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Staphylococcus aureus protein A as a means of
assessing sperm penetrability in cervical mucus in vitro

Hala . Al-Daghistani

Department of Medical Laboratory Sciences, College of Sciences, Al-Balga Applied University, Al-Salt, Jordan

Objective: The effectiveness of Staphylococcus protein A (SPA) in improving the penetration ability of sperm and reducing antisperm antibody
(ASA) titers in immunologically infertile males was evaluated.

Methods: Seminal fluid samples were obtained from 15 infertile men, and ASA titers were assessed with the latex agglutination test. Identifi-
cation of immunoglobulin (Ig) classes and characterization of the antigens involved in the immune response were performed using indirect
immunofluorescence. Local ASAs typically present as a mixture of IgG and IgA classes. The capillary tube penetration method was used to as-
sess the capability of spermatozoa to penetrate the cervical mucus (CM).

Results: ASAs associated with the neck region of sperm showed a significantly lower migration distance in the CM of infertile females than
ASAs associated with the head or tail segments. ASA-positive seminal fluid exhibited significant increases in the mean migration distance
(26+1.4 cm vs. 1.54+ 1.1 cm, respectively; p <0.001) and sperm concentration (174+121.0 X 10*/mL vs. 101 +93.7 x 10°/mL, respectively;
p=0.033) after treatment with SPA compared to pre-treated samples. A significant reduction (p <0.01) in the recorded ASA titer was detected.
Conclusion: These results indicate that SPA can be used as a sorting regimen for insemination programs. However, further studies are warrant-

ed to assess its influence on pregnancy rate.
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Introduction

Infertility is a global health issue that affects approximately 8%-—
10% of couples [1]. Antisperm antibodies (ASAs) are an immunologi-
cal marker involved in male and female infertility [2]. Fewer than 10%
of males with infertility of all etiologies test positive for ASA [3]. ASAs
act by blocking sperm movement, capacitation, fertilization, and by
inhibiting embryonic implantation [4]. These antibodies are devel-
oped against specific sperm antigens, such as nuclear autoantigenic
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sperm protein, fertilization antigen-1, and acrosin antigens that in-
hibit the binding of sperm with the zona pellucida through protease
activity [5].

ASAs inhibit sperm progression in the female genital tract, as is of-
ten demonstrated by poor postcoital test (PCT) and cervical mucus
(CM) contact test results. To overcome the deleterious effects of ASAs,
techniques such as artificial insemination, intrauterine insemination
(IU1), and in vitro fertilization with intracytoplasmic sperm injection
are reasonable treatment options [6]. Laboratory techniques includ-
ing sperm washing, proteolytic enzyme treatment, immunomagnet-
ic sperm separation, and the use of immunobeads are of low efficacy
and have yielded conflicting results [7]. Theoretically, IUl bypasses
the barrier that the CM poses to ASA-coated sperm. However, sperm
washing is still an effective method to decrease ASA load in the se-
men. Sperm washing removes free antibodies from the seminal plas-
ma but fails to remove sperm-bound antibodies, even after many
consecutive washing cycles. This method has similar effectiveness in
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samples with low and high ASA titers in the native semen [8].

Staphylococcus protein A (SPA) binds to the Fc portion of human
immunoglobulins (Igs), a defense mechanism that provides protec-
tion from the opsonization that precedes phagocytosis. SPA has a
high affinity for the Fc portion of IgG and IgG-containing immune
complexes, which can be selectively removed via extracorporeal ex-
posure of seminal plasma to SPA [9]. Immobilized protein A adsor-
bents have been extensively used for the purification and removal of
human IgG from the serum in the treatment of immune-related dis-
eases [10]. This protein has been tested in vivo and has proven suc-
cessful in the treatment of antibody-induced nephritis, thrombocy-
topenia, and rheumatoid arthritis [11]. SPA is a highly stable surface
factor with a molecular weight of 42 kDa that presents in both se-
creted and membrane-associated forms [12]. The safety, tolerability,
and pharmacokinetics of SPA in animal models, along with encour-
aging preclinical data, suggest that this protein could be utilized for
the treatment of selective autoimmune disorders. The improvement
of some autoimmune disorders accompanied by a reduction in auto-
antibody production supports our proposal to include SPA in new
clinical strategies for cases of immunological infertility. We aimed to
determine the efficiency of SPA in the reduction of ASA levels and
the facilitation of sperm migration in the CM.

Methods

1. Selection of couples

Fifteen couples pursuing treatment for infertility who were referred
to Al-Hussein Medical City Hospital in Jordan were recruited. Institu-
tional Review Board of King Hussein Medical Center approved this
study prior to conducting it. The women were considered to be po-
tentially fertile according to their clinical history. The men, who were
the focus of the study, had a history of immunological infertility and
the presence of ASAs. Semen samples were obtained via masturba-
tion after 2-5 days of abstinence. Upon liquefaction, seminal fluid
was subjected to routine semen analysis [13]. Fertile men who con-
sented to participate as semen donors for research purposes were
also involved.

2.CM secretion

CM samples were collected with consent from a number of sponta-
neously ovulating women during midcycle within a 3-day interval
before ovulation. Any medications with potentially negative effects
on the rheological characteristics of the mucus were stopped in the
previous cycle. Thin, clear CM, with a spinnbarkeit of 10 and a pH
>7.0, was stored in small tubes at 4°C and used within 7 days [13].
Only mucus with normal penetration by fertile donor spermatozoa
was used for the subsequent tests.
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3. Postcoital test

As part of the infertility investigation, a fractional PCT was per-
formed 1 to 3 days prior to the rise in basal temperature. Couples
were asked to have intercourse as usual after abstinence for at least 2
days. The CM was evaluated 8-12 hours after intercourse and classi-
fied as described previously [14]. The PCT result was regarded as ad-
equate when at least two spermatozoa of highly progressive motility
and excellent quality per high-power field were counted in the CM;
otherwise, it was classified as inadequate.

4, Detection of ASAs in the seminal plasma via the latex
agglutination test

Seminal fluid samples were centrifuged, and seminal plasma was
mixed with dilution buffer (1:50) and centrifuged at 1,000 x g for 10
minutes. A serial dilution of supernatant (1:100, 1:200, and 1:400)
was performed. A small aliquot (20 pL) of the diluted sample was
added to 10 pL of the antigen suspension (Bioserv Diagnostics, Ros-
tock, Germany) and mixed for 2 minutes. Agglutination was consid-
ered to occur when sperm antibodies were present in the specimen
dilutions of 1:100 and higher.

5. Detection of ASA class via indirect inmunofluorescence

The classes of Ig present and the precise characterization of the
sperm region involved in the autoimmune response were evaluated
using indirect immunofluorescence (IF) [15]. Drops of resuspended
washed spermatozoa obtained from fertile donors were placed on
slides and dried for spermatozoa fixation. Seminal plasma samples
were kept on the slides for 1 hour at room temperature, washed
twice with phosphate-buffered saline (PBS) (pH 7.2), and incubated
with fluorescein isothiocyanate and anti-human IgG, IgM, and IgA for
30 minutes. The slides were then washed again, mounted in a glycer-
ol-buffer mixture, and examined under a fluorescent microscope
(Leica Microsystems, Wetzlar, Germany). Positive and negative sam-
ples were used in subsequent tests as controls.

6. Estimation of the minimum concentration of SPA

Samples underwent liquefaction at room temperature for 30 min-
utes. Experiments were performed within 1 hour of obtaining the
samples. After centrifugation of the seminal fluid at 500 rpm for 10
minutes, the sperm cell pellet was retained and washed twice with
sterile PBS (50 mM, pH 7.2). The direct effect of SPA on sperm was
tested by mixing washed sperm with different concentrations of SPA
(0.156, 0.312, 0.625, 1.25, 2.5, 5, 10, 20, and 40 pg/mL; Pharmacia,
Stockholm, Sweden) in PBS. Freshly prepared vitamin E at a concen-
tration of 25 mM was added, and the mixture was incubated at 37°C
for 30 minutes [16]. To assess the effect of SPA on sperm viability, two
drops of 1% eosin were added, mixed with the sample, and observed
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under the microscope. Unstained living cells were differentiated from
the dead spermatozoa, which stained pink. To study the effect of SPA
on sperm motility, a drop of each dilution mixture was placed on a
glass slide and checked for immobilization at x400 magnification.
Furthermore, the effect of SPA on the ASA titer was evaluated via
mixing with the seminal plasma for 30 minutes at 37°C. After incuba-
tion, a small portion was used for the latex agglutination test.

7. Capillary tube penetration method

In vitro CM penetration was assessed using the capillary tube meth-
od [13], in which seminal fluid samples from infertile men (before
and after SPA treatment) and seminal fluid samples from fertile men
were tested in the same batch. A circular cross-section capillary tube
was filled via aspiration using a 1-mL syringe and a plastic tube at-
tached to the upper end of the capillary while the lower end was
dipped into a pool of CM. A 7-8-cm column of CM was aspirated into
the tube so that the upper meniscus was 2-3 cm from the top. The
top of the tube was sealed, and the lower end was cut off to produce
a flat interface. Approximately 200 pL of the semen sample was
placed at the bottom of the small conical plastic and capillary tube,
with the open end of this CM-containing tube placed in the semen.
Semen reservoirs and capillary tubes were mounted on microscopic
slides, placed in a horizontal position in a petri dish, and incubated
for 60 minutes at 37°C. The slides were removed, and the capillary
tube was examined. The length of the tube was scanned to identify
the distance farthest from the semen reservoir attained by the sper-
matozoa. The maximum distance of sperm migration was defined as
the migration distance and reported to the nearest 1 cm. Sperm con-
centrations were assessed at one-half of the migration distance using
the same magpnification, and spermatozoa were counted while shift-
ing focus from the lower to the upper wall of the capillary in a single
pass. Sperm motility was assessed by examining at least 200 sperma-
tozoa at half of the migration distance. Each of the 15 seminal fluid
samples was tested at the same time with the same cervical sample.
However, to ensure procedural validity, 2 technicians assessed the
penetration parameters independently.

8. Statistical analysis

SPSS software ver. 13.0 (SPSS Inc,, Chicago, IL, USA) was used for
data analysis. The results were presented as mean values with stan-
dard deviations (SD). Statistical significance of the differences was
determined using the t-test, with p-values of <0.05 considered to in-
dicate significance.

Results

In this prospective study, 15 infertile men with local ASAs were se-
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lected. The mean age of these men was 35.67 +3.13 years. With val-
ues given as mean = SD, the seminal fluid volume was 3.70+1.26
mL, the pH was 8.125 +0.442, the sperm count was 36.27 +17.40 x 10°,
the percentage of motile sperm (a+b+c) was 33.07%+ 16.65%, and the
percentage of immotile sperm (d) was 66.93% + 16.65%. The fraction of
normal sperm morphology was 26.40% + 8.53%, while that of abnor-
mal sperm morphology was 73.60% + 8.53%, and the rate of sperm
viability was 57.47% +9.34%. The results revealed a significant posi-
tive correlation between ASA titer and sperm immotility (p=0.005),
whereas a significant negative correlation was observed between
ASA titer and both the percentage of motile sperm (p=0.005) and
sperm concentration (p=0.038). The ASA titer had no significant ef-
fect on sperm volume, sperm viability, or sperm morphology.

The interactions between sperm and the CM were observed in vivo
via PCT, the results of which were inadequate in all female partners
(Figure 1). Agglutinated spermatozoa were observed after 8-12
hours post-intercourse. Poor PCT results were associated with all se-
men specimens that displayed positive results for ASA.

The latex agglutination test is recommended for the diagnosis of
immunological infertility, as indicated by ASA titers of 100 or higher.
In this study, the ASA titer detected in the seminal plasma ranged
from 200 to 6,400. In the seminal fluid samples from the infertile
men, the IgA class was detected in 20.0%, the IgG class in 6.66%, and
a combination of IgA and IgG in 66.7%. Antibodies of the IgM class
were detected in one case (6.66%) and were associated with IgG and
IgA.

The pattern of immunofluorescent staining as revealed by indirect
IF revealed that ASA was associated with the sperm head in four cas-
es (26.6%); the neck in three cases (20%); the head and neck in two
cases (13.3%); the tail in two cases (13.3%); and the head, neck, and
tail in four cases (26.6%) (Figure 2). The capillary tube method was
used to evaluate sperm penetration by ASA-associated sperm. Se-

Figure 1. Postcoital test that revealed head to head sperm agglutina-
tion (arrows) in the cervical mucus of the female (< 40).
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Figure 2. Identification of sperm part targeted by antisperm antibody (ASA) using indirect immunofluorescence staining (% 100). (A) Green to
yellow sperm head means that the antibody was directed to the head region of the sperm. (B) ASA directed to the head, neck, and tail. (C) ASA
directed to the neck and tail. (D) ASA directed to the head and tail. (E) ASA directed to the tail. (F) All sperm parts showed red color which
means the absence of anti-sperm antibody. Green to yellow color means positive, and red color means negative. Three parts of sperm could be

a target for antisperm antibody: head, neck, and tail.
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6,000 |
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4,000 + Before SPA treatment

3,000 /
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1,000 >
e Y After SPA treatment

0
123 456 78 910112131415

ASA titer

Figure 3. Mean of Staphylococcus protein A (SPA) on antisperm anti-
body titer in seminal fluid samples. ASA, antisperm antibody.

men samples with ASAs targeting all sperm parts (the head, the
neck, and the tail) showed a significantly lower sperm concentration
in the CM (p=0.015) than samples with ASAs not targeting all re-
gions. However, ASAs targeted specifically to the neck segment were
associated with a significantly shorter migration distance in the CM
than ASAs to the tail or head segments (p=0.029).

Seminal fluid samples were treated with various dilutions of puri-
fied SPA in PBS and analyzed for sperm motility and ASA titer. A con-
centration of SPA displaying no immobilization effect on motile sper-
matozoa (range, 2.5-10 pg/100 mL) was used for the cervical pene-
tration test. Sperm parameters and ASA titer were recorded post-in-
cubation with SPA for 30 minutes at 37°C (Figure 3). From pretreat-
ment to posttreatment, the mean ASA titer significantly decreased
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from 3,200 to 1,600, constituting a 50% decrease.

SPA-treated seminal fluid was assessed regarding mucus penetration
using the capillary tube penetration method. Sperm penetration was
quantified by measuring the migration distance (the maximum dis-
tance of capillary migration from a semen reservoir by spermatozoa af-
ter 1 hour), the sperm concentration at half of the migration distance,
and the progressive motility of spermatozoa. The values were recorded
as mean =+ SD (Figure. 4). From pre- to posttreatment, the ASA-positive
seminal fluid samples showed significant differences in migration dis-
tance (1.54£1.1 cm and 101 +93.7 cm, respectively; p<0.001) and
sperm concentration (2.6 +1.4 and 174.0+121.0, respectively;
p=0.033) (Table 1). No significant differences (p=0.066) were evident
in the number of spermatozoa with progressive motility that penetrat-
ed the CM (15.0+9.8 and 27.0 + 16.0, respectively). Treated semen sam-
ples revealed higher numbers of sperm, which allowed high-quality
sperm to travel a relatively long distance in the CM.

Discussion

Aberrant immune homeostasis may give rise to immunological in-
fertility. ASAs appear to cause infertility through sperm agglutina-
tion, immobilization, or opsonization, all of which impair sperm
transportation through the female reproductive tract; reduce the
number of spermatozoa at the fertilization point; impair the sperm-
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egg interaction, acrosome reaction, and binding to the zona pelluci-
da; and eventually affect the fertilization rate [17]. However, not all
ASAs can alter sperm function, as the cognate antigen may not be
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Figure 4. Cervical mucus penetration results by seminal fluid with
antisperm antibody before and after Staphylococcus protein A treat-
ment with respect to the (A) migration distance, (B) progressive mo-
tility, and (C) sperm concentration.
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associated with the fertilization process or the antibodies may not
bind to the functional domain of the antigen [18]. World Health Or-
ganization guidelines (1992) indicate that significant quantities of
ASAs belonging to the IgG or IgA class can impact the function of
fertility antigen-1[19].

ASAs in infertile men usually appear in the seminal fluid as multiple
classes of Ig. In this study, IgA was present as the only isotype in the
seminal fluid of only 20% of the infertile men. IgM seems to have no
clinical impact, as it is rarely detected either alone or in combination
with IgA or IgG. Our results align with previous findings confirming
the relatively strong impact of the combination of IgG and IgA di-
rected toward various sites of the spermatozoa [6,20]. Although the
IgA isotype appeared more clinically significant than the IgG isotype,
it is rarely present without associated IgG. From a biological stand-
point, IgA seems to be the most important Ig in this context, and its
presence on the sperm surface significantly impairs sperm progres-
sion through the CM [21]. In vasectomized men, previous results
have shown that immune responses restricted to the IgG class are
not rare, but those men appeared to have normal fertility, whereas
the IgA response was inversely correlated with the fertility rate [22].

ASAs can adhere to various sites on the sperm regardless of sub-
class [23]. Those that adhere to the tails of sperm can cause sperm
immobilization or clumping, whereas ASAs that associate with the
head inhibit the penetration of CM by sperm [24]. Immunity to
sperm antigens is restricted to certain sperm surface region. In this
study, seminal fluid with ASAs associated with the neck region
showed a significant decrease in migration distance in the CM con-
tact test. Therefore, neck-associated ASAs seem to be involved in in-
fertility [25]. However, in 1988, Clarke et al. [26] reported a significant
association between poor penetration and the presence of antibod-
ies on the sperm tail main piece. The concentration of spermatozoa
and the linear velocity of progression influenced the number of sper-
matozoa penetrating the mucus in unit times, presumably by im-
pacting the frequency of collisions at the CM interface [27]. When
ASAs are present in the semen or the CM, an interaction can occur
between galactose residues on the spermatozoa and galactose rec-

Table 1. Cervical penetration test results of seminal fluid samples before and after SPA treatment with respect to migration distance, sperm

concentration, and progressive motility

Seminal fluid
Variable With antisperm antibodies ~ With antisperm antibodies Without antisperm value
before SPA treatment after SPA treatment antibodies (control) P
Migration distance (cm) 154+1.1 26+14 40+1.1 <0.001
Sperm concentration (10°/mL) 101+93.7 174+121 330+170 0.033
Progressive motility (%) 15+9.8 27+16 60+29 NS

Values are presented as mean =+ standard deviation.
SPA, Staphylococcus protein A; NS, not significant.
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ognition sites on the ASAs. In addition, binding can also occur be-
tween the Fc region of the antibodies and the CM [28].

ASAs are known to play a role in male and female reproductive fail-
ure. In many cases, they are thought to be a relative rather than an
absolute cause of infertility. It has been reported that the pregnancy
rate from artificial insemination is higher if the mucus penetration
test yields normal results. Several strategies have been used in an ef-
fort to improve the potentially deleterious effects of ASA-mediated
infertility. These include reductions in ASA production, removal of
ASAs via the conventional swim-up procedure, washing of sperma-
tozoa, and separation techniques based on principles such as migra-
tion, filtration, or density gradient centrifugation [6]. However, no
method to counteract ASAs has been universally accepted. Some re-
ports have been published evaluating the use of specific IgA prote-
ases from Neisseria species on sperm-bound lg. Sperm coated with
IgA were found to show improved penetration in CM after IgA prote-
ase exposure. The use of intravaginal protease has been suggested
as a treatment for CM antibodies [29,30].

It has been reported that Staphylococcus aureus, which has been
frequently isolated from patients with male genitourinary infections,
produces extracellular products that adversely impact human sperm
motility [31]. To overcome the deleterious effect of S. aureus on
sperm, chemical supplements have been applied to improve sperm
parameters and inhibit sperm immobilization by Staphylococcal
products [16]. Prohibition of Staphylococcus-induced sperm immobi-
lization was observed in pre-incubation seminal fluid with vitamin
B1, vitamin E, glutathione, and sodium selenite. Therefore, in the
present study, vitamin E was used as an adjuvant to protect the sper-
matozoa and help maintain their movement when incubated with
SPA. The SPA protein was able to dramatically reduce the amount of
seminal plasma-derived Egg and IgA antibodies by 50%-75%. Many
of the effects of Igs are mediated via the Fc region; hence, the bind-
ing of the Fc region by SPA may be relevant.

Although Staphylococcus species were the most common bacteria
isolated from asymptomatic men undergoing fertility evaluation, the
bacterial count has been found to be uncorrelated with the semen
parameters [32]. In the present study, a proposed in vitro treatment
for ASA was applied in which SPA was used as a means of masking
antibodies in the seminal fluid samples. In each case, ASA titer was
significantly reduced posttreatment with SPA. The immunomodula-
tory properties of SPA in binding the Fc fragment of Igs, as well as the
capability of SPA to bind the Fab regions of the B-cell receptor and
promote B-cell apoptosis (leading to the inhibition of autoantibody
production), have drawn attention to the possibility of using this pro-
tein to facilitate the elimination of sperm antibodies. SPA is a highly
stable cell surface receptor that contains 5 homologous Ig-binding
domains. This protein is capable of binding to the Fc region of Igs, es-
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pecially IgGs, from a large number of species. One protein A molecule
has been shown to simultaneously bind at least two molecules of
IgG. Protein A binds to the Fc region of human IgG, IgM, IgA, IgE, Ig-
G2a, and 1gG2b subclasses [33]. Our results illustrate that SPA binds
IgG and IgA molecules through the Fc region, thereby reducing the
number of Fc sites available for sperm binding and enhancing sperm
penetration in the CM. The numbers of sperm that were successful in
reaching the deepest point in the CM were significantly increased af-
ter SPA treatment. However, the presence of certain receptors for IgG
(Fc) on the sperm surface leads to a competition between SPA and
sperm for binding of the Fc portion, with a higher tendency and af-
finity of SPA-IgG Fc binding (4 x 107-2 % 10® moles/L) [34].

Although the number of sperm with fast progressive movement in
the CM did not significantly increase (p=0.066) after SPA treatment,
the number of sperm that deeply penetrated the mucus did increase
significantly. Experimental studies have suggested that the Fc region
of IgA binds receptors within the mucus, impairing progressive for-
ward motility of the sperm [35]. Men with positive sperm antibody
tests but with a sperm cervical penetration value of >1 cm at 1 hour
produce pregnancies in their partners at reasonable rates, whereas
those with no mucus penetration have a very poor prognosis for
pregnancy [36].

The observation of in vitro sperm penetration provides reliable data
for fertility assessment and allows greater discrimination of sperm
function than semen analysis alone. Our results indicate that sperm
processing before Ul should be attempted before starting the more
invasive and expensive techniques of assisted reproduction. The SPA
processing technique improves sperm quality with regard to concen-
tration and penetration ability. The study could be helpful to androlo-
gists and embryologists who are seeking to optimize sperm quality
in men with autoantisperm antibodies. In spite of the significant re-
duction in ASAs present in seminal fluid following SPA treatment, we
did not test the effectiveness of the post-sperm pools in IUI. There-
fore, caution should be applied to the interpretation of our findings
until well-designed clinical trials have confirmed the effectiveness of
SPA in eluting ASAs and increasing the chances for conception in
couples with unexplained infertility. As such, the influence of SPA on
pregnancy rate requires further study.
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