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Abstract

This article briefly reviews our knowledge about antisperm antibodies (ASA) in
females and outlines several hypotheses regarding the etiology of sperm immu-
nity in women.

There is evidence that strong ASA in females can reduce the chances of con-
ception and ASA from female sera have also been found to inhibit in vitro fertil-
ization (IVF) in humans and some animal models. Several possible factors
leading to the development of ASA in human females have been proposed,
including cross-reactivity with microbial antigens, and the possible role of anti-
body idiotypes and interferon gamma-mediated potentiation of the antisperm
immune response in women whose male partners have ASA in their semen. It is
vital that more research is conducted in this area if we are to understand female
immuno-modulation in response to sperm antigenicity.

10.1 Introduction

The main aim of this chapter is to review selected literature which is pertinent to
understanding why some females develop sperm immunity, with primary focus on
antisperm antibodies (ASA) detectable in serum, follicular fluid, or cervical mucus.
Another important aim is to discuss several aspects/observations from animal mod-
els which have so far received little consideration from the clinical perspective with
the objective of stimulating more research focus in these areas. Other chapters in
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this volume cover in detail the tests available for detecting ASA (Chap. 13),
antigens (Chap. 2), impact on assisted reproduction (Chap. 15), and treatment of
immune infertility (Chap. 16) and other important aspects.

10.2 Historical Background

During the first few decades of the twentieth century, many studies in animals had
indicated that homologous or heterologous immunization of females with sperm or
testis preparations could induce sperm antibody activity and infertility (see Katsh
[1] for review). The considerable evidence derived from animal models, combined
with preliminary evaluation of patients, provided stimulus for ‘“clinical trials”
involving immunization of women with their partner’s semen with the aim of induc-
ing immuno-contraception. Baskin [2] reported on a study of 20 fertile women
immunized three times intramuscularly at weekly intervals, with their partner’s
whole ejaculate. All but one of the women showed sperm immobilizing activity in
their serum by 1 week after the last injection which persisted for up to 1 year. One
woman became pregnant after 12 months when the sperm immobilizing activity
was no longer detectable in her serum. These trials demonstrated that women could
be immunized to develop sperm immobilizing activity and that this was associated
with reduced fecundity.

Further significant evidence for female ASA association with human infertility
awaited the report by Franklin and Dukes in 1964 [3]. They found that 20.1 % of
214 women undergoing infertility investigations had detectable sperm agglutinating
activity in their serum. Women with unexplained infertility had a much higher inci-
dence (72.1 %) than women with organic causes for their infertility (8.4 %) or fertile
women (5.7 %). It should be noted that this study found a very high incidence of
ASA, and the results are not supported by recent studies using immunologically
specific procedures such as the immunobead test (IBT). However, this report was
notable from an historical perspective in that it stimulated significant interest in the
idea that female immunological responses to sperm could be involved in the devel-
opment of otherwise unexplained infertility and in the concept of an antisperm con-
traceptive vaccine.

10.3 More Recent Studies on ASA in Females

Since the early reports described above, a multitude of studies have examined the
effects of ASA on sperm-cervical mucus penetration, in vitro fertilization (IVF) and
infertility. Many review articles have described the clinical and experimental
research in this area [4—7]. It is pertinent however to review some of the background
information and studies which are relevant to explaining the pathogenesis of female
immuno-infertility associated with ASA.

The uterine cervix is a highly competent mucosal immune site (for review, see
[8]) which contains many IgA-positive plasma cells located in the subepithelial
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layers of the endocervix. Most of the IgA in cervical mucus is secretory IgA consist-
ing of two IgA monomers linked by J-chain and secretory piece. The secretory IgA
antibodies directed against potential pathogens and occasionally sperm [9] can
immobilize the invaders by cross-linking them to the cervical mucus strands, effec-
tively blocking their progress to the upper reaches of the reproductive tract [10].
There are obviously mechanisms which normally prevent such immunological reac-
tions to sperm in women. However, in a small percentage of couples, these are
somehow circumvented or disrupted, resulting in local and often circulating ASA
production and reduced chances of natural conception. In women with otherwise
unexplained infertility, sperm antibody activity has been detected in cervical mucus
in more than 10 % of cases [11-13].

Investigations using zona-free hamster eggs or salt-stored human zona pelluci-
dae indicated that high level ASA might be expected to interfere with human fertil-
ization [4], but this could not be adequately confirmed using fresh human oocytes
until the availability of routine clinical IVF around 1985. Retrospective analysis of
IVF results by Clarke et al. [14] provided some of the first evidence that ASA from
female serum could inhibit the fertilization of viable human oocytes by human sper-
matozoa. They observed a fertilization rate of only 15 % for patients who had sig-
nificant titers of IgG and IgA class ASA in their serum, which at that time was used
as a supplement in the IVF culture medium, versus 69 % for those patients where
replacement serum was used during the fertilization culture. Their later experimen-
tal results confirmed that very high titer ASA of IgG immunoglobulin class in
female serum could effectively inhibit fertilization of fresh human oocytes [15].
Subsequent reports from other laboratories have also indicated that high level ASA
can inhibit human fertilization [16-18]. In addition, more recent animal studies
have also provided considerable evidence that experimentally induced sperm iso-
immunity could have detrimental effects on fertility and in vitro fertilization [4].
Consequently, it is now generally accepted, at least with strong sperm immunity,
that ASA can block sperm functions such as cervical mucus penetration and fertil-
ization and thereby impair fertility.

10.4 Clinical Evaluation of ASA

It is strongly recommended that both the female and male partners should be tested
for ASA during infertility assessment. The initial investigation of the male partner
of an infertile couple should include a direct mixed antiglobulin reaction (MAR)
screen for sperm-bound antibodies [7]. A positive result (>50% of motile sperm
being antibody coated) should be followed up with a repeat test and preferably
mucus penetration testing to make an assessment of the potential functional signifi-
cance of the antibodies. High levels of circulating antibodies in the female may
severely reduce the chances of successful treatment by IVF [4] or donor insemina-
tion. Assessment of in vitro sperm-mucus interaction by means of the capillary
(Kremer) test and/or the semen/cervical mucus contact test (SCMCT) may suggest
the likely presence of sperm antibodies in CM, even though circulating ASA may
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have been weak or undetectable. The presence of antibodies in CM can be con-
firmed by testing liquefied CM using the indirect MAR. The presence of high CM
antibody levels and associated negative or low titer circulating ASA suggests a good
prognosis for treatment of the couple by intrauterine artificial insemination. In con-
trast, the presence of high antibody concentrations or titers both locally and sys-
temically suggests a poor prognosis. Couples with apparently intractable
immuno-infertility can be effectively treated using intracytoplasmic sperm injection
ICSD [19].

10.5 Postfertilization Effects of ASA on Fertility

Definitive studies in various animal models have shown an association between
ASA and pre- or postimplantation embryonic degeneration [20]. In one study on
rabbits, reproductive tract secretions containing ASA were found to cross-react with
rabbit morulae and blastocysts, resulting in embryotoxic effects during in vitro cul-
ture [21]. In a number of tightly controlled experiments, this group demonstrated
that only secretory IgA (sIgA) from the uterine fluid of semen-immunized does was
embryotoxic during in vitro culture. In contrast, blood sera with high levels of ASA
were not embryotoxic, nor were IgG fractions isolated from the immune uterine
fluid (IUF). Absorption of IUF with either sperm or anti-sIgA removed the embryo-
toxicity, thereby providing evidence of specificity. Other experiments indicated that
the sperm antigen stimulating the sIgA embryotoxic antibody in IUF was distinct
from the antigen stimulating IgG and IgA class ASA with the ability to inhibit fer-
tilization. In unpublished observations, absorption of the IUF with paternal lympho-
cytes did not remove the embryotoxicity, indicating that transplantation antigens
were unlikely to be involved. Additional investigations suggested that the antigen
responsible for the sIgA-associated embryotoxicity was a subsurface component.
Thus, immunization of does with isolated sperm membrane fractions resulted in
reduced fertilization, whereas immunization with submembrane fractions caused
only the postfertilization effects on embryos.

Why should ASA react with embryos? Firstly, the sperm membrane is integrated
as a mosaic into the zygote membrane during the process of fertilization, so that
sperm antigens are incorporated, although at relatively low densities, into the devel-
oping embryo [22]. Secondly, embryonic gene expression commencing from the
four to eight cell stage results in the synthesis of various developmental antigens
which can cross-react with sperm antigens (for review, see Menge and Naz [23]).
Consequently, during embryo development and perhaps particularly around the
time of blastocyst hatching, there is a chance for the ASA to bind to cross-reacting
embryonic antigens and potentially cause embryo degeneration or possibly prevent
implantation.

There is also some evidence for postfertilization effects associated with ASA in
humans. Concerning negative effects, Warren Jones [24] reported that around 50 %
of pregnancies conceived in women with ASA subsequently ended in first trimester
spontaneous miscarriages. Similar observations have been reported by other groups
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[11, 25]. In the latter study, it was found that 7/16 (44 %) of women who miscarried
were positive for ASA in their serum, compared with only 2/17 (12 %) of women
who had successful ongoing pregnancies. Examination of the immunoglobulin
classes of the antibodies revealed that IgA was significantly (p<0.01) more com-
mon in those women who miscarried. The IgA class antibodies in serum may be a
marker for local secretory IgA in the female reproductive tract. However, despite
the strong evidence in rabbits, it is still not known whether sIgA class ASA in
humans are embryotoxic. In another clinical study [26], it was found that of 173
women referred for a history of three or more consecutive spontaneous miscar-
riages, there was a significantly higher incidence of sperm immobilizing antibodies
when compared with the infertile group. Interestingly, they also observed a higher
incidence of ASA in the group of women shown to have an immunological basis for
their recurrent miscarriages (for example, couples sharing at least three HLA deter-
minants, or couples with the female showing a relatively low response to her part-
ner’s lymphocytes in mixed lymphocyte culture). Other groups have reported a
significant association between ASA and some autoantibodies such as antiphospho-
lipids, which may be involved in deleterious effects on the fetus. In contrast to the
studies cited above which have reported an association between ASA and recurrent
miscarriage, others have not seen a statistically significant association [27, 28].
Further investigations in this area would be useful, particularly focusing on the pos-
sible involvement of subsurface sperm antigens which react with IgA class ASA. It
is important to note that sperm antibodies specific for subsurface antigens are
unlikely to be detected by assays such as the immunobead test (IBT) or the MAR
which are designed to measure reactivity with membrane antigens on motile sperm.
It could be very informative to conduct a clinical investigation of IVF patients with
repeated implantation failure or early spontaneous miscarriages, using a new gen-
eration of highly specific ELISA and immunofluorescence assays in conjunction
with the MAR (unfortunately immunobeads are no longer available so the IBT has
become obsolete).

With respect to positive effects of sperm immunity, there is some evidence from
analysis of IVF data, suggesting that some ASA may be associated with increased
implantation rates [29, 30]. If confirmed, this could add an interesting new dimen-
sion to our analysis and understanding of sperm immunity. It also underlines the
potential importance of efforts to develop routine assays, which can identify sperm
antibodies reacting with defined antigens.

10.6 Origins of ASA in Females

It is obvious that normal fertile women do not usually mount strong immune reac-
tions to sperm, resulting in high titers of ASA capable of blocking sperm function
and reducing fertility. Although it is still uncertain what exact mechanism is acting
to suppress the female immune response to sperm antigen after sexual intercourse,
there are several possible ways in which this could occur. Firstly, experimental evi-
dence indicates that seminal plasma contains potent immunosuppressive factors.
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Some sperm antigens may carry suppressor epitopes, which could inhibit an effec-
tive B-cell response and ensuing sperm antibody production. The potential rele-
vance of asymmetric immunoglobulin in modulating sperm immunity also requires
thorough evaluation [31]. If the initial immunosuppressive mechanisms fail to pre-
vent the initiation of sperm antibody production, then it is also possible that anti-
idiotype antibodies, if produced in sufficient quantities, could inhibit production of
the related idiotype (anti-idiotypes are discussed in more detail below). Despite
these hypothesized safeguards, a small proportion of women do develop significant
levels of ASA in their blood and reproductive tract.

What information is currently available regarding the development of or predis-
posing factors for sperm immunity in females? Observations of potential relevance
to understanding the underlying causes of ASA in women include evidence that
they are more likely to have detectable sperm antibodies if their male partner also
has ASA in his semen [32]. Another important observation was that in about one-
third of cases women apparently react only to their partner’s sperm antigens, rather
than to sperm-specific antigens [33]. Several hypotheses have been proposed in
order to explain the origins of female sperm immunity and the observed association
between male and female sperm immunity in a proportion of couples.

The first hypothesis is based on observations that human spermatozoa have anti-
gens which cross-react immunologically with certain microbial antigens. Thus,
Sarkar [34] reported that antibodies with specificity for certain yeast mannan
molecular configurations cross-reacted with sperm membrane antigens. For exam-
ple, 75 % of sera from men with ASA were found to react with the one, six yeast
mannan specificity. In addition, some patients reacted with the one, three mannan
specificity or with chemotype C1 from Salmonella paratyphi C. In another investi-
gation, Blum et al. [35] observed a strong association between Chlamydia antibod-
ies and ASA in young women using oral contraceptives. Similarly, Cunningham
et al. [36] reported that 56 % of women with primary pelvic inflammatory disease
(PID) had ASA detectable by the indirect mixed agglutination reaction. Sera from
these patients uniformly reacted with a 69 Kd band by western blotting. Because
both partners would be likely to be exposed to the same microbes during unpro-
tected sexual intercourse, they would also be expected to have an increased chance
of concurrently developing ASA. In summary, although several clinics have reported
significant associations between genital tract infections and ASA [35, 36], a more
recent and very thorough study did not confirm such an association [37]. More
research in this fascinating area should be encouraged.

A second interesting hypothesis was based on the observation by Steven Witkin
[38] that antibody-coated sperm stimulated in vitro interferon gamma (IFN-y) syn-
thesis by lymphocytes from female donors. In contrast, antibody-free sperm did not
cause IFN-y production. Given the evidence that IFN-y induces macrophages to
express la antigen (MHC class II marker) on the cell surface, the resulting juxtapo-
sition of sperm antigen and Ia on the macrophage cell surface would be expected to
facilitate the recruitment of T-helper cells and subsequent initiation of ASA produc-
tion by B lymphocytes. These observations are consistent with the finding that
women are more likely to develop sperm antibodies if their partner has sperm
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autoimmunity. Of significant relevance here is a recent investigation [39] which
demonstrated the complexity of the in vitro cytokine response when peripheral
blood mononuclear cells (PBMCs) from infertile women were incubated with
sperm antigens for up to 5 days. Crucially, this study found that sperm antigens
induce differential cytokine response patterns in PBMCs from infertile women with
ASA, versus those without ASA, or fertile controls. Specifically, the study observed
a marked increase in IL-2 and IL-4 in the former group. The authors concluded that
if these changes also occur in vivo, then the modulated cytokine environment could
facilitate potentiation of the Th2-type response with heightened ASA production.
Logically, the ASA could be of either the female partner or from her male partner if
he had sperm autoimmunity.

A third tentative hypothesis has recently been postulated [40] based on the likeli-
hood that if a male had ASA in his semen, then during repeated acts of sexual inter-
course his female partner would be expected to develop a range of anti-idiotype
antibodies which could potentially facilitate an immune response to his sperm. A
summary of the background to this hypothesis is presented below.

Jerne [41] proposed that antibodies should be antigenic to the individual’s own
immune system, resulting in the production of autoantibodies directed against the
unique (idiotypic) parts of the antibody which comprise the antigen-binding site.
The result is a network of idiotype/anti-idiotype interactions which are involved in
regulation and modulation of the immune system. The antigen-binding site of the
anti-idiotype mimics the original antigenic structure which was recognized by the
individuals’ immune system (Fig. 10.1). Consequently, immunization against a par-
ticular antibody idiotype can potentially provide a means of stimulating an immune
response directed towards the original “native” antigen. There have been numerous
investigations into the application of anti-idiotypes for generating enhanced immune
responses to cancer cells and infectious agents [42].

Several groups have shown that polyclonal heterologous anti-idiotype antibod-
ies can be generated against the idiotypes on monoclonal ASA [43-45] and that the
anti-idiotype could significantly inhibit the binding of the monoclonal antibody to
sperm. Testing of the anti-idiotype supported the hypothesis that its’ ability to
inhibit the original monoclonal antibody was due to its antigen-binding site form-
ing a similar shape to the original antigenic epitope, the so-called internal antigen
image [44].

If the male partner had ASA in his semen, how would the female immune system
respond to repeated exposure to these antibodies? In light of the above information
about idiotype/anti-idiotype responses, it is possible that the female would produce
anti-idiotype antibodies, which could ultimately potentiate an antisperm immune
response. It is also important to note that the female could potentially form anti-
idiotype antibodies directed against the male partner’s antibodies specific for intra-
cellular sperm components, in addition to those specific for sperm membrane
antigens. The associated “parallel set” of anti-anti-idiotypes could also potentially
react with some sperm surface epitopes. In other words, it is feasible that the idiot-
ype hypothesis could potentially explain most of the observed range of female ASA
activity.
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Fig.10.1 The immune response to antigen (Ag) generates antibodies bearing unique idiotypic (Id)
signatures comprising the antigen-binding site or paratope of the antibody [47]. The individual’s
immune system subsequently sees the unique Id as foreign and responds by forming anti-Id (a-Id)
antibodies, some of which recognize public Ids (/d-pub) present on other antibodies of different Ag
specificity, while some recognize internal or private (Id-pri) parts of the Fab (internal Ag image). The
former may recruit B lymphocytes producing antibodies of various specificities (the parallel set),
while the latter can potentially augment the production of antibodies reacting with the original Ag

An extremely interesting study by Naz et al. [46] demonstrated the presence of
anti-idiotype antibodies in women (albeit against their own antibodies, rather than
their partner’s, however it provides solid evidence that women can produce anti-
idiotype antibodies against sperm antibodies). These authors concluded that both
fertile and infertile women form immune responses to sperm, but that sperm anti-
bodies are usually not detected in fertile women because their reactivity in assays is
blocked by high levels of anti-idiotype antibodies. They concluded that higher lev-
els and incidence of sperm antibodies are detected in infertile women because their
sera contain relatively low concentrations of the blocking anti-idiotype antibodies.
However, an alternative explanation of these findings is more consistent with cur-
rent knowledge about the immune response [47]. Thus, higher levels of anti-idiotype
antibodies to a particular antigen lead to active suppression of the host immune
response, whereas low levels can lead to a significant stimulation of production of
the idiotype (i.e., sperm antibody in this case). Thus, with respect to the study by
Naz et al. [46], it is probable that sperm antibodies were not detected in the fertile
women because their production had been inhibited by the anti-idiotype antibodies,
rather than the anti-idiotype antibodies blocking the binding of sperm antibodies
during the assay. Low concentrations (nanogram range) of anti-idiotype antibodies
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on the other hand can lead to enhancement of the immune response to the original
antigen (ie sperm in this case). Naz et al. [46] detected anti-idiotype antibodies in
only 3/23 infertile women, but the sensitivity of their assay at this concentration
range may have been a factor. Further investigation of this phenomenon is vital in
order to improve our understanding of female immune reactions to sperm.

With regard to the idiotype hypothesis, further research is still required in order
to try to understand the relationship between anti-male idiotype antibody, which
could be generated in women exposed to semen containing ASA, and anti-female
anti-idiotype antibody formed when women react to their own sperm antibodies.
Another consideration is whether seminal plasma contains anti-idiotype antibody in
suitable amounts to have direct effects on the female immune system?

It is quite possible that the development of ASA in some women may involve one
or more of the several postulated mechanisms operating in concert. For example, the
stimulation by antibody-coated sperm of IFN-y gamma synthesis in the female part-
ner’s lymphocytes could potentially augment her immunological response to antibody
idiotypes in semen (cytokines such as IL-2 and IL-4 may also be involved, as dis-
cussed above). It is also feasible that some women initially respond to microbial anti-
gens (microbes attached to the sperm surface can also stimulate IFN-y gamma
production by the female’s lymphoid cells), resulting in the formation of antibodies
which cross-react with sperm — this immune response could then be maintained over
alonger period by her ongoing exposure and response to antisperm idiotypes in semen
and/or generation of anti-idiotype antibodies against her own sperm antibodies. The
relationship between the three hypothesized mechanisms requires investigation.

Conclusions

Unfortunately there has been relatively little research interest in female sperm
immunity in recent years. Further understanding of the reactivity of the female
immune system to semen antigenicity, including experimental investigation of
the idiotype hypothesis, may help to explain immuno-infertility, but could also
have significant implications for the development of immuno-contraceptive vac-
cines and for the wider understanding of normal pregnancy and its’ associated
pathology. Thus, the recognition of the male partner’s antibody idiotype spectrum
in semen by the female’s immune system provides a potentially important means
of cross talk, which could prove vital for the establishment of normal pregnancy.
It would also be very interesting to explore the possible implications of idiotype
responses within the seminal priming hypothesis proposed by Robertson [48].

References

1. Katsh S (1959) Immunology, fertility, and infertility: a historical survey. Am J Obstet Gynecol
77(5):946-956

2. Baskin MJ (1932) Temporary sterilization by the injection of human spermatozoa. Am J Obstet
Gynecol 24:892-897

3. Franklin RR, Dukes CD (1964) Further studies on sperm-agglutinating antibody and unex-
plained infertility. JAMA 190:682-683



170 G.N. Clarke

4. Clarke GN (1988) Sperm antibodies and human fertilization. Am J Reprod Immunol Microbiol
17(2):65-71
5. Marshburn PB, Kutteh WH (1994) The role of antisperm antibodies in infertility. Fertil Steril
61(5):799-811
6. Bronson RA (1999) Antisperm antibodies: a critical evaluation and clinical guidelines.
J Reprod Immunol 45(2):159-183
7. Chamley LW, Clarke GN (2007) Antisperm antibodies and conception. Semin Immunopathol
29(2):169-184
8. Anderson DJ (1996) The importance of mucosal immunology to problems in human reproduc-
tion. J Reprod Immunol 31(1-2):3-19
9. Ingerslev HJ et al (1982) Immunoglobulin class of sperm antibodies in cervical mucus from
infertile women. Am J Reprod Immunol 2(6):296-300
10. Kremer J, Jager S (1992) The significance of antisperm antibodies for sperm-cervical mucus
interaction. Hum Reprod 7(6):781-784
11. Menge AC et al (1982) The incidence and influence of antisperm antibodies in infertile
human couples on sperm-cervical mucus interactions and subsequent fertility. Fertil Steril
38(4):439-446
12. Cantuaria AA (1977) Sperm immobilizing antibodies in the serum and cervicovaginal secre-
tions of infertile and normal women. Br J Obstet Gynaecol 84(11):865-868
13. Clarke GN et al (1984) Detection of antispermatozoal antibodies of IgA class in cervical
mucus. Am J Reprod Immunol 5(2):61-65
14. Clarke GN, Lopata A, Johnston WI (1986) Effect of sperm antibodies in females on human
in vitro fertilization. Fertil Steril 46(3):435-441
15. Clarke GN et al (1988) Sperm antibodies and human in vitro fertilization. Fertil Steril
49(6):1018-1025
16. Yeh WR et al (1995) Impact of immunoglobulin isotype and sperm surface location of anti-
sperm antibodies on fertilization in vitro in the human. Fertil Steril 63(6):1287-1292
17. Ford WC et al (1996) The indirect immunobead test for seminal antisperm antibodies and
fertilization rates at in-vitro fertilization. Hum Reprod 11(7):1418-1422
18. de Almeida M et al (1989) In-vitro processing of sperm with autoantibodies and in-vitro fertil-
ization results. Hum Reprod 4(1):49-53
19. Clarke GN, Bourne H, Baker HW (1997) Intracytoplasmic sperm injection for treating infertil-
ity associated with sperm autoimmunity. Fertil Steril 68(1):112-117
20. Menge AC (1970) Immune reactions and infertility. J] Reprod Fertil Suppl 10:171-186
21. Menge AC, Lieberman ME (1974) Antifertility effects of immunoglobulins from uterine fluids
of semen-immunized rabbits. Biol Reprod 10(4):422-428
22. O’Rand MG, Irons GP, Porter JP (1984) Monoclonal antibodies to rabbit sperm autoantigens.
I. Inhibition of in vitro fertilization and localization on the egg. Biol Reprod 30(3):721-729
23. Menge AC, Naz RK (1988) Immunologic reactions involving sperm cells and preimplantation
embryos. Am J Reprod Immunol Microbiol 18(1):17-20
24. Jones WR (1981) Immunology of infertility. Clin Obstet Gynaecol 8(3):611-639
25. Witkin SS, David SS (1988) Effect of sperm antibodies on pregnancy outcome in a subfertile
population. Am J Obstet Gynecol 158(1):59-62
26. Haas GG Jr et al (1986) Circulating antisperm antibodies in recurrently aborting women. Fertil
Steril 45(2):209-215
27. Clarke GN, Baker HW (1993) Lack of association between sperm antibodies and recurrent
spontaneous abortion. Fertil Steril 59(2):463—-464
28. Ingerslev HJ, Ingerslev M (1980) Clinical findings in infertile women with circulating antibod-
ies against spermatozoa. Fertil Steril 33(5):514-520
29. Daitoh T et al (1995) High implantation rate and consequently high pregnancy rate by in vitro
fertilization-embryo transfer treatment in infertile women with antisperm antibody. Fertil
Steril 63(1):87-91
30. Clarke GN (2006) Association between sperm autoantibodies and enhanced embryo implanta-
tion rates during in vitro fertilization. Fertil Steril 86(3):753-754



ASA in the Female 171

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

Sacks G (2015) Reproductive immunology: the relevance of laboratory research to clinical
practice (and vice versa). Hum Reprod 30(2):253-255

Witkin SS, Chaudhry A (1989) Relationship between circulating antisperm antibodies in
women and autoantibodies on the ejaculated sperm of their partners. Am J Obstet Gynecol
161(4):900-903

Witkin SS et al (1988) Heterogeneity of antigenic determinants on human spermato-
zoa: relevance to antisperm antibody testing in infertile couples. Am J Obstet Gynecol
159(5):1228-1231

Sarkar S (1974) Carbohydrate antigens of human sperm and autoimmune induction of infertil-
ity. J Reprod Med 13(3):93-99

Blum M, Pery J, Blum I (1989) Antisperm antibodies in young oral contraceptive users. Adv
Contracept 5(1):41-46

Cunningham DS et al (1991) Antisperm antibodies to sperm surface antigens in women with
genital tract infection. Am J Obstet Gynecol 164(3):791-796

Eggert-Kruse W et al (1998) Antisperm antibodies and microorganisms in genital secretions—a
clinically significant relationship? Andrologia 30(Suppl 1):61-71

Witkin SS (1988) Production of interferon gamma by lymphocytes exposed to antibody-
coated spermatozoa: a mechanism for sperm antibody production in females. Fertil Steril
50(3):498-502

Kverka M et al (2012) Sperm cells induce distinct cytokine response in peripheral mono-
nuclear cells from infertile women with serum anti-sperm antibodies. PLoS One 7(8):e44172
Clarke GN (2008) Etiology of sperm immunity in women. Fertil Steril 91(2):639-643

Jerne NK (1974) Towards a network theory of the immune system. Ann Immunol (Paris)
125C(1-2):373-389

Monroe JG, Greene MI (1986) Anti-idiotypic antibodies and disease. Immunol Invest
15(3):263-286

Carron CP, Jarvis HW, Saling PM (1988) Characterization of antibodies to idiotypic determi-
nants of monoclonal anti-sperm antibodies. Biol Reprod 38(5):1093-1103

Carron CP, Mathias A, Saling PM (1989) Anti-idiotype antibodies prevent antibody binding to
mouse sperm and antibody-mediated inhibition of fertilization. Biol Reprod 41(1):153-162
Kuo CY, Sun P, Lee CY (1988) Sperm antibodies induced by anti-idiotype antibodies: a strat-
egy in development of immunocontraceptive vaccines. J Reprod Immunol 13(3):193-209
Naz RK, Ahmad K, Menge AC (1993) Antiidiotypic antibodies to sperm in sera of fertile
women that neutralize antisperm antibodies. J Clin Invest 92(5):2331-2338

Delves PJ, Martin S, Burton DR, Roitt IM (2006) Essential immunology, 11th edn. Blackwell
Publishing, Oxford, UK

Robertson SA, Bromfield JJ, Tremellen KP (2003) Seminal ‘priming’ for protection from pre-
eclampsia-a unifying hypothesis. J Reprod Immunol 59(2):253-265



	10: ASA in the Female
	10.1	 Introduction
	10.2	 Historical Background
	10.3	 More Recent Studies on ASA in Females
	10.4	 Clinical Evaluation of ASA
	10.5	 Postfertilization Effects of ASA on Fertility
	10.6	 Origins of ASA in Females
	References


