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ABSTRACT

Purpose: To compare SwimCount Harvester™, a non-centrifugal sperm selection system,
with Density Gradient Centrifugation (DGC) in terms of sperm DNA fragmentation (SDF),
agreement between analytical methods, and total motile sperm recovery.

Materials and Methods: This pilot study evaluated semen samples processed using DGC
and SwimCount Harvester™ SDF was assessed in raw and processed samples using the
Sperm Chromatin Dispersion (SCD; Halosperm®) assay, analyzed both manually and via
computer-assisted sperm analysis (SCA° CASA). Agreement between manual and CASA
classification (>20% threshold) was evaluated using Cohen's kappa with bootstrap confi-
dence intervals (10,000 resamples). Total motile sperm count (TMSC) was compared be-
tween DGC and Harvester (n=36), and effect size was calculated using Cohen's d.

Results: Both DGC and Harvester significantly reduced SDF compared with raw semen
(p<0.001 for all comparisons), with no significant difference between techniques (CASA
p=0.219; manual p=0.341). Agreement between manual and CASA assessment improved
following processing, reaching perfect concordance after Harvester (k=1.00; bootstrap 95%
Cl 0.54-1.00). Harvester yielded significantly higher TMSC compared with DGC (p=0.001),
with a large effect size (Cohen’s d=0.81).

Conclusion: SwimCount Harvester™ achieves SDF reduction comparable to DGC while sig-
nificantly increasing motile sperm recovery. These findings support the potential of non-
centrifugal sperm selection as an alternative to conventional methods. Larger studies are
required to confirm these results and determine their clinical implications.
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INTRODUCTION

Sperm preparation is a critical step in assisted
reproductive technology (ART), as the selection of func-
tionally competent spermatozoa directly influences
downstream reproductive processes, including fertiliza-
tion and early embryonic development (1). While con-
ventional semen analysis remains the cornerstone of
male fertility evaluation, it provides limited insight into
sperm functional competence, particularly at the level of
chromatin integrity (2-4). Increasing evidence indicates
that sperm DNA fragmentation (SDF) is associated with
impaired reproductive outcomes, including reduced fer-
tilization potential, compromised embryo development,
and increased risk of miscarriage (5-9). These consid-
erations reinforce the need to refine sperm selection
strategies beyond conventional semen parameters, with
increasing emphasis on functional biomarkers such as
DNA integrity in both research and clinical practice.

Density Gradient Centrifugation (DGC) has long
been the standard method for sperm preparation in ART
laboratories, allowing enrichment of motile spermatozoa
with improved morphology and reduced contamination
from seminal plasma and debris (1). However, centrifu-
gation exposes spermatozoa to mechanical stress and
may promote the generation of reactive oxygen species
(ROS), which have been implicated in DNA damage and
functional impairment (10-12). These limitations have
prompted the development of alternative sperm selec-
tion strategies aimed at minimizing iatrogenic damage
during processing (12, 13).

In this context, non-centrifugal sperm selection
systems have emerged as a promising approach (12, 14,
15). These technologies rely on the intrinsic ability of
spermatozoa to migrate or navigate microenvironments,
thereby enabling selection based on functional compe-
tence rather than physical separation alone. SwimCount
Harvester™ is a migration-based sperm selection device
designed to isolate motile spermatozoa without cen-
trifugation, potentially reducing mechanical stress and
oxidative injury while enriching for sperm with improved
biological quality (16).

Despite these theoretical advantages, compar-
ative evidence between non-centrifugal systems and
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DGC remains limited, particularly with respect to sperm
DNA fragmentation and laboratory performance metrics
(13). In addition, variability between manual and com-
puter-assisted methods for SDF assessment may influ-
ence the interpretation and reproducibility of results (17).

This pilot study was therefore designed to com-
pare DGC and SwimCount Harvester™ with respect to
SDF levels, agreement between manual and CASA-
based SDF assessment, and total motile sperm recovery.

MATERIALS AND METHODS

Study Design and Ethical Approval
This pilot comparative study evaluated labora-
tory parameters following sperm preparation using Den-
sity Gradient Centrifugation and SwimCount Harvester™,
The Central Denmark Region Committees on
Health Research Ethics approved the conduct of this
study (File number 1-10-72-9-25).

Participants

A total of 36 men (mean age 35.8 + 5.1 years;
BMI 26.1 + 2.7 kg/m?) undergoing semen analysis as
part of routine fertility evaluation were included. Thir-
teen of the included men had an SDF analysis made.
The inclusion criterion was males attending the fertil-
ity clinic who were able to provide freshly ejaculated
sperm for analysis. No clinical outcomes were evalu-
ated in this pilot study.

Semen Analysis

Participants were instructed to maintain a pe-
riod of 2 days ejaculatory abstinence before semen
collection on-site. Semen analysis was performed ac-
cording to the 2021 WHO laboratory manual criteria (6th
edition) using SCA® CASA System (Microptic, Spain) for
sperm concentration and motility (18, 19).

Sperm DNA Fragmentation Assessment

SDF was assessed using the Sperm Chromatin
Dispersion (SCD) assay (Halosperm®, Halotech DNA,
Madrid, Spain), following previously validated methodol-
ogy (20). Briefly, semen aliquots were embedded in low-
melting agarose on precoated slides. Controlled acid
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denaturation generated single-stranded DNA at strand
break sites, followed by protein removal through lysis.
Spermatozoa with intact DNA developed large or me-
dium chromatin dispersion halos, whereas those with
fragmented DNA exhibited small or absent halos. Slides
were dehydrated and stained using Diff-Quik.

For manual analysis, a minimum of 400 sper-
matozoa were scored per sample under bright-field
microscopy by experienced technicians, following stan-
dardized halo classification criteria (8, 9, 20, 21). The SDF
rate was calculated as the percentage of fragmented
spermatozoa relative to total counted.

Slides were additional analyzed using the SCA®
DNA Fragmentation module (Sperm Class Analyzer,
Microptic, Spain) (18). Prepared slides were examined
using bright-field microscopy and a minimum number
of 400 spermatozoa were automatically analyzed. Indi-
vidual spermatozoa were identified and classified based
on halo size surrounding the core, in accordance with
the Sperm Chromatin Dispersion principle. Large and
medium halos were indicative of intact DNA, whereas
small or absent halos as well as degraded spermato-
zoa, were classified as exhibiting DNA fragmentation.
Fragmentation status was determined by automated
assessment of morphometric parameters, primar-
ily halo size. Image acquisition parameters, including
threshold settings, were established based on prior
manual evaluation and applied consistently across
samples. Up to 30 fields per sample were analyzed,
with priority given to achieving the required number of
evaluated spermatozoa. Like the manual assessment,
the SDF rate was calculated as the percentage of frag-
mented spermatozoa relative to total counted.

Quality control

Quality control included visual verification of
halo morphology, ensuring absence of overlapping sper-
matozoa, homogeneous background, and structural in-
tegrity of the gel matrix. Only slides fulfilling predefined
quality criteria were included in the final analysis.

Sperm Processing
Density gradient centrifugation was performed
using SpermGrad (Vitrolife, Goteborg, Sweden) gradient
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(90-45%) (Figure-1). SpermGrad 100% was diluted using
IVF medium (Vitrolife, Goteborg, Sweden) to obtain 90%
and 45% dilutions. Two gradient columns were subse-
quently prepared in Falcon tubes (BD, USA) by gently
layering 1.5 mL of each solution, with the 90% fraction
at the bottom. The semen sample was carefully added
on the top of the density gradient columns, and the
samples were centrifuged at 300g for 15 min at room
temperature. After centrifugation, the pellet was washed
twice with 1.5 mL IVF medium followed by centrifuga-
tion at 200g for 10 min. The supernatant was removed
and the pellet resuspended in IVF medium for semen
analysis in the SCA®° CASA System (Microptic, Spain) for
concentration and motility.

SwimCount Harvester™ preparation was
performed using the SwimCount Harvester™
(MotilityCount ApS, Copenhagen, Denmark) 1 mL
sperm purification device (Figure-1). The SwimCount
Harvester™ has two chambers separated by a 10-um-
pore size membrane. One mL of semen was loaded into
the lower chamber, and 0.8 mL of IVF medium (Vitrolife,
Goteborg, Sweden) was loaded into the upper chamber.
The device was incubated in a horizontal position at
37°C for 30 minutes, after which the medium from the
upper chamber, enriched in highly motile spermatozoa,
was carefully collected for further analysis in the SCA®
CASA System (Microptic, Spain) for concentration and
motility.

A schematic representation of the study design
and analytical workflow is shown in Figure-2.

Statistical Analysis

Descriptive statistics are presented as mean,
standard deviation (SD), median, minimum, maximum,
and interquartile range (IQR). Normality of continuous
variables was assessed using the Shapiro-Wilk test. Ho-
mogeneity of variances between independent groups
was evaluated using Levene's test. Given the exploratory
nature of this pilot study, no formal sample size calcula-
tion was performed.

Because SDF measurements were obtained
from the same samples under different processing con-
ditions, paired comparisons were performed when ap-
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Figure 1- Sperm preparation techniques: Density gradient centrifugation and SwimCount Harvester™.
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(A) Schematic representation of density gradient centrifugation (DGC). Semen is layered over a discontinuous gradient (45% and 90%) and
centrifuged, allowing separation of spermatozoa based on density. Debris, leukocytes, and non-motile or abnormal spermatozoa remain in the
upper layers, while motile, morphologically normal spermatozoa are recovered in the pellet.

(B) Schematic representation of the SwimCount Harvester™ device. Semen is introduced into the inlet chamber, and spermatozoa migrate
through a membrane into the upper chamber containing culture medium. Motile spermatozoa are subsequently collected from the harvest
outlet, enabling selection without centrifugation. The device includes a semen inlet port, a medium inlet/harvest outlet port, and a designated
space for patient identification.
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Figure 2 - Study design and analytical workflow.
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Semen samples from 36 men were collected and analyzed according to WHO 2021 criteria. A subset of samples (n = 13) underwent sperm
DNA fragmentation (SDF) assessment using the sperm chromatin dispersion (SCD) assay, analyzed manually and by computer-assisted semen
analysis (CASA), in raw semen and following processing by density gradient centrifugation (DGC) or SwimCount Harvester™ in a within-subject
design. Total motile sperm count (TMSC) was evaluated in all samples (n = 36) following DGC and Harvester processing. Statistical analyses

included paired comparisons, Cohen's d, and Cohen'’s x with bootstrap confidence intervals.
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propriate. Paired t-tests were applied when normality
assumptions were satisfied. In independent compari-
sons with unequal variances, Welch's correction was
used. Non-parametric tests were employed when dis-
tributional assumptions were not met.

Agreement between manual and CASA SDF
classification (using a 20% SDF threshold to classify
non-pathological versus pathological SDF results) was
evaluated using Cohen’s kappa coefficient. Confidence
intervals were estimated using both asymptotic stan-
dard error and bias-corrected accelerated (BCa) boot-
strap resampling with 10,000 iterations to improve ro-
bustness given the limited sample size.

Effect sizes for SDF reductions were calculated
as standardized mean differences (Cohen'’s d), using
pooled standard deviations. For TMSC comparisons,
effect size was calculated using Cohen’s d based on
pooled variance. Effect sizes were interpreted accord-
ing to conventional thresholds (0.2 small, 0.5 medium,
0.8 large).

Statistical significance was defined as p < 0.05.
Analyses were performed using JMP software (SAS In-
stitute, Cary, NC, USA).

RESULTS

Sperm DNA Fragmentation in Raw and Processed
Samples

In raw semen, SDF values demonstrated con-
siderable variability, particularly when assessed using
CASA. Mean SDF measured by CASA was 24.0% (SD
15.2%), ranging from 6.0% to 58.0%, with a median
of 21.8%, indicating that a considerable proportion of
samples exhibited elevated DNA fragmentation. Man-
ual SCD assessment yielded a comparable mean SDF
of 25.9% (SD 9.2%) and a median of 25.0%. The nar-
rower dispersion observed with manual assessment
suggests lower variability, although this may reflect
methodological differences rather than true biological
variation (Table-1).

Following DGC, SDF was significantly reduced.
In CASA analysis, mean SDF decreased from 24.0% to
3.8% (p<0.001), corresponding to an approximate 84%
relative reduction. The median value declined to 3.5%,
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and the interquartile range narrowed considerably, in-
dicating enrichment of a more homogeneous sperm
population (Table-1). The standardized effect size for
this reduction was large (Cohen'’s d = 1.81). Manual SCD
analysis showed a similar decrease from 25.9% to 7.5%
(p<0.001), with a large effect size (d = 2.09).

SwimCount Harvester™ processing also result-
ed in a significant SDF reduction relative to raw semen.
In CASA analysis, the mean SDF decreased to 6.0%
(p<0.001), with a large effect size (d = 1.59). Manual SCD
analysis showed a reduction to 6.8% (p<0.001), with an
effect size of d = 2.64 (Table-1).

Direct comparison between DGC and Harvest-
er revealed no statistically significant difference in SDF
reduction (CASA p=0.219; Manual p=0.341). Although
DGC showed numerically lower mean SDF values in
the CASA analysis, no statistically significant difference
was observed between techniques, suggesting com-
parable efficacy under the conditions tested (Table-1).

The reduction in SDF across processing meth-
ods is illustrated in Figure-3A.

Agreement Between Manual and CASA SDF Clas-
sification

Agreement between manual SCD scoring and
CASA classification improved following sperm pro-
cessing. In raw semen, the observed agreement was
76.9%, corresponding to a Cohen'’s kappa of 0.53 (boot-
strap 95% CI 0.05-0.88), indicating moderate agree-
ment. After DGC processing, agreement increased to
84.6%, with k = 0.66 (bootstrap 95% CI 0.18-0.93), con-
sistent with substantial agreement. Following Harvest-
er processing, complete concordance was observed (k
= 1.00; bootstrap 95% CI 0.54-1.00), indicating perfect
agreement (Table-2).

Total Motile Sperm Count

TMSC differed significantly between processing
methods. DGC preparations yielded a mean TMSC of
1.8 x 10° (SD 2.6), whereas Harvester preparations yield-
ed a mean of 5.8 x 106 (SD 6.5) (Table-3). Levene's test
confirmed unequal variances, and Welch's correction
was applied. The difference was statistically significant
(p=0.001). The calculated standardized effect size was
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Table 1 - Descriptive Statistics and Paired Effect Sizes of Sperm DNA Fragmentation According to Processing

Method and Assessment Technique (n = 13).

Processing Method Assessment Mean + SD Median (IQR) Min-Max p-value vs p-value DGC
Raw vs Harvester
Raw semen CASA 24,0 £15.2 218 6.0-58.0 - -
(12.0-32.0)
CASA 38+42 35 0.0-1511 <0.001 0.219
Post-DGC
s (10-6.0)
Post-Harvester CASA 6.0 +5.0 43 0.3-14.0 <0.001 —
(2.0-8.0)
Raw semen Manual SCD 259 +9.2 25.0 10.0-40.0 - —
(20.0-32.0)
Manual SCD 75+84 5.0 0.0-25.0 <0.001 0.341
Post-DGC
08 (2.0-9.0)
Post-Harvester Manual SCD 6.8 +45 80 1.0-15.0 <0.001 -
T (3.0-10.0) o '

CASA = computer-assisted semen analysis; SCD = sperm chromatin dispersion test; DGC = Density-gradient centrifugation; IQR = interquartile

range; SD = standard deviation

large (Cohen's d = 0.81), indicating a substantial mag-
nitude of difference favoring Harvester in motile sperm
recovery. The comparison of total motile sperm recovery
between DGC and Harvester is shown in Figure-3B.

DISCUSSION

Main findings

This pilot study provides a within-subject com-
parison of DGC and a non-centrifugal migration-based
sperm selection system (SwimCount Harvester™) with
respect to sperm DNA fragmentation (SDF), analytical
agreement between manual and CASA-based assess-
ment, and total motile sperm recovery.

Three main findings emerge. First, both DGC
and Harvester significantly reduced SDF compared
with raw semen, with large, standardized effect sizes.
Second, no statistically significant difference in SDF re-
duction was observed between techniques, suggesting
comparable efficacy in selecting spermatozoa with im-
proved chromatin integrity under the conditions tested.
Third, Harvester yielded significantly higher total motile
sperm counts compared with DGC, with a large effect
size. In addition, agreement between manual and CASA
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SDF assessment improved following sperm processing,
reaching perfect concordance after Harvester selec-
tion. Collectively, these findings suggest that migration-
based sperm selection can achieve chromatin integrity
enrichment comparable to conventional centrifugation
while substantially increasing motile sperm recovery.

Interpretation

The reduction in SDF observed following both
DGC and Harvester processing supports the concept
that motility-based selection enriches for spermatozoa
with improved chromatin integrity. This is biologically
plausible, as SDF has been associated with reduced mo-
tility, oxidative stress, and impaired membrane integrity
(5, 9, 15, 22, 23). By selecting motile spermatozoa, both
techniques inherently reduce the proportion of frag-
mented cells (16, 24, 25).

The absence of a significant difference between
DGC and Harvester in SDF reduction suggests that cen-
trifugation is not essential for effective SDF reduction.
Although DGC showed numerically lower SDF values in
CASA-based analysis, the overlap in data dispersion and
lack of statistical significance indicate comparable per-
formance in DNA fragmentation reduction.
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Figure 3 - Effects of sperm processing on DNA fragmentation and motile sperm recovery.

A SDF Reduction After Sperm Processing
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o
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(A) Sperm DNA fragmentation (SDF) in raw semen and following Density Gradient Centrifugation (DGC) and SwimCount Harvester™
processing. Both DGC and Harvester significantly reduced SDF compared with raw semen (p<0.001 for both comparisons). No significant
difference was observed between DGC and Harvester (p=0.219).

(B) Total motile sperm count (TMC) following DGC and Harvester processing. Harvester yielded significantly higher motile sperm recovery
(p=0.0012).

Data are presented as mean + standard deviation.
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Table 2 - Agreement Between CASA and Manual SCD (>20% Threshold).

Processing CASA+/ CASA+/ CASA-/ CASA-/ Agreement k (Bootstrap 95%
Method Manual+ Manual- Manual+ Manual- (%) Cl)
Raw semen 6 1 2 4 769 0.53
(0.05-0.88)
3 1 1 8 84.6 0.66
Post-D
ost-DGC (018-0.93)
1.00
Post-Harvester 4 0 0 9 100 (0.54-1.00)

CASA = computer-assisted semen analysis; SCD = sperm chromatin dispersion test; DGC = Density-gradient centrifugation; Cl = confidence

interval

Table 3 - Comparison of Semen Parameters following Density Gradient Centrifugation and SwimCount

Harvester™ sperm selection (n=36).

Cohen’s d (DGC
Raw semen DGC Harvester p-value ohen’s d (
vs Harvester)
Concentration (x108/mL) 239+ 186 34£37 79 £ 84 0.004 0.69
Motility (%) 571+185 89.3 £ 141 88.2+14.0 0.74 0.08
Total sperm count (x10%) 676 + 60.5 34 +37 6.3 +6.7 0.03 0.54
Total motile sperm count (x10°) 438 + 441 18 +26 58 £ 6.5 0.001 0.81

Values are mean + SD

The improved agreement between manual and
CASA-based SDF assessment following sperm pro-
cessing likely reflects reduced heterogeneity in chro-
matin dispersion patterns (i.e,, halo morphology). Raw
semen samples contain a broad spectrum of halo mor-
phologies, increasing classification variability. Follow-
ing processing, the sperm population becomes more
homogeneous, facilitating more consistent classifica-
tion across analytical methods. The use of bootstrap
confidence intervals strengthens the robustness of this
observation despite the limited sample size.

The most notable laboratory difference between
techniques was observed in total motile sperm recovery.
Harvester yielded significantly higher TMSC compared
with DGC, suggesting that avoidance of centrifugation
may preserve a greater proportion of viable spermato-
zoa. Mechanical stress during centrifugation has been
associated with sperm loss and increased reactive oxy-
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gen species generation, providing a plausible biological
explanation for this finding (12, 26).

Although both techniques effectively reduced
SDF, the higher motile yield achieved with Harvester
may provide a practical laboratory advantage. Similar re-
ductions in DNA fragmentation after microfluidic sperm
selection have been demonstrated in controlled labora-
tory settings (10, 13, 27). Moreover, previous comparative
studies indicate that microfluidic selection may reduce oxi-
dative stress markers compared with centrifugation-based
methods, and enhanced recovery without centrifugation
has also been reported in migration-based platforms, sup-
porting the biological plausibility of our findings (13, 27-29).

Clinical Relevance

Both DGC and Harvester appear effective in re-
ducing baseline DNA fragmentation at the laboratory level.
The higher motile sperm recovery observed with Harvester
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may represent a practical advantage, particularly in cases
with low sperm counts or compromised semen parameters.
However, no clinical outcomes were evaluated in this pilot
study. Therefore, the extent to which these laboratory differ-
ences translate into improved fertilization, embryo develop-
ment, or live birth rates remains unknown and requires
investigation in adequately powered clinical studies.

Strengths and limitations

The strengths of this study include its within-
subject design, minimizing inter-individual variability,
and the use of a validated SCD methodology with both
manual and CASA-based assessment. The incorpora-
tion of agreement analysis and bootstrap confidence
intervals adds methodological robustness, particu-
larly in the context of a limited sample size.

This study also has limitations. The small sam-
ple size restricts the precision of estimates and lim-
its generalizability. Only a subset of samples under-
went SDF assessment, and oxidative stress markers
were not directly measured, precluding mechanistic
conclusions. In addition, as a pilot study, no formal
sample size calculation was performed, and findings
should be interpreted as hypothesis-generating.

Future Directions

Larger, prospective studies are needed to
confirm these findings and determine whether non-
centrifugal sperm selection translates into improved
reproductive outcomes. Future research should incor-
porate clinical endpoints, oxidative stress biomarkers,
and functional sperm assays to better elucidate the
mechanisms underlying observed differences. Evalu-
ation of reproducibility across laboratories and cost-
effectiveness will also be important for broader clini-
cal implementation.

CONCLUSIONS

Both DGC and SwimCount Harvester™ signifi-
cantly reduce sperm DNA fragmentation compared
with raw semen, with no significant difference be-
tween methods. The Harvester system yields higher
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total motile sperm recovery and demonstrates excel-
lent agreement between manual and CASA-based
SDF assessment. These findings support the poten-
tial of migration-based, non-centrifugal sperm selec-
tion as an alternative to conventional centrifugation,
particularly in cases where maximizing motile sperm
recovery is desirable. Further studies are required to
establish clinical relevance.
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