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Abstract
Introduction: tegrity is the most important component for transferring genetic information Sperm DNA fragmentation
is considered a component of male infertility. Its assessment comprises conventional semen analysis of which
emphasis is placed on its evaluation in fertility clinics. In this study, we investigate the relationship between sperm
parameters of motility, morphology, concentration, and DNA fragmentation level (DFLs) in sperm.
Materials and Methods: 89: nfertile men were assessed by conventional sperm analysis. DFLs were determined by
Halosperm, a sperm chromatin dispersion test (SCD) which was performed in both groups of patients, the low DNA
fragmentation group (LFG≤30%) and high DNA fragmentation group (HFG) 30%.
Results: Sperm parameters of concentration (p<0.001), motility (p<0.001) and morphology (p<0.01) in the HFG group
were significantly lower than in the LF group after sperm preparation. Logistic regression model showed morphology
and motility variables were predictive of DFLs. The cut off points were 5% (morphology) and 50% (motility).
Conclusion: Our results have shown a negative relationship between DFLs and sperm parameters after preparation.
According to a DF value of >30% in the percent of men with normal semen parameters, the high importance of
performing a DF test in the clinic setting in order to determine sperm DNA problems and the presence of sperm
abnormalities in patients is recommended.
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Introduction
Assisted reproductive technology (ART) is
composed of methods that aim for pregnancy and
birth. Intra-uterine insemination (IUI), in vitro
fertilization (IVF) and intracytoplasmic sperm
injection (ICSI) are the most common techniques
in ART (1). There are many aspects for the success
of ART, without doubt the quality of oocytes and
sperm are the most important factors [2,3] Semen
analysis is a routine test to evaluate sperm quality.
Despite some pitfalls, the test result is generally
acceptable and considered reliable in the
assessment of male fecundity [4]. Nevertheless,
semen analysis is subjective and sperm parameters
vary based on patient conditions. However, they do
not always reveal the quality and health of sperm
[5]. Sperm DNA integrity is essential for accurate
transmission of genetic information [3]. Apoptosis,
reactive oxygen species (ROS) and abnormalities
in chromatin packaging could be major sources for
disintegrated sperm DNA [6,8]. It seems that
genetic abnormalities in the paternal genome are
one of the main causes for early pregnancy loss
(EPL) [9].
To overcome this problem different methods have
been proposed that might be more reliable and
valuable than routine semen analysis. These
methods evaluate sperm chromatin and DNA
integrity related to male fecundity. The sperm
chromatin structure assay (SCSA), terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end-labeling assay
(TUNEL), the single cell electrophoresis assay
(COMET), and the sperm chromatin dispersion
(SCD) test may reveal more defects in sperm
competency [10-13]. These tests are to be
correlated with sperm parameters in routine
semen analysis [14]. The DNA fragmentation
index (DFI) can be used as an independent
predictor of fertility in couples undergoing ART
[15]. Recently, an easy and fast diagnostic test

based on sperm chromatin dispersion (SCD) [13],
the Halosperm Kit has been developed. Sperm
with fragmented DNA fail to produce the
characteristic halo in SCD. Normal sperm without
massive DNA fragmentation produce nucleoids
with large halos of spreading DNA loops [16]. It
is postulated that if the sperm DNA fragmentation
(DF) value exceeds 30%, sperm quality decreases
significantly [17]. Based on a DF quantitative
value, it may be possible to choose
the
appropriate technique in infertility clinics. On the
other hand, using the DF value for all patients is
not cost-effective; therefore choosing patients
based on their sperm parameters for the DF test is
advisable. We investigated the prevalence of
sperm DNA damage in a group of infertile men
with both normal and abnormal semen parameters
in order to elucidate whether Halosperm analysis
can add to the information obtained by routine
semen analysis in explaining the causes of
infertility. In this regard, we have analyzed the
relationship of sperm parameters with sperm DF
by using the Halosperm Kit in patients who were
candidates for ICSI.
Materials and Methods
This was a cross-sectional study performed on
89 infertile men whose wives were completely
healthy. The Center’s Ethical Committee
approved the study. Patients underwent their
first ICSI attempt because of male factor
infertility or unsuccessful IVF and IUI
procedures, and who referred to Mehregan
Clinic and Fatemeh Zahra Fertility Center in
Babol, Iran. After preparing semen samples by
the swim up method, they were evaluated using
a Halosperm Kit to determine the level of DF.
Samples for ICSI were classified in two groups:
i) patients whose sperm fragmentation level was
>30% were considered to have high fragmenta-
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tion (HFG) and ii) patients whose sperm
fragmentation levels was ≤30% were
considered to have low fragmentation (LFG)
[16]. Participating patients gave consent to
participate in the study.
Sperm analysis

Both the semen analysis according to World
Health Organization guidelines (WHO, 1999)
and DF assessment were performed on the day
of oocyte pick-up. Specimens were collected
with assistance of the female partner after 3-5
days of sexual abstinence and analysis were
performed after liquefaction, by using a light
microscope (Olympus/Japan). Sperm concentrations, morphology and motility were assessed
before and after semen preparation. Sperm
morphology was assessed according to Kruger’s
strict criteria after Papanicolaou staining. Sperm
concentration was assessed by a Makler counting
chamber (Bruckberg, Germany). Sperm motility
was classified as either grades A, B or C and at
least 100 spermatozoa were scored with a 40x
objective. Total motility was calculated as the
total of A and B motility rates.
Swim up

Semen samples were diluted at a 1:3 ratio with
Ham’s F10 medium without albumin (Sigma
Aldrich, USA) and centrifuged for 10 min at
1500 rpm. After centrifugation, the supernatant
was discarded. Next, 1 ml of Ham's F10
medium that contained 20% human albumin
(Marburg, Germany) was layered on the pellet.
The spermatozoa were allowed to migrate for
20 min at 37˚C and 5% CO2. After 20 min, 0.5
ml of the supernatant were gently aspirated and
placed in 5 ml conical tubes.

de Madrid Spain). The semen samples were
diluted to a concentration of 20 million sperm
per ml. Then, spermatozoa were immersed in
agarose microgel and spread on the slide.
Samples were denatured with an acid and lysis
solution, dehydrated and stained with Diffquick.
Sperm with large halos (thicknesses that were
similar or larger than the length of the smallest
diameter of the core) and sperm with mediumsized halos (thickness greater than 1/3 of the
smallest diameter of the core and less than the
smallest diameter of the core) were classified as
'spermatozoa having no fragmentation' (Figure 1).

Figure 1. Image of patient's semen in LFG.
(a) sperm with large halo;
(b) sperm with medium-sized halo.

Spermatozoa with a small halo (thickness similar
or smaller than 1/3 of the smallest diameter of the
core) and those with no halo were classified as
spermatozoa with DF (Figure 2).

Assessment of sperm DNA fragmentation (DF)

Sperm DF was assessed after semen preparation
using the Halosperm Kit (Parque Tecnológico

Figure 2. Image of patient's semen in HFG.
(a) Sperm with no halo; (b) sperm with small halo.
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Statistical analysis

Statistical analysis was performed using SPSS
software (version 18, SPSS Inc., Chicago, IL,
USA). Categorical data were analyzed by the
chi-square test and continuous data by the
independent sample t-test. The cut off values
were determined using ROC curve analysis.
Sensitivity, specificity, positive and negative
predictive values were calculated. A p-value
less than 0.05% was considered statistically
significant.
Results
In both groups, patients' ages were 5.5 ± 33.1)
and, 5.5 ± 35.5, respectively. Patients were
composed of (19%) 17 terato (17%) 15,
astheno, and 4 (4.5%) oligozoospermic sperm.
There were 25 (28%) who had more than one
abnormal sperm parameter. Of 89 patients,
28(31.5%) were normal based on their semen
parameters, however the IVF and IUI methods
were not successful. They were chosen for the
ICSI method. The results in Table 1 showed
that in prepared sperm the average
concentration, motility and normal morphology
of sperm were significantly lower in HFG than
LFG. (P<0.001, p<0.001 and p=0.008
respectively).
Table 1: Semen parameters after preparation in two
group.
HFG

LFG

P-value

Total motility rate (%) 49.53±3.82 76.60±2.38 <0.001
Normal morphology
rate (%)
Sperm concentration
(million/ml)
*Values are mean ± SE.

6.92±.71

12.58±.78

<0.001

21.91±4.11 36.41±3.42

<0.01

Multivariable logistic regression showed that
only the morphology (p=0.01) and motility
(p=0.002) variables were regarded as predictors.
By taking these predictors into consideration, in
relation to normal morphology the best cut off
point was 5%, which had an accuracy of 0.72. At
this cut off point, specificity was approximately
96%, which indicated that 96% of patients with
DF ≤30% had a normal morphology of ≥5%.
Test sensitivity was 53%. In other words, 53% of
patients who had DF>30% had a normal
morphology <5%. Negative predicted value
(NPV) of the test was 75%, which indicated that
75% of patients with normal morphology of ≥5%
had a DF of ≤30%. Positive predicted value
(PPV) of the test was 90%, where 90% of
patients whose normal morphology was <5%
had a DF >30% (Table 2).
Table 2: Sensitivity, specificity and diagnostic
accuracy of normal morphology for predicting DNA
fragmentation (DF).
DF ≤30

DF >30

Cycle started (n)

53

36

Normal morphology <5 (n)

2

19

Normal morphology ≥5 (n)

51

17

Sensitivity: 53% (36,69)
Specificity: 96% (91,100)
NPV:75% (65,85)
PPV: 90% (78,100)

In terms of motility, the best cut off point was
50%, which had an accuracy of 0.82. The
specificity was approximately 98% and
sensitivity was 36%. PPV of the test was 93%
(Table 3).
With regards to the cut off points and the
results of the multivariable logistic regression
model, the OR for motility was 17.5 (1.91161.67). OR for morphology was 20.5 (4.08103.64).
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Table 3: Sensitivity, specificity and diagnostic
accuracy
of
motility
for
predicting
DNA
fragmentation (DF).
DF ≤30

DF >30

Cycle started (n)

53

36

Motility <50 (n)

1

13

Motility ≥50 (n)

52

23

Sensitivity: 36% (20,52)
Specificity: 98% (94,100)
NPV: 69% (59,80) PPV: 93% (79,100)

Discussion
Most fertility clinics evaluate semen samples by
conventional analysis, which does not ensure
the absence of male infertility factors [18]. The
results of our study show a negative relation
between DFLs and the sperm parameters of
motility, morphology and concentration
following preparation.
In 2000, Irvin showed that infertile men who
had weak sperm motility and abnormal
morphology, had higher DNA fragmentation
levels compared to those with normal semen
samples [19]. Virro, by using the SCSA method
researched DF on semen samples and showed
that patients with DF, 30%< had one or more
abnormal factors in their sperm. Even when
semen parameters were normal, some had high
levels of DF which had infertile factors hidden
in them, and they were considered high risk for
beginning pregnancy. Also emphasized was the
necessity for assessment of this test for these
men [17]. In 2008, Veles de la calla reported a
negative relation between sperm parameters and
sperm DF by the Halosperm assessment [20]. In
2010 Vilmaz used the halosperm assessment
and reported that sperm motility in prepared
samples in HFG was statistically lower than
LFG [16]. On the other hand, some studies
reported no relationship between sperm parameters
and sperm DNA fragmentation [21, 22]. Reactive
oxygen species (ROS) has been determined to

be a very important factor in damage to sperm
DNA. After this damage the cell membrane
is dmaged and avoids sperm suitable motility
[23, 24]
One of the notable points in our study was the
determination of suitable cut off points for
semen parameters following preparation. Our
study showed that the best cut off point for
motility related to DFL was 50%. Totally,
according to the high PPV of the test, there was
a high percentage of sperm DF in patients
whose sperm motility was <50%. In the clinic,
these patients had high potential DF, which
shows the effect of high DF on decreasing
motility. In accordance with the NPV of this
test, approximately 69% of patients whose
sperm motility was ≥50% had DF values of
≤30%. Among these, 31% had sperm motility
of ≥50% and DF values of >30%. In the clinic,
if this test was not performed, it was possible
that their infertility factor would not have been
recognized. Thus the DF test was necessary in
these patients. The OR result was
approximately 17.5, which showed a high effect
of increased DF on decreased motility.
The current study showed the best cut off point
for morphology that was related to DF to be 5%.
Generally, according to a high PPV, the high
percentage of sperm DF in patients whose normal
sperm morphology was <5% was emphasized. In
the clinic, these patients had high potential for
DF, which shows the effect of high DF on
decreasing normal morphology. According to the
NPV of this test, approximately 75% of patients
whose normal sperm morphology was ≥5% had
DF values of ≤30%. Among these, 25% had
normal sperm morphology of ≥5% and DF of
>30%. In the clinic, if this DF test was not
performed it was possible that their infertility
factor would not be discovered. The OR of this
test was about 20.5 which showed the high effect
of increased DF on decreased normal
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morphology. In 2008, Erenpreiss also reported
that decreased normal sperm morphology and
motility were important factors for predicting high
damage of sperm DNA. Patients with motility
<50% and abnormal morphology (normal
morphology <5%) had higher OR for DF >30%
than patients with normal sperm motility and
morphology. A percentage of patients with
normal semen parameters had high DF. The
necessity of performing the DF test in these
patients in order to reveal the infertility factor was
emphasized [25]. In another study, with normal
semen parameters, there were a number of
patients with high levels of DF. Such factors were
hidden, thus the possibility of a high risk for
pregnancy existed [17].
Considering the results of the DF test, the
possibility of using a suitable ART method
existed if patients had a level of DF over 30%.

ICSI would be more successful than IVF and
IUI and should be considered as the method of
choice [15].
In conclusion, our results showes that semen
parameters after preparation had lower quality
in patients with high DF. In addition, in some
Patients with normal conventional semen
parameters, DF was >30% that may show the
necessity for assessment of the DF test in these
cases. This test might be an appropriate tool for
the evaluation of a patient’s sperm prior to ART
and might reduce the risks of using DNAdamaged sperm for fertilization. It might help to
avoid any financial and emotional problems
associated with failed ART.
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