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Abstract
Male factor infertility accounts for approximately 30–50% of all infertility cases.
The primary causes include genetic abnormalities, sexually transmitted infections,
physical or anatomical issues, hormonal imbalances, lifestyle factors, and environmental
influences. Despite significant advances in diagnostic techniques, an identifiable cause
remains elusive in nearly 40% of cases. One less commonly recognized factor is male
immune infertility, which results from the presence of antisperm antibodies (ASA) in
semen. These antibodies are typically identified through an extended semen analysis.
Under normal physiological conditions, spermatogenesis and sperm transport occur
within an immune-privileged environment. However, when the blood-testis barrier
is compromised due to trauma, infection, or surgery, ASA may form. The effects
of ASA on fertility can vary, but evidence indicates that ASA presence may impair
sperm motility and capacitation, promote sperm agglutination, and be associated with
DNA fragmentation. To address these challenges, assisted reproductive technologies
(ART), including intrauterine insemination (IUI), in vitro fertilization (IVF), and
intracytoplasmic sperm injection (ICSI), are commonly used. These methods have
proven to be effective in overcoming ASA-related infertility and improving reproductive
outcomes. Given the ongoing debate and uncertainty surrounding the clinical relevance
of ASA, this paper aims to review existing literature, explore the concept ofmale immune
infertility, identify its risk factors, outline current methods for ASA detection, evaluate
the role of ASA in ART, highlight both the strengths and limitations of current research,
and contribute to a clearer understanding of this complex condition. After our literature
review, we could confirm that multicentric studies with large groups of patients related
to this topic are rarely found, and that there are many uncertainties regarding the clinical
significance of ASA. The complete system of diagnosing male immune infertility lacks
precise guidelines that infertility clinics could use in their routine male infertility check-
ups.
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1. Introduction

Male infertility has become one of the most challenging health
concerns worldwide. Male reproductive disorders account
for approximately 50% of infertility cases and are influenced
by multiple factors, including epigenetic regulation alongside
genetic and environmental factors [1, 2]. Infertility in men is
often associated with dysfunction of spermatogenesis, which
manifests as poorer sperm quality [3, 4]. The diagnosis is typ-
ically based on semen analysis, used to identify semen-related
abnormalities by assessing sperm concentration, motility, and
morphology [5, 6]. The main causes of male infertility in-
clude genetic factors, sexually transmitted infections, physical
causes, hormonal deficits, lifestyle factors, and environmental

influences. The quality of the environment has a great impact
on a healthy lifestyle. Exposure to environmental pollution can
have serious consequences for human health. Heavy metals,
accumulated in the food chain, bind to estrogen and androgen
receptors and block different actions, induce reactive oxygen
species (ROS), apoptosis, necrosis, and immunosuppression
[7–11]. Despite continuous advances in diagnostic methods
and approaches, the etiology of infertility still remains unex-
plained in 40% of affected men [12–15].

One of the less widely recognized factors for male infer-
tility is the so-called male immune infertility, characterized
by antisperm antibodies (ASA) in semen, which can be de-
tected by extended sperm analysis [16, 17]. ASA can also
be detected in serum, cervical mucus, follicular fluid, and
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oviductal washing. The term immune infertility is used if
spontaneously occurring antibodies binding to antigens of the
gametes impair sperm-oocyte interaction [18]. According to
the latest World Health Organization (WHO) Manual for the
Laboratory Examination and Processing of Human Semen
[17], the mere presence of ASA is insufficient for a diag-
nosis of immunological infertility; it must also be demon-
strated that these antibodies significantly interfere with sperm
function. Although the impact of ASA on fertility varies
among individuals, it is well established that certain ASA
are associated with impaired fertility. The presence of ASA
in semen interferes with sperm motility, leading to sperm
agglutination and lower capacitation [19]. Some ASA have
also been associated with DNA fragmentation, which is shown
by elevated reactive oxygen species [20]. The correlation
between ASA and infertility was first reported by Wilson [21]
in 1954. Shortly thereafter, Rumke and Hellinga confirmed the
presence of ASA in human sperm [22], prompting numerous
subsequent studies that further established the link between
ASA and abnormal fertilization [23–26]. ASA is defined as an
immunoglobulinwith antibody activity against a sperm antigen
that plays a role in fertility, but not every antibody that binds to
the sperm surface influences sperm function. This is because
most autoantibodies present in biological fluids do not cause
autoimmune diseases, as they do not alter the function of their
corresponding antigens. Therefore, not all ASA will have a
role in infertility, either because the antibodies do not bind to
the functional domain of the antigen or because the cognate
antigen is not involved in the process of fertilization [18].
Methods used nowadays measure only immunoglobulins that
bind to sperm components. The predominant immunoglobulin
classes for ASA in semen are immunoglobulin G (IgG) and
immunoglobulin A (IgA); while immunoglobulin M (IgM) is
rarely detected, likely due to its relatively large molecular size
[27]. All immunoglobulin classes can be detected in both men
and women, in female reproductive tract secretions, seminal
fluid (sperm-bound and free), and serum. Kremer and Jager
[28] suggested that IgA antibodies may have a greater clinical
importance for fertility outcomes than IgG antibodies. While
IgG predominates in serum and IgA in mucosal surfaces, a
strong correlation exists between the two, because both can
be found bound to sperm surface antigens. If we wanted to
detect a specific ASA that causes infertility, the ideal scenario
would be finding the standard sperm antigens, which would be
sperm-specific, play a key role in fertilization, and raise a long-
lasting antibody response locally in the genital tract and also
in circulation [29]. Some sperm antigens are involved in the
activation of zona pellucida (ZP) binding (trypsin, proacrosin,
acrosin); in acrosome reaction (M42), in ZP penetration (MS
207), and some in sperm-egg membrane fusion (PH-30 and
M29) [30]. ASA are far more frequent than oocyte antibodies,
but we can still find some ASA-related infertility in female
partners, particularly following immunization through expo-
sure to semen. Although women typically do not produce
ASA in response to sperm, some infertile women have been
found to possess these antibodies. In such cases, the presence
of ASA may contribute to infertility; however, the underlying
reason why most women do not mount an immune response
to sperm remains unclear [31]. As previously mentioned, in

women, sperm antigens are foreign antigens; in men, however,
self-tolerance to sperm surface antigens fails to develop during
immunologic maturation at puberty when spermatogenesis be-
gins. Usually, spermatogenesis, semen production, and trans-
port are immune-privileged [32]. Different immunologic and
anatomicmechanisms support maintenance of self-tolerance in
the testis, and when these barriers are disrupted, ASA can be
formed. Anatomic mechanisms responsible for immunologi-
cal homeostasis are tight junctions between Sertoli cells and
epididymal cells, which form the basis of the barrier to isolate
the site of spermatogenesis, and low-permeability capillaries,
which reduce the migration of antibodies and lymphocytes
into the seminiferous tubules. Immunologically, the presence
of a lymphocyte population within the testis is dominated by
regulatory T cells and the production of anti-inflammatory
cytokines; a process referred to as local immunoregulation
[33]. Despite significant advances in understanding all these
regulatory mechanisms, they are still not completely under-
stood. Nevertheless, there is strong evidence indicating that
the disruption of these mechanisms triggers the formation of
ASA. While male immune infertility is often overlooked or
superficially considered in daily clinical practice, we prepared
this narrative review to summarize what is known on this field,
to highlight new perspectives why to consider this topic more
often in daily practice, and to highlight issues needed to be
solved to better understand male immune infertility.

2. Risk factors

The aforementioned barriers may be disrupted by infections
and inflammation, autoimmune diseases, inguinal hernia or
hernia repair, varicocele, vasectomy, cryptorchidism, and tes-
ticular trauma [34, 35] (Fig. 1).

2.1 Infections and inflammation
Infections of the reproductive tract can be the cause of dis-
ruptions in the blood-testis barrier (BTB) and for local in-
flammation, both of which may contribute to ASA forma-
tion. However, the exact role of inflammatory processes
in the male genital tract and the formation of ASA remains
a matter of debate. Inflammation of the prostate could be
related to the formation of ASA [36]. However, Hoover and
Naz [37] reported no correlation between prostatic hyperplasia
and prostate cancer with the formation of ASA. Nevertheless,
considering that these types of prostate disorders usually lead
to an increase of circulating prostate-specific antigen (PSA),
which is responsible for dissolving the seminal coagulum and
allowing sperm to swim freely, we could expect that men
with increased PSA levels would also exhibit ASA in seminal
plasma, potentially affecting fertilization. Naz and Butler
[38] supported this in their study, although they could not
determine whether it is a direct cause of infertility or merely
an associated finding. Another factor worth considering are
the cases of epididymal abnormalities, such as epididymitis,
since ASA-positive patients exhibit some chronic epididymal
inflammation [39].
We can divide infections into two main groups: viral and

bacterial infections. On one hand, viral infections include
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FIGURE 1. Risk factors for ASA production. BTB: blood-testis barrier; HPV: human papillomavirus; AVV: adeno-
associated virus; HCV: hepatitis C virus; ASA: antisperm antibodies; ROS: reactive oxygen species.

cases of human papillomavirus (HPV), adeno-associated virus
(AVV), and hepatitis C virus (HCV). These infections can
affect the semen and the reproductive tract tissue, they may
trigger different autoimmune reactions and an increase in ASA
production, which then results in higher levels of ASA on
the sperm surface and causes a significant decrease in sperm
motility [40]. Several studies [41–43] have confirmed this in
HCV and HPV infertile men, suggesting that viral infections
are a significant contributing factor to male infertility. Hussein
et al. [41] conducted a study on 30 HCV-infected individ-
uals and 30 healthy control subjects. They measured liver
enzymes and reproductive hormones, performed computer-
assisted semen analysis (CASA), determined IgG and IgA in
semen, and measured HCV-RNA in serum. IgG and IgA levels
were higher in HCV patients, and sperm concentration, total
motility, and progressive motility were lower in HCV patients.
Correlations between examined semen parameters and viral
load were nonsignificant, but still, they claim HCV may be
responsible for increased IgG and IgA levels. Garolla and
co-workers [42] included 151 infertile couples with the de-
tection of HPV in semen, counselled to receive adjuvant HPV
vaccination (79 accepted vaccination, 72 did not and became
the control group). They evaluated the effect on reproductive
outcome of HPV vaccination by recording progressive sperm
motility, ASA levels, spontaneous pregnancies, miscarriages,
and live births. Their results show that progressive sperm
motility and ASA levels were improved in the vaccine group,
and that adjuvant vaccination was associated with enhanced
HPV healing in semen cells and an increased rate of natural
pregnancies and live births. The question of whether the pres-
ence of HPV in semen is associated with impairment of semen
quality, was analyzed in a large cohort study by Luttmer et al.
[43]. They tested male partners for HPV-DNA, counted sperm

concentration and motility, and determined ASA levels with
MAR test. Their study concluded that the presence of HPV in
semenwas not associatedwith the age of the participants, semi-
nal pH, semen volume, total sperm count, sperm concentration,
progressive motility, or the presence of antisperm antibodies.
Among the viral infections mentioned above, the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) also needs
to be mentioned. We found no specific literature claiming
that SARS coronavirus is correlated with higher ASA levels,
but recent evidence report that SARS coronavirus could also
lead to fertility damage by utilizing the angiotensin-converting
enzyme 2 (ACE-2) receptor expressed on testicular tissue [44].
Taken together, these studies underscore the need for further
investigation to elucidate the underlying pathophysiological
mechanisms and clarify the clinical significance of respiratory
virus infections in male fertility.
Bacterial infections, on the other hand, have been correlated

with Streptococcus agalactiae, Staphylococcus aureus, and
Enterococcus faecalis. In most cases, ASA production in-
creases due to molecular mimicry between sperm and bacteria,
leading to cross-reactivity issues between bacterial antibodies
and ASA [45]. Based on epidemiological and experimental
evidence, there has been a growing awareness of the role of
infectious diseases in autoimmunity via molecular mimicry
and cross-reactivity. Molecular mimicry is one of the leading
mechanisms by which infectious agents may induce autoim-
munity, and this occurs when similarities between self and
foreign-peptides favour an activation of autoreactive B or T
cells by foreign-derived peptides. Currently, four major cri-
teria are used to define molecular mimicry: “(1) similarity
between a host epitope and an epitope of a microorganism
or environmental agent, (2) detection of antibodies or T cells
that cross-react with both epitopes in patients, (3) epidemio-
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logical link between exposure to the environmental agent or
microbe, and (4) reproducibility of autoimmunity in an animal
model following sensitization with the appropriate epitopes
either following infection with the microbe or exposure to
the environmental agent.” [46]. Although these criteria have
been in place for many years, they remain difficult to demon-
strate conclusively in humans. Challenges include insufficient
epidemiological power, study limitations, and issues such as
long latency between exposure and disease onset. Addition-
ally, humans encounter numerous infections throughout life,
yet only a small subset lead to autoimmune responses [47].
In increased ASA production related to bacterial infections,
heat shock proteins (HSP), also known as chaperones, are
potential causative agents, because these proteins are released
in response to stressful conditions. The bacterial heat shock
protein 60 (HSP60) protein, the major antigenic determinant
during an infection, has approximately 50% homology with
human HSP60, which can lead to cross-reactivity and may
result in reproductive issues through ASA production [48].
The existence of molecular mimicry leading to cross-reactivity
between sperm and bacteria was mentioned in the study by
Prabha et al. [49], where they claimed that sperm immobi-
lization factor isolated from Staphylococcus aureus immobi-
lizes human spermatozoa, as well as motile bacteria, showing
that sperm immobilization factor receptor might be shared
by bacteria and human spermatozoa. Their results show that
ASA in humans cross-reacted with bacterial antibodies, sperm
immobilization factor, isolated from Staphylococcus aureus,
immobilized spermatozoa, and motile bacteria, higher con-
centrations of sperm immobilization factor even caused sperm
death. With all gathered facts, they concluded that molecular
similarity between bacteria and spermatozoa exists. Inter-
estingly, the most well-known sexually transmitted bacteria,
Chlamydia trachomatis, is not reported in correlation with
ASA production [50].
Although Mycoplasma spp. and Ureaplasma spp. are natu-

ral inhabitants of themale urethra, they can become pathogenic
and contribute to genital infections related to male infertility.
In andrology, the most relevant species are Mycoplasma geni-
talium and Mycoplasma hominis. These two pathogens may
trigger inflammatory processes that could theoretically lead
to ASA formation, but no correlation with ASA levels has
been demonstrated. The only identified consequence of the
pathogen binding to spermatozoa was the occurrence of sperm
agglutination [51].

Mycoplasma hominis is usually associated with changing
semen parameters, particularly density and motility, as shown
by Rose and Scott [52], who incubated spermatozoa with my-
coplasma overnight and observed pathogen binding to sperm
head, tail, and midpiece. On the contrary, Diaz-Garcia and
coworkers [53], reported that a short-term semen exposure to
Mycoplasma hominis does not reduce sperm viability.

Mycoplasma genitalium is linked to male urethritis, prostati-
tis, infertility, and may induce sperm DNA damage. Some in
vitro studies show that its attachment to spermatozoa can cause
sperm agglutination and reduced motility [54]. Svenstrup et
al. [55], noted that Mycoplasma genitalium can bind to the
midpiece region of spermatozoa, and then be transported by
motile sperm.

2.2 Varicocele
Varicocele is a well-known factor contributing to infertility
and abnormal semen parameters. It is often detected dur-
ing routine examinations, where an abnormal enlargement of
the spermatic cord veins can be observed. Several possible
mechanisms have been proposed to explain the impact of
varicocele on fertility, including blood stasis leading to toxin
accumulation, hormonal imbalances, temperature dysregula-
tion, oxidative stress, and testicular hypoperfusion [56]. Even
though varicocele has been linked with levels of ASA, findings
still remain inconsistent. Veräjänkorva et al. [57] claim there
is no correlation between levels of ASA and varicocele, a
conclusion supported by Bozhedomov et al. [58]. However,
they noted that while varicocele itself is not an immediate cause
of autoimmune reactions against spermatozoa, it represents a
very important cofactor of immune infertility due to testicu-
lar trauma in varicocele patients. They also demonstrated a
significant decrease in semen quality correlated with levels of
ROS in ASA-positive varicocele patients, which were notably
higher than in ASA-negative varicocele patients. A recent
study [59] investigated ASA positivity in the semen of men
with and without varicocele (control group) and compared
different detection tests—MAR test, immunobead (IB) direct
and indirect test, and enzyme-linked immunosorbent assay
(ELISA) testing. After reviewing 151 abstracts, 6 articles
met the inclusion criteria and were included in the meta-
analysis. With MAR test 39.8% of patients with varicocele
tested positive for ASA, compared to 17% in control group (p
= 0.04); with IB test 50% of patients with varicocele tested
positive for ASA, compared to 15.4% in control group (p =
0.09); with ELISA test 37.1% patients with varicocele tested
positive for ASA, compared to 15.8% in control group (p <

0.01). They confirmed that ASA positivity is significantly
higher among men with varicocele than those without varico-
cele when tested byMAR test or ELISA test. This suggests the
presence of an immunological pathology in infertile men with
varicocele. Despite the limited number of studies available,
current evidence supports the view that varicocele plays an
important role in ASA levels.

2.3 Autoimmune diseases
Autoimmune diseases are health conditions that occur when
the immune system mistakenly produces antibodies that at-
tack the body’s own cells [60]. Considering that “immune
infertility” is also an autoimmune disorder, we could predict
that ASA levels are elevated in men with other autoimmune
diseases [18]. One such condition is lupus erythematosus, in
which increased levels of ASA have been reported. Shiraishi et
al. [61] compared men with and without systemic autoimmune
diseases and found higher levels of ASA in the group of men
with autoimmune diseases than in men without, suggesting
that systemic autoimmune diseases may represent a risk fac-
tor for ASA development in men. Conversely, ankylosing
spondylitis, juvenile dermatomyositis, and antiphospholipid
syndrome have not been associated with higher ASA [62, 63].
One of the world’s most well-known autoimmune diseases,
multiple sclerosis (MS), has likewise not been linked with
higher ASA levels to date. However, MS is a chronic disease



5

that can cause a wide range of symptoms and disabilities,
raising important questions regarding its impact on fertility and
reproduction. Massarotti et al. [64] addressed three important
questions in their study; (a) Is multiple sclerosis correlated
with conditions that increase the risk of infertility? (b) Does
multiple sclerosis cause infertility per se? (c) Do disease-
modifying therapies (DMTs) or other therapies for multiple
sclerosis impact gonadal function inmen? They concluded that
the issue of fertility in men with MS has not been thoroughly
investigated, and that only indirect data from population reg-
istries are available. Nonetheless, some data indicate that
up to 70% of men with MS experience erectile dysfunction,
and up to 50% of men exhibit alterations in ejaculation [65].
Despite these findings, no links were observed between MS
and ASA levels. Similarly, Li and coworkers [66] conducted a
Mendelian randomization study to assess the causal relation-
ship between MS and abnormal spermatozoa. Their results
indicated that patients with MS have a higher risk of sperm
abnormalities, and that reproductive and fertility issues in men
with MS warrant special attention from clinicians. The most
relevant factor identified was the higher levels of ROS, which
is linked to chronic inflammation; however, this study also
found no correlation with ASA levels. In summary, men
with MS could be subfertile due to disease-related ejaculation
and/or erection dysfunction and/or inflammatory effects, but
a clear correlation with higher ASA levels has not yet been
determined.

2.4 Vasectomy
Vasectomy is a surgical procedure performed to prevent fertil-
ity in males. It can lead to an immunogenic response, which
may result in the production of ASA. While researchers hold
differing opinions regarding the above mentioned risk factors
for elevated ASA levels; they unanimously agree that vasec-
tomy is one of the most firmly established factors associated
with increased ASA levels [67]. In a study by Lee et al. [68]
that included 484 men with male infertility who had undergone
ASA testing, serumASA levels were found to be higher in men
after vasectomy. Similarly, Azizi et al. [69] examined 110
vasectomized men and reported the presence of ASA in 95%
of participants. These findings demonstrate that the association
between vasectomy and ASA levels is well-documented and
firmly supported as one of the major risk factors. However,
regardless of the reason for performing this procedure in the
first place, we can still say it has a negative effect on fertility,
but it’s not the reason for primary infertility associated with
ASA.

2.5 Cryptorchidism and testicular trauma
Cryptorchidism, the most prevalent congenital abnormality
involving male genitalia, is a well-known factor of infertility.
Also referred to as an undescended testis, it results from the
failure of one or both testes to descend into the scrotum. Cryp-
torchidism is also found in patients diagnosed with Prader-
Willi Syndrome (PWS). Genital abnormalities are the rule
in PWS patients and cryptorchidism in particular is present
in 85–100% of cases [70, 71]. Due to the elevated intra-
abdominal temperature, we could presume that some immune

reactions might occur; however, cryptorchidism is primarily
associated with impaired germ cell maturation [72]. No clear
association between cryptorchidism and ASA levels has been
shown, and infertility associatedwith cryptorchidism is not im-
munological [73]. As mentioned above, elevated temperature
could induce some immune reactions, which can be influenced
by an individual’s genetic constitution. Niepiekło-Miniewska
et al. [74] studied gene system encoding immunoglobulin
receptors (KIRs) and found that there were no differences
among cryptorchidic patients and healthy controls in terms of
ASA levels.

Another potential cause of ASA production described in the
literature is testicular trauma, which may disrupt the blood-
testis barrier and expose sperm antigens to the immune system.
However, the association between these conditions and ASA
remains controversial [35].

2.6 Inguinal hernia or hernia repair

Inguinal hernia is a relatively common medical condition that
can be quickly resolved with a minor surgical procedure. An
inguinal hernia is a hernia (protrusion) of abdominal cavity
contents through the inguinal canal. Some risk factors for
developing a hernia are smoking, obstructive pulmonary dis-
ease, collagen vascular disease, obesity, strenuous physical
activity, chronic constipation, connective tissue disorder, etc.
Some predispositions to hernias can also be genetic [75]. Be-
cause surgical intervention is required, there is a potential
risk of BTB disruption, local inflammatory response, and
alterations in testicular blood flow, which could, in turn, have
an impact on ASA development and infertility. Currently,
two standardized surgical techniques are widely used: open
hernia repair with mesh placement to close the hernia and
laparoscopic repair. Generally, no significant differences in
postoperative quality of life between these two methods are
reported [76]. However, there are some links between im-
munological reactions triggered by these surgical procedures
and some inflammatory processes. Štula and coworkers [77],
on one hand, investigated testicular disorders related to infer-
tility following inguinal hernia mesh repair. They included
43 male patients and analyzed ASA levels, but they found no
significant differences and concluded that inguinal herniamesh
repair does not have a clinically significant influence on ASA
levels. On the other hand, Negri et al. [78] conducted a study
with 2258 infertile male patients who underwent ASA testing
and urologic examination; among them, 191 had a history
of inguinal hernia repair, and found increased ASA levels in
patients who underwent andrological surgery or hernia repair.
In summary, we can conclude that because of the limitations
of the existing evidence and some conflicting results in studies,
we cannot determine for sure if inguinal hernia repair does or
does not lead to clinically significant immunological reactions.
Nevertheless, assessing ASA levels could be useful in patients
with a history of hernia repair in order to provide better insight
into unexplained infertility.
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3. ASA testing

The antigen analysis should be restricted to antigens of the
outer sperm membrane, because it seems to be accepted that
only ASA binding to sperm membrane are of relevance [18].
Detection of ASA has evolved over the years; indications for
ASA testing are typically based on routine semen analysis find-
ings, with sperm agglutination as one of the main indicators for
positive ASA levels. Although agglutinations can also appear
due to other factors, there is still a strong correlation between
ASA and agglutinations [79]. In a study by Verón et al. [80],
they included men undergoing routine semen analysis, ASA
evaluation with direct SpermMar test, and computer-assisted
sperm analysis (CASA). Their results showed that about one-
third of patients with sperm agglutinations were also ASA
positive, while only 3% were ASA positive without agglu-
tinations. The presence of ASA is also linked with reduced
sperm count, motility, and vitality. Because it is so difficult to
define a narrow subset of patients who should undergo ASA
testing, the 5th edition of WHO laboratory manual recom-
mends seminal testing for ASA as a routine semen check-up
[81]. As mentioned earlier, two immunoglobulin classes (IgG
and IgA) are most common in semen, and can be detected
with direct tests: the mixed antiglobulin reaction (MAR) test
and the immunobead (IB) test. The IB test is performed on a
washed semen sample, whereas the MAR test is performed on
a fresh sample. Direct test provides information about the type
of antibodies, when present, and their specific location (sperm
head, tail, or midpiece). A limitation of the direct tests is their
requirement for fresh semen samples with good spermmotility.
If the percentage of motile spermatozoa is very low (<10%
progressive spermatozoa), direct testing cannot be performed,
and indirect tests must be used instead. An indirect test is
then used to detect sperm-specific immunoglobulins in sperm-
free fluids, such as heat-inactivated serum and seminal plasma.
When performing an indirect test, the suspected fluid should be
incubated with ASA-free donor sperm, allowing for a potential
sperm-antibody interaction to occur [17]. The essential step
of an ASA assay is the preparation of sperm antigens, which
can be prepared by different methods. Antigens are divided
into groups as follows; sonicated sperm antigens, cavitated
sperm antigens, sperm antigen epitopes prepared by phage-
display techniques, various recombinant sperm antigens, and
antigen extract made by treatment of freeze-thawed sperm
pools. It is difficult to address which test is optimal; MAR
and IB are frequently used, but they are not able to iden-
tify specific antigens because of the relatively large “labels”
(erythrocytes, latex beads, polystyrol beads), so there exist
some other options. Other tests capable of ASA detection
include sperm agglutination test, sperm immobilization test,
immunofluorescence assays, enzyme-linked immunosorbent
assay (ELISA), flow cytometry and radiolabeled antiglobulin
assays (RIA) [30].

3.1 The mixed antiglobulin reaction (MAR)
test

The mixed antiglobulin reaction (MAR) test provides less
information than other tests, but it is quick, inexpensive, and

sufficiently sensitive to yield valid results [82]. For the MAR
test, an unwashed sample of semen is mixed with latex beads
coated with anti-human antibodies, and in the presence of
ASA, the anti-human antibodies on the beads will bind to the
antibodies on the sperm surface. As a result, motile sper-
matozoa become coated with beads, which can be observed
under the microscope. Usually, spermatozoa continue to move
around with the beads attached, but if agglutinates become
massive, the movement of spermatozoa can be blocked. The
aim is to determine the percentage of motile spermatozoa with
attached beads. Spermatozoa that lack surface antibodies can
be seen swimming freely among the particles. The recom-
mendation is that at least 200 motile spermatozoa should be
evaluated. The criteria for a positive ASA result vary among
sources. According to the 5th edition of the WHO Laboratory
Manual, the reference value is 50% for both IgG and IgA [81].
The 6th edition of the manual, however, does not specify an
exact reference value for a positive ASA result; instead, they
recommend that each laboratory establish its own reference
value based on testing a large population of fertile and infertile
men to distinguish between normal and pathological semen
samples [17]. However, as per the manufacturer of SpermMar
test from FertiPro, a positive ASA result is when at least 40%
or more of spermatozoa are bound to latex beads.

3.2 The direct and the indirect immunobead
test
The direct immunobead (IB) test is less commonly used and
is more time-consuming than the MAR test, but it provides
information about antibodies on spermatozoa that have been
masked before. In this test, a washed sperm sample is used and
mixed with covalently-bound anti-human immunoglobulins
against IgG and IgA. If the beads bind to motile spermatozoa,
this indicates the presence of surface-bound antibodies on the
spermatozoa. The indirect immunobead test is used to detect
ASA in sperm-free fluids (serum, seminal plasma, testicular
fluid), and is useful in semen samples where motility is not
adequate for the MAR test. In this test, antibody-free donor
spermatozoa bind to ASA that is present in the tested fluid; the
sample is then evaluated in the same manner as the direct IB
test. Both procedures are different from theMAR test. Accord-
ing to the 5th edition of the WHOmanual, the consensus value
of 50% motile spermatozoa with bead particles is considered a
threshold value [81].

3.3 Detection of ASA in seminal plasma by
ELISA technique
An enzyme-linked immunosorbent assay (ELISA) has been
developed and evaluated for the detection of equine ASA. It
could detect ASA by the antigen absorbed in the solid phase,
and antihuman globulin conjugated to alkaline phosphatase
as a developing reagent. The ELISA assay detects IgM,
IgG, and IgA in serum, cervical mucus, and seminal plasma
[30]. Typically, the ELISA plate is coated with a mixture of
spermatozoa proteins, which are recognized by ASA. Samples
and standards are pipetted into the wells and then incubated,
allowing any ASA present to bind to the immobilized sperm
proteins. After all initial steps of the procedure, the color of
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the solution changes, and the intensity of this color change
is measured. The ELISA method is a more standardized test
demonstrating the correlation between seminal and sperm-
bound ASA values. It also has the advantage of long-term
sample storage ability, unlike MAR and IBT, which require
fresh samples. However, it is used less frequently in routine
diagnostics because MAR and IBT tests are faster and more
cost-effective [83, 84]. But this is not the only reason for not
being used so frequently, ELISA test also requires fixation of
whole sperm or use of membrane extracts. Fixation may lead
to membrane damage or denaturation of sperm antigens, which
can result in a false-positive or false-negative result [30].

3.4 Sperm agglutination tests and sperm
immobilization test (SIT)
The sperm agglutination test requires freshmotile spermatozoa
and includes the tray agglutination test, gelatin agglutination
test, and glass agglutination test. Agglutinates can be formed
by any amorphous material present in the semen sample, non-
specific immunoglobulins, as well as nonimmunoglobulin pro-
teins, which can all lead to false-positive results. The class of
immunoglobulin cannot be identified; that’s why this method
is not recommended for routine use.
Sperm immobilization test (SIT) means counting the motile

spermatozoa under the microscope, which makes this method
highly subjective. Because sperm-immobilization assays are
limited in their detection of IgA and can give false-negative
results, this method is also not recommended for routine use
[30].

3.5 Immunofluorescence assays (IFAs)
As a conclusion from the study by Bohring et al. [85] im-
munofluorescence assays in the diagnosis of immune infertility
should be encouraged, particularly if MAR test is positive
and the acrosome function is questioned. However, there are
some shortcomings for these assays. The method is unable to
detect the number of antibody molecules or antigens involved
in the binding. It can only detect the immunoglobulin class
of the antibody concerned [18]. Despite some positive facts
about this method, IFAs are not recommended for routine use,
because the results based on IFAs are unreliable [30].

3.6 Flow cytometry and radiolabeled
antiglobulin assay (RIA)
One of the not recommended methods for routine use in ASA
detection is flow cytometry. Flow cytometry was used as
a promising method for the determination of the number of
sperm binding ASA, because it may be able to determine the
exact amount of IgG and IgA in individual sperm samples [86].
However, Nikolaeva et al. [87] concluded that it does not
always give an objective result, and for that, the practical use
of flow cytometry has been limited.
Radiolabeled antiglobulin assay (RIA) provides no infor-

mation about the proportion of antibodies bound to sperm or
the region where antibodies bind, similar as ELISA. Also,
antigens are not biochemically identified and those relevant
for the process of fertilization might not be contained in the

antigen mixture.

4. Anti-sperm antibodies in assisted
reproductive technology (ART)

Assisted reproductive technology (ART) encompasses all
fertility-related treatments and is most frequently performed
secondary to infertility. The most commonly used ART is
in vitro fertilization (IVF). Infertility etiologies in which
IVF is usually used include diminished ovarian reserve,
ovarian failure, ovulatory dysfunction, male factor infertility,
unexplained infertility, etc. [88]. ASA can have an impact
on male fertility at different levels, often manifesting as
abnormalities detected at routine semen analysis. Reported
effects of ASA include decreased motility and concentration,
sperm agglutinations, poorer capacitation, and alterations
in the acrosome reaction [19]. Furthermore, there are some
reports of a negative impact of ASA on embryo development
and implantation after conventional IVF [89, 90]. Even
though there are several reports highlighting the potential
influence of ASA on male fertility, the overall impact remains
insufficiently evaluated, despite significant advancements in
assisted reproduction. Techniques used in ART to overcome
the impact of ASA are intrauterine insemination (IUI), IVF,
and intracytoplasmic sperm injection (ICSI). A shared feature
among these procedures is sperm preparation for ART, which
includes sperm washing, a step that can dilute certain unbound
antibodies. In IVF and ICSI cases, the swim-up technique is
also used. If ASA-positive samples are identified in advance,
additional washing can be performed. It appears that ASA
primarily binds to spermatozoa post-ejaculation, meaning that
by adding a few milliliters of culture medium to the collection
cup would create a dilution that could prevent at least some
ASA binding to motile spermatozoa, as the detachment of
already bound antibodies appears to be much less likely [91].

4.1 IUI
AprimarymechanismwherebyASA can interferewith fertility
is the ability of the sperm to penetrate through the cervical
mucus. With IUI, we can bypass the cervical mucus, which
is the main reason IUI has been widely used as the first-
line treatment [83]. However, uncertainties remain regarding
the effectiveness of IUI. Although data vary among studies,
evidence suggests that IUI can overcome some of the mech-
anisms of ASA interference and should be an approach for
selected patients who have been diagnosed with so-called male
subfertility [92]. In a retrospective cohort study, Barbonetti et
al. [93] investigated the relationship between the percentage of
ASA levels in natural and IUI-assisted live births. Men in this
study had to be at least 50% positive at the IgG MAR test and
were divided into two groups (100% and 50–99% MAR test).
In the first group (100% MAR), the live birth rate per couple
after IUI was significantly higher than the natural live birth
rate (LBR) (p = 0.0004). In 38 out of 44 couples with 100%
MAR, there were 14 live births after IUI (LBR = 36.8%), and
the natural live birth per couple in the same group was only
4.5%. In contrast, among the men in the 50–99%MAR group,
LBR after IUI was not higher. The findings emerging from this
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study indicate that in a groupwith couples where amale partner
has a 100% positive IgG MAR test, the percentage of natural
LBR is very low, compared with the percentage of natural LBR
in a group with couples where male partner has a 50–99%
positive IgG-MAR. This finding indicates that different ASA
levels have different impacts on reproduction outcomes. They
also showed that IUI can represent an effective treatment even
in 100% positive IgG-MAR. Similar results were presented by
Francavilla et al. [92]. Earlier, Ombelet et al. [94] compared
the results between IUI and IVF treatment in couples where
the male partner had to have at least a 50% positive MAR test
(IgG or IgA). Both IUI and IVF achieved high pregnancy rates
(64% and 47%), but the authors concluded that IUI should
be the first-line therapy in male immunological infertility.
Although all these studies had relatively small sample sizes and
differences in the ASA positivity thresholds used, their results
consistently support IUI as an effective first-line treatment for
carefully selected couples.

4.2 IVF

Another technique used for semen samples with positive ASA
is in vitro fertilization (IVF). After semen collection, the sam-
ple is washed and then subjected to swim-up procedure, which
may help decrease the number of antibodies. Several studies
have investigated whether positive ASA levels have an impact
on fertilization rate and live birth rate after IVF. Lu et al. [95]
conducted a study with 399 couples comparing the fertilization
rate, pregnancy rate, and live birth rate between couples with
ASA-positive male partners (n = 39) and ASA-negative male
partners (n = 360) after IVF. ASA was detected in serum using
the ELISA test. Their results show that in the ASA-positive
group, the fertilization rate was lower than in theASA-negative
group (41.7% vs. 54.8%, p = 0.03), alongside the quality of the
embryos, which was lower in the ASA-positive group (18.9%
vs. 35.2%, p < 0.001). Pregnancy rate (38.5% vs. 61.1%,
p = 0.01) and live birth rate (20.5% vs. 42.5%, p = 0.01)
were also lower in the ASA-positive group. Similarly, Clark
[96] confirmed that high levels of ASA reduce fertilization rate
after IVF. He was focusing on IgA antibodies and compared a
group of male partners with high levels of IgA with a group of
male partners with negative ASA levels. A similar study was
made by Vujisić et al. [97], where they compared fertilization
rate and pregnancy rate between ASA-positive and negative
groups. Their samples were analysed by direct MAR test,
but their results did not give such a clear difference between
those two groups; fertilization rate and pregnancy rate were
not significantly different. Comparable findings were reported
by Zini et al. [98], who examined reproductive outcomes
after 106 cycles of IVF and found no significant relationship
between ASA-positive levels and reproductive outcomes after
IVF. Direct ASA levels were measured in fresh semen by
MAR test and the test was considered positive if >50% of
the motile sperm were covered with antibody (IgG or IgA).
The fertilization rates and clinical pregnancy rates were also
not significantly different in ASA-positive and ASA-negative
groups (68% vs. 66%), and (42% vs. 52%). Overall, the
data about the impact of ASA levels on reproductive outcomes
is still controversial; some studies indicate that the presence

of ASA negatively affects fertilization and live birth rates,
whereas others found no difference. The different results in
the studies mentioned in this paragraph may be a consequence
of using different methods for ASA detection, usually MAR
test or ELISA, different thresholds for positive sperm samples,
and small groups of ASA-positive male partners, because the
majority of the study population were ASA-negative male
partners.

4.3 ICSI

ICSI has become an alternative for managing couples affected
by ASA, because microinjection of sperm into the oocyte cyto-
plasm can minimize the effects of ASA on spermatozoa-zona
pellucida binding. Similar to those on IVF, there are studies
that assessed ICSI and reproductive outcomes, typically by
comparing groups of ASA-positive male partners to groups
of ASA-negative male partners and examining if there are
any differences in reproductive outcomes. Lu et al. [95]
conducted the same study for ICSI as for IVFmentioned above,
evaluating fertilization rate, pregnancy rate, and live birth rate
between the ASA-positive group and the ASA-negative group.
They included 155 couples for ICSI cycles, where 19 male
partners were ASA-positive and 136 were considered ASA-
negative. Their results show that all the three outcome factors
were comparable, with no significant differences between the
groups. Pregnancy rate was 52.6% in ASA-positive group and
61.8% in ASA-negative group, and live birth rate was 47.4%
vs. 44.1%. Esteves et al. [99] performed a retrospective
study to analyze the influence of ASA on the outcome after
ICSI. They used the direct IB test for evaluation of ASA levels
in 351 semen samples. Male participants were divided into
four groups according to their percentage of ASA levels (I.
(n = 194): 0–10% ASA; II. (n = 107): 11–20% ASA; III.
(n = 33): 21–50% ASA and IV. (n = 17): 51–100% ASA)
and compared fertilization rates (I. = 80%, II. = 75.0%, III. =
75.0%, IV. = 82.4%), clinical pregnancy rates (I. = 53.5%, II.
= 52.8%, III. = 52.0%, IV. = 50%), and miscarriage rates (I.
= 21.7%, II. = 10.8%, III. = 23.0%, IV. = 25.0%), between
the four groups. The results showed no significant differences
among groups, suggesting that varying levels of autoimmunity
against spermatozoa do not affect ICSI outcomes. Results in
favour of better outcomes after ICSI for ASA-positive male
partners were presented in the study by Mercan et al. [100],
where they found that fertilization rate was seemingly higher
in ASA-positive group (70%) than in the ASA-negative group,
63% (p = 0.06). However, there was no difference regarding
pregnancy rate (36% vs. 39%) and live birth rate (36% vs.
30%). Similar findings were observed by Nagy et al. [101],
who also noted a higher fertilization rate in the ASA-positive
group than in the ASA-negative group (p = 0.046) but found a
greater proportion of poor-quality embryos. They concluded
that fertilization, embryo development, and pregnancy rates
after ICSI are not significantly affected by the proportion
of antibody-bound spermatozoa; however, ICSI should be
considered the treatment of choice for patients with high levels
of ASA in their semen. They claim that ICSI is the better
choice because antisperm antibodies do not interfere with the
fertilization process when we deposit spermatozoon into the
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cytoplasm of the egg, so we get better fertilization rates as
in standard IVF. It is difficult to find an explanation for this
outcome, but one of the possible explanations might be that
immunoglobulins against spermatozoa facilitate the acrosome
reaction and thus increase the fertilization of the microinjected
spermatozoon [102]. Additionally, like we know, ASA can
cause sperm agglutination and interfere with sperm motility,
which could make the affected spermatozoa incapable of suc-
cessful fertilization through standard IVF procedures. In such
cases, ICSI may provide better outcomes.

4.4 IVF or ICSI?
To achieve optimal reproductive outcomes, there is always the
question of how to best overcome male immunological infer-
tility. To find an answer to that question, several researchers
decided to compare IVF and ICSI outcomes in couples with
a known male immune infertility factor. Zini et al. [98]
examined the relationship between ASA levels and reproduc-
tive outcomes, specifically fertilization and pregnancy rates,
following IVF or ICSI. They analyzed IVF and ICSI cycles
separately and found no relationship between ASA levels and
either fertilization (67% vs. 59%) or pregnancy rate (55% vs.
47%). They concluded that ASA levels are not related with
improved reproductive outcomes. This finding was further
supported by their subsequent systematic review and meta-
analysis, in which they suggested that both IVF and ICSI
remain viable options for infertile couples with semen ASA
[103]. A trend in the increase of the rates of live births in ICSI
versus IVFwithin the ASA-positive group was observed by Lu
et al. [95], however, it lacked a statistical significance. Live
birth rate in IVF cycles was 20.5% and in ICSI cycles 47.4%,
(p = 0.07). This may be due to the relatively small number
of patients with ASA-positive results included in both the
ICSI and IVF groups, so future studies with larger cohorts are
therefore warranted to determine whether this trend achieves
statistical significance.

5. Treatment and medical therapy

In ART, established procedures (IUI, IVF, and ICSI) have
enhanced our ability to manage male infertility cases with poor
semen quality and also cases with known male immunological
infertility. Nevertheless, it is essential to note that these
methods cannot be considered as a universal solution for the
management of ASA. Various strategies have been mentioned
to improve the potentially harmful effects of ASA, reducing
gamete exposure to ASA, and then resulting in improved
gamete function. These strategies are categorised in three
groups: methods to remove ASA already bound to sperm,
methods to decrease ASA production, and ART [27].
In the group of reducing ASA production are so-called

condom therapy and systemic corticosteroid treatment. As a
conventional medication for infertile males with higher levels
of ASA, immunosuppressive therapies using corticosteroids
or cyclosporine may be promising, as such immunosuppres-
sive medications usually manage autoimmune disorders [104].
Corticosteroid therapy has emerged as the predominant strat-
egy for immunosuppression. Zaki et al. [105] conducted a

study on rat testicular sperm aspiration with four therapeutic
approaches for ASA. This included treatment with dexametha-
sone (DEX), azathioprine (AZA), frankincense, and anti-ASA
secondary antibodies. They reported that a low-dose corticos-
teroid treatmentmay be beneficial in such cases. They reported
promising results referring to lower ASA levels after treat-
ments; however, a debate among researchers about the side
effects of this therapy on otherwise healthy men is ongoing,
underscoring the need for caution when extrapolating results
from experimental models to clinical practice. Encouraging
findings were also reported by Taiyeb et al. [106], where
ASA positive male patients were divided in two groups—one
was treated with prednisolone and one was untreated. They
compared sperm motility, fertilization rate, embryo cleavage,
and chemical and clinical pregnancy rate. The treated group
demonstrated improvements in sperm motility, fertilization,
cleavage, and clinical pregnancy rates compared with un-
treated patients; however, these differences were observed
only in IVF cycles, not in ICSI. The data from these two
studies show there are some potential benefits of the use of
corticosteroid therapy, but some other older studies have failed
to replicate these results, showing no significant benefits [107,
108]. In conclusion, several critical issues remain unresolved
before corticosteroid therapy can be considered a standard
treatment, especially regarding the corticosteroid type, dosage,
treatment duration, and patient selection. Condom therapy was
mentioned in a review of Li [109] as theoretically, repeated
sperm exposure to the female reproductive tract results in ASA
formation, so condom use would decrease sperm exposure and
consequently decrease ASA production. But the results of this
method were not valid, so this method is not used anymore.
In the group of methods trying to remove ASA already

bound to sperm, we can find sperm washing and fertilization
antigen (FA-1) treatment. Sperm washing is a laboratory
technique routinely used in ART and can reduce the level
of ASA and improve the chance of conception. However,
it is difficult to completely elute antibodies from the sperm
surface, so the results can be a little bit disappointing. For FA-
1 treatment, more research is still needed to confirm this ap-
proach, but mostly this method consists of removing antibodies
from sperm surface by immune adsorption and permitting an
increased acrosome reaction (AR). Menge et al. [110] con-
cluded that the FA-1 sperm antigen appears to significantly free
sperm cells coated with autoantibodies in the semen. Reducing
sperm-bound antibodies that inhibited the AR, allowed the
sperm cells to undergo successful AR induction by calcium
ionophore (in 78% of the sperm samples with present IgG and
IgA antibodies, improvement was shown).
An interesting study on potential ASA treatment was made

by Al-Daghistani [111], who observed the effectiveness of
Staphylococcus protein A (SPA) in improving sperm pene-
tration ability and reducing ASA levels in immunologically
infertile males. SPA binds to the fragment crystallizable re-
gion (Fc region) of human IgG and immobilized protein A
adsorbents have previously been used to remove human IgG
from the serum in the treatment of autoimmune diseases [112].
After treating the sperm of ASA-positive male patients, the
number of fast progressive movement did not significantly
increase, but the number that deeply penetrated the mucus
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increased significantly. These findings may be useful for the
process of sperm preparation before IUI. Also, a significant
reduction of ASA levels after SPA treatment was observed,
but the author concluded that despite these promising results,
caution is warranted until well-designed clinical trials confirm
the efficacy of SPA.
One of the potential treatments for autoimmune male in-

fertility mentioned in the literature are plasmapheresis and
hemosorption. Effects of these two were studied and presented
by Tiktinskiĭ et al. [113]. They included 289 male partners
with autoimmune male infertility and oligoasthenozoospermia
(19–37 years old) and divided them into three groups by the
level of ASA in blood and sperm. Patients of group I. had
high ASA levels in blood, but low in sperm and received a
course of plasmapheresis. Patients of group II. had high levels
of ASA in blood and sperm and got a course of hemosorption
and plasmapheresis. Patients in group III. had low ASA
levels in blood but high ASA levels in sperm and received
efferent therapy only after medication. They concluded that
the treatment reduced elevated levels of ASA in the blood
and sperm, which resulted in improvement of spermiogram
parameters and efficacy of ART, and it could be considered
as an option in autoimmune male infertility treatment.

6. Conclusions

Male immune infertility represents a complex and still in-
sufficiently understood condition. Although several potential
mechanisms by which antisperm antibodies (ASA) impair fer-
tility have been proposed, current evidence does not clearly
identify which pathways are most clinically relevant. Notably,
some antisperm antigens can inhibit fertilization under in vitro
conditions while not impairing fertility in vivo [25], under-
scoring the challenges in translating experimental observations
into clinical practice. Because our manuscript primarily fo-
cuses on in vitro fertilization, our literature review indicates
that research specifically addressing male immune infertility
remains limited, with findings often contradictory and based
on small, heterogeneous study populations. Despite these in-
consistencies, assisted reproductive technologies (ART), par-
ticularly intrauterine insemination (IUI), in vitro fertilization
(IVF), and intracytoplasmic sperm injection (ICSI), remain the
most reliable and widely accepted approaches for managing
ASA-associated infertility. These techniques bypass or reduce
the impact of immune-mediated interference and currently
offer the highest likelihood of reproductive success. Although
several effective alternative treatment options do exist, they
are not widely recognized, and their implementation depends
critically on the identification of relevant antigens. At present,
no antibody-specific therapy for male immune infertility is
available. Alternative strategies aimed at reducing the effects
of antisperm antibodies, such as, oral corticosteroids for their
immunosuppressive properties or treatments with Staphylo-
coccus protein A, have been explored. Additionally, two stud-
ies comparing traditional Chinese medicine (with or without
acupuncture) to corticosteroids reported a greater reduction
in ASA levels with traditional Chinese medicine [114, 115].
However, despite these preliminary findings, corticosteroid
therapy raises concerns in otherwise healthy men due to the

potential side effects, and the evidence supporting Staphylo-
coccus protein A and traditional Chinese medicine remains
limited to small, single-center studies. These approaches,
therefore, cannot yet be recommended for routine clinical use.
As a result, assisted reproductive techniques continue to be
regarded as the first-line interventions for couples affected by
male immune infertility. The heterogeneity of ASA effects
further complicates clinical decision-making. ASA may im-
pair cervical mucus penetration, sperm motility, or sperm–
oocyte interactions, and the predominant site of interference
may differ among patients. Identifying the specific mechanism
involved could allow more targeted and effective selection
of ART methods, thereby improving reproductive outcomes
for affected couples. Despite increasing awareness of male
immune infertility, substantial uncertainty persists regarding
both the clinical utility of ASA testing and the optimal strate-
gies for managing ASA-positive patients. Numerous detec-
tion methods exist, such as the MAR and IB tests, sperm
agglutination and immobilization tests, ELISA, radiolabeled
antiglobulin assays, flow cytometry, and immunofluorescence
assays, eachwith its own advantages and limitations. Although
several techniques have shown promising results, they are not
recommended for routine use due to concerns about reliabil-
ity. Currently, the MAR test, IB test, and ELISA remain
the standard methods, yet MAR and IB testing suffer from
subjectivity, low positive rates, and poorly defined positivity
thresholds. These limitations and uncertainties, combined with
inconsistent evidence, have led some clinicians to question
the value of ASA testing and even abandon it in clinical
practice. A particularly critical challenge is the absence of
validated, fertility-relevant antigens. ASA are found in both
infertile and fertile men, suggesting that only a subset of
antigen targets are clinically meaningful. Future research
should, therefore, prioritize the identification of specific sperm
antigens and epitopes, including recombinant proteins, that
correlate reliably with impaired fertility. Such biomarkers
could improve diagnostic accuracy and guide individualized
treatment strategies.

Overall, key issues in this field include: (1) the lack of
consensus on threshold values defining ASA positivity, (2)
small sample sizes and methodological heterogeneity across
studies, (3) the absence of validated, effective treatments be-
yond assisted reproductive techniques, (4) variability and lim-
itations in ASA detection methods, and (5) the absence of
a well-defined, fertility-relevant sperm antigen. Addressing
these issues through larger, well-designed, standardized, and
methodologically robust studies will be essential for clarify-
ing the role of ASA in male reproductive physiology and
for developing more effective diagnostic criteria and targeted
therapeutic strategies.
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