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The Comet assay is a single cell gel electrophoresis test that can measure the amount of DNA 
damage in an individual spermatozoon (1). Comet is done by unwinding the tightly packed sperm nucleus 
and exposing the spermatozoon to an electric current in order to observe the amount of fragmented DNA 
that migrates away from the sperm head. The DNA is stained and presents in the formation of a "comet" 
with the fragmented DNA in the "tail" and the still intact DNA in the head. As opposed to other DNA 
fragmentation detection assays, the Comet is able to quantify and qualify DNA damage on a single cell 
instead of providing a proportion of DNA damaged cells (2,3). Due to Comet's unique design, its sensitivity 
and specificity is higher than that of other DNA fragmentation tests (SCSA®, SCD, and TUNEL) (4,5). It is 
routinely used to assess genotoxic DNA damage in somatic cells (6) and allows quantification of DNA 
damage in individual cells, so it is particularly useful in a heterogeneous cell population like the male 
gamete.  

In this study, we wanted to test a sensitive assay capable of detecting single (ss) and double-strand 
(ds) breaks due to sperm nuclear DNA compaction errors or reactive oxygen species induced damage. 

Objective: To test a sensitive assay capable of detecting single (ss) and double strand (ds) DNA breaks due to sperm nuclear DNA compaction errors or oxygen-free radical 
damage.  
Design: We tested a single cell gel electrophoresis method to assess DNA breaks in patients currently undergoing standard DNA fragmentation assays for male infertility screening 
and recurrent ART failure. Predictability of the standard and experimental DFI assays on pre- and post-implantation development was evaluated. 
Materials and methods: Men undergoing infertility treatment (n=13) were screened and semen parameters were assessed according to WHO criteria (2010). Sperm chromatin 
fragmentation index was measured by SCSA®, TUNEL, and/or comet. DFI thresholds were ≤25% for SCSA, ≤15% for TUNEL, and ≤25% for comet assay. ICSI outcome was then 
compared and analyzed based on the method used to assess the sperm chromatin status. 
Results: These men have a mean age of 40.1±7yrs, concentration of 46.72±24.0 x106/mL, motility of 40.6±8.3%, and normal morphology of 2.2±1%. The average DFI according to 
SCSA was 17.4±8, TUNEL 18.6±8% and comet 30.1±10%. Within this cohort of couples that had recurrent ART failure, four underwent ICSI and had a fertilization rate of 61.0%, 
embryo cleavage rate of 60.2%, clinical pregnancy rate of 16.7%, and an implantation rate of 8.3%.  
For all three assays, DFI did not seem to correlate with any of the semen parameters. When we compared the three assays for each patient, they were somewhat concordant, 
however, the comet reported was always higher DFI than the other two popular methods.  
In this limited series, a compromised DFI detected by the comet assay was able to predict a poor pregnancy outcome similarly to SCSA. 
Conclusion: The popularity of a sperm chromatin integrity assay as an add-on to a standard semen analysis, aims at identifying deleterious paternal genomic contribution to the new 
conceptus. Because of the poor and inconsistent predictability of sperm DFI, particularly when individual spermatozoa are arbitrarily selected for insemination, we are on the quest 
for a more sensitive assay. The single cell gel electrophoresis assessment requires a higher level of nuclear decondensation while still focusing on the individual sperm cell and 
provides a valuable option towards the identification of spermatozoa with DNA compaction defects or target of oxygen-free radicals.  
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FUNDING: Institutional 

The popularity of a sperm chromatin integrity assay as an add-on to a standard semen analysis, 
aims at identifying deleterious paternal genomic contribution to the new conceptus. Because of 
the poor and inconsistent predictability of sperm DFI, particularly when individual spermatozoa 
are arbitrarily selected for insemination, we are on the quest for a more sensitive assay. The 
single cell gel electrophoresis assessment requires a higher level of nuclear decondensation 
while still focusing on the individual sperm cell and provides a valuable option towards the 
identification of spermatozoa with DNA compaction defects or target of oxygen-free radicals.  

For all three assays, DFI did not seem to correlate with any of the semen parameters. When we compared the three 
assays for each patient, they were somewhat concordant, however, the comet reported was always higher DFI than the 
other two popular methods (Figure 3).  

Figure 2. DNA fragmentation according to SCSA, TUNEL, and Comet assays. 
  

Figure 1. Comet assay at 200X (a) and the 5 
grades of comet tail (b). 

In the 13 couples, the score is calculated by counting the cell within each grade x the actual 
grade. The total score is divided by the maximum fragmentation score (Table 3). Within this 
cohort of couples, the large majority were treated either by an IUI, standard in vitro 
insemination, or by ICSI (Table 4).  Here we observed that there is a trend in better clinical 
pregnancy outcome when the Comet assay was normal.  

Materials & Methods 
 Men undergoing infertility treatment (n = 13) were screened 

and semen parameters were assessed according to WHO 2010 
criteria. Sperm chromatin fragmentation index was measured by 
SCSA®, TUNEL, and/or comet. DFI thresholds were ≤ 25% for 
SCSA, ≤ 15% for TUNEL, and ≤ 25% (6) for Comet assay. ART 
outcome was then compared and analyzed based on the method 
used to assess the sperm chromatin status. Clinical pregnancy 
was considered  positive when at least one fetal heart beat was 
observed at their 7th week ultrasound. 

A cell suspension of 1 x 105/mL is combined with molten 
LMAgarose at a ratio of 1:10 v/v, immediately pipetted and spread 
evenly with a bent pipette tip onto a Comet slide (CometAssay®, 
Trevigen®, USA). The slides are allowed to cool and dry at 4°C in 
the dark for 30 minutes. Slides were then immersed in 4°C lysis 
solution for 60 minutes or incubated overnight at 4°C. The 
specimens were then exposed to an unwinding solution for 60 
minutes at 4°C in the dark in a coplin jar. Slides were placed in an 
electrophoresis box and exposed to 1 volt/cm at 300 mA for 35 
minutes. Slides were drained and immersed in dH2O, 2 times for 5 
minutes. Specimens were then fixed in 70% ethanol for 5 minutes 
and dried at 37°C for 15 minutes. Counterstain with DAPI was 
added and incubated for 30 minutes in the dark. At least 100 cells 
should be scored per sample. Visual scoring is be conducted 
according to the distribution of fluorescent DNA intensity and 
characteristics of comet tail. To include a grading system, scoring 
is carried out as follows: 0 was assigned when no DNA dispersion 
was observed and a score of 1 to 4 is assigned with an increasing 
length of the comet tail (Figure 1). The DFI is generated by taking 
the total score and dividing by the maximum hypothetical score 
achievable of 400.  

A total of 13 couples were included in the study mainly for  
recurrent ART failure and recurrent pregnancy loss (Table 1). 
Patient age and semen parameters are listed in Table 2. The 
female partners were about 37 years old (ranging from 31-54 
years old) while the men were 40 years old (ranging from 33-54 
years old).  
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Table 1. Indication for study 
 

No. of couples 
Recurrent pregnancy loss 3 
Recurrent ART/IUI failure 3 
Recurrent ART failure 2 
Recurrent IUI failure 3 
Abnormal motility 2 

Table 2. Patient characteristics 
 
No. of 
Couples 13 
Female age (M yr ± SD) 37.3 ± 4 
Male age (M yr ± SD) (range) 40.1 ± 6 
Concentration (M x106/ml ± SD) 46.7 ± 24 
Motility (M% ± SD) 40.6 ± 8 
Morphology (M% ± SD) 2.2 ± 0.7 
Comet DFI (M% ± SD) (range) 30.1 ± 10.4 (11.5-53.2) 

Table 4. Assisted reproductive technology (IUI, IVF, ICSI) 
outcomes in patients that had normal or abnormal Comet assay 
 

Comet DFI 
No. of Normal (≤ 25) Abnormal (> 25) 
Couples 4 7 
Female age (M yr ± SD) 36.3 ± 2 37.4 ± 5 
Cycles 6 12 
Clinical pregnancy/couple (%) 2/4 (50.0)  2/7 (28.6) 
Clinical pregnancy/cycle (%) 2/6 (33.3) 2/12 (16.7) 
Highest DFI with pregnancy is 53.2% 

Table 3. Comet assays results per patient 

Comet tail grade 
Patient # 0 1 2 3 4 Total score DFI 

1 28 15 6 18 33 213 53.2 

2 45 8 10 11 26 165 41.2 

3 47 16 5 18 14 136 34.1 

4 42 17 16 8 17 141 35.2 

5 57 13 9 18 3 97 24.3 

6 45 16 18 20 1 116 29.1 

7 48 10 22 18 2 116 29.0 

8 75 3 3 10 9 75 18.7 

9 25 17 41 14 3 153 38.2 

10 29 33 23 10 5 129 32.3 

11 40 41 10 2 7 95 23.8 

12 54 13 31 2 0 81 20.3 

13 62 32 5 0 1 46 11.5 

a 

b 

The average sperm concentration was 46.7 ± 
24 x 106/ml with a motility of 40.6 ± 8% and normal 
morphology of 2.2 ± 0.7% (Table 2. The average 
DNA fragmentation according to SCSA was 17.4 ± 
8, TUNEL was 18.6 ± 8% and Comet was 30.1 ± 
10% (Figure 2). 

Figure 3. DNA fragmentation according to SCSA, TUNEL, and Comet assays conducted on 6 patients. 
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