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SUMMARY
Sperm DNA fragmentation (SDF) is becoming an important test to assess male infertility. Several different tests are available, but

no consensus has yet been reached as to which tests are most predictive of infertility. Few publications have reported a comprehen-

sive analysis comparing these methods within the same population. The objective of this study was to analyze the differences

between the five most common methodologies, to study their correlations and to establish their cut-off values, sensitivity and speci-

ficity in predicting male infertility. We found differences in SDF between fertile donors and infertile patients in TUNEL, SCSA, SCD

and alkaline Comet assays, but none with the neutral Comet assay. The alkaline COMET assay was the best in predicting male infer-

tility followed by TUNEL, SCD and SCSA, whereas the neutral COMET assay had no predictive power. For our patient population,

threshold values for infertility were 20.05% for TUNEL assay, 18.90% for SCSA, 22.75% for the SCD test, 45.37% for alkaline Comet

and 34.37% for neutral Comet. This work establishes in a comprehensive study that the all techniques except neutral Comet are use-

ful to distinguish fertile and infertile men.

INTRODUCTION
In recent years, the sperm DNA fragmentation (SDF) has

become a biomarker for male infertility because it has been

shown that fertilization of a spermatozoa with fragmented DNA

could cause defects in embryo development, giving rise to the

risk of undergoing a pregnancy loss at early pregnancy stages, or

problems with foetal development (Evenson et al., 1999; Carrell

et al., 2003; Lewis & Simon, 2010). Moreover, high SDF has been

associated with recurrent miscarriage, higher difficulty in

achieving a pregnancy and different childhood diseases (Cooke

et al., 2003; Aitken et al., 2009; Brahem et al., 2011; Zini, 2011;

Absalan et al., 2012). Etiological studies have concluded that

oxidative stress is one of the most common factors associated

with sperm DNA damage (Agarwal et al., 2008; Makker et al.,

2009; Aitken & De Iuliis, 2010). Other factors involved in sperm

nuclear DNA fragmentation include incorrect chromatin remod-

elling, nuclease activity or different external factors such as

radiation (Maione et al., 1997; Sailer et al., 1997; Sotolongo

et al., 2005; Aitken & De Iuliis, 2010; Sakkas & Alvarez, 2010).

Several methodologies have been developed to assess SDF,

and most of them have been applied for clinical purposes by

establishing their cut-off values for predicting pregnancy, and

monitoring their sensitivity and specificity (Evenson et al.,

2002; Sergerie et al., 2005; Velez de la Calle et al., 2008; Nijs

et al., 2009; Sharma et al., 2010; Simon et al., 2011; Venkatesh

et al., 2011). First, the TUNEL assay (Gorczyca et al., 1993)

uses a terminal TdT transferase to label the 3′ free ends of

DNA, resulting in a higher labelling on spermatozoa with frag-

mented DNA. For this methodology, different cut-off values

have been reported to assess the fertility status of the male

(Sergerie et al., 2005; Sharma et al., 2010). It has been demon-

strated that sensitivity and specificity can be increased by

analyzing the results with a cytometer instead of an epifluo-

rescence microscope (Dominguez-Fandos et al., 2007), by

© 2013 American Society of Andrology and European Academy of Andrology Andrology, 2013, 1, 715–722 715

ISSN: 2047-2919 ANDROLOGY



decompaction of the DNA with DTT (Mitchell et al., 2011) or

not including the apoptotic bodies on the final result (Marchi-

ani et al., 2007). Second, the Comet assay (Singh et al., 1988)

has the unique feature that it can distinguish between single

and double stranded DNA breaks (ssSDF and dsSDF respec-

tively) when it is performed under alkaline or neutral condi-

tions. It is based on nuclear decompaction followed by

electrophoresis and visualization of individual spermatozoa.

Clinical cut-off values for male infertilty, assessing Comet tail

DNA and percentage of fragmented spermatozoa have been

published using the alkaline Comet assay for both total semen

sample (Simon et al., 2011; Ribas-Maynou et al., 2012a) and

also differentiating swim-up sperm cells (Simon et al., 2011).

Moreover, our group demonstrated a clinical association of

dsSDF assessed by neutral Comet with recurrent miscarriage

risk in couples without female factor (Ribas-Maynou et al.,

2012b), showing that differences in the DNA break type, ssSDF

or dsSDF, has different implications for human reproduction.

Other methods such as Sperm Chromatin Structure Assay

(SCSA) (Evenson et al., 1980) and the Sperm Crhomatin Disper-

sion (SCD) test (Fernandez et al., 2005) base their detection of

SDF on the denaturing capacity of the sperm chromatin. The

SCSA uses acridine orange staining to label the double stranded

DNA with green and the single stranded DNA with red. The pro-

portion of these two emissions, with a previous acid-denaturing

step, has widely been demonstrated to determine the percentage

of DNA fragmentation, and several reports for clinical usage

have been published (Evenson & Jost, 2000; Evenson et al., 2002;

Bungum et al., 2004; Virro et al., 2004; Nijs et al., 2009; Venk-

atesh et al., 2011). Moreover, SCSA provides also an additional

parameter named high DNA stainability (HDS). This parameter

is a measure of the percentage of immature spermatozoa within

the semen sample, which can also be taken into account on the

male infertility assessment (Evenson et al., 1999).

Finally, the SCD test assesses the capacity of the sperm chro-

matin to form dispersion halos, and allows differentiating the

non-fragmented spermatozoa (with halo) from the fragmented

spermatozoa (without halo). Like the other methods, studies

showing the infertility cut-off value for the SCD test have been

performed (Fernandez et al., 2005; Velez de la Calle et al., 2008;

Nunez-Calonge et al., 2012; Ribas-Maynou et al., 2012b).

Although many studies reported different clinical values using

these techniques, only a few studies have proved the correlation

between TUNEL, SCSA and SCD (Chohan et al., 2006; Garcia-

Peir�o et al., 2011); however, these studies have not reported the

sensitivity and specificity values for each technique.

On the other hand, although a study found a relationship

between SDF and embryo quality using the SCSA (Niu et al.,

2011), some studies failed in finding a relationship between the

SDF predictive value and assisted reproduction techniques such

as in vitro fertilization (IVF) or intra-cytoplasmatic sperm injec-

tion (ICSI) (Esbert et al., 2011; Bungum et al., 2012; Simon et al.,

2013). This lack of the predictive quality of SCSA could be be-

cause of the presence of a female factor, such as differences

between oocytes on their efficiency of DNA repair after fertiliza-

tion (Payne et al., 2005; Evenson & Wixon, 2006).

We have previously shown that extensive sperm ssSDF may

prevent pregnancy, but that spermatozoa with dsSDF can fertil-

ize ooctyes achieving pregnancy, but compromise the foetus via-

bility within the first trimester (Ribas-Maynou et al., 2012b).

Moreover, the lack of relationship of most SDF assays with IVF

or ICSI found by other authors might also be related to the

method used to assess the sperm DNA damage, or to differences

in sensitivity and specificity in detecting the total SDF in the

semen sample between methods may be because of a lack of

method standardization. However, these two facts have not been

exhaustively studied among methods, although it seems to be

important because there is still a limitation in the knowledge

about the effects that DNA fragmentation could have on the

embryo and the embryonic development.

The objectives of this study were to compare the five most

commonly used techniques to assess DNA damage, to establish

the correlations between them, and finally, to compare their

sensitivity, specificity and threshold values attending male

infertility.

MATERIALS ANDMETHODS

Sample collection

Semen samples from 240 human males were collected in col-

laboration with reproduction centres and hospitals from the Bar-

celona area. Samples from couples showing female factors have

been excluded from the study. An informed consent was

obtained from all donors and the appropriate ethics committee

approved the study.

Samples were divided into fertile donors, who achieved a clini-

cal pregnancy, and infertile patients, obtaining a group size of 50

and 190 respectively. Semen samples were obtained with a mini-

mum of 3 days and maximum of 7 days of sexual abstinence,

and were cryopreserved in test-yolk buffer (14% glycerol, 30%

egg yolk, 1.98% glucose, 1.72% sodium citrate) until the SDF

analysis. The total sample sizes that were analyzed for the differ-

ent methods were 183 for alkaline Comet, 183 for neutral Comet,

123 for SCD test, 93 for TUNEL assay and 98 for SCSA.

TUNEL assay

The TUNEL assay was performed using the In Situ Cell Death

Detection Kit (Roche Diagnostic Gmbh, Penzberg, Germany) fol-

lowing the protocol previously described (Barroso et al., 2000).

The analysis of SDF was performed by flow cytometer analysis

(FACSCalibur; Becton Dickinson, Franklin Lakes, NJ, USA), and a

total of 10 000 spermatozoa were analyzed at a flow rate of 200–

300 spermatozoa/sec taking into account a negative control

without the TdT enzyme. Data were processed using CellQuest

analysis software (Becton Dickinson) after gating out cell debris.

SCSA

The SCSAmethodology has been described elsewhere by Even-

son et al. (1999). Briefly, each semen sample was diluted to reach

a concentration of 2 9 106 spermatozoa/mL in TNE buffer

(10 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, pH 7.5) in a total

volume of 200 lL. Then, the sample was treated with an acid

solution (150 mM NaCl, 0.1% Triton X-100, pH 1.2) and after

30 sec a staining was performed using acridine orange 6 lg/mL

for 3 min. Finally, a total of 5000 sperm cells were analyzed by

flow cytometry (FACSCalibur; Becton Dickinson). The percentage

of spermatozoa with DNA fragmentation shows increased red

fluorescence, unlike the non-fragmented population that shows

a normal level of red fluorescence. The percentage of HDS sper-

matozoa had not been included in this SDF comparative study.
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SCD test

The SCD test was performed using the Halosperm kit (Halo-

tech DNA; Madrid, Spain) following the manufacturer’s instruc-

tions. Samples were stained with propidium iodide and 250

spermatozoa were assessed and classified as fragmented or non-

fragmented spermatozoa using a fluorescence microscope

(Olympus AX70, Olympus Optical Co., Hamburg, Germany).

Comet assay

The alkaline and neutral Comet assay was performed simulta-

neously in two different slides to assess single and double

stranded DNA fragmentation respectively. The assay has been

performed following the protocol reported before (Ribas-May-

nou et al., 2012a,b). Briefly, samples were washed and sperm

concentration was adjusted to 10 9 106 spermatozoa/mL. Then

incubations with two lysis solutions were performed and the

samples were electrophoresed, using alkaline or neutral buffer

depending on the assay, with a previous denaturation on alkaline

Comet slide. Finally, both the slides were submerged on a neu-

tralization solution and were dehydrated in ethanol series of 70,

90 and 100%. Samples were stained with DAPI SlowFade Gold an-

tifade (Invitrogen, Eugene, OR, USA), and 400 spermatozoa were

classified according fragmented or non-fragmented following the

criteria reported before (Fig. 1 at Ribas-Maynou et al., 2012a).

Statistical analysis

Statistical analysis was performed using the Statistics Package

for the Social Sciences software, version 20 (SPSS Inc., Chicago,

IL, USA). Comparisons of SDF between different groups were

assessed using the Mann–Whitney U-test. Correlations between

techniques were assessed using the Spearman test and the

Receiver Operating Characteristic (ROC) analysis was performed

to obtain the sensitivity, specificity and the cut-off value for each

test. All statistical tests were performed taking into account the

95% of the confidence interval.

RESULTS

SDF regarding male infertility

For each assay, the percentage of spermatozoa in the sample

that was positive for the test was calculated. The average per-

centage of SDF for fertile and infertile patients using the five dif-

ferent techniques is shown in Table 1, and a histogram for the

same results is displayed in Fig. 1 to show their distribution.

Statistical differences were found between fertile and infertile

patients through TUNEL assay, SCSA, SCD test and alkaline

Comet assay (p < 0.001); however, no differences were found

when comparing fertile donors and infertile patients through

neutral Comet assay (p = 0.862).

Correlation between techniques

Correlation between all techniques was assessed using the

Spearman test. High correlations were found between the SCD

test and SCSA (r = 0.71; p < 0.001), between SCD test and TUN-

EL assay (r = 0.70; p < 0.001) and between SCSA and the TUNEL

assay (r = 0.79; p < 0.001), the latter being the highest

correlation.

Moderate correlations were found between the alkaline Comet

assay and the SCD test (r = 0.61; p < 0.001), between the alkaline

Comet and SCSA (r = 0.59; p < 0.001) and between the alkaline

Comet and TUNEL assay (r = 0.72; p < 0.001).

Finally, no correlation was found between the neutral Comet

assay and the other four methodologies.

ROC analysis, sensitivity, specificity, cut-off values

The sensitivity, specificity, the cut-off values for male factor

infertility and the area below the curve obtained by the ROC

analysis are shown in Table 2, and a graphical representation of

ROC curves for all techniques is shown on Fig. 2. The alkaline

Comet showed the highest area below the curve (0.937 cm2),

and a cut-off value of 45.37% of SDF with a sensitivity and speci-

ficity of 0.850 and 0.920 respectively. TUNEL assay showed an

area below the curve of 0.903 cm2, and a cut-off value of 20.05%

of SDF with a sensitivity and specificity of 0.764 and 0.952

respectively. The SCD test showed an area below the curve of

0.869 cm2, and a cut-off value of 22.75% of SDF with a sensitivity

and specificity of 0.730 and 0.918 respectively. The SCSA showed

lower association with male infertility, with an area below the

curve of 0.792 cm2, and a cut-off value of 18.90% of SDF with a

sensitivity of 0.595 and a specificity of 0.875. Finally, the neutral

Comet assay showed no association with male infertility, with

the lowest area below the curve (0.516 cm2), a cut-off value of

34.37% of SDF with a sensitivity and specificity of 0.970 and

0.320, respectively.

DISCUSSION
Although the use of different methodologies to assess sperm

DNA damage has been widely discussed, a few reports have

compared the clinical utility and the correlation between the

most common methods in a comprehensive manner (Erenpreiss

et al., 2004; Chohan et al., 2006; Garcia-Peir�o et al., 2011).

Therefore, we performed this comparative analysis to test their

correlation and to determine the different clinical cut-off values

among the most used techniques.

The analysis of SDF showed statistical differences between

fertile and infertile patients in the TUNEL assay, SCSA, the SCD

test and the alkaline Comet assay as different reports have

previously found (Gandini et al., 2000; Irvine et al., 2000; Zini

et al., 2001; Saleh et al., 2002; Chohan et al., 2006; Garcia-Peir�o

et al., 2012; Ribas-Maynou et al., 2012a). However, no differ-

ences were found between fertile donors and infertile patients

with the neutral Comet assay. This was also found in a previous

study from our group demonstrating that neutral Comet assay is

related to the miscarriage risk and it is not involved in the fertil-

ity status. Moreover, a bimodal distribution has also been found

in fertile donors, showing the presence of two subgroups of fer-

tile donors, as it has previously been described (Ribas-Maynou

et al., 2012b). On the other hand, the neutral Comet assay

showed a normal distribution on infertile samples, presenting

mostly high values of dsSDF (Fig. 1 and Table 1). In fact, the

distribution of infertile patients in the neutral Comet assay

mirrored that of the alkaline Comet assay, suggesting that for

infertile patients, at least, these two assays identify similar

populations of patients.

When comparing the SDF and the SDF ranges among different

methodologies, differences were found in fertile donors between

the alkaline Comet assay and the SCD test, SCSA or TUNEL

assay. These differences between the alkaline Comet assay and

the other techniques might bebecause of the electrophoresis
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step, which could be increasing the sensitivity of the detection of

the DNA breaks with respect to other methodologies. Regarding

infertile patients, values of SDF obtained by the alkaline Comet

assay were statistically higher than SCD test, SCSA and TUNEL

methodologies, showing that Comet assay seems to have higher

sensitivity on detecting the sperm DNA breaks as Comet assay

show values up to 100% of Spermatozoa with DNA fragmenta-

tion in some infertile patients, and the other methodologies do

Figure 1 Fertile and infertile sperm DNA

fragmentation distribution in the five different tech-

niques. Curves show the approximation to a normal

distribution.
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not reach this value (Fig. 1). SCSA showed statistically lower val-

ues than SCD and TUNEL assay, which do not show statistical

differences between their values. These data suggest that differ-

ent methodologies might be detecting different aspects of the

SDF, as SCD and SCSA might be detecting some aspects related

to chromatin fragmentation, and Comet and TUNEL assays

could be detecting DNA breaks directly (The Practice Committee

of the American Society for Reproductive Medicine, 2008; Hen-

kel et al., 2010).

Regarding the correlations between the methods, the best

correlation was found between the cytometric assays (TUNEL

and SCSA), as has been previously reported (Chohan et al., 2006;

Villani et al., 2010; Garcia-Peir�o et al., 2011). This is interesting

given that the two assays are thought to be measuring different

aspects of SDF (Henkel et al., 2010). It also seems to be neces-

sary to standardize the TUNEL methodology as it is known that

it shows variations in SDF detected depending on minor varia-

tions in the procedure (Dominguez-Fandos et al., 2007; Muratori

et al., 2008; Mitchell et al., 2011) or in its analysis (Marchiani

et al., 2007). Nevertheless, despite the differences between the

TUNEL assay and SCSA and the need for standardization of the

former, both assays had very similar values for SDF. Moreover,

they also present a good correlation with the SCD test, which is

based on the capacity of the chromatin to form different disper-

sion halos depending on its SDF (Fernandez et al., 2005). The

correlation between SCD and the two cytometric assays has been

tested before, with similar results to the present work (Chohan

et al., 2006; Villani et al., 2010; Garcia-Peir�o et al., 2011).

Similarly, the alkaline Comet assay showed a moderate corre-

lation with the SCD test, the TUNEL assay and SCSA, as has been

described before by different laboratories (Donnelly et al., 2000;

Villani et al., 2010). This correlation was not as strong as the

correlations found among the latter three techniques, which

might be because of a possible higher sensitivity of the alkaline

Comet assay with respect to the other methodologies.

In contrast, the neutral Comet assay does not show any corre-

lation with the other four methodologies to assess SDF. As has

been proposed before, the neutral Comet assay is related to the

risk of having a miscarriage, as the dsDNA breaks could be a

non-extensive type of DNA damage located only in a few points

along the genome (Kaneko et al., 2012), preferently in the matrix

attachment regions between toroids (Ribas-Maynou et al.,

2012b) and might be occuring by an acute or fractionated expo-

sition to radiation, as it has been demonstrated in tumour cells

(Jayakumar et al., 2012). Although it is known that techniques

such as the TUNEL assay and SCSA are detecting both single

and double stranded DNA damage (The Practice Committee of

the American Society for Reproductive Medicine, 2008; Villani

et al., 2010), our data show a correlation between both TUNEL

or SCSA and the alkaline Comet assay, which would be detecting

mainly ssSDF. However, they do not show a correlation with the

neutral Comet assay, which has been demonstrated to assess

mostly dsDNA breaks (Van Kooij et al., 2004; Ribas-Maynou

et al., 2012a). Moreover, the neutral and alkaline Comet assays

showed a tendency to a moderate correlation in infertile

patients, a fact that could be related to the possibility that the

presence of many single stranded DNA breaks could lead to dou-

ble stranded DNA breaks.

To test the clinical utility of the different DNA damage tests on

predicting male infertility, an analysis using ROC curves was per-

formed. The higher area below the curve has been shown by

alkaline Comet assay, followed by the TUNEL assay, the SCD

test, SCSA and the neutral Comet assay (Table 2 and Fig. 2).

First, the alkaline Comet assay showed a threshold value in

predicting infertility of 45.37% of DNA fragmentation with an

Table 1 Sperm DNA fragmentation (%SDF)

values for fertile donors and infertile patients in

each assay

Technique n Fertile donors Range n Infertile patients Range

TUNEL assay 21 13.67 � 5.79 (6.6–29.3) 72 28.75 � 12.56* (7.1–74.1)
SCSA 24 13.01 � 5.64 (5.0–27.3) 74 23.58 � 13.17* (7.7–74.5)
SCD test 49 15.32 � 6.25 (4.1–31.5) 74 31.26 � 14.41* (6.5–78.0)
Alkaline Comet 50 28.64 � 13.40 (9.3–70.0) 133 60.48 � 16.03* (17.4–99.0)
Neutral Comet 50 60.09 � 30.57 (12.2–99.0) 133 64.74 � 16.90 (26.8–100.0)

*Statistical differences with fertile donors (p < 0.001).

Table 2 Cut-off values with sensitivity and specificity obtained for each

technique

Technique n Area* Cut-off

value (%)

Sensitivity Specificity

Alkaline Comet 183 0.937 45.37 0.850 0.920

Neutral Comet 183 0.516 34.37 0.970 0.320

SCD test 123 0.869 22.75 0.730 0.918

SCSA 98 0.792 18.90 0.595 0.875

TUNEL 93 0.903 20.05 0.764 0.952

*Area below the ROC curve.

Figure 2 ROC curve comparing the five SDF techniques to assess male

infertility.
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area below the curve of 0.937. This cut-off value shows a very

high sensitivity and specificity, and is consistent with previous

results from our group (Ribas-Maynou et al., 2012b). However, it

is not comparable with previous studies, where the percentage

of damaged DNA and not the percentage of fragmented sperm

cells have been assessed (Simon et al., 2011).

The TUNEL assay showed a threshold value for male infertility

of 20.05% of SDF, with very high values of area below the curve

and specificity (0.903 and 0.952 respectively); however, a lower

value of sensitivity with respect to alkaline Comet was obtained

(0.764). These results were comparable to those obtained by

Sharma et al. (2010), who obtained a cut-off value of 19.25%,

with an area below the curve, sensitivity and a specificity of

0.890, 0.649 and 1.000 respectively. However, sensitivity found in

this work slightly differs from those obtained by Sergerie et al.

(2005), who obtained a higher value of 0.896.

The cut-off, sensitivity and specificity results obtained by the

SCD test in this study (Table 2) do not differ from previously

published works (Fernandez et al., 2005; Velez de la Calle et al.,

2008; Nunez-Calonge et al., 2012; Ribas-Maynou et al., 2012b),

showing a good capacity of this technique to assess male

infertility.

Reported values for SCSA threshold vary from 20 to 30% (Even-

son & Jost, 2000; Evenson et al., 2002; Larson-Cook et al., 2003;

Bungum et al., 2004; Payne et al., 2005; Boe-Hansen et al., 2006;

Venkatesh et al., 2011; Evenson, 2013). Our results show a

threshold value of 18.9% of SDF, which is at the low end of the

published range. Despite being the lowest, it does not differ from

studies that find threshold values about 20%. Moreover, it is very

well-known that SCSA is the most standardized technique

between different laboratories (Evenson, 2013).

Finally, the neutral Comet assay showed a very weak associa-

tion with male infertility, as fertile donors can show low or high

values of dsDNA fragmentation analyzed with this method.

However, infertile patients always show high values. Because of

that, the threshold value established was 34.37% of SDF with a

high sensitivity, but a very low specificity, as a bimodal distribu-

tion in fertile donors overlaps the infertile values, as it has also

been shown before. This would mean that male infertility could

be predictable, but always taking into account that high values

are associated with the risk of suffering a miscarriage because of

a male factor (Ribas-Maynou et al., 2012b).

For further assessment, as different techniques may measure

different aspects of chromatin integrity, a double analysis using

more than one SDF technique would allow to confirm the

diagnosis.

CONCLUSION
This work provides data from the five most used methodolo-

gies to assess the SDF on the same patient population. With

this data, it can be concluded that the alkaline Comet assay,

the SCD test, SCSA and the TUNEL assay are useful to distin-

guish fertile and infertile patients, with the alkaline Comet

assay being the best predictor of male infertility. However, the

neutral Comet shows no capacity on differentiating fertile

donors and infertile patients. Moreover, threshold values have

been compared in a comprehensive work to assess infertility.

Finally, this work provides a comprehensive comparison in

fertile donors and infertile patients, which could be useful to

technique standardization.
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