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ABSTRACT: The possibility of antispermatozoal antibod-
ies in women having significant effects in the higher
regions of the female reproductive tract has been inves-
tigated. Follicular fluids (FF) and sera taken at the
time of oocyte recovery from women undergoing in
vitro fertilisation and embryo transfer (IVF-ET) were
tested for the presence of antispermatozoal antibodies,
and the concentrations of IgM, IgG, IgA, and comple-
ment C3; were determined. The concentrations of im-
munoglobulins and C; in FF were consistent with
transudation from serum inversely proportional to mo-
lecular weight. Titres of agglutinating and immobilis-
ing antibodies in FF were usually one or two dilution
steps below those of serum except where immobilising
activity was associated with IgM. IgG:IgA ratios were
lower in FF from women with antispermatozoal anti-
bodies, suggesting local production or enhanced tran-
sudation of IgA; however, a secretory component could
not be detected in any of the follicular fluids in this
study. Two women with antispermatozoal antibodies
and infertility in excess of 5 years had successful IVF-
ET and have delivered healthy infants. (Am I Renrod
Immunol Microbiol. 1985; 7:113-117.)
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INTRODUCTION

Immunity to spermatozoa, either isoimmunity or au-
toimmunity, is now accepted as being a cause, or a
contributory factor, in human infertility. We have re-
ported significant levels of antisperm antibedies in about
8% of the female partners of infertile couples examined.!
Tests for antispermatozoal antibodies are generally per-
formed on sera. Statistical analyses of results in surveys
indicate that spermagglutinating activity at a titre
greater than 32 in the gelatin agglutination test (GAT)
will have a significant deleterious effect on fertility.
Complement-dependent sperm immobilising antibodies
are considered by many workers to correlate more closely
with infertility than spermagglutinating antibodies,
particularly in women. Since the testing procedure is
less sensitive, much lower levels than a titre of 32 are
commonly regarded as being significant.??

Cervical mucus from the human female containg ap-
preciable concentrations of serum proteins, including
immunoglobulins, and, in addition, the cervix has been
shown to have local immune capacity both in concert
with, and independent of the circulation.3€ Antisper-
meatozoal antibodies have been detected in both the
serum and the cervical mucus of some women and, in
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others, in the mucus alone.”® The way in which such
antibodies influence fertility is not well understood.
However, Kremer has produced good evidence, con-
firmed by a number of workers, of a block to sperm
progression through cervical mucus caused by antibod-
ies against spermatozoa, particularly those of the IgA
class 9.10

Immunosuppression, with consequent reduction in the
levels of antispermatozoal antibodies, can be a success-
ful procedure in restoring fertility to women with anti-
spermatozoal antibodies.11.12 In addition, other treat-
ments, such as removing the immunogenic source by
abstinence, using condoms, or avoiding the influence of
antibodies in cervical mucus with intrauterine insemi-
nation, have had limited success.l®!34 Therefore, it
seems that antispermatozoal antibodies may act higher
in the tract than the cervix. Little is known of the
immune capacity of the upper regions of the female
tract. Immunoglebuling have been detected in the uterus
and fallopian tubes, but at concentrations much lower
than those in serum. Additionally, complement compo--
nente have been detected but at levels that would ap-
pear to have little effect.'

There is an increasingly firm body of evidence from in
vitro studies which indicates that some antispermato-
zoal antibodies are able to inhibit the attachment of
spermatozoa to the zona pellucida.’®'? Consequently,
antispermatozoal antibodies in the higher parts of the
female tract, at concentrations which are unable to pro-
duce agglutination or immobilisation, nevertheless may
still have a significant effect on fertility.

This study presents the results of investigations of
immunoglobulin and complement component Cj levels,
and of antispermatozoal antibody titres in the sera and
follicular fluid collected from women undergoing in vitro
fertilisation and embryo transfer (IVF-ET) at the Uni-
versity of Western Australia/Pivet Laboratory/Cam-
bridge Hospital programme in Perth, Western Australia.

MATERIALS AND METHODS
Patients

Sera and follicular fluids were collected from patients
at the time of oocyte recovery for IVF-ET. Sera were
collected by venepuncture and follicular fiuid was col-
lected undiluted and only used in this investigation if
confirmed microscopically to be free of blood contamina-
tion. The procedures for IVF-ET and follicular fluid col-
lection have been reported elsewhere.'®'% The follicular
fluids in the control group were not chosen to match
those from women with antispermatozoal antibodies in
steroid hormone concentrations. In all patients, how-
ever, ovulation was triggered by 5000 units of human
chorionic gonadotropin administered intramuscularly
when the diameter of the leading follicle was 1.8 cm or
greater and the average oestrogen production per large
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folticle was about 1500 pmol/L. All sera and follicular
fluid were stored at —20°C and heated to 56°C to inac-
tivate native complement before testing for antisperm
antibodies.

Sereening of couples for antispermatozoal antibodies
was one of the initial investigations undertaken during
this series prior to inclusion on the IVF-ET programme.
Patients N1-N13 are women in the IVF-ET programme
who were shown not to have antispermatozoal antibod-
ies. They were chosen at random from a large number
of women falling into this category. The serum antisper-
matozoal antibody status was rechecked at the time of
oocyte recovery.

Patients P1-P4 are women in the IVF-ET programme
with serum antispermatozoal antibodies which were
congidered to be influencing their fertility.

Patient P1 (Pla and P1b) had primary infertility for 2
years at the time of initial testing in October 1981, and
she has been monitored since that time. Her levels of
antispermatozoal antibodies in the serum have flue-
tuated between titres of 40 and 160 in the GAT and
between 4 and 64 in the sperm immobilisation test (SIT).
She has poor quality mucus and required clomiphene
citrate to induce satisfactory ovulation. Intrauterine
AlH, with washed spermatozoa for six treatment
cycles,?® was unsuccessful, and 6 months of using con-
doms during intercourse (occlusion therapy) failed to
produce a significant lowering of sperm antibody levels.
Fluids from two attempts at IVF-ET were available from
this patient.

Patient P2 had primary infertility of 20 months when
first tested in June 1981. Her antispermatozoal antibody
levels have fluctuated between titres of 40 and 80 in the
GAT and between 8 and 16 in the SIT. Occlusion therapy
was unsuccessful in this patient, as was intrauterine
ATH using washed spermatozoa for four treatment
cycles, and also 3 months of a daily immunosuppressive
regime of 3 mg dexamethasone acetate.

Patient P3 had primary infertility of 12 months when
first tested in November 1979. Her GAT titres have
fluctuated between 40 and 80, and her SIT titres be-
tween 16 and 32. Ten weeks of the immunosuppressive
regime with dexamethasone acetate caused disappear-
ance of the immobilising antibodies but did not affect
the levels of the agglutinating antibodies, and the pa-
tient failed to conceive.

Patient P4 also had primary infertility for 12 months
when first tested in April 1980. At that time, her GAT
titre was 10 and her SIT titre was 4. At the time of [VF-
ET, the titres were 160 in the GAT and 32 in the SIT.
During the intervening period, occlusion therapy led to
a reduction in spermimmobilising antibodies, but the
patient failed to conceive.

Tests for Antispermatozoal Antibodies

The gelatin agglutination test and the sperm immobi-
lisation test were carried out essentially as described
by Rose et al?! with the following minor modifications,
1. In the GAT, dilutions were performed in Tyrode's®?
solution containing 2% human serum albumin (HSA)
and using a dilution series of 10, 20, 40, 80, 160, 320,
640, and 1,280. 2. The SIT was performed using fresh hu-
man serum as a complement source and Tyrode’s solu-

tion eontaining 2% HSA as the diluting medium. A
negative control was included on every occasion of test-
ing for sperm-immobilising antibodies, as was a control
using the serum under test (undiluted) with the addition
of inactivated complement.

Assays for Immunoglobulin and Complerment
Component Cg Concentration

Determinations of the concentrations of immunoglob-
ulins G, A, and M in sera and follicular fluid were
carried out by the Hunter Immunology Unit, Mater
Misericordiae Hospital, Newcastle, New South Wales,
using nephelometric procedures.”

Determinations of complement component Cg in sera
and follicular fluid, and additiona! and confirmatory
determinations of immunoglobulin concentrations were
made using NOR-Partigen immunodiffusion plates
(Behring) using the Behring Ig Cg standard serum (hu-
man) as control.

Absorption of Active Sera With
Anti-Immunoglobulin Sera

In order to determine which class of immunoglobulin
was responsible for the antispermatozoal antibody activ-
ity, the active sera were absorbed with rabbit antisera
to human IgG, IgA, and IgM (Behring). The commercial
antisera, and a normal rabbit {control) serum, were dia-
lysed to remove spermotoxic preservative (sodium azide),
and were absorbed four times with human red cells to
remove any antispecies activity. They were then tested
and found o be inactive in both the GAT and SIT. Equal
amounts of aliquots of the active human sera and each
of the prepared commercial antisera (and the normal
rabbit (control) serum) were mixed, and incubated at
37°C for 1 hour and at 4°C overnight. The mixtures
were then centrifuged to remove immune complexes and
tested for antispermatozoal activity in the GAT and SIT,
with the original sera being tested again at the same
time.

Detection of Secretory Component in Follicular Fluid

In order to ascertain whether secretory piece was pres-
ent in follicular fluid, radial immunodiffusion was used.
Follicular fluids were placed in exterior wells in 1%
agarose (Pharmacia) around a central well containing
antihuman secretory piece prepared from human colgs-
tum (Behring). The array of wells was that obtained
using a commercial punch template available from the
Gelman Company. A control well containing human
colostrum was included on every plate.

RESULTS
Immunoglobulin Levels in Randomly Selected
Follicular Fluids

The concentrations of the immunoglobulins G, A, and
M in follicular fluid from nine patients without antisper-
matozoal antibodies are presented in Table I. The IgG
concentrations varied between 5.5 and 9.6 g/L. The IgA
concentrations varied between 0.33 and 1.6 g/L. The IgM
concentrations should be viewed with caution since they
are at or near the minimum detection level of the system
used (g/L) but, nevertheless, the level of the concentra-
tions is clear.



Immunoglobulin and Complement Cs Levels in Serum
and Follicular Fluid

Immunoglobulin and Cg concentrations in follicular
fluids and sera taken at the same time are presented in
Table II. Information is presented from four patients
who did not have circulating antibodies to spermatozoa
at the time of oocyte recovery and from the four patients
with antibodies. Comparisons between the concentra-
tions of these proteins in serum and in follicular fluid
are given in Table IIL. The IgG content of follicular fluid
varied between 54 and 95% of serum (average 76.6%),
IgA varied between 38 and 90% (average 57.7%), IgM
varied between 5 and 25% (average 11%); and comple-
ment. component Cz varied between 57 and 85% (aver-
age T0%). Although the numbers of samples are too
small to conduct a meaningful statistical analysis, there

TABLE I. Immunoglobulin and Antispermatozoal Antibody Levels
in Follicular Fluid From Patients Without Detectable
Antispermatozoal Antibodies in Their Sera

Sperm
1gG IgA IeM antibodies
Patient (g_IL) (g/L) (g/L) (SIT or GAT)
N1 9.5 1.2 05 Neg
N2 74 1.2 0.03 Neg
N3 7.5 0.7 0.3 Neg
N4 6.2 0.8 0.04 Neg
N5 8.5 1.0 0.07 Neg
N6 9.6 1.6 0.08 Neg
N7 55 0.33 0.12 Neg
N8 87 12 0.11 Neg
N9 7.5 1.0 0.03 Neg

are no clear differences between the levels in these pa-
tients with and those without antispermatozoal antibod-
ies. The percentages of the serum immunoglobulin
concentrations found in follicular fluid are inversely
related to the molecular weight of the immunoglobulins
and are consistent with transudation of these serum
proteins into follicular fluid. This is also reflected by
ratios of the different immunoglobulins in serum and in
follicular fluid.

The ratio of IgG to IgA in follicular fluid was found to
be significantly lower (P < 0.05) in the women with
antispermatozoal antibodies than in those without them.
This is due to the mean IgG concentration’s being lower,
and the mean IgA concentration’s being higher, in the
women with the antibodies than in the women without
them. However, in view of the small numbers involved,
further data need to be collected before this relationship
could be accepted as reflecting a real effect.
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TABLE II. Immunoglobulin and Complement Component C; Levels
in Sera and Follicular Fluids From (a) Patients Without
Antispermatozoal Antibodies in the Serum and (b) Patients With
Antispermatozoal Antibodies in the Serum

L Serum __ Follicular Fluid
) IgG TgA 1IgM Cs IeG IgA IEM C,
Patient (g/l) (g/L) (L) (gL) (gl) (gfly (L} (g/l)
a
N10 108 2.5 4 0.6 2.5 1.2 0.4 0.4
Nii 8 18 1.6 1.1 62 0.8 0.04 0.7
N12 10.6 1.1 0.8 0.8 856 1.0 0.07 0.6
N13 10.2 3.2 22 0.9 9.7 1.2 011 0.6
b
Pla 10.6 26 12 0.7 6.0 1.2 0.1 0.4
P2 79 23 2.2 0.7 4.3 1.5 112 0.6
P3 8 2.7 25 0.6 7.0 1.0 0.24 04
P4 115 2.6 1.2 0.9 929 1.6 0.3 0.7
Plb 12 2.5 1.2 0.9 7.7 14 0.3 0.7

Levels of Antispermatozoal Antibodies
in Follicular Fluid

High titres of both spermagglutinating and spermim-
mobilising antibodies were found in the follicular fluid
of patients with circulating antispermatozoal antibod-
ies. The results are presented in Table IV. Commonly,
the titre in the follicular fluid was one or two dilution
steps below the titre for the same activity in the serum.
This general result appears to be consistent with expec-
tations based on relative immunoglobulin concentra-
tions. However, patient P3 appears to be an exception to
this finding. Examination of antibody titres of the follic-
ular fluid of this patient showed low titres in the GAT
and negative findings in the SIT, in contrast to the high
titres in both of these tests of the serum.

Class of Immunoglobulins Associated With
Antispermatozoal Anlibodies in Patient’s Sera

Absorption of active sera with anti-IgG, anti-IgA, and
anti-IgM showed reductions in both spermagglutinating
and spermimmobilising activity only with anti-IgG in
sera from patients Pl (a and b), P2, and P4. This indi-
cates that the immunoglobulin class involved in these
activities in these sera was primarily IgG.

The exception to the above result was patient P3. The
results of absorption with the three antisera are pre-
sented in Table V. Absorption with anti-IgG and anti-
IgM markedly reduced spermimmobilising activity, and
a]l three antisera reduced the spermagglutinating activ-
ity. In this patient, therefore, it appears that the anti-
spermatozoal antibody activity is associated with

TABLE Ill. Comparisons Between the Immunoglebulin and Complement Component Cy Concentrations in Serum and in Follicular Fluid

Follicular Fluid Concentration
as a % of Serum Concentration

Ratios of Immunoglobulin Concentrations

Patient ___ Serum _ ___ Follicular Fluid
No. g6 IgA IgM Cs IgGilgA 1gG:IgM IgGiIgA IgG:lgM
N10 88 48 10 67 431 18:1 7.9:1 23.8:1
N11 78 44 2.3 63 44:1 7.2:1 7.8:1 156:1
Ni2 80 90 8.8 75 9.6:1 13:1 8.5:1 121:1
N13 95 38 5 67 32:1 12:1 8.1:1 88:1
Pla 57 486 8.3 57 4.0:1 16:1 5:1 60:1
P1b 64 56 25 78 4.8:1 13.3:1 5.5:1 25.7:1
P2 54 65 54 85 34:1 11.3:1 2.9:1 35.8:1
P3 88 70 9.6 67 3.0:1 13.3:1 3.7:1 20.2:1
P4 86 62 25 78 44:1 12.7:1 6.2:1 33:1




116 KAY ET AL

TABLE 1V. Titres of Antibodies to Spermatozos in Serum and
Follicular Fluid From Patients With Antibodies Previously Detected
in the Serum

Test Procedure

Patient Fluid GAT SIT
Pla Serum 40 16
follicular fluid 1° 10 4

2 20 4

3 40 2

4 20 2

5 40 8

Pih Serum 80 16
follicular fluid 1 40 8

2 20 4

3 20 4

4 20 4

5 20 4

P2 Serum 40 26
follicular fluid 1 20 8

2 20 8

P3 Serum 160 16
follicular fluid 1 20 -ve

2 10 -ve

3 10 —ve

4 10 -ve

b5 10 —ve

[ 10 —ve

P4 Serum 320 32
follicular fluid 160 16

*Follicles from which fluid was collected from each patient at oocyte recovery.

immunoglobulins of all three classes. In particular, the
immobilising activity was associated mainly with IgM.
This appears to be the reason for the lack of spermim-
mobilising activity in the follicular fluid of this patient.

Presence of Secretory Companent in
Humaon Follicular Fiuid

Using radial immunodiffusion, no secretory compo-
nent could be detected in any of the patients’ follicular
fluid. Lines were obtained between the antiserum and
the human colostrum control.

DISCUSSION

Fertilisation in humans takes place in a milieu to
which follicular fluid is likely to be major contributor.
The rupturing follicle floods the area around the fimbria
with the fluid, and, no doubt, some enters the oviduct
along with the ovum. In addition, the ovum has been
nurtured in this fluid during its development, and sig-
nificant amounts undoubtedly remain interspersed
within the cumulus mass surrounding the cocyte.

The protein concentration of follicular fluid is similar
to that of serum, and experiments have shown a rapid

TABLE V. Titres of Antispermatozoal Antibodies in Patient P3 After
Absorption with Various Antisera

Titre After Absorption With:

Serum Normal

Sperm Antibody Titre Rabbit  Anti- Anti- Anti-
Test (Untreated) Serum IeG Igh IgM
Sperm 8 8 2 8 —ve
immobilisation

(SITY

Gelatin 80 80 16 a2 16
agelutination

(GAT)

equilibration between the serum proteins and follicular
fluid.2* Previous work has demonstrated transudation
of serum proteins into follicular fluid in amounts in-
versely proportional to molecular weight.24-26 The re-
sults presented here are in agreement with that concept.
The immunoglobulin concentrations found here are
higher than those in some previous reports but are
within the ranges of reported determinations.2426

The developing follicle is not regarded as a secretory
organ. However, the apparent increased amounts of IgA
in the fluid of patients with circulating antispermato-
zoal antibodies are of interest. Despite the fact that
secretory component which is commonly associated with
locally produced IgA was not detected in the fluids tested
in this study, the concept of local antibody production in
the ovarian follicle is worthy of investigation in larger
numbers of patients and by using more sensitive testing
procedures. In women, secretory component has been
demonstrated within the epithelial cells lining the cer-
vix, uterus, and fallopian tubes, and direct evidence has
been advanced for the local synthesis of antibodies in
these organs.®1526 The avary and developing follicle
have not been included as part of this system, but it
seems that they should be further investigated. Al
though there is firm evidence for the local synthesis of
immunoglobulin (particularly IgA) in the female tract,
the origin of the plasma cells involved is not well under-
stood. Most plasma cells in other mucosal sites, such as
the intestinal and respiratory systems, are derived from
precursors in the lymphoid tissues draining these areas.
The cells are stimulated by absorbed antigen, released
into the circulation and targeting in on the tissue of
origir%, as well as on other related tissues in that sys-
tem.2 It is possible that such events occur in the
female genital tract and that the ovary is also involved.
Women with circulating antibodies to spermatozoa pre-
sumably will have been stimulated through the vaginal/
cervix area leading to both a systemic and/or a local
response.

The levels of antispermatozoal antibodies in follicular
fluid are closely related to the levels in serum. In the
fluids tested in this study, titres were one or two dilution
steps lower. It is clear, therefore, that treatments for
effects of antispermatozoal antibodies that involve over-
coming a block of sperm progression in cervical mucus
are of little benefit while there are detectable levels of
antispermatozoal antibodies in the serum, which will be
reflected in the follicular fluid. Of course, immuno-
suppression is expected to reduce levels of antibodies in
all locations, but there is some reluctance to use such
treatment in cases of infertility, due to the possibilities
of major or minor sequelae and the uncertainty of tera-
togenic effects.!2

Where follicular fluid cannot be obtained for testing,
it may be useful to ascertain the immunoglobulin
class{es) of the antispermatozoal antibodies in the serum.
As is illustrated with patient P3, a considerable propor-
tion of her serum antibodies was of the [gM class which
was not being transferred into the follicular fluid. Such
information could be of importance when considering
possible treatment, especially if IVF-ET is not a
possibility.

Two of the patients reported on here (P1 and P2) have
had successful in vitro fertilisations and embryo trans-
fers by replacing maternal serum with donor serum in



the culture system, and they have delivered healthy
infants.1? Where IVF-ET is an available form of treat-
ment for various reproductive defects, it is suggested as
a sujtable treatment for women with antispermatozoal
antibodies which are considered to be influencing their
fertility.
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