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Abstract

Purpose The aim of our study was to evaluate the influence of different ejaculatory abstinence time frames (several days versus
I h) on semen parameters, blastocysts ploidy rate, and clinical results in assisted reproduction cycles on sibling oocytes.
Methods This is a prospective study including 22 preimplantation genetic testing for ancuploidy (PGT-A) cycles performed
between November 2015 and December 2018. Male partners with oligoastenoteratozoospermia produced two semen samples on
the day of oocyte retrieval: the first one after several days of abstinence and the second, 1 h afier the first one. QOocytes from each
patient were divided into two groups: those in group 1 were injected with spermatozoa from the first ejaculate (V= 121) and
oocytes in group 2 with spermatozoa from the second one (N=144). Outcomes of aniline blue test, fertilization, blastocyst
formation, ploidy rates, and clinical results were compared between the two groups,

Results Semen volume resulted lower in the second sperm retrieval. Sperm concentration, motility, and morphology were similar
in the two groups. A total of 106 blasotcysts were biospied. Higher blastocyst euploidy rates resulted in group 2 (43.6%) than in
group 1 (27.5%). A higher percentage of mature chromatine was observed in group 2.

Conclusion Using spermatozoa from samples with a shorter abstinence could be a simple method to select higher quality
spermatozoa, reducing ancuploidy rate in blastocysts. Prospective randomized controlled trials should be performed to confirm
the potential advantage of using semen samples with short abstinence period to improve the outcome of assisted reproduction
cycles.
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Introduction In the beginning, the beneficial effect of preimplantation genet-

ic testing for aneuploidy (PGT-A) was thought to be greatest in
It is well known how female factor has often been considered ~ women with advanced maternal age [1, 2]; in a second step,
as the major cause of failure in assisted reproduction treatment. ~ PGT-A has been offered also to women with a history of

B4 Filomena Scarselli Pierfrancesco Greco
filomenascarselli@ virgilio.it piergreco@hotmail.it
Elisabetta Cursio Maria Teresa Varicchio
elicur@hotmail.it mitvarricchio@gmail.com
Saverio Muzzi o
saveriomuzzi @gmail.com Maria Giulia Minasi

mg.minasi@ gmail.com
Valentina Casciani

valcasciani@ gmail.com E s

Alessandra Ruberti ergrecol @virgilio.it
alessandra.ruberti @ virgilio. it

Simona Gatti Centre for Reproductive Medicine, European Hospital, Via Portuense
simonmiao@libero.it 700, 00149 Rome, Ttaly

@ Springer



1592

J Assist Reprod Genet (2019) 36:1591-1597

recurrent miscatriages or repeated implantation failure, since in
the embryos of these women was observed a high rate of an-
euploidics [3, 4]. Finally, it was applied even in women with a
partner with low sperm quality [5]. Many factors influence
semen parameters observed in ¢jaculates used in assisted repro-
duction procedures. One of these factors is the length of the
abstinence period. The World Health Organization recom-
mends an abstinence from a minimum of 2 days up to a max-
imum of 7 days for semen analysis [6]. Several studies recom-
mend a longer abstinence frame because sperm volume, sperm
concentration, and total sperm count increase with abstinence
from 4 to 10 days [7-9], with a more pronounced effect in the
first 24 h [10-12]. Studies on different abstinence periods re-
port a lower outcome in fertility treatments conducted with
spermatozoa from samples obtained after a short abstinence
(abstinence varied from 3 to 1 days, up to a maximum of
21 days) [13-15], although other studies affirm that an im-
provement in sperm count, motility, and morphology is ob-
served in ejaculates produced after only 24-h abstinence [16].

Nearly all the studies agree that semen volume decreases
with frequent ejaculatory events, even if total sperm count,
motility, morphology, and vitality may not be affected by ab-
stinence length (varying from 3-4 days to 1 day) [17]; on the
contrary, short ejaculation periods in normozoospenmic men
can cause nearly a 60% decrease in total motile sperm count in
second ejaculate compared with the first [18].

Male factor infertility represents one-half of all infertility
causes worldwide [19, 20] and it is reported in the literature
that about 30% of common phenotypes of oligo- or azoosper-
mia can be ascribed to genetic origin [19, 20].

Since it is thought that more than 2000 genes are involved
in spermatogenesis defects [21, 22], it is possible that these are
not often known.

Compromised spermatozoa quality may affect fertilization
and cleavage rates as well as embryo grade [23, 24] and is
often correlated with higher aneuploidy rate [25], miscarriages
[26], and negative pregnancy outcomes. These negative out-
comes could be explained with altered protamination associ-
ated with male infertility [27, 28]. In order to acquire good
sperm quality, in terms of chromatin maturity, a proper regu-
lation of spermatogenesis is necessary, obtained with histone
replacement process by protamine. Defective spermatogenesis
could be correlated with an imbalance in protamine
transcription/translation regulators, affecting the expression
of spermatogenesis-associated genes [29]. Aniline blue test
is one of the staining methods used to detect protamination

and chromatin integrity, assessing spermatozoa maturity.
Histones are nuclear proteins present in somatic cells with
the capability to activate and silence gene expression, modi-
fying lysine and serine residues and acting as potent epigenet-
ic regulators [30-32). It is demonstrated that spermatozoa are
unique in the regulation of their epigenome and, despite the
different contribution of the female and male gametes to the
embryos complement of cellular organelles, have a key role in
embryogenesis and in the establishment of totipotency in em-
bryo cells [21].

The aim of the present study was to evaluate the influence
of the duration of abstinence on semen parameters, blastocyst
ploidy, and clinical results in assisted reproduction cycles.

Materials and methods
Study population

From November 2015 to December 2018, twenty-two couples
were enrolled in this prospective study, Fourteen of them came
from previous failed assisted reproduction technique (ART)
cycles, and eight were facing their first treatment,

All male partners were oligoastenoteratozoospermic
(OAT), 14 of them were affected by severe OAT, with sperm
concentration lower than 5 million sperm/ml and progressive
motility lower than 20%. Couples with genetic factor were
excluded from the study. Male mean age was 39.9 £ 7.0 years
old; hormonal values were recorded for all male patients:
follicle-stimulating hormone (FSH) mean value was 8.9 +
6.6 mU/ml and luteinizing hormone (LH) was 4.4 +2.3 mU/
ml. Male body mass index (BMI) was 24.6 +2.8; therefore, no
highly overweight patients were included in the study
(Table 1).

Female partners mean age was 36.2 +4.3 years old, with a
BMI of 22.7 £ 2. Indications for PGT-A were male infertility
(N=13) and advanced maternal age (N=9).

Sperm processing

On the day of oocyte retrieval, a first semen sample was re-
quested following an abstinence of 2-7 days according to
WHO indications; semen collection was made in a sterile jar
and semen was analyzed according to WHO 2010 at 5° per-
centile for sperm concentration, motility, and morphology
using a Makler’s counting chamber. Morphology was

Table 1 Study population
Male mean age FSH

LH MALE BMI

Female mean age FEMALE BMI

39.9+7.0 89 +6.6

44 +23 246+28 362+43 227+£20

FSH, mean value of follicle-stimulating hormone in male; LH, mean value of luteinizing hormone in male; MALE
BMI, body mass index in male partners; FEMALE BMI, body mass index in female partners
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assessed smearing 10 pl of the semen samples after washing
and fixing the smear using MGG Quick Stain (Bio-optica,
Milan, Italy). After coloration anomalics in sperm heads,
necks and tails were evaluated following WHO 2010 at 5°
percentile criteria. In a normal spermatozoon, the hicad should
be smooth with regular margins and with an oval shape; the
neck should be thin and regular and with the same size of the
head; the tail should be thinner than the neck and unifonin and
with a length of about 45 pum. The total volume, cvaluated
using a Falcon graded pipette, was then divided into two
Falcon tubes (15 ml); 5 ml of HEPES-buffered washing me-
diwn (Sage Serics) was added in each tube, before 10-min
centrifugation at 1880 rpm. Supernatant was removed and
pellet resumed. An aliquot of the pellet was used for aniline
blue (AB) staining (10 m{) and the remaining part was used for
intracytoplasmatic sperm injection (ICSI). A second cjaculate
was collected 1 h after the first one and treated in the same
way,

Ovarian stimulation and laboratory procedures

Ovarian stimulation protocols were carried out by mean of

recombinant follicle-stimulating hormone (FSH. Gonal F,

‘Merck Serono, Geneva, Switzerland) and gonadotrophin-
releasing hormone (GnRH) agonist or antagonist acconding
to ovarian reserve and anti-mullerian hormone (AMH) vatues,
as described elsewhere [13),

Intracytoplasmatic sperm injection was performed 38 h af-
ter human corionic gonadotropin (hCG, Gonasi, 10000 TU
IBSA, Lodi, Ttaly) administration. In the case of severe
oliagoastenoteratozoospermia, semen samples were smeared
on a dish under mineral oil in order to select the best sperma-
tozoa for ICSI with x 63 magnification. Sibling oocytes from
cach individual patient were equally divided into two groups:
cocytes inchided in group | (V= 121) were injected with
ejaculate collected after 2--5 days of abstinence. Group 2 in-
cluded oocytes injected with semen produced afler | h of
abstinence (V= 144).

Embryo culture was performed in standard or time-lapse
incubator at 37 °C, 6% CO,, 5% O, in sequential media
{Quinn's Advantage Fertilization medium and Quinn’s
Advantage Blastocyst medium; SAGE, USA); on day 3 of
culture, assisted hatching was performed on all developing
embryos, Trophoectoderm biopsy was performed as soon as
the blastocysts were fuily expanded on day 5, 6, or 7 of cul-
ture, collecting 4-6 cells. DNA was amplified with whole
genome amplification (WGA) and analysis was made with
next-generation sequencing (NGS) [54]. Biopsied blastocysts
were vitrified within 1 h from biopsy, using vitrification media
(Kitazato Vitrification Kit; BioPharma, Shizouka, Japan),
Single fiozen embryo transfers were carricd out on natural
or mildly stisnulated cycles; euploid blastocysts were thawed

with thawing media (Kitazato Thawing Kit; BioPharma,
Shizouka, Fapan) and transferred within 2 h.

Aailine blue assay

Sperm chromatin maturity was assessed using AB staining
(Sigma®, Genmany) [33], A thin sicar of pellet was prepared
on a glass slide and allowed to dry. Smears were fixed for
15 min in 37% formaldehyde in phosphate-buffered saling
solution (pH 7.2) and stained with 5% aqueous AB prepared
in 4% acetic acid (pH 3.5) for 2 min. Slides were rinsed with
water and observed at x [00 magnification under oil. For AB
siaining test, spermatozoa were divided into three categorics:
intense (dark blue coloring of the entire head), intermediate
{dark staining in the post-acrosomal region), and pale (very
pale staining over the entire head). A minimum of 100 sper-
matozoa from each sample was evaluated and the percentage
of aniline blue positive heads (intense and intermediate col-
ored) was calculated in order to determine the percentage of
spermatozoa with immature chromatin.

Statistical analysis was performed using Student’s #test and
chi-square test at a level of p <0.05; values are expressed as
mean+ SD.

Ethical approval

The study has been conducted in accordance with the princi-
ples expressed in the Declaration of Helsinki. Afier the ap-
proval of the internal ethical commission of Buropean
Hospital, an informed consent was obtained from all individ-
ual participants included in the study.

Results

Sperm concentration, motility, and morphotogy did not show
any significant difference between the first and second ejacu-
lates; sperm volume in the second ejaculate was significantly
lower (p = 0.0002) (Student’s ¢ test). Mean values
of concentration in initial and consccutive ejaculates were 2.2
million/ml and 2.5 million/m] respectively. Total motility was
10.4% and 11.2% in group 1 and group 2 respectively; in the
first and sccond ejaculates, progressive motility spenmatozoa
(grade A) were 0.6% and 0.5%, slow motility spermatozoa
(grade B) were 4.9% and 5.7%, and non progressive spermato-
zoa (grade C) were 4.9% and 5.0% respectively. Median mor-
phology did not differ in consecutive samples (1.4%) (Table 2).

After sperm washing and centrifugation, semen param-
eters for initial and consecutive samples respectively were
as follows: concentration 2.0 millon/ml and 2.4 million/
nl. Total motitity was 30.0% and 29.4% with 2.1% and
3.4% grade A spermatozoa, 18.7% and 17.3% grade B,
and 9.1% and 8.8% grade C.
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Table 2 Semen parameters
according to WHO 2010 in fresh VOL. CONC.

MOTILITY MOT. A MOT. B MOT. C MORPH.

¢gjaculate
Groupl 3,1+14 22432

Group2 18+12 25443
» 0.0002 0794

104%+13.4  0.6%+15 4.9%+9.2 4.9%+4.0 1.4%+0.6
112%+13.9  05%+15 57%+100 50%+60 14%+0.6
0.846 0.826 0.783 0.948 1

Group 1 =2-5 days of abstinence, Group 2 = 1 h of abstinence. VOL, semen volume; CONC, sperm concentra-
tion; MOT. A, progressive spermatozoa; MOT. B, slow motility sp.; MOT, C, non-progressive; MORPH, mor-
phology. Entries in italics mean the results are statistically significant

In group I, median percentage of intense colored sperma-
tozoa was 58.3 + 1,3%, intermediate colored was 12.1 + 1.7%,
and pale colored was 29.6+2.3%. In [-h abstinence group,
results of aniline blue staining were as follows: 35.6 £ 1.6%
spermatozoa were darkly colored, 10.4 +2.1% presented an
intermediate coloring, and 54.0 + 1.8% showed a pale colora-
tion. All values obtained after aniline blue test resulted to be
highly statistically significant with a p < 0.05 using Student’s ¢
test (Table 3).

Retrieved oocytes were 350, and 265 of them were mature
for injection; in groups 1 and 2, 121 and 144 oocytes respec-
tively were injected. Fertilization rates were 75.2% (N=91)
and 76.4% (N=110) in the first and second ejaculate groups
(Table 4).

No significant differences were observed in blastocyst for-
mation timing in the two groups. After analysis, aneuploid
embryos in the first and subsequent ejaculates were 54.9%
(N=28) and 41.8% (N =23); mosaic diploid/aneuploid blas-
tocysts were 7 (13.7%) and 8 (14.6%) in the two groups re-
spectively. Euploid blastocyst rate resulted to be statistically
higher in group 2: in this group euploid embryos were 24
(43.6%), while in the group with 2-5 days of abstinence, only
27.5% (N = 14) of the biopsied embryos resulted to be euploid
(p=0.043) (chi-square test) (Table 4).

A total of 21 frozen embryo transfers have been per-
formed: 7 in group I and 14 in group 2; clinical pregnancy
rates were 28.6% (N=2) and 64.3% (N =9) respectively
(»=0.080); implantation rates were 28.6% (N=2) and
64.3% (N=9) respectively (p=0.080). All pregnancies
ended in a healthy live birth.

Discussion

Many authors discussed the influence of the length of pre-
ejaculation abstinence on semen parameters; the male popu-
lations considered in these studies include, however,
normospermic and astenozoospermic men, or patients whose
semen presented an altered DNA fragmentation. In these stud-
ies, abstinence period varied from 8 to | days [11, 17, 36], up
to 2 h of pre-ejaculation [37].

Only few studies concentrated their attention on subfertile
or OAT men, considering a second ejaculation obtained after
30-40 min [38] or after 60 min [39, 40] following the first one.

All authors evidenced a decrease in semen volume of the
second cjaculates; the same relation between abstinence dura-
tion and semen volume was detected in our study.

Most of the studies detected an increase in total sperm
count and in progressive spermatozoa rate, in cjaculates with
a shorter abstinence period. Our study, on the contrary, has not
cvidenced the same results: concentration and progressive
motility remained unvaried in the two subsequent ejaculates,
although in the group with shorter abstinence frame, therc was
an implementation in the percentage of hyperactivated sper-
matozoa. It must be underlined, however, that the population
of our study is essentially different from that considered in
previous studies: those considering OAT men included pa-
tients with minor oligoastenoteratozoospermia whereas all
men enrolled in our study were affected by severe OAT, with
a history of repeated ART cycles for male infertility factor.

The greatest part of the authors studying the effect of ab-
stinence on the ejaculate characteristics evaluated sperm DNA

Table3  Semen parameters according to WHO 2010 afler treatment and AB staining test

CONC. MOTILITY MOT. A MOT. B MOT. C INTENSE INTER. PALE
Group 1 20+3.0 30.0%+23.1 2.1%+4.4 18.7%+17.5 9.1%+5.2 583%+13 12.1%+ 1.7 29.6%+2.3
Group 2 24+42 29.4% +26 3.4%+8.0 17.3%+15.8 8.8%+5.8 35.6%+ 1.6 10.49%+2.1 54.0%+1.8
P 0.718 0.935 0.507 0.782 0.857 0.0001 0.005 0.0001

Group 1 =2-5 days of abstinence, Group 2 = 1 h of abstinence. CONC, sperm concentration; MOT, A, progressive spenmatozoa; MOT. B, slow motility
sp.; MOT. C, non-progressive; INTENSE, darkly colored spermatozoa; INTER, darkly colored in the post-acrosomal region; PALE, lightly colored

spermatozoa. Entries in italics mean the results are statistically significant

@ Springer



J Assist Reprod Genet (2019) 36:1591-1597 1595
Table 4  Fertilization and results after trophoectoderm biopsy
2PN/Injected Blastocystrate  Day 5 Day 6 Day 7 Euploid Mosaic Aneuploid  NR

Group 1 91/121 (75.2%) 51 (56.1%)
Group 2 110/144 (76.4%) 55 (50.0%)
p 0.411 0.198 0.337 0.188

22 (43.1%) 21 (41.2%) 8 (15.7%)
26(47.3%) 18 (32.7%) 11(20.0%) 24 (43.6%) 8 (14.6%) 23(41.8%) 0

14 (27.5%) 7(13.7%) 28 (54.9%) 2(3.9%)

0.288 0.043 0.454 0.092

Group 1 =2-5 days of abstinence, Group 2 = 1 h of abstinence. 2PN/Injected = correctly fertilized oocytes; Day 5 = blastocysts formed on day 5; Day 6 =
blastocysts formed on day 6; Day 7 = blastocysts formed on day 7; NR = blastocysis with no result after NGS. Entries in italics mean the

results are statistically significant

fragmentation and viability [17, 36, 41] and did not detect any
difference related to abstinence length. Our study design did
not allow us to evaluate these parameters because of the very
low sperm concentration. Only sperm DNA integrity, evalu-
ated through the percentage of mature chromatin, was inves-
tigated, using AB staining; since the percentage of mature
chromatin may affect embryo development [42-44], we con-
sidered it an appropriate evaluation parameter.

We detected an increase in the percentage of mature chro-
matin in ejaculates obtained after a very short abstinence time
frame (1 h); previous studies [45] evidenced a decrease of this
parameter in shorter abstinence semen, although it must be
underlined that subsequent ejaculates were collected after an
abstinence not shorter than 18-24 h. Gill and collaborators
[46] failed to report any correlation between chromatin matu-
rity and ICSI outcomes (fertilization and embryo development
up to 72 h), as confirmed in our study. However, the signifi-
cant increase in euploid blastocysts obtained in the group with
shorter abstinence frame highlighted by our study could be
explained with a higher percentage of sperm chromatin with
normal protamination in 1 h of abstinence ejaculates.
Although the case number in the present study is limited, it
must be underlined that the use of sibling oocytes strengthens
our observations,

Nearly all differences in semen parameters between ejacu-
lates from longer or shorter abstinence could be explained
with different durations of the epididymal transit. The reason
for the reduction observed in semen volume could be ascribed
to shorter recovery time given to the prostatic and seminal
glands after the first semen collection.

About 50% of spermatozoa in the cauda epididymis are
available for ejaculation [47] and decrease in sperm con-
centration observed in many studies could be due to the
shorter time given the spermatozoa to reach the cauda and
the vas deferens [48]. Differences observed in kinematic
parameters in different studies could be attributed to dif-
ficulties associated with classical evaluation of sperm mo-
tility [49]. During the epididymal transit, a series of clab-
orate interactions between spermatozoa and epididymal
secretions occurs [50], influencing flagellar beating and
sperm motility [51]. These interactions between sperms
and cauda epididymal secretions involve different lipids

and protein on the sperm cell surface, which is modified
to ensure its fertilization capability. The existence of a
“motility-inhibiting factor” has been hypothesized, whose
concentration decrease with frequent ejaculation [52]. It
seems to be clear that the length of abstinence could in-
fluence sperm kinetics, since it modifies storage and
transfer time in the epididymis. Although our study did
not evidence a significant increase in progressive sperma-
tozoa, a higher percentage of hyperactivated sperms was
observed.

This hyperactivation could reflect an intrinsic increase of
capacitated spermatozoa. This hypothesis seems to be con-
firmed by aniline blue staining test in group 2.

A short period of abstinence could result in a reduced con-
centration of dead cells and a younger population of sperma-
tozoa, with a reduced exposure to the toxic effects of reactive
oxygen species (ROS), generated by granulocytes during stor-
age in the epididymis [53]. A decreased time frame between
each ejaculation speeds up the transit of sperms through the
epididymis and consequently they are less exposed to the
harmful effects of ROS. A reduced exposure to oxidative
stress determined by ROS leads to a consequent improvement
of sperm chromatin integrity [54].

Sperm chromatin structure could also be important for the
maintenance of the right epigenetic patterns during spermato-
genesis [55].

Epigenetic events occurring during gametogenesis
include DNA methylation erasure, acquisition, and
maintenance [56].

Sperm DNA methylation, which could be altered in OAT
men, is essential for proper fertilization and early cellular di-
visions of the embryos; some studies also highlighted the im-
portance of a “male factor” in clinical pregnancy rates and
miscarriages [57-59]. It is known that failure of ART treat-
ment in couples with male partner infertility could be ascribed
to epigenetic disorders detected in blastocysts produced in
these cycles [60].

Many recent studies highlighted the involvement of vari-
ous genes (USP8, TEX11, DMRTI, NR5A1) with abnormal
epigenomic modifications [61-63], involved in implantation
failure in couples with OAT or azoospermic males, even after
the transfer of euploid blastocysts.
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Conclusions

The present study was conducted to evaluate the effects of the
duration oabstinence on semen parameters. Sibling oocytes
were used as model {o investigate the effect of abstincence on
ART biological onteomes. Although the low number of case
corolied, the use of sibling oocytes allowed to confinm our
outcomes reducing the bias due to embryo’s origin,
According to our results and to previcus publications, there is
an agreement upon the fact that requesting a subsequent ¢jacu-
late immediately after the first one has been produced could
represent a valid strategy to optimize treatment outcomes.
Many authors suggested that ejacufates produced after a short
abstinence could enhance the results of assisted reproductive
treatments thanks to improved semen parameters, making it
even possible fo substitute ICSI with classical IVF [40].

These findings also raise the question whether there is an
actual benefit for sexual abstinence before infertility treat-
ment, in order to achieve superior sperm quality.

In the present study, the request of a second cjaculate
allowed us comparing semen parameters and evaluating
PGT-A cycle outcomes in terms of ploidy rate and clinical
results, in OAT patients. We obtained an increase of the eu-
ploidy rate using semen produced after | h of abstinence. This
observation needs to be confirmed by implementing cycles
number. In case our results witl be confirmed, our future rou-
tine clinical practice could envisage a single semen collection
post 1-h abstinence in severe QAT patients,
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