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ABSTRACT
_________________________________________________________

article
info
___________________

Unexplained male infertility is a diagnosis reserved for men in whom routine semen
analyses results are within normal values and physical as well as endocrine abnormalities were ruled out. In addition to erectile problems and coital factors, immunologic causes and sperm dysfunction may contribute to such condition. New etiologies
of unexplained male infertility include low level leukocytospermia and mitochondrial
DNA polymerase gene polymorphism. Contemporary andrology may reveal cellular
and sub-cellular sperm dysfunctions which may explain subfertility in such cases, thus
aiding the clinician to direct the further work-up, diagnosis and counseling of the
infertile male. The objective of this article is to highlight the concept of unexplained
male infertility and focuses on the diagnosis and treatment of this condition in the era
of modern andrology and assisted reproductive techniques. Extensive literature review
was performed using the search engines: Pubmed, Science-direct, Ovid and Scopus.
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INTRODUCTION
Infertility remains both prevalent and
problematic among couples worldwide. It is clinically defined as failure of a couple to conceive
after one year of regular sexual intercourse. An
estimated 4-17% of couples seek medical treatment in order to rectify their infertility, and it is
reasonable to assume that there are many more
cases of infertility that are unreported (1). It has
been shown that the male factor is solely and partially implicated in 20-50% of the cases of infertility (2). However, despite advances in technologies and diagnostic methods in the field of
andrology, there remains a significant subset of
these subfertile men who are classified as having unexplained male infertility (UMI). Men are

categorized as having UMI when they are infertile despite having normal semen analysis, normal history and physical examination and when
female factor infertility has been ruled out (3).
The average incidence of UMI is approximately
15%, although reports of UMI in study populations have ranged from 6% to 37% (4-6). Possible
factors that might explain the difficulties to conceive in UMI include the presence of antisperm
antibodies, sperm DNA damage, elevated levels
of reactive oxygen species (ROS), and sperm dysfunction. A further possibility to consider is unexplained female factor infertility and coital factors such as inappropriate timing of intercourse
(not within the female fertile window), erectile
dysfunction or anejaculation. It is therefore important that both a thorough initial assessment
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is performed, including a detailed sexual history
and gynecological examination, as well as advanced investigations that test for autoimmune
infertility and sperm defects. The objective of this
article is to highlight the concept of unexplained
male infertility and focus on the diagnosis and
treatment of this condition in the era of modern
andrology and assisted reproductive techniques.
The importance and limitations of routine semen analysis in unexplained infertility
Currently, routine semen analysis remains
the backbone of the evaluation of the male factor
infertility, besides detailed medical history and
thorough physical examination (7). Such practice is based on the fact that the semen parameters such as sperm concentration, motility, and
morphology have been shown to be significantly
related to conception. In addition, being a costeffective and non-invasive test has lead to the
widespread use of semen analysis in the initial
evaluation of infertile men (8). Nonetheless, the
criteria for normal semen parameters vary according to which edition of the WHO laboratory
manual for the examination and processing of
human semen is used (9).
In 2010, the World Health Organization
(WHO) has established new reference values for
human semen characteristics which are markedly lower than those previously reported (10).
Approximately 2,000 men from eight countries
whose partners had a time-to-pregnancy of ≤ 12
months were chosen as individuals to provide
reference distributions for semen parameters. Despite using controlled studies involving couples
with known time to pregnancy to establish the
new limits, reference studies were limited with regard to the population analyzed and the methods
used for semen evaluation. The utilization of the
new WHO manual reference values into clinical
practice will likely result in a re-classification of
many of the infertile couples. Specifically, those
couples previously classified as having male-factor infertility with sperm parameters above the
new reference limits but below the old values
will now be diagnosed as having unexplained or
female-factor infertility (9). It is unclear at this
time, whether this re-classification will result in

a more cost-effective evaluation of the infertile
couple or in a delay in the male factor evaluation
with subsequent delay in the definitive diagnosis
and management of the infertile couple.
The 95% reference interval for semen
characteristics of recent fathers, included in the
newest WHO manual, have been generated in
line with clinical chemistry standards and the 5th
centile was proposed for the lower limit of semen characteristics. Although reference values
are useful for comparison with values obtained
from the patient being assessed, it is important
not only to compare the patient results with the
lower reference limit but also with the 50th percentile, which represents the value beneath which
50% of the reference population of ‘fertile’ men
falls. This strategy may be more realistic and can
help in understanding a patient’s seminal profile
in relation to a given reference group (9).
It is therefore important to acknowledge
the limitations of semen analysis results in predicting the health and functional capacity of the
male reproductive organs and cells. Normal semen
analysis does not guarantee the fertilization potential of sperm, and studies have shown significant overlap in semen parameter values between
fertile and infertile men (11). This overlap could
be due in part to the marked biological variability in semen samples characteristics, even those
taken only a few days apart from the same individual (2). Furthermore, semen analysis does not
provide information regarding defects in sperm
function. Many key aspects of the fertilization
process such as transport of the sperm to the oocyte, sperm interaction with the cervical mucus,
and sperm interaction with the oocyte cannot be
assessed by conventional semen analysis. For this
reason, it has been suggested that sperm function
tests should be included in the semen analysis of
individuals seeking fertility evaluation (3). Lastly,
the male evaluation regarding fertility must go far
beyond counting spermatozoa and assessing motility and morphology. It has to be complemented
with a proper clinical examination, a comprehensive history taking, and relevant endocrine, genetic, and/or other investigations.
Thus, it is imperative to conclude that
further tests are certainly required beyond se-
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men analysis for evaluating subfertile men. The
time has come for technological developments in
the field of andrology to bring robust and costeffective clinically useful sperm function tests to
fix the shortcomings of the routine semen analysis. The term omics encompass the study of genes
(genomics), transcript (transcriptomics), proteins
(proteomics) and metabolites (metabolomics) (12).
These technologies allow for the identification
and quantification of cellular components in a
spatiotemporal fashion. What researchers once
envisioned is now a reality; omics now allows for
a transformation from once only genomic analysis
to proteomic analysis. This approach offers an opportunity to investigate the relationship between
an organism’s genotype and resulting phenotype.
Sperm proteomics, for instance, is the identification and functional study of sperm proteins. It
is based on the separation of proteins to generate a sample suitable for mass spectrometry and
subsequent protein identification. Currently it has
led to the identification and cataloging of thousands of sperm proteins. Ultimately, the goal is
to apply sperm proteomics not only as a research
method, but also as a clinical and diagnostic tool
in the field of male infertility. The spermatozoon
is an excellent target for proteomics because the
functional transformation of these cells during
their journey from the seminiferous tubules to the
surface of the oocyte takes place in the complete
absence of contemporaneous gene transcription
(12). Development and clinical application of
novel sperm function tests, including the ‘omics’
technology, may improve precision and reliability
to the diagnosis of male subfertility (13).
Clinical evaluation of the subfertile male
It is important that the initial assessment
of subfertile male patients is rigorous and detailed
in order to rule out any evident cause of infertility before delving deeper into evaluating the potential etiologies of unexplained male infertility.
The initial workup should first include an exhaustive recording of the patient’s medical history and
physical examination. For men with normal semen analysis particular emphasis should be applied upon history of previous fertility, duration
of infertility, history of frequent miscarriages,

congenital abnormalities in the previous pregnancies and medications. Detailed coital history from
both partners discloses several problems such as
erectile dysfunction, anejaculation, inappropriate
coital technique, infrequent intercourse and inappropriate timing of the intercourse (7,14,15).
Next, a physical examination of the patient should be performed to rule out other potential sources of infertility. Again for infertile men
with normal semen analyses, attention should
be paid towards penile abnormalities such as a
hypospadiac urethral meatus or severe chordee
which may lead to deposition of sperm into the
vaginal cavity at an insufficient proximity to the
cervix. The testes and epididymis and spermatic
cord should be carefully palpated in order to rule
out the presence of potential sources of oxidative
stress culminating in sperm dysfunction such as
epididymitis, epididymo-orchitis, and varicocele
(16,17).
Following medical history and physical
examination, semen analysis is the first laboratory test that will be run in the initial workup.
Seminal fluid collected from the patient following
2-5 days of abstinence should be assessed with
regard to volume, sperm concentration, motility,
and morphology in comparison to WHO defined
cutoff values for fertile men. At least two samples
should be analyzed although the ideal interval
between analyzes has not been defined yet. Although fertilization potential decreases as semen
parameters decrease in quality, it is difficult to
designate patients as fertile or subfertile based on
semen analysis alone (2). However, semen analysis
in conjunction with previous evaluations in the
initial workup may contribute to the diagnosis of
infertility or prognosis of fertility potential (18).
An endocrine evaluation in infertile men
with normal semen parameters can hardly be of
any significance (19). A thorough evaluation of the
female partner by gynecologist should also take
place in order to rule out implication of the female
factor in the unexplained couple’s infertility.
Etiologies
Immune infertility
Spermatogenesis does not occur until the
onset of puberty and sperm are kept separated
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from the immune system by the blood-testis barrier. When the blood-testis barrier is breached for
any reason and sperm antigens come into contact
with the immune system they will be treated as
foreign agents resulting in antisperm antibody
(ASA) formation (20).
While previous trauma, infection and obstruction have been implicated as clear etiologies
for ASA formation, many cases of immune infertility have not had these events (20-22). Antisperm antibody formation has been reported in
42% of men with unexplained infertility, 10.7%
of men undergoing infertility evaluations, 10%
of men in couples undergoing IVF treatment but
only in 2% of fertile men (23-26).
Immunoglobulin classes A (IgA) and G
(IgG) are the functionally significant antibodies with respect to male infertility as IgM have
high molecular weight and cannot penetrate the
blood testis barrier. These antibodies bind to the
sperm and reduce fertilization capability. Clark et
al., demonstrated a 27% fertilization rate when ≥
80% of sperm contained sperm-bound IgA and
IgG, while fertilization rate of 72% was seen
when ≤ 80% of sperm had sperm-bound ASA
(27). It is not clear whether the location of the
sperm-bound, whether sperm head or tail, ASA
is significant, as there are conflicting reports assessing the value of localization and its relation
to fertilization capacity (28).
ASA have the capability to disrupt several phases of the multi-step fertilization process.
Complement in female cervical mucus can bind
to antibodies and cause lysis of the sperm cell,
reducing motility and inhibiting the ability of
sperm to penetrate cervical mucus (28-30). Evidence suggests ASA cause sperm to have lower
rates of spontaneous and induced acrosome reaction compared to sperm in ASA absent serum
(31,32). Certain ASA have also been shown to
inhibit spontaneous sperm capacitation reaction,
and there is evidence to suggest that ASA can
interfere with recognition of sperm binding sites
on the zona pellucida (28).
Sperm agglutination or clumping is the
only well-known semen abnormality that is correlated with the presence of ASA. Such phenomenon is time-dependent and only rarely involves

a large proportion of motile spermatozoa soon
after liquefaction even when all ejaculated spermatozoa are antibody coated (33,34). Moreover,
semen contains several substances that inhibit
the activation seminal complement system which
is required by the immobilizing and apoptogenic
ASA (35,36). Therefore, finding of normal semen
parameters in men with immune infertility is a
common event.
Reactive oxygen species
Reactive oxygen species (ROS) are unstable oxygen derived molecules that are formed
as byproducts of oxidative metabolism. These
metabolites include free radicals and non-free
radical molecules. Hydroxyl ions and superoxide
are examples of free radicals, whereas hydrogen
peroxide and lipid peroxide are examples of nonradical species [36]. Reactive nitrogen species are
also included in the ROS category; some examples
include nitrous oxide, nitroxyl ion, and peroxynitrite (37,38).
In human semen, the primary producers
of ROS are leukocytes and immature spermatozoa
(39). In spermatozoa ROS are generated through
two ways: NADPH oxidase system at the level of
the sperm plasma membrane and the NADH-dependent oxido-reductase system at the mitochondrial level (40). Conditions that provoke inflammatory cells accumulation in the genital tract
such as infections or lead to production of immature sperm such as varicocele, lifestyle factors
that stimulate sperm to generate excess of ROS
such as smoking are all implicated (17,41,43).
Polymorphonuclear leukocytes and macrophages represent approximately 50-60% and
20-30% of all seminal leukocytes, respectively
(44). These leukocytes can be activated by infection and inflammation, in which case they are
capable of producing 100 times greater amounts
of ROS than inactivated leukocytes (45,46). In addition, even low level leukocytospermia (below 1
million of white blood cells per 1 milliliter of semen) has been recently discovered to be harmful,
and therapy of such low levels of leukocytes may
result in improvement in pregnancy rates (43,47).
There is strong evidence that smoking is
linked to increase in ROS. Many of the 4,000 com-
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pounds in tobacco smoke are either reactive oxygen or nitrogen species. A study of smoking and
non-smoking infertile men showed a 48% greater
seminal leukocyte concentration and a 107% increase in ROS levels among smokers (41,42). Alcohol abuse and exposure to radiation and toxic
chemicals can also increase seminal ROS (48).
ROS are physiologically essential in the
fertilization process by aiding in sperm acrosome
reaction, hyperactivation, motility and capacitation (49). However, greatly elevated levels of ROS
can overwhelm the body’s natural anti-oxidant
defense and cause damage, a condition known
as oxidative stress (OS). Studies have shown that
elevated ROS levels can be found in 40-80% of
infertile men (50). Additionally, elevated ROS levels can be found in up to 11-78.5% of infertile
patients with normal semen parameters (51-53).
Lipids such as the polyunsaturated fatty acids
present in the sperm plasma membrane are the
most chemically susceptible macromolecule to
OS (54). Damage to the plasma membrane leads
to impaired sperm function such as a decrease in
motility and failure to undergo sperm-oocyte fusion (55,56).
Genetic defects
Genetic damage in sperm can occur at
several levels, all of which have the potential
to cause infertility in men. Sperm chromosomal
abnormalities are most often seen in men with
decreased sperm cell count (oligozoospermia),
decreased motility (asthenozoospermia), or high
percentage of morphologically abnormal sperm
(teratozoospermia) (57). Several reports have
shown the rates of disomy for autosomes and sex
chromosomes are 0.11% and 0.44% for normozoospermic infertile men, and the rate of diploidy
is 0.3-1% (58,59). The likelihood of sex chromosomal abnormalities are 15 times greater in infertile men than in the general population, while
autosomal abnormalities occur with six times
greater frequency (60,61).
Gene mutations and polymorphism have
been also recognized in infertile men with normal
spermiograms. CatSper gene 1 mutation, which
will be described later under hyperactivation defects, and CAG repeat polymorphism in the gene

coding for polymerase gamma (POLG) are examples for such gene abnormalities. Polymerase
gamma is the catalytic subunit of the enzyme mitochondrial DNA polymerase that is responsible
for synthesis and repair of mitochondrial DNA.
Mitochondrial DNA encodes several mitochondrial proteins that are important in generation
of energy and ROS. PLOG gene polymorphism is
discovered in infertile men with normal spermiogram. The sperm from these men have lower oocyte penetration ability and fertilization rates (62).
Recently, Garrido et al. conducted microarray analysis on sperm mRNAs in sperm samples of normospermic infertile men versus fertile
controls and showed differential expression of
hundreds of genes between the two study groups
(63). Moreover, when determining genes that are
ten times or more differentially expressed, three
genes are overexpressed, whereas 136 genes are
underexpressed in infertile normospermic men vs.
fertile controls. This study provides clear evidence
of genetic contribution to UMI, however, analytic
functional data of these differentially expressed
genes and their products are incompletely understood and further studies are certainly needed to
examine their roles.
Sperm DNA damage is a broad term that
accounts for many defects in the DNA structure
including: single or double DNA strand breaks,
base deletion or modification, inter-strand or intra-strand cross-linkage, and DNA-protein crosslinkage (64). Post-meiotically initiated abortive
apoptosis, unresolved strand breaks during spermiogenesis, and oxidative stress have all been
implicated as potential sources of this damage
(65). Additional factors associated with altered
DNA integrity include advanced paternal age,
inadequate diet, drug abuse, tobacco use, environmental factors such as pesticide exposure or
air pollution, varicocele, systemic diseases, and
genital inflammation (66). Studies have linked
DNA damage with infertility, showing greater
DNA damage in the sperm of infertile men than of
fertile men (67,68). In fact, it has been suggested
that sperm DNA fragmentation is one of the chief
causes of reduced fertility potential. DNA damage
is reported in 5-8% of infertile normozoospermic
men (66,69). In a recent controlled study on small
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number of infertile normozoospermic individuals
(n = 28), sperm DNA integrity defects measured by
sperm chromatin structure assay was reported to be
89.2% (53).
High percentages of DNA damage in spermatozoa have a negative impact on a man’s ability
to achieve pregnancy naturally, and are correlated
with spontaneous pregnancy loss (70,71). It has
also been shown that high rates of DNA damage
in spermatozoa are correlated to failure of fertilization in intrauterine insemination (IUI) (72) and conventional in vitro fertilization IVF (72-74) but not
with ICSI (72,74,75). Although sperm DNA integrity
emerges as a specific marker of male fertility potential, clinical utility of such test may be undermined
by lack of consensus on a standardized method of
measurement and universal cut off value.
Fertilization defects
Fertilization of the oocyte involves multiple complex and intricate processes. Defects in
any one of these processes can hinder the sperm
fusion with the oocyte and formation of the zygote. One of the first steps of fertilization is capacitation. Sperm capacitation occurs naturally
during travel through the female reproductive
tract, while in vitro capacitation can be induced
by removal of seminal plasma and subsequent addition of corresponding culture medium (76). Several changes are observed in the sperm that undergo capacitation, including changes in membrane
composition, membrane potential, intracellular
pH and calcium levels, and changes in the protein
phosphorylation (57). Hortas et al. (77) examined
in particular the activity of sperm protein phosphorylation in relation to capacitation. The study
observed low expression of D-mannose receptors
in 6 of 15 subjects with unexplained infertility, revealing a failure of normal physiological capacitation development. These various alterations are
induced by efflux of cholesterol as well as shifts in
ion channel and transport activities (78). Capacitation increases the capacity of the sperm to fuse
with the oocyte membrane and prepares the cell
to undergo hyperactivation as well as acrosome
reaction (79).
Sperm ability to undergo proper hyperactivation (HA) has been shown to relate to its fer-

tilization potential (80). The sperm motion pattern
changes from progressive to motility characterized by lateral head displacement, high curvilinear velocity and large amplitudal flagellar waves
(81). This style of motility is termed ‘hyperactivation motility’ and essential in the fertilization
process, as it allows the sperm to travel through
the cervical mucus and cumulus oophorus and
penetrate the dense zona-pellucida (11). Mackenna et al. (82) observed that the ability of follicular
fluid to induce sperm hyperactivation was significantly lower in men with unexplained infertility
compared to fertile men.
The exact physiological mechanism for
hyperactivation is thought to be an increased
intracellular calcium entry through sperm calcium channels known as CatSper1-4 (83-85).
CatSper1-4 is located in the sperm principle piece,
along with various other voltage gated proton
pumps important to the initiation of hyperactivation (83). Avenarius et al. discovered that male
patients with mutated CatSper1gene are infertile
with poor HA response despite their normal sperm
count, morphology and even their initial motility
(86). Interestingly, there are two known CatSper2
gene related mutations in humans that cause
male infertility, termed CatSper-related non-syndromic male infertility and deafness-infertility
syndrome (87). However, both syndromes are associated with gross semen abnormalities. Further
investigation is needed to disclose the genetic and
molecular nature of fertilization in patients with
defective HA response and unexplained infertility. Moreover, minor mutations in human CatSper
genes are yet to be deciphered in males with unexplained infertility.
Sperm binding to the zona pellucida is essential in the process of fertilization and is an important precursor to the acrosome reaction. There
are specific receptor-ligand interaction between
the sperm cell and the zona glycoprotein layer of
the oocyte that allows for mutual recognition and
subsequent binding (57). The ZP3 protein on the
oocyte is the chief protein involved in sperm zona
pellucida binding (88). The exact identity of the
ZP3 receptor on the sperm has not yet been identified, although studies have concluded the most
likely candidate is beta-1, 4-galactosyltransferase
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I (GaIT) (88,89). During ovulation the zona pellucida is surrounded by cumulus oophorus consisting of cumulus cells embedded in an extracellular
matrix primarily composed of hyaluronic acid.
The protein sperm adhesion molecule 1 (SPAM1) is
sperm plasma membrane molecule which is capable of hyaluronidase activity to traverse through
the cumulus oophorus and bind to the zona pellucida (90). Defects in ZP binding are reported in
15% of infertile men with normal semen (91-93).
Sperm binding to the zona pellucida triggers the release of hydrolyzing enzymes known
as the acrosome reaction (AR). AR is essential for
fertilization both because it allows the sperm cell
to penetrate the zona pellucida and exposes the
site of the sperm that fuses with the oocyte plasma
membrane (57). Acrosin is the specific enzyme that
is released. Physiological inducers of the AR are
the protein ZP3 and progesterone, which is found
in high concentrations in follicular fluid and cu-

mulus (94-96). These compounds are agonists
which stimulate intracellular calcium concentration, producing a shift of internal pH and stimulating the exocytotic process (94). The timing of
AR is very important, as sperm that undergo AR
prior coming in contact with the ZP binding are
unable to either bind to or penetrate the ZP (91).
One study showed that defective zona pellucida
induced-acrosomal reaction (ZPIAR) was found in
25% of normozoospermic subfertile men (97).
Management
A proposed algorithm for the clinical management of men with UMI is depicted in Figure-1.
Expectant management
Once thorough initial assessment is conducted and immediately treatable causes of infertility, as well as presence of a female factor
have been ruled out, the clinician then must de-

Figure 1 - A proposed algorithm for the clinical management of men with unexplained male infertility.
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cide how to proceed in managing men with unexplained infertility. It should be kept in mind that
the reported chance of conception per cycle of
a sexually active so-called ‘fertile’ couple is 1520% and the cumulative chance of pregnancy is
approximately 85% per year (98-100). Therefore,
that leaves 15-20% of couples who would be defined as having infertility and only a subset of
those will fit in the unexplained category. Studies
have shown that spontaneous conception occurs
in the majority of couples with unexplained infertility in the next 1-2 years if they continue to
have fertility-focused intercourse (101,102). One
study reported that over 50% of such couples will
have a live birth within 36 months after failing
to achieve pregnancy in the first year (102). A
landmark study by Hull et al. found a cumulative
pregnancy rate of 50-80% over three years as a
function of female age, and 30-80% as a function of infertility duration (100). Other studies report spontaneous pregnancy rate of 60% within 2
years of being classified as infertile (103). However, as Hull et al. report showed, these rates can
vary with female age and duration of infertility.
Female partner age greater than 35 or infertility
duration of more than 3 years are associated with
a significant decrease in spontaneous pregnancy
rate. After more than 3 years of infertility, the
chance of spontaneous pregnancy drops 2% every year after the age of 25. Additionally, monthly fecundity rates in couples with unexplained infertility and female partner age over 35 are only
1-3% (100,103,104).
These results lead to several conclusions
in determining how the clinician should proceed
with the management of men with unexplained
infertility. Young couples with short-term infertility and female partner age under 35, particularly
under 30, may be withheld from treatment and
expectantly followed, as the spontaneous pregnancy rate in these couples is very high. This is
combined with the fact that advanced investigations and treatment are costly, and that natural
means of conception is most desirable amongst
these couples. On the other hand, couples with
infertility lasting more than 3 years or with female age greater than 35 should be immediately
referred to an active management plan that in-

cludes advanced investigations and possible ART
treatment options.
Interventional management
Once a clinician deems active intervention for a couple with unexplained male infertility, he or she is then faced with the prospect of
identifying the precise cause of infertility. This is
a crucial step, as it allows the most appropriate
treatment option to then be considered. A multitude of tests are available which can assess the
various potential defects causing infertility. Many
of the tests are extremely specific, examining only
one aspect of the multi-step fertilization process.
Therefore, in the interest of the cost and time, as
well as overall benefit to the patient, it is necessary to first narrow down the potential causes of
the man’s unexplained infertility. The post-coital
test (PCT), when is appropriately performed, can
be a valid initial indicator of what aspect of fertilization should be first evaluated and treated.
The PCT provides an assessment of the
quantity and quality of cervical mucus, spermmucus interactions and the presence of antisperm
antibodies (101,102). The test involves microscopic examination of extracted endocervical mucus,
which should be conducted in the pre-ovulatory
phase and 8-12 h after intercourse. However,
controversy remains surrounding the predictive power of the PCT for conception (101,102).
Glazener et al. (105) determined that, although
the PCT test is a poor predictor of pregnancy in
couples with unexplained fertility for duration of
greater than 3 years, it is nonetheless a good initial assessment of sperm function, provided that
care is taken to eliminate negative results caused
by poor mucus quality. First, the PCT test must be
performed near the time of ovulation, otherwise
the cervical mucus is hostile to sperm and an abnormal result will occur. Second, adequate waiting
period (8-12 hours) should be given for PCT before
reading the results. The reason is that detection
of certain abnormalities such as ASA requires this
period for activation of complement system in the
cervical mucus to exert their effects on sperm. A
properly timed PCT test can present one of three
results: 1) no sperm is present in the cervical fluid,
2) the PCT test is normal or 3) adequate number
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of sperm are seen but of poor motility or shaking
motion (Figure-1). In cases where no sperm are
observed in the cervical fluid particular emphasis
should be applied on improper coital techniques,
abnormal penile curvature or anejaculation while
poor sperm motility or shaking is suggestive of
the presence of ASA. It should be noted, however,
that results of the PCT are subject to considerable
intra- and interobserver variability (106). Unfortunately, routine use of this test in clinical practice
has led to the widespread use of ART for couples
with a negative PCT. It is important to stress that
a negative PCT result is not suitable to indicate a
treatment modality, and the use and interpretation
of this test should be well balanced (107).
Subsequently, more specific tests should
be performed by the clinician in order to confirm
that ASA are present in significant quantities and
these ASA are interfering with sperm function.
The most effective test available for detecting the
presence of ASA is the direct immunobead test
(IBT) (Figure-2). The World Health Organization
considers the patient with ASA positive if greater
than 50% of sperm are ASA bound (108). Direct
mixed antiglobulin reaction (MAR) tests are very
similar to the IBT. The Sperm MAR test, for example, uses latex particles, instead of immunobeads,
that are coated with antihuman IgG.
Several approaches are used to treat ASA
as a cause of male infertility such as steroid therapy and assisted reproductive techniques. Corticosteroid treatment suppresses the immune system, and thereby decreases ASA production. The
effectiveness of this treatment is otherwise questionable. One study showed that of infertile men
with ASA treated with steroids for 3 cycles, only
20% showed a decrease in sperm-bound ASA
(109). Another study showed the steroids had little effect of steroids on sperm-bound IgA in infertile men, and furthermore revealed no significant
difference in pregnancy outcomes between the
treated group and a placebo group (110). This lack
of definitive benefits of corticosteroids, coupled
with the risks that steroid use has on human body
such as Cushing’s syndrome, bone osteonecrosis,
fluid and electrolyte imbalance discourage clinicians from use of this modality of treatment.
Another possible treatment option for managing

Figure 2 - Immunobead test. Spermatozoa are mixed with
beads that have been coated with IgG class-speciﬁc secondary antibodies. Reprinted from Int J Urol. 2010; 17: 839-47.
Samplaski, et al. New generation of diagnostic tests for infertility: review of specialized semen tests, with permission
from publisher (John Wiley and Sons) (127).

patients with ASA is to use assisted reproductive techniques such as intrauterine insemination
(IUI) and in vitro fertilization (IVF). Prior removal
of ASAs that are already bound to the sperm by
methods such as sperm washing and IgA protease treatment, yields limited success in several
studies. Agarwal et al. (111) found that among
45 couples who underwent IUI and sperm washing treatment for two years, 15 couples achieved
pregnancy. Kutteh et al. (112) used IgA protease
treatment and reported an 80% decrease in ASA
bound to the sperm but the author did not show
the advantages of such finding on improvement
of sperm function and fertilizing potential. The
most successful method of treatment for male patients with ASA is intracytoplasmic sperm injec-
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tion (ICSI) as it bypasses the otherwise necessary
fertilization mechanisms that can potentially be
affected by ASA. One study showed that couples
who had a poor fertilization rate during IVF (6%)
showed a dramatic increase in fertilization rate
with ICSI treatment (79%) which was comparable
to an ASA negative group (68%) (113). In another
study, Esteves et al. reported that the outcome of
ICSI in men with autoimmune infertility was not
influenced by the percentage of ASA-bound spermatozoa (114).
Normal PCT results can direct further
work-up towards unraveling other potential
causes of unexplained male infertility cases such
as oxidative stress, DNA damage and fertilization
defects.
Oxidative Stress
Currently, the most common way to measure ROS is by chemiluminescence assay which
indirectly measures seminal ROS levels. It records
the intensity of light produced from the reaction
of the luminol probe with the ROS in relative
light units (RLU). Chemiluminescence measures
both intra and extracellular ROS. To ensure accurate readings, semen samples should contain
sperm concentration 1 x 106/mL or greater and
be analyzed within the first hour of collection.
Flow cytometry can also be used to measure intracellular sperm ROS; however this is a much
more expensive tool and thus is not as practical
for widespread clinical use.
There are several treatment possibilities
for excess ROS. The patient should be immediately advised to avoid tobacco use as abstinence
from tobacco use could help lower seminal ROS
levels (42). Lifestyle modifications such as losing
weight for obese men, eating of fruits and vegetables are also helpful. Moreover, recent reports
support the use of antioxidants for treatment
of oxidative stress related male infertility. Antioxidants serve to prevent excessive ROS formation and subsequent damage by interrupting free
radical chain reactions and forming non-harmful
non-radical end product. Some clinical trials were
able to demonstrate beneficial effects of antioxidant therapy in cases of male fertility in terms
of improving semen parameters, pregnancy rates

and sperm DNA fragmentation index (measure
for DNA integrity defects) (115). Useful antioxidants include vitamin E, Vitamin C, Coenzyme
Q-10, selenium, zinc, lycopene and carnitine. A
recent Cochrane meta-analysis on the use of oral
antioxidants in male infertility found that these
agents significantly improved pregnancy rates
and live births and decreased sperm DNA damage (116). The evidence suggests that antioxidant
supplementation in subfertile males may improve
the outcomes of live birth and pregnancy rate for
subfertile couples undergoing fertility treatment.
However, large clinical trials are still necessary to
identify the superiority of one antioxidant over
the other in different subpopulations of infertile
males, as well as other important aspects such as
dose and duration of therapy. Lastly, Hamada et
al. reported that even low level leukocytospermia
(important source of ROS) may be harmful and
prescribing doxycycline 200 mg twice daily for
three weeks results in significant improvement in
pregnancy rates (47).
Chromosomal abnormalities and DNA damage
Several methods exist for the detection
and evaluation of sperm chromosomal and DNA
abnormalities such as sperm Karyotype and fluorescence in situ hybridization (FISH). FISH is not
only very highly sensitive and specific method,
but it also allows for the study of much greater
numbers of spermatozoa, therefore increasing
both the accuracy and efficiency of the process
of detecting sperm chromosomal aneuploidy rates
in infertile men. It should be noted however that
sperm chromosomal abnormalities are exceedingly rare in patients with UMI.
On the other hand, assessment of sperm
DNA integrity has greater importance for about
10% of men with normal semen analysis. These
men may harbor single or double-stranded DNA
fragmentation (66,69). Various tests exist that allow for detection and evaluation of sperm DNA
damage in spermatozoa. These tests can be categorized as either direct or indirect measurements of DNA damage. Comet assay, also known
as single cell gel electrophoresis, is a sensitive
technique that measures DNA damage directly.
Terminal deoxy-nucleotidyl transferase-mediated
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deoxyuridine triphosphate (dUTP) nick end-labeling (TUNEL) assay is another sensitive and specific
method for measuring of sperm DNA damage. Unlike Comet, TUNEL is able to detect both single
and double strand breaks simultaneously (117).
However, TUNEL only reveals the number of cells
with DNA damage in a population, while Comet
is able to quantify the degree of DNA damage in
each cell (118). The sperm chromatin structure assay (SCSA) is an indirect method of assessing DNA
damage by measuring sperm chromatin integrity.
In SCSA, sperm DNA is exposed to acridine orange which binds to DNA (67). This acridine orange fluoresces green when it is attached to normal double stranded DNA, and red when bound
to single stranded fragmented DNA. The ratio of
green to red fluorescence is determined in what is
known as the DNA fragmentation index (DFI). The
advantages of SCSA are that it is relatively simple
and quick procedure and the DFI has been identified as a useful predictor of pregnancy (118).
There is some debate, however, regarding
what the cut off values should be in categorizing
men as fertile or infertile based on DNA damage,
as well as what tests should be used. Chohan et
al. (119) observed that results of various tests correlated well with each other. DFI as measured by
SCSA seems to currently be the most established
indicator of DNA damage. Several studies report a
cut off value greater than 30% in DFI has shown
to be associated with significant decreases in IVF
fertilization as well as clinical pregnancy rates,
with dramatically higher rates of success below
the cut off (72,120,121). Esteves et al. (7) asserted
that TUNEL was the best method for observing
DNA fragmentation rates, citing the test’s ability
to precisely identify all existing breaks in sperm
DNA. Cut off values for TUNEL are a subject of
debate among researchers. One study demonstrated that when greater than 12% of DNA was fragmented, as assessed by TUNEL, IUI success rates
were 0% (122). Another study claimed a cutoff
rate of 19.25% DNA fragmentation differentiated
fertile from infertile men (123). The desire to define established cut off values for TUNEL stems
from the fact that it is less technically demanding
than SCSA, and can provide more specific information as well (123).

ICSI is the primary treatment option for
patients with a rate of DNA damage above the established cut off value for the corresponding test
(124,125). Fragmentation of spermatozoal DNA is
linked with defects in various fertilization processes, and thus fertility is restricted by natural barriers
in IVF and IUI treatments. ICSI, however, bypasses
those natural barriers, allowing for direct fertilization of the oocyte. The data seems to support this
theory, as studies have found no correlation between high rate of DNA damage and fertilization
rate in ICSI treatment (72,74,126). Patients should
be advised, however, that the effects of spermatozoa
with DNA damage being used for fertilization are
still controversial, and further testing is required to
assess potential long term effects.
Fertilization defects
Sperm function tests for fertilization potential are particularly useful in discovering the
cause of a man’s otherwise unexplained infertility, and it has often been found that the infertile male patient yields poor functional test
results in the face of otherwise normal semen
analysis parameters. The sperm penetration assay (SPA), also known as the zona-free hamster
oocyte penetration assay is one of the common
tests used to measure a spermatozoa’s ability to
undergo capacitation, AR, fusion and penetration
through the oocyte plasma membrane, and finally
decondensation within the cytoplasm of the oocyte (127). The SPA uses hamster oocytes whose
ZP has been removed to allow for cross species
fertilization. The human sperm is incubated with
the zona-free hamster oocytes and the percentage of ova penetrated, as well as the number of
sperm penetrations per ovum are measured (8).
Normal values for fertile men are 10-30% ova
penetrated (8). One study revealed that 34.1% of
patients with UMI scored less than 10% ova penetrated (128). The SPA is highly sensitive as it has
been shown to be positively correlated with IVF
fertilization rates as well as achievement of pregnancy in patients with UMI, and practical, as it
uses readily available hamster oocytes rather than
human ones (69,129,130).
There are several additional tests which
assess specific defects in fertilization processes.
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Sperm-ZP binding and AR are two particularly
important functions that can be examined. The
hemizona assay evaluates sperm ability to bind
to the ZP. Zona pellucida from a human oocyte
is isolated and divided in half. One half is incubated with sperm from a fertile donor, while the
other half is incubated with the patient’s sperm.
The number of sperm bound to the ZP in each
group is counted following incubation, and a ratio of patient to fertile is calculated (Figure-3). A
ratio of less than 30% is considered abnormal,
and the patient would be determined to possess
a defect in sperm ability to bind to the ZP. Poor
ZP binding rates are associated with high rates of
IVF failure (131). The availability of human oocytes is limited, and thus this test should only
be performed if multiple failed IVF attempts have
occurred (132).
Once the sperm has bound to the ZP, AR
must occur in order to penetrate the zona pellucida and fertilize the oocyte. Tests exist that can
independently assess both the integrity of the acrosomal cap as well as the functional ability of the
sperm to release the acrosomal enzymes. Fluorescently labeled plant lectins such as pisum sativum
agglutinin (PSA) binds to chemicals in the acrosomal matrix. However, PSA cannot penetrate intact
acrosomal membranes, and thus can only identify
acrosome reacted sperm. Conversely, peanut agglutinin (PNA) binds to outer acrosomal membranes
and thus can indicate sperm cell which remains
acrosome-intact. These lectin tests do not differentiate between acrosome reacted sperm and
morphologically abnormal sperm with damage to
the plasma membrane, therefore cell viability assessment and removal of damaged sperm should
be conducted to ensure accurate results (133).
The competence of acrosomal enzymatic release
in sperm can be directly assessed. Sperm can be
prompted to undergo AR in the presence of an artificial inducing agent, ionophore A23187, or natural physiological inducers, progesterone or ZP3
(57,127) (Figure-4). The percent of reacted sperm
can be counted, and studies show that semen samples containing 5-30% reacted sperm have higher
fertility potential (134). Again, these are very specialized tests, and are recommended only in the
event of multiple IVF failure (57).

Figure 3 - Hemizona assay. The zona pellucida is isolated and
divided in half. One half is incubated with fertile donor sperm
(positive control) and the other half is incubated with patient
sperm. The ratio of fertile to donor binding is measured.
Reprinted from Int J Urol. 2010; 17: 839-47. Samplaski, et
al. New generation of diagnostic tests for infertility: review
of specialized semen tests, with permission from publisher
(John Wiley and Sons) (127).

Analysis of sperm hyperactivation motility is also critical to determine fertilization potential. Hyperactivation parameters include curvilinear velocity and lateral head displacement of
the sperm. These parameters are difficult to assess
manually, both because they are difficult to quantify accurately by observation and also because
the heightened movement speed of the sperm
which means they often leave the microscope’s
field of view. In order to accurately evaluate hyperactivation, computer-assisted sperm motility assessment (CAMA) is used which assesses
the sperm hyperactivation parameters (135,136).
CAMA measurements have been positively correlated with IVF fertilization rates (137); however, it
has been shown that assessment of sperm motion
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Figure 4 - (a) Normal physiology: proteolytic enzymes in the acrosome digest through the zona pellucida, allowing for sperm-oolemma fusion. (b) Assessing acrosomal integrity: Different ﬂuorescent lectins are applied to label either the outer membrane
or acrosomal contents. (c) Assessing acrosomal enzymatic release: Enzymatic release is induced and the proportion of reacted
spermatozoa is assessed. Reprinted from Int J Urol. 2010; 17: 839-47. Samplaski, et al. New generation of diagnostic tests
for infertility: review of specialized semen tests, with permission from publisher (John Wiley and Sons) (127).

characteristics alone cannot be a reliable predictor of fertilization outcome (138).
Intracytoplasmic sperm injection has
emerged as the essential therapeutic modality
for sperm fertilization defects. In ICSI, a single
spermatozoon is injected directly into the oocyte
cytoplasm, bypassing many of the natural steps
involved in fertilization such as capacitation, hyperactivation, ZP binding, and AR. Higher rates
of pregnancy are obtained by ICSI compared to
both standard IVF as well as IUI (139).
Extensive evaluation of male factor infertility
in the era of ICSI - An expert opinion
The recent innovation of sophisticated diagnostic testing, achieved in the field of Andrology, has improved our understanding of sperm
defects in male infertility. Couples facing unexplained infertility are characterized by being
childless despite presence of normal semen parameters and normal female partner evaluation.

Although detailed history taking and physical
examination are always crucial to disclose erectile dysfunction or infrequent intercourse, more
novel expensive tests are required to scrutinize
hidden sperm functional defects. ICSI may help
solve the problem of unexplained male infertility
and bypass all the natural barriers that a dysfunctional sperm must overcome to induce fertilization. However, such therapy is not without risks
and complications. The successful pregnancy
achieved by using a dysfunctional sperm carries
a risk of transmission of the same infertility traits
to the male offspring.
Furthermore, the paternal part of the embryonic genome is actively expressed at the fourto eight-cell stage in human embryos. Therefore,
sperm DNA strand breaks that can not be repaired
by the oocyte DNA repair system may adversely affect the later stages of embryonic development. Aitken and Krausz recognized that sperm
DNA damage is promutagenic and can give rise
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to mutations after fertilization (140). Mutations
sustained at the very early stage of embryonic development will be fixed in the germline and may
give rise to the induction of infertility, childhood
cancer and higher risk of imprinting diseases in
the offspring (141). So far, however, short term
follow-up studies of children born after ICSI compared with children born after conventional IVF
have not been conclusive regarding the risks of
congenital malformations, imprinting diseases
and health problems in general. Long term studies on the risks and complications of ICSI on the
produced offspring are critically required.
Taking this risk into account mandates
frequent conduction of sperm function testing to
elucidate the basic sperm molecular defects which
should be rectified by utilizing molecular targeted therapies before using of the dysfunctional
sperm in ICSI. Although these types of therapies
are still under investigations, exploring the presence and frequency of metabolic targets may help
specifically direct the therapeutic research plans
on correcting these metabolic alterations. In addition, identifying certain abnormalities in these
tests e.g. sperm DNA integrity defects may help
in pre-ICSI counseling of the couples about the
advantages as well as the possible failures and
complications of ART procedure.
CONCLUSIONS
Normal semen analysis results, as routinely assessed, do not guarantee fecundity. This
premise is important for all clinicians involved in
the management of the subfertile men. Currently, one of the chief objectives of male infertility
research is to invent a diagnostic test that efficiently correlates with sperm fertilizing potential.
Proper understanding of the in vivo process of
human fertilization and sperm egg interaction in
vitro is the key to envisage the sperm functional
alterations with tremendous influence on diagnosis and treatment of male subfertility.
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