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ABSTRACT

Background: Identification of a preservation medium that accurately retains semen parameters would be advantageous for men
requiring semen analysis by allowing them to produce sperm samples at home rather than on site or even facilitate ‘mail order’
semen analysis.

Objectives: To evaluate the utility of a commercially available refrigeration medium for preserving human semen parameters for
use in a diagnostic setting.

Materials and Methods: In patients undergoing diagnostic semen analysis, extender was added to the remainder of each
ejaculate following initial ‘ground truth’ testing. Samples were re-assessed to determine effects of incubation time, temperature,
volume of extender and speed of addition.

Results: Total and progressive motility and vitality declined slowly at 2-5°C, with some motility remaining even after 4 days.
The rate of motility and vitality decline was not consistent between samples, with samples outside the reference range being
particularly prone to rapid decline. Varying extender conditions showed that even samples with initially good parameters exhibited
inconsistent rates of decline in motility and vitality. This was partially ameliorated by incubation at 20-24°C compared to 2-5°C (p
< 0.001), while varying the speed of extender addition (dropwise vs. rapid) or the ratio of extender to initial sample had no effect.
Discussion: Although semen refrigeration medium does allow sperm to retain some motility for several days, the high level of
individual patient variability in the rate of decline precludes accurate reconstruction of initial semen parameters from extended
samples. However, total sperm count can be accurately measured.

Conclusions: There are many commercially available kits for semen analysis; however, the reliability of the results is questionable.
Semen extenders could potentially be used for triage for samples within the reference range but where measurements from
extended samples fall outside reference ranges, confirmation must be obtained from a fresh sample assayed according to WHO
guidelines before any diagnosis can be made.

Trial Registration: A Study Registration Number is not required as this was not a clinical trial

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
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1 | Introduction

Manual semen analysis performed on a freshly produced sample
isinternationally regarded as the routine test of choice to diagnose
male infertility [1, 2]; however, it is not always feasible for
samples to be analysed shortly after ejaculation. Semen analysis
examines individual sperm parameters including motility, vital-
ity, concentration and morphology, as well as characteristics of
the seminal fluid produced by the male accessory glands such
as ejaculate volume, pH and viscosity, which provide essential
information about male factor infertility. Performance of this test
in accordance with best practice WHO guidelines [1, 2] ensures
compliance with ISO 15189:2012 and ISO 23162:2021 and the most
accurate and reliable results [3, 4]. To minimise variables that may
affect the reliability of the result, WHO [1, 2] recommend samples
to be analysed within 1 h of production to avoid deterioration
of semen quality that can occur due to dehydration, changes in
osmolarity, temperature fluctuations, energy depletion, oxidative
stress, bacterial contamination and pH imbalances (reviewed
by [5]). Therefore, specimen collection routinely occurs on site
of the laboratory. In cases where men are unable to produce
samples on site, they are instructed to deliver their sample to the
laboratory within the hour. However, not all men have access
to andrology laboratories in the immediate vicinity, rendering
delivery of samples within 60 min impossible. There are many
kits currently on the market designed for self-testing semen
analysis. Some kits allow for the semen analysis itself to be
conducted at home by use of a mobile phone application or
a device to assess sperm count and motility [6]. By their very
nature, these kits provide very limited information and are unable
to provide accurate and reliable results [7, 8]. Furthermore,
they may create more harm by the information that is lacking,
providing a false sense of security that all is well if only one
or two parameters appear to be within range. More recently,
kits have been developed for sperm production at home which
can be transported to a diagnostic laboratory, with a view to
providing a more comprehensive and accurate test. However,
sperm parameters may deteriorate significantly from 60 min of
production [9], so these kits necessitate addition of a preservative
to protect sperm parameters.

For many years, the integrity of sperm has been preserved using
semen extenders for storage and transport of sperm for animal
breeding such as artificial insemination for species including
equines, roosters, dogs, pigs and cattle [10, 11]. Additionally,
suitable conditions have been identified to maintain human
semen in a variety of liquid media with a view to use in a
human clinical setting to transport or store sperm for assisted
reproduction [12-18]. In these settings, the need to maintain the
original parameters as they were at production is unnecessary,
so long as some viable sperm are available for use. However, this
is unacceptable for diagnostic testing. Recently, a modified liquid
preservative has been reported to maintain the integrity of the
sample after several days’ storage, sufficient for diagnostic testing
of sperm parameters [19]. However, this report only included
samples with parameters that fell within the fifth percentile for
fertile men, maintained over a broad temperature range, using an
undisclosed preservative that would be difficult to replicate. The
aim of the current study was to test the hypothesis that a com-
mercially available preservative, currently used for cool storage
of human sperm prior to assisted conception, can be optimised
to maintain sperm parameters sufficiently faithfully to allow

for reliable diagnostic testing of semen after more than 24 h of
storage.

2 | Materials and Methods
2.1 | Participant Recruitment

Men attending the Andrology Department at The Doctors Lab-
oratory (TDL) from May 2021 to June 2022 for routine semen
analysis, seminal fluid culture or a sperm DNA fragmentation
test were recruited for the study. A total of 140 men gave
informed consent to use the remains of their samples for this
study. Studies have been performed according to the Declaration
of Helsinki, and the procedures have been approved by The
Faculty of Sciences Research Ethics Advisory Group for Human
Participants from the University of Kent (No.: CREAG059-05-
2021). Only men with a minimum age of 18 years were accepted
for the study. To optimise reliability of measurands, samples were
rejected if there was a history of febrile illness in the 3 months
prior to analysis, or where the sexual abstinence period did not
conform to 2-7 days. Samples classified as azoospermic were not
included. In addition, hyperviscous samples were excluded as
well as samples where microorganisms were clearly seen under
microscopic observation at any time point pre- or post-extension.
A total of 116 men were thus included in the various primary
analyses. Some samples were split and used for more than one
experiment. All participants produced ejaculates on-site so that
semen samples were processed within 60 min. The distribution of
semen parameters included those within and outside of the fifth
percentile for fertile men (1) and ranged as follows: sperm count
0.4-249 million/mL (median 57.7; IQR 71.5), total motility 26%—
85% (median 67, IQR 9), progressive motility 20%-85% (median
63; IQR 9) and vitality 46%-96% (median 75; IQR 12). Thirty-four
samples were subject to morphology analysis and values ranged
from 0% to 12% normal forms (median 3; IQR 3). The volume of
all samples fell within WHO 2010 (1) reference range (> 1.5 mL).

2.2 | Sample Handling

Samples were produced into batch tested pre-weighed containers.
Manual semen analysis was conducted at TDL Andrology, a
UKAS accredited laboratory (ISO 15189:20), according to WHO
2010 (1) as the study was initiated prior to the publication of the
WHO 2021 recommendations [2]. Sperm count was performed on
fixed samples using an improved Neubauer chamber. Vitality was
assessed using Eosin-Y. Motility was assessed manually at 400 X
microscopic magnification. Sperm morphology was performed on
fixed samples stained with Papanicolaou stain and assessed blind
by two operators. An initial evaluation of the raw specimen was
performed within an hour of collection and subsequently after
addition of extender. Validation and optimisation of the extender
for preserving semen parameters was determined under different
conditions.

2.3 | Effect of Time on Semen Parameters Using
Manufacturer’s Instructions for Addition of
Extender

Semen samples were extended with a test-yolk buffer refrigera-
tion medium (catalogue no. 90129; FUJIFILM Irvine Scientific,
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CA, USA). In initial experiments, the extender was added drop-
wise to semen samples according to manufacturer’s guidelines
(111 v/v) and stored chilled at 2-5°C. Sperm count, total and
progressive motility, vitality and morphology were analysed
before (time 0) and after addition of extender at intervals up
to 96 h. Samples were pre-warmed for 15 min at 37°C prior to
the analyses to ensure standardisation of the samples prior to
assessment.

2.4 | Temperature

Manufacturer’s instructions recommend storage of extended
samples at 2-5°C. To determine the most suitable storage tem-
perature for this extender, samples were split and stored either
at 2-5°C or 20-24°C (room temperature, RT) for up to 8 h. Semen
analyses were performed before adding the extender and repeated
hourly for both storage conditions. Specimens kept at 2-5°C were
pre-warmed at 37°C for 15 min prior to analysis.

2.5 | Rate of Addition of Extender

The manufacturer’s instructions recommend dropwise addition
of extender. To test this variable, semen samples were split and
semen parameters were compared between dropwise addition
of an equal volume of extender or addition of the entire equal
volume of extender all at once. Samples were mixed via swirling
for 30 s until homogeneous prior to assessment. Semen analysis
was performed prior to (time 0) and immediately after addition
of the extender. Samples were then incubated at RT and repeat
measurements obtained at varying time intervals thereafter. In
comparing the extender addition protocols, replicate samples
from the same ejaculate were always measured at the same
time point(s); however, the time points chosen were deliberately
variable between different ejaculates, to mimic the effect of
unpredictable delivery times in a mail-based service.

2.6 | Varying Dilutions of Extender

Manufacturer’s instructions recommend adding an equal volume
of extender to semen.

To determine whether varying the volume of extender affects
semen parameters, each semen sample was divided into four
equal volumes. Addition of extender to each aliquot was as
follows: semen:extender 1:1 v/v, 1:2 v/v, 1:4 v/v, 1:5 v/v. Semen
parameters were compared between dilutions. Samples were
mixed via swirling for 30 s until homogeneous prior to assess-
ment.

2.7 | Statistical Analysis

Specimens were classified as normal if all parameters from the
initial analysis (pre-extension) were within the fifth percentile
for fertile men (1) reference ranges: Count > 15 million/mL;
total motility > 40%; progressive motility > 32%. Samples were
classified as abnormal if one or more of these parameters were
below range. At least 200 sperm (100 in duplicate) were counted
for each parameter. Data were analysed by the paired t-test

(paired two sample for means) to ascertain significance. Data
were presented and considered significantly different if p < 0.05.
Linear regression was carried out to determine the associations
between measurements obtained following different methods
of extender addition. Statistical analyses were performed using
Excel and Graphpad Prism (2021, Version 9.2.0 for Windows,
GraphPad Software, San Diego, California, USA).

3 | Results

3.1 | Validation Over Time According to
Manufacturer’s Instructions

The refrigeration medium used in this study was designed for
short term preservation of human sperm for assisted reproduction
procedures in a clinical laboratory setting, where total preserva-
tion of semen parameters is not mandatory. To determine whether
this medium could also be used in a diagnostic laboratory
setting for routine semen analysis, it was necessary to identify
the maximum time that semen could be kept in this medium
without significant alteration in the original semen parameters.
Our initial experiment therefore examined 36 semen samples,
measured daily for a total of 4 days in extender.

Upon initial analysis, prior to addition of extender, 15 samples
were within the fifth percentile for fertile men [1, 2] and 21
showed at least one parameter outside of this range. All samples
showed a decline in total motility (Figure 1A,B), progressive
motility (Figure 1C,D) and vitality (Figure 1E,F) over the course
of the experiment. The rate of decline in these three time-
sensitive parameters was highly heterogeneous between different
samples. Normal samples showed a decline of —0.238 / —0.249
/—0.111 percentage points per hour for total motility / progressive
motility /vitality, with a standard deviation of 0.217 / 0.231 / 0.130
respectively. Abnormal samples showed a decline of —0.338 /
—0.352 / —0.154 percentage points per hour for total motility /
progressive motility /vitality, with a standard deviation of 0.187 /
0.196 / 0.230 respectively. Amongst the abnormal samples, seven
showed especially rapid declines, falling from > 50% progressive
motility at t = 0 to < 25% progressive motility within 24 h. This
heterogeneity precluded any statistically rigorous determination
of a ‘correction factor’ which would allow reconstruction of initial
values from downstream time points.

Sperm morphology (Figure 1G,H) showed no consistent trends
over the time course, and day-to-day fluctuations did not exceed
binomial expectation. Morphology was therefore not assessed
in subsequent experiments. All other measurements including
sperm count (Figure 11,J) also showed relatively high day-to-day
fluctuations between time points for this experiment, which was
tentatively ascribed to incomplete mixing and increased viscosity
of many of these samples in this pilot experiment. In subsequent
experiments, additional care was taken to ensure samples of
normal viscosity were used.

The first follow-up experiment (n = 13 samples) focused on two
questions: the initial effects of adding extender, and the time
frame from 12 to 24 h, that is, the expected delivery window for
rapid courier transport of a mail order sample. Figure 2 again
demonstrates a high degree of heterogeneity in the response to
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FIGURE 1 | Change in semen parameters over time after addition of extender. Parameters were analysed in raw semen (time 0). Extender was
then added, and samples were incubated for up to 96 h at 2-5°C. Total motility (A/B), progressive motility (C/D), vitality (E/F), morphology (G/H) and
concentration (I/J) were analysed in 24-h intervals for n =15 normal and n = 21 abnormal samples. Normal samples were defined as having all parameters
within the fifth percentile for fertile men. Abnormal samples were defined as having at least one semen parameter outside of the fifth percentile for fertile
men [1, 2]. Data point and connecting line colours indicate repeat measurements on individual samples.
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FIGURE 2 | Hourly decline in motility and vitality parameters in extended samples after 12-24 h. Shown are (A) total motility, (B) progressive
motility and (C) vitality in n = 13 samples. Data point colours indicate repeat measurements on individual samples, with the shape of the point
representing the starting sperm concentration (triangle < 15 million/mL, square 15-30 million/mL, circle > 30 million/mL). Connecting line colours

group the samples into ‘good responders’ (green), ‘rapid poor responders’ (orange) and ‘delayed poor responders’ (blue).

extender. In this experiment using only samples with normal
viscosity there was a clear bimodal distribution for motility
parameters with seven samples showing rapid loss of motility
(average decline 3.1 + 0.1% over 24 h) and six showing better
motility preservation (average decline 1.4 + 0.1% over 24 h).
Supporting Information Figure 1 shows the distribution of the rate
of decline (percentage points per hour) across the sample set, and
a bimodal distribution is evident for both total and progressive
motility. Furthermore, although the number of samples was small
in this experiment, there was an indication that there may be
two different categories of ‘poor responder’ samples, with three

samples showing a rapid loss of motility immediately on addition
of extender, and four showing a more continuous decline over
24 h. Notably, this rapid decline was specific to the samples with
poorer starting parameters, with both starting concentration and
initial motility being lower in the ‘poor responder’ group than
the ‘good responder’ group. In particular, the ‘poor responder’
samples all had low starting sperm concentrations (all seven
equal or below 30 million/mL and four out of seven of them
below the WHO reference limit of 15 million/mL), whereas five
out of six samples exhibiting slow decline had a starting sperm
concentration above 30 million/mL.
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3.2 | Validation of Extender With Adjustments to
the Manufacturer’s Instructions

As the results indicated a deterioration in parameters over time
in extender, including declines immediately on addition, a series
of experiments were carried out to determine whether it was pos-
sible to improve conditions for preserving semen characteristics.
The manufacturer’s instructions recommend adding extender in
a 1:1 (v/v) dilution, dropwise, slowly and maintaining samples in
the extender at 2-5°C. To determine optimal handling conditions
for extended samples, different storage and handling conditions
were compared to the manufacturer’s recommendations for
preservation of semen parameters.

3.2.1 | Storage Temperature

Firstly, the effect of temperature was investigated, to determine
whether the rapid declines within the first few hours were
due to cold shock. Samples for this experiment (n = 15) were
therefore split following addition of extender and stored either
at 2-5°C (manufacturer’s instructions) or at RT (RT = 20-24°C)
with hourly measurement for 8 h. For all samples, a more
pronounced decline was detected for samples stored at 2-5°C
(average 4.8% per h for total motility (Figure 3A) and 5.0% for
progressive motility (Figure 3C)) compared to RT storage (average
1.8% per h for total motility (Figure 3B) and 1.7% for progressive
motility (Figure 3D)), and this difference was significant for both
parameters by two-tailed t-test (p < 0.001). Vitality showed a
mean hourly rate of decline of 3.7% for samples stored at 2-5°C
(Figure 3E) and 2.1% for RT (Figure 3F) which was also found
to be significant (p < 0.001). There was no difference in sperm
concentration between storage at either temperature throughout
the 8-h time course (Figure 3G/H). It was therefore concluded
that for short time periods, storage of semen in extender at RT
may preserve sperm parameters more efficiently than storage at
2-5°C as recommended by the manufacturer. Although semen
parameters were preserved more efficiently at RT than at 2-5°C,
there was still significant heterogeneity in the sample population,
with two samples (both low starting concentration with one
below 15 million/mL) showing relatively rapid declines in both
progressive and total motility within 8 h even at RT despite
initially good starting parameters. This could not be ascribed to
cold shock. Supporting Information Figures 2 and 3 show the
distribution of the rate of decline (percentage points per hour)
across the sample set at 2-5°C and at RT, demonstrating the
tighter distribution (more consistent rate of decline) for samples
stored at RT.

3.2.2 | Addition of Extender

An investigation to probe the effects of osmotic shock was carried
out by testing the rate of addition of extender. Figure 4 shows
the comparison between slow, dropwise addition of extender
according to manufacturer’s instructions, versus fast addition by
pouring and swirling to mix, all at a 1:1 ratio of semen:extender
(n = 35). Most samples do not show any major change in
any parameter immediately on extender addition; however, two
samples reacted poorly to the extender and showed an immediate
drop in total and progressive motility upon addition (Figure 4A/C,

TABLE 1 | Coefficient of determination (R?) for motility parameters
and vitality utilising various ratios of semen to extender.

1:2 1:4 1:5
(n=136) (n=24) (n=6)
Total motility 0.892 0.761 0.832
Progressive motility 0.906 0.799 0.955
Vitality 0.814 0.640 0.682

Numbers represent the R? value for the correlation between measurements
obtained using a 1:1 dilution ratio versus those obtained using higher dilution
ratios ranging from 1:2 to 1:5.

respectively). Importantly, any such initial drop was similar
irrespective of the speed of extender addition. Scatter plots
comparing motility and vitality for slow versus fast addition
(Figure 4B,D,F) show these were highly correlated (R* = 0.930 for
total motility, 0.941 for progressive motility and 0.739 for vitality).
This indicates that both motility and vitality decline at the same
rate irrespective of the method of addition of extender, for both
high- and low-quality samples. We have shown that 1:1 (v/v)
semen:extender dilutions have no significant effect on semen
parameters. However, patients cannot be asked to measure their
sample volume to add an equal volume of extender. We therefore
also investigated the effects of 1:2, 1:4 and 1:5 semen:extender
ratios (Table 1) and have seen high correlations between all ratios,
suggesting that rapid addition of any extender volume does not
significantly affect semen parameters.

Importantly, while the rate of decline was not dependent either
on the rate of addition of extender or on the ratio of extender to
semen in this split-sample analysis, it remained highly variable
between the individual samples. Supporting Information Figure 4
shows the rate of change of semen parameters for each individual
sample at RT with dropwise addition. While there is a general
tendency for motility to decline at ~1%-2% per h, some samples
decline much more rapidly within the first 8 h, others decline
slowly for 24 h and then rapidly thereafter, and others decline
steadily over the full 48 h of the experiment. Understanding the
source of this inter-sample variability remains a key goal for
future research.

4 | Discussion

This study shows that in some samples, preservation of sperm
motility and vitality can be achieved over an extended period
using a test-yolk buffer designed for semen preservation. Fur-
thermore, these parameters can be optimised by modification of
the manufacturer’s handling instructions to minimise the rate
of decline in extender. However, the integrity of these parame-
ters cannot be completely maintained, demonstrating that this
preservative is unable to provide a direct and accurate measure
of a man’s raw semen parameters. Furthermore, it is not possible
to adjust the results to take this deterioration into account due
to the wide variation between samples in the response to the
extender. Total sperm count is as expected, typically unaffected
by the extension process, as observed in previous studies [13, 16],
and both sperm motility and vitality decline following addition
of extender. We observed high variability in the rate of decline
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FIGURE 3 |

Hourly decline in semen parameters in extended samples over the first 8 h at either 2-5°C (Left panel: A/C/E/G) or 20-24°C (Right

panel: B/D/F/H). Shown are total motility (A/B), progressive motility (C/D), vitality (E/F) and concentration (G/H) in n = 13 samples. Data point and

connecting line colours indicate repeat measurements on individual samples, with the shape of the point representing the starting sperm concentration

(triangle < 15 million/mL, square 15-30million/mL, circle > 30million/mL).

in motility parameters. This applied at several stages, with some
samples showing accelerated decline immediately upon addition
of extender, some which initially tolerated the extender but that
declined rapidly within 8 h, and others which tolerated short
periods of extension but then declined rapidly at later time
points (Supporting Information Figure 4). This is in contrast to
a recent report of a modified preservation medium developed by
Samplaski et al. [19], in which the sperm count remained stable

over 52 h, but sperm motility declined gradually and consistently
over time.

The difference in observations may be due in part to the
difference between extender composition [5], and the method
used for semen analysis; automated computer assisted sperm
analysis [19] versus manual analysis according to WHO 2010
[1] criteria in this study. However, the most likely explanation
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FIGURE 4 | Comparison of slow and fast addition of extender on semen parameters. Samples were stored at RT. Parameters were measured in the

raw semen and then assessed at different time points up to 48 h following addition of extender added slowly dropwise or fast pouring. Data depicted

as line graphs (A, C, E) and scatter plots (B, D, F) for fast versus slow addition in n = 35 samples. The left-hand panels A/C/E show the effect of the

rate of addition of extender, with the unextended values shown on the left axis and extended values on the right axis. Green connecting line represents

slow addition, yellow represents fast addition. The right-hand panels (B/D/F) are scatter plots comparing total motility (B), progressive motility (D) and

vitality (F) for slow versus fast extender addition across all samples and time points. Scatter plot colours indicate measurements at different time points.

Analyses were done immediately after extending the sample (black), within the first 8 h (blue), between 8-24 h (green) and 24-48 h post-extension

(orange).

is the different patient population studied. Samplaski et al. [19]
only used normozoospermic samples for their study, whereas
samples used in the current study included a wide range of
both normozoospermic as well as samples where parameters
fell outside of the fifth percentile for fertile men. In this study
it was consistently observed that samples which initially fell
outside WHO reference boundaries for normal fertile males were
more likely to show accelerated decline in motility in extender.
However, this phenomenon was not solely restricted to abnormal
samples, and even some samples initially classified as normal,
showed unpredictable declines in motility over time, particularly
samples with starting sperm concentrations towards the lower
limit of normal variability (i.e., 15-30 million/mL).

Traditionally, cool storage in semen extender is the method of
choice for prolonging the life of sperm for artificial insemination

purposes in livestock [10, 11]. The benefits of cool storage include
slowing down metabolism, controlling bacterial growth [5, 20]
and protecting sperm from DNA damage [21]. Human sperm are
relatively resistant to cold shock, due to the increased cholesterol
content in their plasma membranes [22], allowing some degree
of preservation of semen parameters at lower temperatures, and
most manufacturers of extender, as well as mail-in and home
kits on the market, currently use chilled extender approaches [5,
23]. This includes the manufacturer’s handling instructions for
the media tested in this study, which recommend cool storage
of extended semen. However, set against this, sperm maintained
at low temperatures are at significant risk of oxidative damage
[24], as well as cold shock resulting from solute leakage across
plasma membranes, caused by thermotropic membrane lipid
phase transitions [22, 25, 26]. In 1996, in the first study on
the development of extenders for the transport and storage of
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human semen, Aitken et al. demonstrated significant improve-
ment in sperm motility when samples were stored for 24 h at
ambient temperature compared to 4°C, using a citrate-based
egg yolk buffer semen extender [15]. This is consistent with
multiple subsequent studies that indicate motility and vitality
are better preserved when raw semen [27] or washed sperm
[28-30] are stored at 20-23°C compared to storage at 4°C. Our
results together with data from another study [31] using a TYB-
based extender, further support these observations and further
contextualise them. In particular, our data indicate that low-
quality samples are less resilient to cool storage, and that for
these samples in particular, storing samples at RT in extender may
lead to superior preservation of sperm integrity. Logistically, the
ability to preserve samples at RT without significant deteriora-
tion would be considerably more advantageous for transporting
the samples to the laboratory than having to maintain a cold
chain.

A further confounding factor is bacterial contamination, intro-
duced into the sample either from normal skin flora, from
genitourinary infections, or during the extending process itself,
which will have detrimental consequences on the preservation of
semen parameters [32]. While our study was carried out under
strict laboratory conditions, ensuring the sterility of a home-
produced sample will be exceptionally challenging. Bacteria
adhere to spermatozoa and disrupt membrane integrity, not only
causing a decline in vitality and motility, but also causing aggre-
gation [33]. This applies to both RT incubation and cool storage.
While higher temperatures are more permissive for bacterial pro-
liferation, bacteria may also negatively affect semen parameters
during cool liquid storage [12, 13, 19]. In this study, samples that
were clearly infected were excluded from the primary analysis;
however, it is not possible to determine presence of bacteria solely
by microscopic observation, and some of the samples included in
our study may have had undetected contamination. Samples with
observed bacterial contamination tended to show accelerated
declines in motility after 8 h or more of storage (data not shown).
Bacterial proliferation can be reduced by incorporation of antibi-
otics into the extender, such as gentamycin used in the present
study. However, not all bacteria will be sensitive to them and
antibiotics often vary between extenders as do energy sources,
membrane protectants, antioxidants and osmoprotectants [5]
which may have different effects on the longevity of the sample in
preservative.

The method of addition of extender is also an important prac-
tical factor when considering sample production at home. The
manufacturer recommends adding an equal volume of extender
to semen, slowly and dropwise. However, this is very difficult
to control outside of a laboratory environment. Hence, the
pouring of a fixed volume presents tremendous benefit for
patients over dropwise addition of a calculated amount. In
our hands neither the method of extender addition (dropwise
vs. pouring) nor the amount of extender (1:1 ratio vs. excess
extender) greatly affected the results. This contrasts with other
observations using cryopreservative, which suggest that slow
addition of preservative may actually protect against osmotic
fluctuations that may damage sperm [15, 34]. This may be because
the refrigeration medium used in this study does not contain
glycerol as it is designed to maintain the osmolarity of the
sample.

The accuracy of a semen analysis is affected by many variables
irrespective of whether it is conducted in an accredited laboratory
[2, 5, 32, 35, 36]. This also applies to extended semen. The data
presented here were collected from samples produced at the labo-
ratory; however, sample quality is increased in samples collected
at home [37, 38] which may be a potential confounder. Results
may be affected by increased viscosity and aggregation which are
present after prolonged storage in extender, regardless of storage
temperature. Hyperviscosity is not uncommon in semen samples
and may play a significant role in undermining the accuracy of
the results. Furthermore, the quality of the semen parameters
influences the survival rate in liquid storage as the integrity of
sperm is greater when sperm parameters are above the fifth
percentile for fertile men [17]. Based on the results presented here,
while short term storage of up to 8 h at RT may preserve semen
parameters sufficiently for diagnosis in the majority of samples,
past this time deterioration is less predictable, particularly for
samples with poor pre-extension parameters, but also for some
with pre-extension parameters that are low but still within the
reference range.

At-home testing is therefore potentially a promising option for
triage, since total count remains accurate irrespective of dilution,
and any sample that remains within the reference range for
motility at time of measurement must have been within the
reference range at the time of production. However, poor semen
motility in a post-extension sample does not necessarily imply
poor motility prior to extension, and any diagnostic finding of
poor semen quality requires confirmation with analysis of a
freshly produced sample. A limitation of the current study is
the relatively small sample size. Inclusion of a larger cohort
of samples in future work may in principle permit develop-
ment of an algorithm to overcome sample heterogeneity. In
conclusion, until the causes of the high inter-sample variability
are rigorously identified and subject to detailed validation and
verification studies, it will not be possible to construct any
correction factor for motility and vitality that would allow
accurate diagnosis based on extended samples. To date, we are
unaware of any commercial kits that sufficiently take this into
consideration.

Author Contributions

Conceptualisation — Sheryl T. Homa; Formal analysis — Alessia Schadwell
(lead), Peter J.I. Ellis; Funding acquisition — Sheryl T. Homa, Andrew
Dawkins; Investigation and Validation - Alessia Schadwell (lead),
Andrew Dawkins, Tina Holton; Project administration and Resources —
Sheryl T. Homa; Supervision — Sheryl T. Homa (lead), Peter J.I. Ellis;
Visualisation — Alessia Schadwell, Peter J.I. Ellis; Writing, original draft —
Alessia Schadwell, Sheryl T. Homa; Writing, review and editing — Alessia
Schadwell, Sheryl T. Homa, Peter J.I. Ellis; Writing, statistical analysis -
Olivia Whiting.

Acknowledgements

The authors are thankful to the scientists in the TDL laboratory for
carrying out routine diagnostic testing on the original semen samples.

Funding
Financial support was provided by The Doctors Laboratory (TDL).

Andrology, 2026

85UB017 SUOWILLOD 3A1Te8.1D) 3|qedt|dde auy Aq peusenob afe ole YO ‘88N JO S9INJ 0 Akeiq1T8UIIUO /8|1 UO (SUOIPUOD-PLR-SLLLIBY W0 A8 | 1M ARIq 1 BUI|UO//ScNL) SUORIPUOD pUe SWB | 34} 89S *[920z/70/62] Uo ARIqIT8UIUQ AB|IM ‘80UB|[BOXT 8120 PUe Ui fesH 40} 8iniisu| [euolieN ‘3OIN AQ 0v20. IpUe/TTTT 0T/I0p/wo0 A8 |im Akeiqjpul|uoy//sdny wo.y papeojumoq ‘0 ‘£262.702



Ethics Statement

Approval for this project was granted by the Faculty of Sciences Research
Ethics Advisory Group (CREAG) for Human Participants from the
University of Kent (eighth of June 2021, Ref: CREAG059-05-2021). Patient
data were therefore only collected when the consent forms reviewed
and approved by the committee were signed by the participant prior to
participation. Data were pseudoanonymised prior to analysis.

Conflicts of Interest

The corresponding author/researcher (Sheryl T. Homa) is consultant
clinical lead for TDL Andrology Department.

Data Availability Statement

Data regarding any of the subjects in the study have not been previously
published unless specified. Data will be made available to the editors of
the journal for review or query upon request.

References

1. World Health Organization. WHO Laboratory Manual for the Examina-
tion and Processing of human Semen, 5th ed. (World Health Organization,
Department of Reproductive Health and Research, 2010).

2. World Health Organization. WHO Laboratory Manual for the Examina-
tion and Processing of Human Semen, 6th ed. (WHO, 2021).

3. L. Bjorndahl, “A Paradigmatic Shift in the Care of Male Factor
Infertility: How Can the Recommendations for Basic Semen Examination
in the Sixth Edition of the WHO Manual and the ISO 23162:2021 Standard
Help?,” Reproductive Biomedicine Online 45, no. 4 (2022): 731-736.

4. S. Baskaran, R. Finelli, A. Agarwal, and R. Henkel, “Diagnostic Value
of Routine Semen Analysis in Clinical Andrology,” Andrologia 53, no. 2
(2021): €13614.

5. Q. Cheng, L. Li, M. Jiang, et al., “Extend the Survival of Human Sperm
In Vitro in Non-Freezing Conditions: Damage Mechanisms, Preservation
Technologies, and Clinical Applications,” Cells 11, no. 18 (2022): 2845.

6. D. Gonzalez, M. Narasimman, J. C. Best, J. Ory, and R. Ramasamy,
“Clinical Update on Home Testing for Male Fertility,” The World Journal
of Men’s Health 39, no. 4 (2020): 615.

7. Association of Reproductive and Clinical Scientists. Male Infertility and
Semen Analysis: The Advantages and Disadvantages of Turning to ‘Home
Testing’ — A Statement From ARCS. Reproductive Biomedicine Online 47,
no. 6 (2023): 1-2.

8. Y. Aznavour, F. Navarrete, J. Badreddine, et al., “Semen Parameter Vari-
ability Among Users of At-Home Sperm Testing Kits,” BMC Urology22, no.
1(2022): 184.

9. A. Makler, 1. Zaidise, E. Paldi, and J. M. Brandes, “Factors Affect-
ing Sperm Motility. I. In Vitro Change in Motility With Time After
Ejaculation,” Fertility and Sterility 31, no. 2 (1979): 147-154.

10. G. S. Bustani and F. H. Baiee, “Semen Extenders: An Evaluative
Overview of Preservative Mechanisms of Semen and Semen Extenders,”
Veterinary World 14, no. 5 (2021): 1220.

11. M. Wiebke, B. Hensel, E. Nitsche-Melkus, M. Jung, and M. Schulze,
“Cooled Storage of Semen From Livestock Animals (Part I): Boar, Bull,
and Stallion,” Animal Reproduction Science 246 (2022): 106822.

12. P. M. Zavos, J. C. Goodpasture, L. J. D. Zaneveld, and M. R. Cohen,
“Motility and Enzyme Activity of Human Spermatozoa Stored for 24
Hours at +5°C and -196°C,” Fertility and Sterility 34, no. 6 (1980): 607-609.

13. D. G. Jaskey and M. R. Cohen, “Twenty-Four to Ninety-Six-Hour
Storage of Human Spermatozoa in Test-Yolk Buffer,” Fertility and Sterility
35, no. 2 (1981): 205-208.

14.J. R. Bolanos, J. W. Overstreet, and D. F. Katz, “Human Sperm
Penetration of Zona-Free Hamster Eggs After Storage of the Semen for
48 Hours at 2°C to 5°C,” Fertility and Sterility 39, no. 4 (1983): 536-541.

15. R. J. Aitken, I. W. Allan, D. S. Irvine, and M. Macnamee, “Studies on
the Development of Diluents for the Transportation and Storage of human
Semen Rat Ambient Temperature,” Human Reproduction 11, no. 10 (1996):
2186-2196.

16. F. Dondero, T. Rossi, M. Delfino, N. Imbrogno, S. Cannistra, and F.
Mazzilli, “Human Semen Refrigeration at + 4°C: Bio-Kinetic Character-
istics,” Cell and Tissue Banking 7, no. 1(2006): 61-64.

17.J. M. Riel, Y. Yamauchi, T. T. F. Huang, J. Grove, and M. A. Ward,
“Short-Term Storage of Human Spermatozoa in Electrolyte-Free Medium
Without Freezing Maintains Sperm Chromatin Integrity Better Than
Cryopreservation,” Biology of Reproduction 85, no. 3 (2011): 536-547.

18. A. Agarwal, R. Sharma, A. Singh, S. Gupta, and R. Sharma, “Standard-
isation of a Novel Sperm Banking Kit - NextGen(®) - to Preserve Sperm
Parameters During Shipment,” Andrologia 48, no. 6 (2016): 662—-669.

19. M. K. Samplaski, O. Falk, S. Honig, D. Shin, W. Matthews, and J. F.
Smith, “Development and Validation of a Novel Mail-in Semen Analysis
System and the Correlation Between One Hour and Delayed Semen
Analysis Testing,” Fertility and Sterility 115, no. 4 (2021): 922-929.

20. D. Waberski, A. M. Luther, B. Griinther, et al., “Sperm Function In
Vitro and Fertility After Antibiotic-Free, Hypothermic Storage of Liquid
Preserved Boar Semen,” Scientific Reports 9, no. 1 (2019): 14748.

21. C. C. Love, J. A. Thompson, V. K. Lowry, and D. D. Varner, “Effect
of Storage Time and Temperature on Stallion Sperm DNA and Fertility,”
Theriogenology 57, no. 3 (2002): 1135-1142.

22.E. Z. Drobnis, L. M. Crowe, T. Berger, T. J. Anchordoguy, J. W.
Overstreet, and J. H. Crowe, “Cold Shock Damage Is Due to Lipid
Phase Transitions in Cell Membranes: A Demonstration Using Sperm
as a Model,” Journal of Experimental Zoology 265, no. 4 (1993): 432-
437.

23. K. Baek, M. Feliciano, A. Wang, Z. Rosenwaks, and G. D. Palermo,
“P-1006,” Fertility and Sterility 86, no. 3 (2006): S507.

24. B. A. Ball, “Oxidative Stress, Osmotic Stress and Apoptosis: Impacts
on Sperm Function and Preservation in the Horse,” Animal Reproduction
Science 107, no. 3—-4 (2008): 257-267.

25.J. E. Parks and D. V. Lynch, “Lipid Composition and Thermotropic
Phase Behavior of Boar, Bull, Stallion, and Rooster Sperm Membranes,”
Cryobiology 29, no. 2 (1992): 255-266.

26. 1. G. White, “Lipids and Calcium Uptake of Sperm in Relation to
Cold Shock and Preservation: A Review,” Reproduction, Fertility, and
Development 5, no. 6 (1993): 639-658.

27. R. A. Appell and P. R. Evans, “The Effect of Temperature on Sperm
Motility and Viability,” Fertility and Sterility 28, no. 12 (1977): 1329-1332.

28. C. Petrella, J. Hsieh, K. Thrift, J. P. Jarow, H. Zacur, and Y. Zhao, “Opti-
mizing Incubation Conditions for the Preservation of Sperm Motility in
Processed Semen Samples,” Fertility and Sterility 84, no. 2 (2005): 513-
515.

29. A. Amaral, C. Paiva, M. Baptista, A. P. Sousa, and J. Ramalho-Santos,
“Exogenous Glucose Improves Long-Standing Human Sperm Motility,
Viability, and Mitochondrial Function,” Fertility and Sterility 96, no. 4
(2011): 848-850.

30. Y.-A. You, E. Mohamed, S.-A. Oh, and M.-G. Pang, “Optimized
Methods to Maintain Motility and Viability in Normozoospermic Males,”
Korean Journal of Reproductive Medicine 36, no. 1 (2009): 45-53.

31. A.Lange and C. L. Bormann, “Utilization of a Test Yolk Buffer Solution
to Maintain the Integrity of Semen Samples for an Extended Period of
Time,” Fertility and Sterility 107, no. 3 (2017): €27.

32. R. Rybar, P. Prinosilova, V. Kopecka, et al., “The Effect of Bacterial
Contamination of Semen on Sperm Chromatin Integrity and Standard
Semen Parameters in Men From Infertile Couples,” Andrologia 44, no.
suppl 1 (2012): 410-418.

33. H. Oghbaei, Y. Rastgar Rezaei, S. Nikanfar, et al., “Effects of Bacteria
on Male Fertility: Spermatogenesis and Sperm Function,” Life Sciences
256, (2020): 117891.

10

Andrology, 2026

85UB017 SUOWILLOD dAITES1D 3|qed! dde sy Aq peueA0f afe S9o1Le YO ‘88N JO S3INJ 10} Aeud1Taul|UQ AS|IA UO (SUONIPUOD-PUR-SLLLIBILIOD™AS| 1M AeIq 1jpU1|UO//ScILY) SUORIPUOD pue SWwie 1 3u) 89S *[9202/¥0/62] Uo AeiqiauljuO (1M ‘90us|[eoX3 81eD pue UlfeaH o} aimiisu| euoiieN ‘IOIN AQ 0202 JpUe/TTTT OT/I0p/wod As | Akeiqijpul|uo//sdny wo.y pepeojumod ‘0 *£262.70¢



34. W. C. L. Ford, E. A. Mclaughlin, S. M. Prior, J. M. Rees, P. G. Wardle,
and M. G. R. Hull, “The Yield, Motility and Performance in the Hamster
Egg Test of Human Spermatozoa Prepared From Cryopreserved Semen by
Four Different Methods,” Human Reproduction 7, no. 5 (1992): 654-659.

35. A. Makler, Y. Urbach, E. Lefler, and D. Merzbach, “Factors Affecting
Sperm Motility. VI. Sperm Viability Under the Influence of Bacterial
Growth in Human Ejaculates,” Fertility and Sterility 35, no. 6 (1981):
666-670.

36. A. Makler, R. David, Z. Blumenfeld, and O. S. Better, “Factors
Affecting Sperm Motility. VII. Sperm Viability as Affected by Change of
pH and Osmolarity of Semen and Urine Specimens,” Fertility and Sterility
36, no. 4 (1981): 507-511.

37.S. Elzanaty and J. Malm, “Comparison of Semen Parameters in
Samples Collected by Masturbation at a Clinic and at Home,” Fertility and
Sterility 89, no. 6 (2008): 1718-1722.

38.J. Gao, Y. G. Duan, X. Yi, W. S. B. Yeung, and E. H. Y. Ng, “A
Randomised Trial Comparing Conventional Semen Parameters, Sperm

DNA Fragmentation Levels and Satisfaction Levels Between Semen
Collection at Home and at the Clinic,” Andrologia 52, no. 7 (2020): e13628.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section.

Supporting Figure S1: Distribution of rates of change after 24 h
incubation at room temperature. Values given as percentage point
decline per hour in (A) progressive motility (mean = —1.46, SD = 0.46,
IQR =0.63), (B) total motility (mean = —1.45,SD = 0.47, IQR = 0.58) and
(C)vitality (mean = —1.12, SD = 0.44, IQR = 0.38). Supporting Figure
S2: Distribution of rates of change after 8 h incubation at 2°C-5°C. Values
given as percentage point decline per hour in (A) progressive motility
(mean = —5.47,SD =2.64,IQR = 5.13), (B) total motility (mean = —5.30,
SD =2.80,IQR =5.16) and (C) vitality (mean = —4.21,SD =1.70, IQR =
2.00). Supporting Figure S3: Distribution of rates of change after 8-h
incubation at room temperature. Values given as percentage point decline
per hourin (A) progressive motility (mean: -2.15, SD: 2.19, IQR: 1.47), (B)
total motility (mean = —2.18, SD =2.41,IQR =1.13) and (C) vitality (mean
=-2.46,SD =1.28,IQR =0.78). Supporting Figure S4: Effect of 2-day
storage at room temperature on extended semen samples, measured at
irregular intervals to mimic real world sample transport times. (A) Total
motility, (B) Progressive motility and (C) Vitality for n = 46 samples.
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