes
mellitus of MODY type, liver-enzyme abnormalities, and
hypomagnesemia. In the patient with the p.Pro437Leu
substitution, the male child developed antenatal bilateral
hyperechogenic microcystic kidneys. Among the nine non-
ADPKD and non-HNF'IB patients with azoospermia, eight
benefited from ICSI-ET (seven pregnancies; no overt
malformations in the antenatal US). Among the 11 non-
ADPKD and non-HANFIB patients with normo- or
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HNF1B
(N=2)

ADPKD
(N=5)

Others
(N=20)

Icsl

- N=1 Female twins with severe
antenatal polycystic kidneys,
CRF and MODY*

- N=1 : Male fetus with bilateral
antenatal hyperechogenic cystic
kidneys

ICSI then spontaneous
pregnancies (N=1)

ICSI pregnancy (N=1)
On-going ART (ICSI, N=1)

Donor-related ICS| (N=1)
Couple refusing ART (N=1)

Azoospermia (N=9)

Donor-related ICSI (N=1)

Surgical sperm extraction + ICSI (N=8)

-N=5 : Normal first (N=5) /second (N=2) pregnancy
-N=1 : No pregnancy despite six ICSI attempts
-N=1: On-going ART

-N=1 : Spontaneous abortion before month 3

Fig. 2 Outcomes of pregnancies and assisted-reproductive technolo-
gies in a cohort of 34 male patients with infertility related to
excretory-system abnormalities and renal malformations. ART
assisted reproductive technologies, ICSI intra-cytoplasmic sperm

oligozoospermia, three couples had an uncomplicated
spontaneous or assisted pregnancy.

Discussion

Development of assisted reproductive technologies (ART),
including ICSI-ET, has led to an increase in the number of
successful pregnancies in couples consulting for male
infertility. Given the frequency of CFTR variations in
patients with CBAVD, genetic testing of CFTR is recom-
mended in male patients with CBAVD-related infertility
[17]. However, no firm recommendations as to extra-gen-
ital explorations and additional genetic screening have
been established for patients with male infertility and
genital tract malformations. Moreover, the spectrum of
renal malformations, tissue with a common embryological
origin, associated with male infertility has been poorly
described to date.

In this study including mostly cases of primary infer-
tility, we confirm that renal abnormalities, mostly asymp-
tomatic, can be identified in male patients with infertility
and genital malformations, especially when CFTR screen-
ing was negative [8, 10]. Prevalence of kidney involvement
associated to male infertility related to CU/BAVD could be
estimated to be around 25 %, but we show that also the
identification of seminal vesicle abnormalities should
prompt to search for renal malformation. These features
need to be confirmed in a larger and more systematic study,
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Oligo/normozoospermia (N=11)

Donor-related ICSI (N=1)

Spontaneous pregnancy (N=1, normal outcome)

ART (N=9)

-N=4 : On-going ART

-N=3: Failure to start pregnancy

-N=1: One spontaneous abortion before M3 +
one normal pregnancy

-N=1: One normal pregnancy

injection (surgical sperm extraction either from the epididymis or
testis), MODY maturity onset diabetes of the young, CRF, chronic
renal failure, ADPKD autosomal-dominant polycystic kidney disease

but they confirm the frequent association of renal and
genital malformations.

We have confirmed that the simultaneous occurrence of
seminal-tract and renal malformations can be identified
from fetuses to adulthood [18]. Renal abnormalities were
heterogeneous but four main phenotypes emerged:
ADPKD; a solitary orthotopic or pelvic kidney; uni- or
bilateral hypoplastic kidneys; and a HNFIB-related disease
which is a rare dominantly inherited developmental dis-
ease. This latter condition has already been recognized [16]
and may be associated with clinically detectable genital
involvement in 10-30 % of cases, while renal penetrance is
almost complete [12]. In our series, one patient had a point
mutation of HNFIB not previously described (p. Pro437-
Leu). The identification of bilateral microcystic hypere-
chogenic kidneys (antenatal period) in one of his children
(also harboring this variant), a phenotype previously
associated with HNFIB mutation [19], confirmed the
pathogenicity of the mutation. As previously described, the
second HNF1B harbored a whole-gene deletion of HNFIB
confirming the need to search for both 17q12 micro rear-
rangement and point mutation [11]. Altogether, in our
cohort ~25 % of patients had ADPKD or HNFIB disease.
ART may therefore be at risk of renal-disease transmission
in unselected male patients, as we have observed for
HNF 1B mutations.

Among the 25 individuals without proven HNFIB-re-
lated nephropathy or ADPKD, none gave birth to children
with overt antenatal renal malformations. The lack of
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family history of renal diseases may suggest recessive
inheritance, a dominant disorder with incomplete pene-
trance, or acquired developmental disorder, related or not
to environment. In the latter case, transmission of renal
disease would be null or at a very low risk.

In the seven patients with ADPKD included in this
cohort, a wide spectrum of genital malformations was
identified. These involved all parts of the genital tract,
including the absence of seminal vesicles, and this was not
restricted to seminal-tract cysts, contrasting with a previous
series [7]. Although morphology of the genital tract cannot
point specifically to ADPKD, semen analysis showed that
necroasthenozoospermia was highly suggestive of ADPKD
in patients with normo-/oligozoospermia, a finding previ-
ously recognized [7]. Interestingly, three patients with
ADPKD had oligozoospermia with necroasthenozoosper-
mia but mild to moderate malformations of the genital tract
suggesting a superimposed functional defect. Recent
studies showed that both PKDI and PKD2 control the male
reproductive system development but also maintain
epithelial integrity [20]. Moreover, PKD2 expression is
also required for testis development and directional sperm
movement [20, 21]. Altogether, several fundamental stud-
ies have pointed to the role of PKDI and PKD2 in male
fertility and provide a molecular rationale to explain the
frequent finding of necroasthenozoospermia in patients
with ADPKD. Further studies, in a larger cohort of
patients, are required to determine if such association
between semen parameters, genital-tract malformations,
and specific renal diseases can be confirmed.

In our study, all patients were selected when consulting for
infertility and in most of them the renal disorder was recog-
nized concomitantly. This finding suggests that minimal renal
screening, including abdominal imaging, should be offered to
male patients with a seminal-tract malformation. Patients with
overt renal disease should be referred to a nephrologist to start
a specific follow-up and to address the risk of inherited kidney
disease before beginning a pregnancy, either natural or with
ART. On the other hand, infertile men with renal malforma-
tions should have a transrectal ultrasonography.

In summary, due to the presence of additional renal
abnormalities in men with infertility and genital tract
abnormalities, and the high incidence of dominantly
inherited renal in disease in patients combining both dis-
orders, we recommend systematic renal screening in all
infertile men with genital tract abnormality, especially in
patients without CFTR alteration.
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