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Purpose: The aim of this study is to evaluate the effect of abnormal semen morphology on 
the frequency of sex chromosomal abnormalities in embryos obtained by ICSI, which 
represents the first to be studied in Egyptian population.
Methods: Forty-two couples suffering from male infertility due to teratozoospermia were 
divided into two groups: patients with severe and moderate teratozoospermia (group A and 
B, respectively). All involved couples were subjected to careful history taking and had 
a normal clinical examination and karyotype. Females were subjected to hormonal assays, 
pelvic ultrasound, hysterosalpingography and yielded normal results, while male partners 
were subjected to computerized semen analysis. Preimplantation genetic diagnosis was 
performed for all suitably developed embryos including embryo biopsy, fixation of biopsied 
cells and fluorescent in situ hybridization (FISH) analysis.
Results: Couples included in the two groups were found to be homogenous in terms of age 
of both partners and duration of infertility. Interpretation of FISH results was performed by 
evaluation of embryos’ chromosomal constitution as regards abnormalities in chromosomes 
X, Y and 18. Twenty-seven embryos (48.2%) were found chromosomally abnormal in group 
A, while only 14 embryos (25.0%) were found chromosomally abnormal in group 
B. Aneuploidies involved only sex chromosomes were tripled in group A embryos when 
compared to their frequency in group B embryos (26.8% and 8.3%, respectively) with 
statistically significant difference between the two groups (p=0.002). Monosomies were the 
most common type of aneuploidy and were significantly higher in group A (14.3%) when 
compared to group B (3.6%) (p=0.047). Embryos with mosaic abnormalities were more 
common in group A (12.5%) when compared to group B (3.6%), however not statistically 
significantly different (p= 0.162). A significant difference between the two studied groups as 
regards the total number of potentially viable chromosomal abnormalities detected and the 
potentially viable sex chromosomal aneuploidies detected (p<0.001 and p=0.002), 
respectively.
Conclusion: The cases with severe teratozoospermia undergoing ICSI treatment can display 
a higher rate of sex chromosome aneuploidies in their embryos (threefold) than cases with 
moderate teratozoospermia.
Keywords: ICSI, teratozoospermia, aneuploidy, FISH

Introduction
Teratozoospermia is defined as the presence of spermatozoa with abnormal mor
phology, which may be associated with infertility and intracytoplasmic sperm 
injection (ICSI) is considered as the treatment of choice. Over the last decade, 
cytogenetic investigations of severe teratozoospermia represented one of the most 
productive areas in the field of male infertility and assisted conception.1–4 The 
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effect of isolated teratozoospermia is controversial, with 
studies showing both improved5 and worsened6–9 assisted 
reproductive technology (ART) fertilization and/or preg
nancy rates with in vitro fertilization outcome (IVF).

Some studies expected that sperm morphology did not 
indicate chromosomal material, and ICSI was possible 
even if no spermatozoa with normal morphology were 
found.10,11 However, other investigators stated an inverse 
relationship between sperm aneuploidy and the percentage 
of normal forms.12,13 Härkönen et al13 reported that 
patients with severe teratozoospermia (normal forms 
10%) have a sperm aneuploidy rate significantly higher 
frequency than that found in patients with a less marked 
degree of teratozoospermia. In addition, reports based on 
prenatal diagnosis in ICSI pregnancies have indicated an 
increased risk of sex chromosomal and autosomal triso
mies that were shown to be of paternal origin.14–16

Fluorescent in situ hybridization technique (FISH) repre
sents a very straightforward technique that essentially con
sists of hybridizing a DNA probe to its complementary 
sequence on chromosomal preparations previously fixed on 
slides, which has been used to detect aneuploidy frequencies 
in cells. FISH gives the ability to quantify both autosomes 
and sex chromosomes and consequently the detection of cells 
characterized by an increased frequency of aneuploidy.17,18

No technique currently exists that allows detection of 
chromosomal status of a single spermatozoon and conse
quently use for microinjection, since current analysis 
requires fixation and FISH, which make the spermatozoa 
non-viable and therefore not suitable for ICSI. 
Preimplantation genetic diagnosis (PGD) in conjunction 
with ICSI has been developed to detect genetic abnormal
ities in early embryos before pregnancy is established19 

including aneuploidy and single gene defects in an effort 
to avoid the transfer of affected embryos. PGD includes 
the molecular analysis of one or more biopsied cells from 
a 3-day or 5-day old embryo using FISH technique20 in 
order to potentially improve ICSI outcomes in both infer
tile couples21 and also fertile couples who are at risk for 
particular genetic diseases.22 The aim of this study is to 
evaluate the effect of abnormal semen morphology on the 
frequency of sex chromosomal abnormalities in embryos 
obtained by ICSI, which represents the first to be studied 
in Egyptian population.

Materials and Methods
Forty-two normal karyotype infertile couples presenting to 
Dar El Khousoba infertility center, during the time period 

from June 2016 to August 2018, were included in the 
study. The study was conducted in accordance with the 
Declaration of Helsinki and an informed written consent 
was obtained from each couple who participated in the 
study.

Female partners were aged below 35 years; male part
ners were aged below 45 years, to avoid age-related aneu
ploidy. Abnormal sperm morphology (teratozoospermia) 
was the clinically apparent diagnosed attributing factor to 
the infertility problem of these couples and female partners 
were clinically free, to exclude female factor as a cause of 
infertility.

Couples with thyroid dysfunction, diabetes mellitus, 
autoimmune disorders, cancer, ovarian dysfunction, smok
ing or addiction were excluded from the study.

All involved couples were subjected to careful history 
taking and full clinical examination and karyotype and 
were found normal. Females were subjected to hormonal 
assays, pelvic ultrasound, hysterosalpingography and 
yielded normal results, while male partners were subjected 
to computerized semen analysis (CASA).

Teratozoospermia is defined as a percentage of normal- 
shaped spermatozoa under the lesser reference limit. 
According to Kruger classification,23 severe teratozoosper
mia cut off value is normal spermatozoa under 4%, while 
mild and moderate teratozoospermia cut off values were 
normal spermatozoa ranging from 4% to 14%. Male part
ners had varying degrees of mild, moderate and severe 
teratozoospermia according to Kruger classification diag
nosed after 2 consecutive semen analyses that are 2 weeks 
apart.

Twenty-two couples whose percentage of normal 
sperms in the ejaculate was less than 4% according to 
Kruger Strict criteria were included in group A, while 
twenty couples whose percentage of normal sperms in 
the ejaculate was ranging between 4% and 14% according 
to Kruger Strict criteria were included in group B.23 

A total of 145 embryos were biopsied from the 42 couples 
under study, 72 embryos were biopsied from 22 couples 
included in Group A, while 73 embryos were biopsied 
from 20 couples included in group B.

The minimal sample size was calculated based on 
a study aimed to analyze to what extent sperm aneuploidy 
is associated with sperm morphology and subsequently 
with embryo aneuploidy24 and on another study aimed to 
study the predictive value of strict sperm morphology for 
IVF outcomes.25
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Kahraman, Findikli24 reported that 4 out of 97 (4.12%) 
had sex chromosome aneuploidies, while Kiseleva, 
Abubakirov25 found that 10.82% had sex chromosome 
aneuploidies. Assuming that Egyptian population may 
have the average of the two findings (7.47%), 
a minimum sample size of 107 embryos for estimation of 
~7.5% prevalence for the present cross-sectional 
study,26,27 with a significance level of 95% (accepted 
alpha error of 0.05) and ±5% confidence interval (5% 
Absolute precision). Sample size per group does not need 
to be increased to control for attrition bias.28

Semen Sample Preparation
Couples were instructed to abstain from sexual inter
course 2–3 days prior to the oocyte retrieval day (ovum 
pick up day; OPU). On the day of OPU, male partners 
were requested to collect a fresh semen sample into 
a sterile pot by masturbation. After liquefaction, fresh 
semen samples were double washed using HEPES- 
buffered culture media supplemented by human serum 
albumin. Culture media were warmed to 37 c prior to 
use and semen samples were centrifuged using high- 
density centrifugation.

Washed semen samples were analyzed using com
puter-aided semen analysis (CASA system) and 
detailed morphological assessment was performed 
according to Eliasson et al,29 and using 4% as a cut- 
off value for defining severe teratozoospermia and 
4–14% as the range of defining mild and moderate 
teratozoospermia.

Ovulation Induction, Oocyte Retrieval, 
Embryo Transfer and Development
Stimulation was performed using antagonist protocol in 
combination with recombinant FSH and HCG. 
Transvaginal follicle aspiration under complete 
anesthesia was performed. Approximately 2 h after 
oocyte retrieval, the cumulus and corona radiata were 
removed by brief exposure (10 sec) to SAGE hyalur
onidase containing 80 U/mL of bovine hyaluronidase in 
HEPES-HTF with 5 mg/mL human serum albumin and 
ICSI was applied to metaphase II (MII) with a motile 
normal headed spermatozoon that has been selected 
and immobilized by squeezing technique in a droplet 
of Polyvinylpyrrolidone (PVP) under an inverted 
microscope (Olympus inverted microscope, 200x). 
Immediately after ICSI, injected oocytes were 

transferred to the sequential media (Quinns advantage 
protein plus, SAGE) and cultured with this media until 
embryo transfer.

Fertilization was assessed 16–18 h after injection under 
inverted microscope and was considered normal when two 
distinct pronuclei containing precursor nucleolar bodies 
were present.

Embryo Biopsy and FISH
All suitably developed embryos with good morphology 
(grade I) were biopsied. Each embryo was held by 
a holding pipette, had an opening created in the zona 
pellucida (ZP) using the moveable Saturn 5 active laser 
system (Bickland industrial Park, Falmouth, Cornwall 
TR114TA, UK) and the single blastomere biopsy or the 
multiple cell trophoblast biopsy was then removed by 
gentle suction using a 30–40 um biopsy needle under 
the Olympus inverted microscope (x200 magnification). 
After the biopsy, embryos were cultured at least over
night to observe their development.

Embryo biopsy was then placed on a glass slide 
being observed using a stereomicroscope (Olympus 
SZ51) and rinsed in a drop of sodium bicarbonate 
based (not HEPES based) Ham’s F10. Then, the 
embryo biopsy was placed on another glass slide and 
fixed with a drop of the fixative solution (Carnoy’s 
fixative solution: freshly prepared mixture of 3 parts 
absolute methanol to 1 part glacial acetic acid that was 
kept cold in the freezer) until the biopsy was no longer 
seen, then its place was marked by a circle using 
a diamond marker.

The slides were then transported to the molecular 
laboratory of human genetics department at the medical 
research institute for the FISH procedure to be 
performed.

Slides were then incubated in 2 x SSC/0.5% NP40 or2 
x SSC, at RT for 2 minutes, then they were dehydrated 
through 70%, 90% and 100% ethanol series, 2 minutes 
each at room temperature (RT), then they were allowed to 
air dry. After initial denaturation for 5 minutes at 74°C, the 
slides were hybridized with 10 µL of probe mixture at 37° 
C overnight. FISH technique was performed using 
a commercial probe that recognizes the alpha satellite 
DNA sequences at the DXZ1, DYZ3 and D18Z1 regions 
of the chromosome X, Y and 18, respectively. 
Chromosome 18 centromeric probe was used as reference 
signal in order to evaluate hybridization effciency.
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The slides were scanned under fluorescent microscope 
(Olympus/BX53) equipped with single band-pass filter 
(DAPI/Green, Red and Blue) which is designated to excite 
and transmit spectrum DAPI counterstain, spectrum green, 
spectrum red and spectrum. Image capture was done using 
Digital high-resolution camera (JENOPTIK:D-007739Jena) 
(Olympus, Japan) and the software Auto image analysis for 
FISH and karyotyping LLKIA. The results of hybridization 
were assessed by the number of signals in blastomeres’ 
nuclei.

Statistical Analysis of the Data
Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp) Qualitative data were described using number 
and percent. The Kolmogorov–Smirnov test was used to 
verify the normality of distribution Quantitative data were 
described using range (minimum and maximum), mean 
and standard deviation. The significance of the obtained 
results was judged at the 5% level. Chi-square test for 
categorical variables, to compare between different 
groups. Fisher’s Exact correction for chi-square when 
more than 20% of the cells have expected count less 
than 5. The sample size was calculated according to 
Charan and Biswas (2013).30

Results
Couples included in the two groups were found to be 
homogenous in terms of age of both partners ranged 
from 21.0 to 34.0 years (mean 30.82± 3.55) for female 
partners and from 30.0 to 44.0 years (mean 40.0± 4.36) for 
male partners in group A/ranged from 21.0 to 34.0 years 
(mean 30.75± 4.27) for female partners and from 28.0 to 
44.0 years (mean 37.50± ± 5.46) for male partners in 
group B) and duration of infertility which was ranged 
from 1.50 to 12.0 years (mean 5.16± 2.96) in group 
A and from 1.0 to 14.0 years (mean 6.0± ± 3.55) in 
group B.

Clinical Outcome According to Semen 
Parameters
All male partners included in the study had undergone 
a semen analysis of the semen sample obtained on the day 
of oocyte retrieval which was used to inject the oocytes. 
Semen analysis results of group A and group B patients 
were documented in Tables 1 and 2 respectively.

When evaluated according sperm concentrations, 
a significant difference was observed (p=0.019); the sperm 
concentrations ranged from 0.10 to 138.0 mil/mL (mean 26.01 
± 36.51) in group A and from 2.70 to 141.0 mil/mL (mean 
43.94 ± 53.81) in group B male partners. On the other hand, 
sperm motility in both groups showed no significant difference 
(p=0.753) and ranged from 4% to 90% (mean 34.82 ± 22.44) 
in group A male partners and from 4% to 82% (mean 34.90 ±  

Table 1 Age and Semen Characteristics of Men Included in 
Group A

Patient 

Number

Male 

Partners’ 

Age (Years)

Normal 

Sperm 

(%)

Sperm 

Concentration 

(× 106 mL)

Sperm 

Motility 

(%)

1 30 0% 0.1 mil/mL 4%

2 41 2% 4 mil/mL 20%

3 44 4% 19 mil/mL 40%

4 34 4% 4 mil/mL 48%

5 40 3% 7 mil/mL 12%%

6 32 4% 26 mil/mL 30%

7 35 4% 85 mil/mL 80%

8 34 4% 25 mil/mL 10%

9 36 4% 10 mil/mL 30%

10 43 1% 0.4 mil/mL 20%

11 41 3% 4.5 mil/mL 22%

12 44 4% 16 mil/mL 40%

13 42 4% 2.4 mil/mL 35%

14 43 3% 0.2 mil/mL 5%

15 40 4% 17 mil/mL 30%

16 42 3% 5 mil/mL 48%

17 44 2% 54 mil/mL 59%

18 43 4% 100 mil/mL 90%

19 43 2% 138 mil/mL 53%

20 43 4% 5.6 mil/mL 47%

21 44 4% 27 mil/mL 18%

22 42 3% 22 mil/mL 25%

Range 30.0–44.0 0.0–4.0 0.10–138.0 4.0–82.0

Mean 40.0 3.36 26.01 34.90

SD ± 4.36 ± 1.05 ± 36.51 ± 22.44

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                           

The Application of Clinical Genetics 2021:14 128

Mostafa Nayel et al                                                                                                                                                  Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


20.62) in group B male partners as shown in Tables 1 and 2.

Outcome According to Assisted 
Reproductive Treatment and ICSI Cycle 
Parameters
Female partners included in the two groups were found to 
be homogenous as regards peak estradiol levels (E2) mea
sured following ovulation induction treatment, 48 hours 
prior to oocyte retrieval. Female partners were also found 
to be homogenous with respect to the number of oocytes 
retrieved and the number of fertilized oocytes assessed 48 
hours post injection as presented in Tables 3 and 4.

Eleven couples in group A had previous attempts ICSI 
cycles that ranged from 1 to 3 attempts (mean=). Only four 
couples of these have achieved pregnancy (36.4%), three of 
which were ongoing pregnancies and one of them was aborted. 
Only six couples in group B had previous attempts of ICSI 
cycles that ranged from 1 to 3 (mean=). Only one couple 
achieved an ongoing pregnancy (16.7%).

Pre-Implantation Genetic Diagnosis 
(PGD) Outcome
Following ovulation induction treatment, peak estradiol 
levels (E2) of all females.

Table 2 Age and Semen Characteristics of Men Included in Group B

Patient Number Male Partners’ Age (Years) Normal Sperm (%) Sperm Concentration (× 106 mL) Sperm Motility (%)

23 38 9.5% 51 mil/mL 33%

24 28 13% 20 mil/mL 53%

25 42 10% 52 mil/mL 23%

26 28 14% 59 mil/mL 40%

27 33 11% 34 mil/mL 43%

28 29 7.5% 60 mil/mL 23%

29 43 12% 2.7 mil/mL 24%

30 38 10% 11 mil/mL 82%

31 44 6% 8 mil/mL 5%

32 44 12% 83 mil/mL 33%

33 42 9% 75 mil/mL 40%

34 35 5% 33 mil/mL 8%

35 36 9% 29 mil/mL 5%

36 36 8% 23 mil/mL 42%

37 38 6% 70 mil/mL 40%

38 44 5.5% 43 mil/mL 32%

39 41 13% 141 mil/mL 61%

40 43 8% 3 mil/mL 4%

41 31 11% 15 mil/mL 47%

42 37 14% 66 mil/mL 60%

Range 28.0–44.0 8.0–14.0 2.70–141.0 4.0–82.0

Mean 37.50 10.48 43.94 34.90

SD ± 5.46 ± 2.20 ± 33.81 ± 20.62
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A total of 145 embryos were biopsied from the 42 
couples under study, 72 embryos were biopsied from 22 
couples included in Group A, while 73 embryos were 
biopsied from 20 couples included in group B.

Out of the 145 embryo biopsies taken, 33 embryo 
biopsies (16 embryo biopsies from 12 couples in group 
A and 17 embryo biopsies from 13 couples in group B) 
have failed to give an informative FISH result and were 
excluded from the cohort available for analysis. Both 

groups showed no significant difference as regards the 
number of failed embryo biopsies that constituted 22.2% 
and 23.3% of group A and B embryos, respectively 
(p=0.643).

Embryo biopsies were retrieved either on the third or 
fifth day following oocyte injection. On the third day, 
biopsy only one or two cells were retrieved as embryo 
biopsy, while on fifth day, blastocyst biopsy multiple tro
phoblastic cells were retrieved for analysis. On classifying 

Table 3 Cycle Parameters and Assisted Reproductive Treatment Outcome of Patients Included in Group A

Patient 
No.

Maternal Age 
(Years)

Duration of Infertility 
(Years)

Peak 
E2 pg/mL

No. of Oocytes 
Retrieved

No. of Oocytes 
Fertilized

1 25 5 3683 10 10

2 33 6 8686 24 19

3 32 4 6266 24 20

4 27 2.5 2973 35 23

5 31 4 7009 27 22

6 21 3 4342 19 19

7 29 2.5 4897 21 16

8 27 7 6630 25 18

9 34 1.5 4575 18 12

10 29 5 5171 10 7

11 27 9 6267 11 9

12 34 2 2130 10 7

13 34 10 9596 24 10

14 33 8 7635 20 15

15 30 2 3456 13 9

16 32 3 5475 9 7

17 33 9 3875 11 7

18 34 3 4222 29 17

19 34 5 5759 17 12

20 33 12 7650 19 12

21 32 3 6738 13 10

22 34 7 2687 8 6

Range 21.0–34.0 1.50–12.0 2130.0–9596.0 8.0–35.0 6.0–23.0

Mean 30.82 5.16 5441.91 18.05 13.05

Standard 
deviation

± 3.55 ± 2.96 ± 1981.35 ± 7.51 ± 5.36
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the total number of embryos analyzed (112 embryos) 
according to the day on which the embryo biopsy was 
retrieved, it was found that embryo biopsies were retrieved 
from 88 embryos (78.6%) and from 24 embryos (21.4%) 
on day 5 and day 3, respectively.

Out of the 22 cases included in group A, biopsies of 
only two couples were retrieved on day 3 (9.1%), while 
the biopsies of the remaining 20 couples were retrieved 
on day 5 (90.9%). In group B, biopsies of only 8 
couples were retrieved on day 3 (40%), while the biop
sies of the remaining 12 couples were retrieved on day 
5 (60%)

Failure rate of FISH procedure (non-informative 
embryo biopsies) was lower in the biopsies retrieved 
on day 5 when compared with biopsies retrieved 
on day 3, although the difference was not statistically 
significant (p=0.647 and p=0.326 in group A and B, 
respectively). Failure rate of FISH procedure constituted 
28.6% of day 3 biopsies versus 21.5% of day 5 biopsies 
retrieved from group A patients, while constituted 
29.6% of day 3 biopsies versus 19.6% of day 5 embryo 
biopsies in group B.

The frequencies of normal and abnormal embryos 
detected according to the day of biopsy in both groups 

Table 4 Cycle Parameters and Assisted Reproductive Treatment Outcome of Patients Included in Group B

No. Maternal Age 
(Years)

Duration of Infertility 
(Years)

Peak E2 pg/ 
mL

No. of Oocytes 
Retrieved

No. of Oocytes 
Fertilized

23 34 14 4329 19 19

24 21 1 3191 13 13

25 34 6 4279 17 17

26 23 6 4538 12 12

27 28 4 2467 8 8

28 23 2 7576 16 16

29 34 6 10,122 25 25

30 31 4 2627 17 17

31 33 13 10,205 33 33

32 33 5 4896 10 10

33 34 3 6837 13 13

34 33 7 11,156 17 17

35 32 5 3658 10 10

36 32 5 4528 13 13

37 34 12 5857 18 18

38 34 9 7467 17 17

39 33 3 6534 14 14

40 34 7 3467 8 8

41 26 5 8699 23 23

42 29 3 9573 26 26

Range 21.0–34.0 1.0–14.0 2467.0–11,156.0 8.0–33.0 6.0–28.0

Mean 30.75 6.0 6100.30 16.45 13.70
Standard 
deviation

± 4.27 ± 3.55 ± 2730.69 ± 6.40 ± 5.55
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revealed that the frequency of normal embryos was 
slightly higher in embryos whose biopsy was obtained 
on day 5 when compared with embryos whose biopsy 
was obtained on day 3 (64.8% versus 62.5, respectively) 
without statistical significant difference (p=837).

Interpretation of FISH results was performed by eva
luation of embryos’ chromosomal constitution as regards 
abnormalities in chromosomes X, Y and 18 (Table 5). On 
comparing chromosomal constitution of embryos in the 
two groups, FISH results revealed a significant difference 
between the two groups regarding the frequencies of chro
mosomally abnormal embryos (p=0.011). As, out of the 56 
informative embryo biopsies evaluated from each group, 
27 embryos (48.2%) were found chromosomally abnormal 
in group A, while only 14 embryos (25.0%) were found 
chromosomally abnormal in group B. Normal male and 
female patterns are illustrated in figure 1(A 

&B).
On paying a particular attention to the aneuploid 

abnormalities which differed significantly between the 
two groups (p=0.017), we found that aneuploidies detected 
mainly involved sex chromosomes and their frequency 
was tripled in group A embryos when compared to their 
frequency in group B embryos (26.8% and 8.3%, respec
tively) with a statistically significant difference between 
the two groups (p=0.002). Frequencies of different types 
of aneuploidies detected in groups A and B are illustrated 
in figure 2.

Regarding the type of aneuploidies detected, monoso
mies were the most common type of aneuploidy and were 
significantly higher in group A (14.3%) when compared to 
group B (3.6%) (p=0.047) (Figure 2). All detected mono
somies (eight embryos in group A and two embryos in 
group B) involved the X chromosome (Turner syndrome) 
(Figure 1D) with no detected monosomies in chromosome 
18 or in the Y chromosome.

Trisomies were also more common in group A (12.5%) 
when compared to group B (3.6%) despite not statistically 
significantly different (p= 0.162) (Figure2). Trisomies 
were encountered in a total of seven embryos in group 
A, all of which involved sex chromosomes with no 
detected trisomy of chromosome 18 in group A embryos. 
However, trisomies were detected in only two embryos in 
group B, one of which involved chromosome 18, while the 
other involved the Y chromosome (XYY). The incidence 
of XXY embryos (Figure 1C) was significantly higher in 
group A (p=0.022) as the abnormality was detected in 5 
embryos in group A (8.9%), while it was not detected in 

any of group B embryos. The incidence of XYY embryos 
was similar in both groups with one embryo carrying the 
abnormality in each group (p=1.000). The incidence of 
XXX embryos was higher in group A as the abnormality 
was detected in one embryo in group A (1.8%), while it 
was not detected in any of group B embryos, although the 
difference was not statistically significant (p=1.000).

The number of embryos that showed nullisomy of sex 
chromosomes was detected in one embryo in group 
A (1.8%) and in two embryos in group B (3.6%) with no 
statistically significant difference between the two groups 
(Figure 2).

Haploidy was detected in 4 embryos (7.1%) in group 
A and in 5 embryos (8.9%) in group B. Tetraploidy was 
detected in only a single embryo in group B (1.8%), while 
it was not detected in any of group A embryos (Table 5) 
(Figure 3).

Embryos carrying mosaic abnormalities (Figure 4 and 
5) were more common in group A (12.5%) when com
pared to group B (3.6%), however not statistically signifi
cantly different (p= 0.162). The majority of the mosaic 
abnormalities detected were of the diploid mosaic type 
(8.9% and 3.6% in group A and group B, respectively), 
while the total mosaic type was only detected in group 
A embryos (3.6%) and was not detected in any of group 
B embryos; however, the difference was not statistically 
significant (FEp= 0.438 and FEp= 0.495, respectively) 
(Table 5).

Correlation Between Viability of Embryos 
and Proportion of Normal/Abnormal 
Cells
Chromosomal abnormalities detected were further classi
fied according to whether they are potentially viable or 
potentially non-viable (incompatible with life and 
expected to abort) as presented in Tables 6 and 7. These 
data revealed a significant difference between the two 
studied groups as regards the total number of potentially 
viable chromosomal abnormalities detected and the poten
tially viable sex chromosomal aneuploidies detected 
(p<0.001 and p=0.002, respectively). The total number of 
potentially viable chromosomal abnormalities was signifi
cantly higher in group A (39.3%) when compared to group 
B (10.7%). Also, the potentially viable sex chromosomal 
aneuploidies detected were significantly higher in group 
A (26.8%) when compared to group B (5.4%) as shown in 
Table 6.
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All diploid mosaic embryos detected had a percentage 
of abnormal cells less than 50% of the cells analyzed and 
were considered potentially viable, while in total mosaic 
embryos 100% of the cells analyzed were abnormal with 
at least 50% of which were compatible with life in their 
aneuploid form (turner mosaic and XXY,XXXXY mosaic) 
and were also considered viable.31

The total number of potentially viable mosaic abnormal
ities (based on the percentage of chromosomally abnormal 
cells detected as shown in Table 8) was markedly higher in 
group A (12.5%) when compared to group B (3.6%) although 
statistically non-significant (p=0.162) as shown in Table 6. 

There was also no significant difference between the two 
groups as regards the number of autosomal aneuploidies 
detected and the total number of potentially non-viable chro
mosomal abnormalities detected (p=1000 and p=0.376, 
respectively) as shown in Tables 6 and 7.

Correlation Between Pre-Implantation 
Genetic Diagnosis Outcome and the Day 
of Biopsy
Embryo biopsies were retrieved either on the third or fifth day 
following oocyte injection. On third day, biopsy only one or 
two cells were retrieved as embryo biopsy, while on fifth day, 

Table 5 Comparison Between the Two Studied Groups According to Frequencies of Different Chromosomal Abnormalities Detected

Chromosomal Abnormalities Detected Group 
A (n=56)

Group 
B (n=56)

P

No. % No. %

Total number 27 48.2 14 25.0 0.011*

Polyploidies: 4 7.1 6 10.7 0.508

Haploid 4 7.1 5 8.9 FEp= 1.000

Tetraploid 0 0.0 1 1.8 FEp=1.000

Aneuploidies 16 28.6 6 10.7 0.017*

Monosomies: 8 14.3 2 3.6 0.047*

Turner syndrome 8 14.3 2 3.6 0.047*

Trisomies: 7 12.5 2 3.6 FEp= 0.162
XXY 5 8.9 0 0.0 0.022*

XYY 1 1.8 1 1.8 FEp=1.000

XXX 1 1.8 0 0.0 FEp=1.000
Trisomy 18 0 0 1 1.8 FEp=1.000

Nullisomy of sex chromosomes 1 1.8 2 3.6 FEp= 1.000

Complex Mosaic abnormalities 7 12.5 2 3.6 FEp= 0.162

Aneuploid mosaic abnormalities 2 3.6 0 0.0 FEp= 0.495

Mosaic; haploid and Turner syndrome 1 1.8 0 0.0 FEp=1.000

Mosaic; XXXXY, XXY 1 1.8 0 0.0 FEp=1.000
Diploid mosaic abnormalities 5 8.9 2 3.6 FEp= 0.438

Diploid-aneuploid mosaics 3 5.4 0 0.0 FEp= 0.243

Mosaic; normal and Turner syndrome 2 3.6 0 0.0 FEp= 0.495
Mosaic; normal and Trisomy 18 1 1.8 0 0.0 FEp=1.000

Diploid-polyploid mosaics
Mosaic; normal and tetraploidy 1 1.8 0 0.0 FEp=1.000

Diploid-polyploid-aneuploid mosaics
Mosaic; normal, tetraploid-aneuploid (72,XXXYYY), triploid-aneuploid (100,XXXXYYYY) 1 1.8 0 0.0 FEp=1.000

Diploid-haploid mosaics 0 0.0 2 3.6 FEp=0.495

Mosaic; normal and haploid 0 0.0 2 3.6 FEp=0.495

Notes: *Statistically significant at p ≤ 0.05. FEp, p value for Fisher Exact for Chi-square test for comparing between the two groups.
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blastocyst biopsy multiple trophoblastic cells were retrieved 
for analysis. On classifying the total number of embryos 
analyzed (112 embryos) according to the day on which the 

embryo biopsy was retrieved, it was found that embryo biop
sies were retrieved from 88 embryos (78.6%) and from 24 
embryos (21.4%) on day 5 and day 3, respectively.

Figure 1 (A) Nuclei of three blastomeres using cytocell aquarius kit (REF: LPA 002) for probe combination; X chromosome centromere, Xp11.1- q11.1 (DXZ1) Green, 
Y chromosome centromere, Yp11.1-q11.1 (DYZ3) Red and 18 chromosome centromere, 18p11.1- q11.1 (D18Z1) Blue, each showing a single green, a single red and two 
blue signals representing a normal male embryo. (B) Nuclei of two blastomeres each showing two green and two blue signals representing a normal female embryo. (C) 
Nuclei of four trophoblasts each with two blue signals, two green signals and one red signal representing an XXY embryo. (D) A nucleus of a blastomere showing two blue 
signals and a single green signal representing a Turner syndrome embryo (monosomy X).

Figure 2 Frequencies of different types of aneuploidies detected in group A and B.
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Out of the 22 cases included in group A, biopsies of 
only two couples were retrieved on day 3 (9.1%), while 
the biopsies of the remaining 20 couples were retrieved 
on day 5 (90.9%). In group B, biopsies of only 8 couples 
were retrieved on day 3 (40%), while the biopsies of the 
remaining 12 couples were retrieved on day 5 (60%).

The frequencies of normal and abnormal embryos 
detected according to the day of biopsy in both groups 
were presented in Tables 9 and 10. These data revealed 
that the frequency of normal embryos was slightly higher 

in embryos whose biopsy was obtained on day 5 when 
compared with embryos whose biopsy was obtained 
on day 3 (64.8% versus 62.5, respectively) without statis
tically significant difference (p=837).

Discussion
The global rates of male infertility ranged from 2.5% to 12% 
and it was estimated that approximately 30 million men were 
infertile.32 The advent of ICSI in conjunction with PGD has 
revolutionized the treatment of men with severely 

Figure 3 Frequencies of Ploidies detected in group A and B.

Figure 4 (A) Nuclei of multiple trophoblasts showing multiple diploid trophoblasts (two blue and two green signals) and a single haploid trophoblast (a single blue and green 
signal) representing a mosaic diploid-haploid embryo. (B) Nuclei of two trophoblasts showing a tetraploid trophoblast (four red, four green and four blue signals) and 
a triploid trophoblast (three red, three green and three blue signals).
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compromised semen parameters and improved their chances 
of achieving normal term pregnancy. This is because ICSI 
greatly reduces the requirements for semen quality, motility 
and fertilization ability, while PGD enables the analysis of 
chromosomal complement of embryos of infertile men 
allowing the transfer of only chromosomally normal 
embryos, thus improving success rate and eliminating poten
tial risks of using suboptimal sperms for fertilization.2,33,34

The methodologies used to analyze human preimplan
tation embryos have revolutionized over the past two 
decades. Some of the first studies analyzing human pre
implantation embryos used karyotype analysis, which 
although allows for analysis of all chromosomes, it 
requires dividing, metaphase-stage cells. This is a major 
drawback as only 24–36% of the embryos analyzed by 
karyotyping produces metaphases of sufficient quality for 
accurate chromosome analysis. Other disadvantages 
include that it is only capable of analyzing developing 
cells because arrested cells do not produce metaphases 
and cannot be analyzed and difficulty to identify individual 
chromosomes as it is hard to obtain optimal chromosomal 
banding and the possible loss of chromosomes during 
fixation of the nuclei.35

However, Karyotyping is no longer used for the analy
sis of chromosomal aneuploidies in human preimplanta
tion embryos and the technique that is being used most 

often for the analysis of chromosomal aneuploidies in 
human preimplantation embryos is fluorescence in situ 
hybridization (FISH).36 FISH is usually favored because 
it gives information on the cytogenic status of each cell 
and it can be applied to single cells allowing analysis of 
chromosome number both in metaphase and interphase 
nuclei.

In the present study, we observed that lower sperm 
concentrations appear to be accompanied with higher 
rates of teratozoospermia. This goes in agreement with 
levron et al (2013), who documented that severe terato
zoospermia is associated with lower sperm concentrations 
together with oligospermia. Lower sperm concentrations 
in patients with severe teratozoospermia were well docu
mented by the results of analysis of different stages of 
gametogenesis which suggested that the pachytene 
I checkpoint produces meiotic arrest of abnormal cells 
which are more prevalent in patients with severe terato
zoospermia leading to oligospermia or azoospermia.37 

However, other meiotic studies have shown that a small 
number of pre-meiotic abnormal cells can escape the 
pachytene checkpoint, achieve meiosis and produce chro
mosomally abnormal spermatozoa whose percentage is 
directly proportional with the level of 
teratozoospermia.38,39

Failure rate of FISH procedure was lower in the biop
sies retrieved on day 5 when compared with biopsies 

Figure 5 Nuclei of two blastomeres representing an aneuploid mosaic embryo with one cell showing XXXXY signal (two blue, four green and a single red signal) while the 
other showing XXY signal (two blue, two green and a single red signal).
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retrieved on day 3 in both groups (21.5% versus 28.6% in 
group A and 19.6% versus 29.6% in group B) although the 
difference was not statistically significant (p=0.647 and 
p=0.326, respectively) which matches with the recommen
dations of Cimadomo et al, 2016;40 Dahdouh et al, 201541 

and Scott et al, 201342 that the blastocyst stage is the 
optimal time to perform biopsies for preimplantation 
genetic testing in order to avoid many of the pitfalls and 
limitations of cleavage stage biopsy and FISH analysis.

Trophectoderm biopsy allows the aspiration of multiple 
cells for analysis and thus reduces the possibility of failure 
due to loss of nuclear materials, inadequate hybridization, 
probe insufficiency, damaged or incomplete nuclei, nuclei 
covered with debris or nuclei without clear signals. 
Clearly, it provides sufficient material for an effective 
and more reliable diagnosis of embryos compared to blas
tomere biopsy on day 3. Moreover, it does not seem to 
compromise embryo implantation and pregnancy rates in 
PGD cycles.40–43

Lower frequencies were reported by Kahraman et al, 
200344 and 200645 who detected a failure rate of 15% and 
8.4%, respectively, of biopsies aspirated on day 3. This 

Table 6 Distribution of Potentially Viable Chromosomal Abnormalities Diagnosed in the Two Studied Groups

Abnormality Group 
A (n=56)

Group 
B (n=56)

FEp

No. % No. %

Total number 22 39.3 6 10.7 <0.001*

Sex chromosomal aneuploidies 15 26.8 3 5.4 0.002*
XXY 5 8.9 0 0.0 0.057

XYY 1 1.8 1 1.8 1.000

XXX 1 3.6 0 0.0 0.495
Monosomy X (turner syndrome) 8 14.3 2 3.6 0.047*

Complex mosaic abnormalities 7 12.5 2 3.6 0.162

Total mosaic abnormalities 2 3.6 0 0.0 0.495
Mosaic (XXY and XXXXY) 1 1.8 0 0.0 1.000

Mosaic (haploid and Turner syndrome) 1 1.8 0 0.0 1.000

Diploid mosaic abnormalities 5 8.9 2 3.6 0.438

Diploid-aneuploid mosaics 3 5.4 0 0.0 0.243

Mosaic (normal and turner syndrome) 2 3.6 0 0.0 0.495
Mosaic (normal and trisomy 18) 1 1.8 0 0.0 1.000

Diploid-haploid mosaics 0 0.0 2 3.6 0.495

Mosaic (normal and haploid) 0 0.0 2 3.6 0.495
Diploid-polyploid mosaics

Mosaic (normal and tetraploid) 1 1.8 0 0.0 1.000

Diploid-polyploid-aneuploid mosaics
Mosaic; normal, tetraploid-aneuploid (72,XXXYYY), triploid-aneuploid (100,XXXXYYYY) 1 1.8 0 0.0 1.000

Autosomal aneuploidies 0 0.0 1 1.8 1.000
Trisomy 18 0 0.0 1 1.8 1.000

Notes: FEp, p value for Fisher Exact for Chi-square test for comparing between the two groups. *Statistically significant at p ≤ 0.05.

Table 7 Distribution of Potentially Non-Viable Chromosomal 
Abnormalities Diagnosed in the Two Studied Groups

Abnormality Group 
A (n=56)

Group 
B (n=56)

FEp

No. % No. %

Total number 5 8.9 8 14.3 0.376

Haploid 4 7.1 5 8.9 1.000

Tetraploid 0 0.0 1 1.8 1.000

Nullisomy of sex 
chromosomes

1 1.8 2 3.6 1.000

Note: FEp, p value for Fisher Exact for Chi-square test for comparing between the 
two groups.
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lower rate could be due to setting a different melting 
temperature (73C instead of 74C in the current study).

We determined that frequencies of chromosomally 
abnormal embryos were almost doubled in patients 
with severe teratozoospermia (48.2%) when compared 
to patients with moderate teratozoospermia (25%). 
Barely distinguishable result has been recently reported 
by Somova et al (2017) who detected chromosomal 
abnormalities in 43.75% of analyzed embryos from 
men with severe teratozoospermia.46

These results were also consistent with the study of 
Mazzilli et al (2017) who reported chromosomal 
abnormalities in 28.3% of embryos of patients with 
moderate teratozoospermia. However, they reported 
a lower rate (33%) of chromosomal abnormalities in 
embryos of men with severe teratozoospermia which 
could be due to application of PCR analysis of blasto
cysts only, as sperm derived abnormalities may result in 
early interruption of embryo development leading to 
arrest of chromosomally abnormal embryos in cleavage 
stage.47

In the current study, we determined that severe terato
zoospermia appears to be a significant risk factor for 
increased sex chromosomal aneuploidy. Strikingly, aneu
ploidy rate almost tripled in group A embryos (28.6%) 
when compared to aneuploidy rate in group B embryos 
(10.7%) (p=0.017). These results provide further support 
to Kiseleva et al (2017) who reported a doubled aneu
ploidy rate in embryos of patients with severe teratozoos
permia versus moderate teratozoospermia although lower 
rates were reported (8.4% versus 4.3%) owing to the use 
of morphologically selected spermatozoa by higher mag
nification (IMSI) and due to assessing DNA fragmentation 
levels in semen samples and including only those with 
levels less than 15% in the study.48 These findings also 
substantiate previous results of Rodriguez-Purata et al 
(2016) and García-Ferreyra et al (2015) who reported 
a higher rate of aneuploidy in embryos of severely terato
zoospermic men in comparison with moderately terato
zoospermic ones although the increase did not reach 
significant levels which could be attributed to higher 
maternal and paternal ages than those included in the 

Table 8 Distribution of Percentages of Normal and Abnormal Cells in Mosaic Embryos Diagnosed in the Two Studied Groups

Day of Biopsy Patient 
No.

Grp. Result Type of 
Mosaicism

No. of 
Analyzed Cells

No. of 
Abnormal Cells

No. of 
Normal Cells

Day 5 mosaic 

embryos

6 A Mosaic (XXXXY,XXY) Aneuploid 

mosaic

2 2 (100%) 0

7 A Mosaic (normal, trisomy 

18)

Diploid 

aneuploid mosaic

2 1 (50%) 1 (50%)

8 A Mosaic (normal, 

tetraploid)

Diploid-polyploid 

mosaic

6 1 (17%) 5 (83%)

9 A Mosaic (normal, triploid, 

tetraploid)

Diploid-polyploid 

mosaic

7 2 (28.6%) 5 (71.4%)

15 A Mosaic (haploid, turner) Aneuploid 

mosaic

2 2 (100%) 0

20 A Mosaic (normal, turner) Diploid 

aneuploid mosaic

4 1 (25%) 3 (75%)

21 A Mosaic (normal, turner) Diploid 

aneuploid mosaic

3 1 (33.3%) 2 (66.7%)

41 B Mosaic (normal, haploid) Diploid-haploid 

mosaic

3 1 (33.3%) 2 (66.7%)

Total 29 11 (37.9%) 18 (62.1%)

D3 mosaic 
embryos

26 B Mosaic (normal, haploid) Diploid-haploid 
mosaic

3 1 2

Total 3 1 (33.3%) 2 (66.7%)

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                           

The Application of Clinical Genetics 2021:14 138

Mostafa Nayel et al                                                                                                                                                  Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


present study.49,50 These results also confirm earlier study 
by Levron et al (2013) who reported a high frequency of 
chromosomes X, Y and 18 aneuploidies in sperm of 
patients with severe teratozoospermia.37

It has been hypothesized that different types of human 
embryonic abnormalities can have a meiotic or a mitotic 
origin. Meiotic abnormalities prior to fertilization are the 
most likely mechanism of aneuploidy which is universal to 
all cells of the embryo. This could occur due to non- 
disjunction of entire chromosomes during meiosis I or II 
or premature division of a chromosome into its two sister 
chromatids during meiosis I, followed by their random 
segregation. Mitotic abnormalities can arise due to non- 
disjunction, endo-reduplication or anaphase lag that occurs 
most often during the first three divisions after fertilization 
which are controlled by sperm centrioles. Hence, sperm 
integrity is clearly necessary for normal mitotic division 
and early embryo development. Mitotic errors could be 
explained by defects in embryo cleavage related to defec
tive sperm centrosome or an abnormal number of male 
centrioles resulting in the formation of abnormal spindle, 
with an abnormal distribution of chromosomes among 
sister cells.51–53 Aneuploidies could occur by different 
mechanisms such as premature cell division, cell fusion 
and chromosome breakage.54 It has been demonstrated 

Table 9 Distribution of Normal and Abnormal Embryos 
Detected in Couples Whose Biopsy Was Retrieved on Day 5

Group No. No. of 

Embryos 

Analyzed

No. of 

Abnormal 

Embryos

No. of 

Normal 

Embryos

A 3 3 1 2

4 1 1 0

5 3 1 2

6 2 1 1

7 3 1 2

8 3 1 2

9 3 1 2

10 2 1 1

11 2 1 1

12 1 1 0

13 2 1 1

14 1 1 0

15 3 2 1

16 3 1 2

17 1 0 1

18 2 1 1

19 2 1 1

20 6 3 3

21 3 1 2

22 5 2 3

B 31 2 0 2

32 1 0 1

33 3 1 2

34 2 1 1

35 2 0 2

36 6 1 5

37 1 1 0

38 2 0 2

39 6 1 5

40 3 2 1

41 5 1 4

42 4 0 4

Total No. 32 88 31 57

Percentage 76.2% 78.6% 35.2% 64.8%

Table 10 Distribution of Normal and Abnormal Embryos 
Detected in Couples Whose Biopsy Was Retrieved on Day 3

Group Patient 
No.

No. of 
Embryos 
Analyzed

No. of 
Abnormal 
Embryos

No. of 
Normal 
Embryos

A 1 2 1 1

2 3 2 1

B 23 3 0 3

24 2 1 1

25 2 1 1

26 2 1 1

27 2 2 0

28 0 0 0

29 2 0 2

30 6 1 5

Total No. 10 24 9 15

Percentage 23.8% 21.4% 37.5% 62.5%
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that trisomies and monosomies mostly have a meiotic 
origin, while nullisomies, mosaicism, haploidy and poly
ploidies mostly have a mitotic origin.55–57

Sex chromosomes are specifically liable to meiotic 
non-disjunction; which is believed to be the mechanism 
of sperm aneuploidy, due to their unique structures, which 
provide only a few sites of recombination.37 Normally, the 
abnormal cells that suffer from non-disjunction of sex 
chromosomes during meiosis I or II are subjected to 
a complete or partial meiotic arrest by the pachytene 
checkpoint mechanism. Occasionally mutations of one or 
more of the genes involved in these DNA repair mechan
isms produce chromosomally abnormal cells that escape 
the pachytene checkpoint and result in spermatozoa with 
disomy of sex chromosomes.58

Haploid embryos were detected in 4 embryos (7.1%) 
and in 5 embryos (8.9%) in group A and group B, respec
tively, while tetraploidy was detected in only a single 
embryo in group B (1.8%) and none of group 
A embryos. Similar percentages were reported by 
Zakharova et al, 201459 who detected haploidy in approxi
mately 7.5% of embryos in patients with moderate and 
severe teratozoospermia; however, a higher percentage of 
tetraploidy (approximately 6.4%) was detected in both 
groups which could be attributed to larger sample size 
than the current study. On the contrary, the results of the 
present study are in disagreement with the study per
formed by Magli et al, 200960 in which a male effect is 
evident with an increase in post-meiotic abnormalities 
such as haploid and polyploidy embryos that is propor
tional to the severity of the male factor condition. They 
detected ploidy abnormalities in 9% versus 14% of 
embryos of patients with moderate and severe teratozoos
permia, respectively. This discrepancy could be due to the 
limited sample size in the present study in comparison to 
the 230 couples under analysis.

It has been demonstrated that ploidies originate predo
minantly during post-fertilization mitotic divisions owing 
to increased levels of sperm centrioles’ defects teratozoos
permic men. Moreover, haploid cells might originate from 
premature cell division without prior duplication, while 
tetraploid cells could originate by endoreplication of the 
chromosomes in a single two-cell embryo, cell fusion or 
cytokinesis failure.54 Polyploid cells may also be 
a physiological phenomenon during preimplantation 
development. Other mechanisms of development of 
embryos with uniform polyploid blastomeres are polyan
dry (dispermic or trispermic fertilization) or less 

commonly by polygyny (monospermic fertilization with 
retention of the first polar body). FISH artefacts are unli
kely because the polyploid chromosome patterns involve 
multiple chromosomes.61

In the present study, the total number of mosaic 
abnormalities detected was dramatically higher in group 
A embryos (12.5%) than in group B embryos (3.6%), 
however not statistically significantly different (p= 
0.162). Moreover, both types of mosaicism were more 
prevalent in group A, as diploid mosaic type was detected 
in 7.1% and 3.6% of group A and group B embryos, 
respectively, while the total mosaic type was detected in 
group A embryos (5.4%) and none of group B embryos; 
however, the difference was not statistically significant 
(FEp= 0.679 and FEp= 0.243, respectively).

Our findings appear to be well substantiated by Magli 
et al, 2009,60 Simon et al, 200762 and Silber et al, 200351 

who reported that post-meiotic abnormalities as mosaicism 
in early developmental stages are proportional to the 
severity of the male factor condition and that mosaicism 
rates increase as the degree of sperm characteristics 
decreased. However, higher rates were reported by 
Simon et al, 2007 who detected mosaicism in 15.1% and 
20.8% of embryos of men with moderate and severe 
teratozoospermia, respectively. This higher incidence 
could be due to analysis of a wider panel of chromosomes 
13, 15, 16, 18, 21, 22, X and Y.

Mosaicism originates predominantly from mitotic 
errors in first few embryo divisions after fertilization due 
to abnormal number of male centrioles (haploid mosaics 
none, polyploidy mosaics two or more), or suboptimal 
centriole function which increase significantly in propor
tion to the level of teratozoospermia. In such case, the first 
mitotic spindle will not form properly leading to failure of 
cytokinesis, creating two chromosomally abnormal 
cells.51,52,55–57 Mitotic errors could also be due to reduced 
expression of certain cell cycle checkpoint genes during 
early embryonic development or less functional cell cycle 
checkpoint mechanisms that may lead to chromosomal 
segregation errors in the first cleavages of human preim
plantation embryos and thus to mosaicism.53,63

Several other mechanisms have been proposed for the 
development of mosaic embryos with diploid or haploid 
cells, including cell fusion, nuclear division without pre
vious chromosome duplication, incorporation of a polar 
body nucleus into a diploid embryo, incorporation of 
a second sperm (n) nucleus into a haploid embryo.64,65
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In the current study, the total number of potentially 
viable chromosomal abnormalities was significantly higher 
in group A (39.3%) when compared to group B (10.7%) (p 
<0.001). This is in agreement with Rodrigo et al, 2010 
who reported a significant increase in the proportion of 
viable chromosomally abnormal embryos with the increase 
in sperm abnormalities owing to the dramatic increase in 
sex chromosomal aneuploidies (threefold to sixfold) in 
embryos of patients with teratospemria compared to nor
mal population.19 Their findings concur well with our 
study in which viable sex chromosomes were significantly 
higher in group A (26.8%) when compared to group 
B (5.4%) (p=0.002).

Evidently, the higher occurrence of mosaic embryos 
which are potentially viable in group A provides another 
possible explanation, as in the present study, all diploid 
mosaic embryos had a percentage of abnormal cells less 
than 50% of the cells analyzed and were considered poten
tially viable as proposed by Fragouli et al, 2017 who 
documented that blastocysts that had 40–80% of the ana
lyzed cells diagnosed as abnormal were associated with 
a pregnancy rate of 22% ongoing pregnancies, and those 
with <40% abnormal cells resulted in a 56% ongoing 
pregnancy rate.31

This is further supported by the results of Munne et al, 
2017 which suggested that the majority of embryos with 
20–40% abnormal cells in their biopsy sample have 
euploid inner cell masses (ICMs) and could result in 
a viable normal pregnancy. This opinion has been rein
forced by many previous studies which classified embryos 
with up to 50% abnormal cells as diploid and considered 
them viable. According to them a low percentage of aneu
ploid cells in an otherwise diploid embryo would be clini
cally irrelevant and are selected against during early 
development. They also suggested that an overly cautious 
approach to the transfer of mosaic embryos risks an unde
sired negative impact on cumulative pregnancy rates, 
because some embryos with the potential to produce 
babies may be discarded. They recommended that these 
embryos should not be placed in the same category as 
those that are fully aneuploid and should be considered 
as a third group of intermediate potential.66–74

In the present study, the frequency of normal embryos 
was slightly higher in embryos whose biopsy was obtained 
on day 5 when compared with embryos whose biopsy was 
obtained on day 3 (64.8% versus 62.5, respectively) with
out statistical significant difference (p=837). These results 
correlate with Beyer et al, 2017 who reported an increase 

in the percentage of normal embryos between D3 embryos 
(22.3%) and D5 embryos (53.1%).75 These results are also 
in agreement with Michal Dekel-Naftali et al 2013 who 
reported that while on ‘Day 3ʹ only 31% of the embryos 
were detected as normal, on ‘Day 5–6ʹ, 44% of the 
embryos were classified as normal.76

These findings confirm the results of Fragouli et al, 
2013 and McCoy et al, 2015 that documented a strong 
natural selection process against chromosomal abnormal
ities during early embryogenesis, occurring specifically 
between day 3 and day 5/6 of development and is pre
sumably due to impaired viability. This process signifi
cantly increases the proportion of normal/balanced 
embryos and concomitantly decreases the proportion of 
aneuploid or unbalanced embryos and this is why blasto
cyst biopsy enhances the likelihood of identifying 
a normal/balanced embryo for transfer.77,78 Fragouli et al, 
2013 have proposed that cell cycle regulatory mechanisms, 
which act to monitor and maintain accurate chromosome 
segregation, become active following the switch from the 
maternal genome to the embryonic genome at the blasto
mere stage, removing genetically unbalanced cells.77

Optimistically, these results give a hopeful encourage
ment for patients with absolute teratozoospermia and other 
patients with varying degrees of teratozoospermia and 
compel both clinicians and geneticists who are obliged to 
offer paternity to these patients. The couple should receive 
nondirective, objective genetic counseling regarding the 
potential reproductive risks for abnormal offspring and 
should be provided with the necessary information of 
possible reproductive options and genetic testing meth
odologies available to be able to take an informative 
decision on whether they wish for a normal conception 
and a future prenatal genetic testing bearing in mind the 
possible risk of miscarriage or they wish to proceed with 
assisted reproduction (ICSI/IVF) accompanied with prena
tal genetic screening.

Conclusion
The results obtained in the current study add further 
evidence that cases with severe teratozoospermia under
going ICSI treatment can display a higher rate of sex 
chromosome aneuploidies in their embryos than cases 
with moderate teratozoospermia. Proper and careful 
genetic counseling should be offered to patients with 
teratozoospermia with emphasis on the increased risk 
of sex chromosomal aneuploidy in their offsprings and 
the importance of PGD to avoid this potential risk. FISH 
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analysis is a fast, reliable and relatively cheap method to 
assess the sex chromosomal abnormalities in pre- 
implantation embryos. More studies with higher num
bers of cases are needed to assess the real impact of 
teratozoospermia on levels of chromosomal abnormal
ities in ICSI embryos.
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