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Male factor infertility accounts for about 50% of the incidence of infertility in couples. In current practice, the men must
attend a clinic or hospital facility to provide a semen analysis, which is key to the diagnosis of the male reproductive poten-
tial. However, many men are often embarrassed with the process and conventional semen analysis requires complex, labor
intensive inspection with a microscope. To mitigate these problems, one of the solutions can be at-home semen analysis. In
this review we examine the literature of currently available at home semen analysis test kits, describe their limitations, and

compare them to the conventional lab-based methods.
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INTRODUCTION

Infertility has been a consistent problem that cur-
rently still affects approximately 10% to 20% of repro-
ductive-aged couples worldwide [1-3]. Male factor has
been found to be responsible for an estimated 40% to
50% of all infertility cases. Male factor infertility is
often attributed to poor semen quality with subopti-
mal sperm motility, limited concentration, or abnormal
morphology [1,24]. Through evaluation and subsequent
treatment, reversible causes of male factor infertility
may be determined, which can present a more cost-
effective treatment option for couples than immedi-
ately employing assisted reproductive technology [4].
Standard semen analysis, in accordance with World
Health Organization (WHO) criteria, is commonly done
to evaluate the semen parameters in order to assess
the male fertility potential. However, standard semen
analysis 1s complex, laborious, time-consuming, and can

even be stressful for many patients due to the cost as
well as feelings of embarrassment, which may prevent
them from seeking medical attention for infertility
[56-10]. Conversely, at home semen analysis kits can al-
leviate financial burden and allay concerns with pri-
vacy and embarrassment while providing a valuable
diagnostic tool for patients who may suffer from male
factor infertility that is more convenient than conven-
tional semen analysis.

Regarding the collection of the semen sample, studies
have either found no difference between semen param-
eters in samples collected at home versus in the clinical
setting or an improvement in semen quality for sam-
ples collected at home, indicating a potential benefit of
at home assays for infertility investigation. Moreover,
reported satisfaction levels of at home semen collec-
tion were higher, and this would be the method relied
upon with at home kits [11-13]. In a retrospective study
of post vasectomy semen analysis compliance, patients
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reported distance, time commitment, and forgetful-
ness as primary barriers to completing their semen
testing, and 92% of the 503 patients indicated home-
based semen analysis would increase their compliance
[14]. Furthermore, ease of use for laypeople of home
semen analysis kits such as the Trak system has been
demonstrated, while other methods of testing incorpo-
rate smartphones which can increase accessibility for
patients [15-18]. Convenience, lower cost, and avoidance
of potential social stigma and embarrassment make
at home semen assays a broadly appealing option for
investigating infertility. Herein, we recognize and ac-
knowledge this review is similar to a review performed
by Yu et al [5] and Kobori [6], but what differentiates
this review is we provided insight into the principle
interplaying within each respective kit, whether the
kit gained US Food and Drug Administration (FDA)
credibility, as well as discuss the limitations according
to WHO criteria.
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4. Gold/anti-species antibody dried onto
nitrocellulose membrane at control line (C)

3. At test line (T), secondary SP-10 monoclonal
antibodies, capture SP-10 antigen/antibody/gold

2. SP-10 protein binds to rehydrated gold
conjugated primary anti-SP-10 monoclonal antibody

1. With four drops of diluted semen added to
sample well (S), lateral flow begins.
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1. Standard semen analysis

The WHO laboratory manual provides standards for
semen analysis, including for sample collection, initial
macroscopic examination, initial microscopic examina-
tion, and for testing sperm motility, concentration, and
morphology [19]. In order to meet the standards and
guidelines, intensive laboratory training and quality
control programs are needed. Unfortunately, methodol-
ogy lapses lead to mistakes and some laboratories, in
order to save time labor and expenses, use methods
other than the standard [20,21]. For example, some
laboratories utilize different chambers or inadequate
dilutions for pipetting, which leads to false results.
Furthermore, sperm motility assessment also presents
a challenge in the subjective nature of gamete veloc-
ity, as well as the standardized time elapsed between
sample collection and the result [22,23]. In response to
the abovementioned difficulties in the manual semi-
nological assessement, the first computer system for
an automatized sperm analysis, or computer assisted

Fig. 1. SpermCheck Fertility device and
results. Device is shown before a sample
has been added. Following a 20 minute
semen liquefaction period, 100 ulL of
semen is sampled and mixed with a
detergent that solubilizes the sperm’s
acrosomal membranes, releasing SP-10
protein. Four drops of the solution are
applied to the sample well (1). Colloidal
gold-conjugated monoclonal SP-10 an-
tibodies present on the absorbent pad
bind to the solubilized SP-10 antigen (2).
The solution migrates along the nitrocel-
lulose strips by capillary action. At test
line (T), a second monoclonal antibody
captures the gold-antibody-SP-10 com-
E plex, resulting in the appearance of a red

line at this position (3). The appearance

SDeFrc"r‘tﬁnsﬂ of lines at the control position indicates
the device functioned properly. Diag-
nostic devices showing a concentration

c over 20 million (A-C), below 20 million

T (D), and a type of invalid test result (E).
Presence of red control line must appear

s to ensure result is valid and test fluid

has completely flowed over the test line,
which must appear within the 7-minute
assay period.
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semen analysis (CASA), was designed. CASA is able
to visualize and estimate sperm concentration, veloc-
ity and morphology utilizing a sophisticated electronic
imaging system and software algorithm. Repeatability
of the measurements and their objectivism constitute
a potential advantage of the CASA. However, despite
these advantages, the CASA system retails at a costly
$30,000 to $40,000, depending on the model purchased.

DEVICES FOR HOME BASED SEMEN
ANALYSIS

1. SpermCheck Fertility
The SpermCheck Fertility test (Princeton BioMedi-

tech Corp., Monmouth Junction, NJ, USA) is a rapid
qualitative test that employs two solid-phase chromato-
graphic immunoassays within a single cassette. One
test strip is calibrated to give a positive result if the
sperm concentration is 2x10" sperm/mL or greater. The
device employs a pair of monoclonal antibodies that
bind distinct epitopes on the sperm acrosomal antigen
SP-10, which is readily released from the sperm head
into a detergent containing buffer upon semen addi-
tion. SP-10 mRNA and protein has been validated as a
selective analyte, since its only expressed in the testis,
and not expressed in other organs [24-26]. The principle
underlying the operation of the device is shown in Fig.
1 and the representative test results with their inter-
pretation are described in Fig. 1.

The SpermCheck Fertility Test, the first FDA ap-
proved at-home screening test for men with normozoo-
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spermia or oligozoospermia, has a reported accuracy of
98% and reads out results within 10 minutes (Table 1).
In addition, a similar testing device designed for post-
vasectomy patients, SpermCheck” Vasectomy Fertility
(Princeton BioMeditech Corp.), is calibrated to detect
<250,000 sperm, providing the possibility of a useful
alternative to standard postvasectomy sperm monitor-
ing. However, Andrusier et al [27] observed that home
semen analysis kits failed to significantly improve
compliance and suggested that there be partner in-
volvement. Furthermore, its sensitivity is 93% and
specificity is 97% (Table 1) [28]. Although the Sperm-
Check Test is relatively quick and easy to interpret, it
doesn’t provide information on other parameters, such
as motility, volume, and morphology.

2. Trak

The Trak Male Fertility Testing system (Sandstone
Diagnostics, Inc.,, Livermore CA, USA), shown in Fig.
2, 1s an FDA 510(k) cleared, small portable device that
utilizes centrifugal motion to determine sperm cell
count. The system components and operation of the
device, as well as example results are shown in Fig.
2A and 2B, respectively. The device provides a linear
sperm concentration with two marks of delineation, 15
million sperm/mL and 55 million sperm/mL, and deliv-
ers measurements within three categories, as shown in
Fig. 2B: low (<15 million sperm/mL), moderate (15-55
million sperm/mL), and optimal (>55 million/mL). This
categorical approach combines the WHO threshold and
evidence based reference for a faster time to pregnancy

Fig. 2. (A) Trak Male Fertility Testing system components and operation. The system contents include a reusable engine, single-use test cartridges
(Props), fluid transfer device, liquefaction cups. Photo shows a prop placed on the engine. To operate the system, the user collects a semen
sample in an enzyme-coated collection cup that promotes liquefaction. Then, the user transfers 0.25 mL of semen to the Prop inlet chamber, at-
taches the Prop to the engine, and closes the lid to initiate the spin sequence, which runs for 6 minutes at 7,000 rpm. When the spin sequence is
complete, the sperm cells form a visible, measurable white column that’s proportional to the concentration of sperm. (B) Test results of samples
with low (<15 million/mL), moderate (15-55 million/mL), and optimal (>55 million/mL) sperm concentrations.

www.wjmh.org 3
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Table 1. Continued
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FDA approval?

No. of tests Time until
perkit  result (min)

Cost

Parameters
missing

Method Parameters tested  Categories tested Accuracy (%)

Test

£74.99 2 15-20 No; only available

(582)

Morphology

pH

Semen volume

Smartphone based

ExSeed

MEN's HEALTH

in Denmark &

UK

Concentration

Motility

device with optical

tracking

£149.99

($199.99)

~$5

Total motile sperm count

No; pre-clinical

~1

Morphology

pH

<100 million Concentration: ac-

Concentration

Microfluidics & optical

Point of care

testing

curacy 97.1
HBA: accuracy 87,

>100 million

attachment for smart-  Motility

automated-

Volume

phone

smartphone

sensitivity 100,
specificity 69,

Hyaluronic binding assay

based system by

(HBA) & Sperm viability

DNA fragmentation

Kanakasabapathy

et al [40]

(4.9%)’; 1.2° DNA
fragmentation

sperm viability
(5.7%)% 0.7°
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FDA: US Food and Drug Administration, -: data not provided.

*Percentages reported as standard-deviations. "Absolute mean bias evaluated by Bland-Altman analysis.

[29]. According to Schaff et al [16], the device achieved
an accuracy of 93.3% for results categorized <15 mil-
lion/mL, 82.4% for results 15-55 million/mL, and
95.5% for results >55 million/mL compared to CASA
measurements (Table 1). The device retails for $89.99
for two kits and has a companion mobile application,
which provides personalized recommendations on life-
style changes aimed at improving sperm concentration
[16]. Although Trak’s linear test results may enable
longitudinal measurements, the device only indicates
the range of only two semen parameters; volume and
concentration, failing to analyze other parameters.

3. SwimCount Sperm Quality test and

FertilitySCORE

SwimCount Sperm Quality test is a kit that tests
the concentration of progressively motile sperm cells
within a range when the sperm concentration exceeds
a threshold. The principle underlying the operation of
the device is shown in Fig. 3A. The “swim-up” technol-
ogy employed sorts progressively motile spermatozoa
as well as spermatozoa with low DNA fragmentation
[30]. The SwimCount Sperm Quality is calibrated to
give three categorized results, displayed by a light to
dark purple color range indicating increased sperm
density, respectively. Furthermore, if the motile sperm
concentration is below 5 million motile sperm/mL the
categorized result will be indicated with the lightest
color. Additionally, a sample that contains between 5
million motile sperm/mL and 20 million/mL will result
in the middle color (Fig. 3B). If the sample is 20 million
sperm/mL or higher, the categorized result will be the
darkest of the three colors. Compared with manual mi-
croscope methods, and the SwimCount Sperm Quality
test has an accuracy of 95% (Table 1) [31]. Comparing
5th generation WHO subnormal semen parameters,
defined as below the threshold count of 5 million/mL
total progressively motile sperm concentration, the
SwimCount’s sensitivity and specificity were 88% and
74%, respectively (Table 1) [32]. This kit retails for EUR
€49.99 ($57) and has an advantage for men who want
to investigate their potential fertility status by giving
more detailed information on sperm motility param-
eters than the Trak and SpermCheck home kits.

Similar to the SwimCount Fertility test, the Fertili-
tySCORE test kit measures motile sperm concentration
utilizing a colorimetric dye (Fig. 3C). The kit is based
on the principle that metabotically active spermatozoa

www.wjmh.org 5
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2. Swim-up chamber/
assay compartment

3. Result window/
detection filter

sperm cells (PMSC'S) sl

swim up into the
swim-up chamber.

In the swim-up
chamber the PMSC'S

are stained.
4. Reading the result
|~ o~
© . (@ . (@

= ==
l® l®

1. Sample well/ \
semen compartment

ES o =3
0'4

|

N
s o o
Q) il! €

FertilitySCORE

2 million TPMSCs/mL | 10 million TPMSCs/mL |

25 million TPMSCs/mL|

Fig. 3. Principles SwimCount and FertilitySCORE device and results of SwimCount shown in results window. (A) Total progressively motile sperm
concentration (PMSC). The device is composed of two macro-chambers, which are separated by a filter with a pore of 10 um. Only progressively
motile spermatozoa, with normal morphology pass through this filter once the device is activated. A total of 30 minutes is required for complete
dyeing of spermatozoa, utilizing a solution of consisting of phosphate-buffered saline and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide on top of the filter. (B) Example test results that show less than 5 million/mL, between 5-20 million/mL, and more than 20 million/mL
total PMSC. (C) FertilitySCORE is based on the principle of metabotically active spermatozoa chemically change the structure of a Resazuin color
dye from dark blue to pink and diagnosis whether the motile sperm concentration is 20 million sperm/mL or above.

produce reactive oxygen species and y-glutamyltrans-
ferase, which chemically changes the structure of a Re-
sazuin color dye from dark blue to pink, and diagnoses
whether the motile sperm concentration is 20 million
sperm/mL or above [33]. The kit provides two samples
and retails for GBP (British Pound) £19.95 ($25). Com-
pared with CASA, the FertilitySCORE has an accu-
racy of 93% (Table 1) [33]. However, similar to other
products, these tests are unable to provide information
on parameters other than the concentration of motile
sperm, and thus further testing is required.

4. Smartphone based at home semen

analysis: Men’s Loupe, SEEM, and YO clip

Smartphones have great potential to support medical
devices because they are portable, ubiquitous, and can
be attached to miniature microscope components, such
as a ball lens [34]. Smartphone usage has been expand-
ing rapidly over the past few years, and with the abil-
ity to capture more than 5 megapixels of distortion-free
imaging over a broad range of magnifications, smart-
phones are understandably becoming an integral part
of the healthcare system [35,36].

6  www.wjmh.org

The Men’s Loupe (Tenga Health Care, Torrance, CA,
USA) consists of a 0.8 mm diameter ball lens micro-
scope that is inserted into a plastic jacket, paired with
a smartphone camera, and is quite economical, retail-
ing for $15 (Fig. 4A). The ball lens provides an approxi-
mate magnification of 555 times, and does not require
a dedicated light source, since it utilizes ambient illu-
mination. The apparatus records images and requires
manual analysis of the images for both sperm number
and motility. The user then inputs the resulting num-
ber of motile sperm as well as his smartphone model
on the product’s website. Kobori et al [37] demonstrated
that results by the Men’s Loupe showed a strong cor-
relation with CASA results, with a sensitivity of 87.5%
and specificity of 90.9% (Table 1). An important limita-
tion to the Men’s Loupe is that the periphery of the
images are not in focus and consequently do not match
the high quality images offered by traditional CASA.

Like the Men’s Loupe (Tenga Health Care), the
SEEM" (Recruit Lifestyle Co., Ltd., Tokyo, Japan)
sperm self-check service measures the concentration
and motility. The kit includes a magnifying lens sub-
strate, paper scoop, collection cup, and a quick response
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Fig. 4. Men’s Loupe (Tenga Health Care)

device and smartphone-based SEEM

o kit. (A) Men'’s Loupe 0.8 mm diameter
=~ 77| ball lens microscope attached to smart-
phone. (B) Technique for loading semen
sample into plastic jacket of ball lens
microscope. (C) Magnifying lens semen
analysis device with QR code sheet to
download the application for operating.
(D) Instructions of kit for use. (E) Screen-

e 0 shot of sample test results with concen-
& GOOD DESIGN cooo oes: o (\

tration and motility.

®
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Fig. 5. The YO Home Sperm test device and components. (A) YO kit contents, including, (A-a) collection cup, (A-b) liquefaction powder, (A-c) fixed
coverslip slide (d) fixed volume transfer pipettes, and (A-e) YO testing clip. (B) The assembled YO clip with inserted testing slide. (C) Sample as

seen on the phone screen.

ticket to be read in the smartphone’s application, which
can be downloaded for free only on the Apple iPhone’s
10S store (Apple, Cupertino, CA, USA) (Fig. 4C). The
application along with the smartphone records a video
of the semen and links to the respective minimum ref-
erence numbers set by the WHO, 15 million/mL and
40% motility. Cheon et al [38], demonstrated that sperm
concentration and motility measured with SEEM, posi-
tively correlated with laboratory-based CASA results,
r=0.382 and r=0.594, respectively. The application gives
users access to SEEM-lab, which is a portal site that
provides informative articles regarding fertility. How-
ever, unlike the Men’s Loupe, users aren’t required to
manually count the motile and non-motile sperm.

The YO Home Sperm test (Medical Electronics Sys-
tems, Los Angeles, CA, USA) entered consumer mar-
kets as the first FDA-cleared (K161493), video-based
smartphone platform for Home Sperm testing (Fig. 5).
The YO clip, a miniature microscope, uses the smart-
phone’s camera and light source to analyze the light
and pixel fluctuations caused by the sperm’s motility.
Utilizing the manufacturer’s proprietary algorithms,
the apparatus translates these movements into a com-
posite motile sperm concentration and dichotomizes the
results into “low” or “moderate/normal” based on the
established 6 million/mL cutoff from the 2010 WHO
guidelines (Table 1). Furthermore, users can download
the YO application, which provides step-by-step in-

www.wjmh.org 7
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structions and allows users to track their “YO score”
with repeat testing (Table 2) [17]. The accuracy of the
YO Home Sperm test is 98.3% utilizing the iPhone 7
and 97.2% with the Galaxy S2 (Samsung, Suwon, Ko-
rea) [39]. The YO Home Sperm test is also available for
Mac and Windows PC Desktops

The ExSeed Home Sperm test is a video-based smart-
phone platform for Home Sperm testing and first
entered consumer markets in Denmark and Norway
in June 2019. The kit retails for £74.99 for two tests,
and £149.99 for five tests. The kit includes five glass
test slides, collection cup, and a quick response ticket

Table 2. YO score based on motile sperm concentration

MSC range (million/mL) YO score Grouping
0-<6 0 -
6-14 10 Low normal
14-22 20 -
22-32 30 -
32-39 40 Average normal
39-51 50 -
51-63 60 -
63-83 70 High normal

MSC: motile sperm concentration, -: not applicable.

8  wwwwjmh.org
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to be read in the smartphone’s application, which can
be downloaded for free only on the Apple iPhone’s i0S
store (Fig. 6). The application gives users access to an
informative lifestyle program that focuses on nutrition,
exercise, and supplements. The kit measures total mo-
tile sperm count and gives a fertility score for interpre-
tation. Unlike the Men’s Loupe and SEEM, the ExSeed
kit does not provide a magnifying lens substrate and
participants must utilize the smartphone’s camera and
light source. Given its relative novelty, there are still
no published studies validating its accuracy compared
to the CASA system.

The point of care device developed by Kanakasa-
bapathy et al [40], integrates microfluidics, optical
sensing modality, and an automated smartphone de-
vice, which can provide a powerful platform for eas-
ily accessible point of care fertility diagnostic assays.
Kanakasabapathy et al [40] demonstrated the ability
of the smartphone-based semen analyzer to accurately
(971%) classify semen samples with sperm counts be-
low and above the 100,000 sperm/mL threshold set for
postvasectomy monitoring. The total material cost to
fabricate the smartphone accessory and the disposable
microfluidic device was $4.45, including $3.59 for the

Fig. 6. The ExSeed Home Sperm test

device and components. (A) ExSeed kit

contents, including, (A-a) collection cup

& transfer pipette, (A-b) ExSeed testing
clip, and (A-c) fixed coverslip slide.
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optical attachment and $0.86 for the microfluidic de-
vice, making the device particularly affordable. Dimi-
triadis et al [18] demonstrated that such a smartphone
system can also be adapted to accurately measure not
only basic semen analysis, but also sperm function
quantitatively by estimating the hyaluronic binding
ssay (HBA) score, sperm viability, and sperm DNA
fragmentation. Dimitriadis et al [18], measured HBA
score through microfluidics, the eosin-nigrosin staining-
based approach for sperm viability testing, and lastly
the Halosperm kit, which is a sperm chromatin disper-
sion test for assessment of sperm DNA fragmentation.
Furthermore, an adaptive thresholding algorithm was
applied that made use of sharp gradients to separate
the background and foreground for the sperm func-
tionality tests. Compared to CASA results, the smart-
phone device demonstrated a sensitivity of 100%, speci-
ficity of 69.23%, and 87.1% accuracy with HBA (Table 1)
[18]. Although conventional HBA assessments require
technicians to measure the ratio of bound to unbound
cells within an optical microscope, these preliminary
results demonstrate an ideal point-of-care portable se-
men analyzer. When the smartphone device measured
sperm viability, results demonstrated a mean bias of
1.2% with a standard deviation of 5.03% [18]. Further
advances in software refinements and investigation
with microfluidics can aid making these assays suit-
able.

LIMITATIONS

In their current iterations, home-based semen analy-
sis devices cannot be regarded as a complete replace-
ment of the standard semen analysis conducted in a
laboratory setting, and certainly not a substitute for
consultation with a fertility specialist. While the at-
home semen assay kits we reviewed displayed a high
level of accuracy with an affordable price, they only
tested sperm concentration or motility. Sperm mor-
phology and other important parameters impacting
potential fertility are not tested. Thus, at home assays
should not be recommended as the sole test for male
factor infertility in couples seeking pregnancy. How-
ever, these kits can still be effectively used to detect
possible seminal defects early on instead of spending
extensive time waiting for natural pregnancy to occur
[32]. In this regard, home-based semen analysis kits
can serve the role of an indicator to pursue additional

Daniel Gonzalez, et al: Clinical Update on Home Testing for Male Fertility I

evaluation or fertility assistance for patients who do
present with suboptimal sperm concentration or motil-
ity according to the home test. It should also be em-
phasized to consumers of these products the potential
of false-negative results and that additional testing in
clinic may still be necessary. Home-based semen analy-
sis may have the greatest benefit for post-vasectomy
patients where sperm count is of the most importance,
through the option to test at home increasing compli-
ance because of its convenience [14].

CONCLUSIONS

At-home semen analysis kits provide a rapid, cost-
effective tool for evaluating fertility potential in
couples seeking pregnancy that may be affected by
male factor infertility. While the social stigma of seek-
ing fertility treatment may not be as prevalent as it
once was, home-based semen analysis still provides the
privacy, convenience, and lower cost that are greatly
appealing to men who may be unwilling to otherwise
seek clinical evaluation. Technological advancements
have allowed at-home semen analysis kits to be accu-
rate and relatively easy to use for the typical patient.
While a significant shortcoming of the at-home kits is
their inability to assess all semen parameters that may
contribute to infertility, they are still valuable in their
capacity to test sperm concentration and motility, en-
courage further testing, and provide a convenient first
step for men reluctant to evaluate their fertility clini-
cally.
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