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Summary. We previously reported a modified
sperm stress test (MOST), low scores (<0.39) in
which were associated with sperm-related abnor-
mal in vitro fertilization. Preliminary observations
suggested that the presence of male sperm anti-
bodies (ASA) could give low MOST scores. It
was therefore decided to undertake a study to
verify this possible association and also to ascer-
tain if such a relationship was causal in nature.
Six hundred and fifty semen samples from
patients consulting for infertility were assessed for
basic seminal characteristics, motion parameters
(CASA), ASA and MOST. Thirty-nine samples
(6%) were ASA-positive. Samples with and with-
out ASA showed similar characteristics, except
for percentage of normal forms and MOST scores
(0.35t0.03 vs. 0.67t0.01, P<0.001, for ASA-
positive and -negative, respectively). There was a
strong statistical association between presence of
ASA and low MOST scores (P<0.0001). One-
hundred per cent of ASA-positive samples dis-
played low MOST scores. To verify the nature
of this relationship, we incubated ASA-free
spermatozoa with ASA-positive and -negative
(control) sera. Despite an increase in the per-
centage of ASA-bearing spermatozoa in those
aliquots incubated with ASA-positive serum,
their original (pre-incubation) MOST scores
remained unchanged. Furthermore, the rate of
lipid peroxidation, indirectly reflected in MOST
scores, was not different in the aliquots incubated
with ASA. In conclusion, there seems to be a
strong association between presence of ASA and
low MOST values in semen samples of infertile

patients; however, the relationship does not
appear to be causal.

Introduction

The fact that spermatozoa are immunogenic and
can raise specific antibodies has been known
since the late 1800s. The prevalence of anti-
sperm antibodies (ASA) in the infertile popula-
tion varies with the methodology employed to
detect them, but generally falls between 5 and
15% (Haas et al., 1980; Witkin, 1988). There is
ample evidence that ASA can impair fertility
(Mazundar & Levine, 1998), but the mechanisms
by which they do so remain unclear.

Sperm membrane lipid peroxidation has also
been suggested as a potential cause of male in-
fertility (Aitken & Clarkson, 1987; Aitken et al.,
1989). Peroxidative damage of sperm membranes
leads to sperm immobility and death (Alvarez &
Storey, 1984). Alvarez et al. (1996) reported a
correlation between a sperm ‘stress test’, a sub-
stitute for lipid peroxidation, motility loss and
embryo implantation failure. Modifying this
assay, our group described a simple sperm stress
test (MOST) with potential to predict sperm-
related abnormal in vitro fertilization (IVF)
(Calamera et al., 1998). A MOST cut-off of 0.39,
established through ROC analysis, permits the
identification of a subpopulation of infertile men
with poor prognosis in standard IVF (i.e.<50%
fertilization rate).

The objectives of the present study were, first,
to verify a potential association between the
presence of ASA bound to spermatozoa and low
MOST scores (<0.39), and, secondly, to ascertain
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whether such a potential association was causal
in nature.

Materials and methods

Patients (n=650) consulting for infertility were
referred to the Andrology Laboratory for semen
analysis. Semen samples were collected by mas-
turbation after 3 days of sexual abstinence and
processed within 1 h of collection. All specimens
were allowed to liquefy at room temperature
and, following liquefaction, basal sperm con-
centration and motility were measured at
37 uC using a computer-aided sperm analyser
(CASA, Cellsoft series 3000; Cryo Resources Ltd,
Montgomery, NY), according to a previously
established protocol (Calamera et al., 1989).

The studied samples presented no signifi-
cant sperm agglutination, pyospermia or hyper-
viscosity. The presence of ASA in the samples
was determined by direct MAR (mixed anti-
globulin reaction test) (IgG and IgA). In all cases,
positive and negative controls were included.
Reagents for ASA determination were obtained
from Fertility Technologies Inc. (Natick, MA).
The direct MAR test was performed by mixing
fresh semen with latex particles that had been
coated with IgG or IgA. A rabbit antiserum
against human IgG or IgA was added to this mix-
ture. Formation of agglutinates between particles
and motile spermatozoa indicates the presence
of immunoglobulins on the spermatozoa.

Ten microlitres of fresh semen, 10 ml of MAR
test particles and 10 ml of antiserum were placed
on a slide. The preparation was then mixed
5 times with the edge of a cover-slip. A 20r20
mm cover-slip was placed over the mixture and
it was searched, under light microscopy using
40r magnification, for particles attached to
motile spermatozoa. One hundred spermatozoa
were counted to determine the percentage of
reactive spermatozoa. When no attachment of
particles to spermatozoa was observed, a new
observation 10 min later was performed, main-
taining the preparation in a damp chamber. At
the same time, after 30 min of liquefaction at
room temperature, motile spermatozoa were iso-
lated in Ham’s F10 medium with 0.3% BSA,
using a swim-up method (Harris et al., 1981).
These spermatozoa were used to perform the
modified sperm stress test.

Prior to the MOST incubation, a 5-ml aliquot
of sperm suspension was placed in a Makler
chamber and analysed with CASA to deter-
mine per cent motility (initial motility). Poly-
styrene tubes containing the sperm suspension

were incubated at 40 uC in a water bath for
exactly 4 h. Following this incubation, another
5-ml aliquot was transferred to a Makler cham-
ber and motility assessed again with CASA (final
motility). More than 300 spermatozoa were
studied both in the basal and post-incubation ali-
quots. MOST ratios were calculated by dividing
final motility by initial motility.

Settings used during CASA analysis were:
number of frames analysed per second=20; fre-
quency=30 Hz; threshold velocity=10 mm sx1;
minimum sampling for motility=1 frame; mini-
mum sampling for velocity=4 frames, pixel
scale=0.688 mm. The following sperm para-
meters were obtained: (1) sperm concentration,
(2) number of motile and nonmotile spermatozoa,
(3) percentage of motile spermatozoa, (4) con-
centration of motile spermatozoa, (5) speed track
(VCL), (6) linear velocity (VSL) and (7) linearity
(LIN).

In order to ascertain the impact of exogenous
ASA on MOST scores, experiments were per-
formed (n=20) using ASA-free normal sperma-
tozoa. One hundred ml of sperm suspension
obtained after swim-up was treated with 50 ml of
ASA-positive serum or 50 ml of ASA-negative
serum (control). Test tubes were heated at 37 uC
for 2 h and the presence of immunoglobulins
was detected using a direct MAR test. Samples
were centrifuged and the supernatant was dis-
carded and replaced with fresh Ham’s F10
(100 ml). MOST was applied as described above.

In a similar experiment, 10 samples were
studied to verify the impact of exogenous ASA
on the lipid peroxidation rate of ASA-free
normal spermatozoa. One hundred ml of sperm
suspension obtained after swim-up was treated
with 50 ml of ASA-positive or 50 ml of ASA-
negative serum (control). Upon incubation, per-
oxides were assayed by the thiobarbituric acid
reaction (TBA) with malondialdehyde (MDA) as
the standard (Aitken et al., 1989).

ASA-positive and -negative sera were acquired
from Fertility Technologies Inc. We also used a
pool of five ASA-positive sera from our own labo-
ratory. No significant differences were observed
in the outcome of the experiment, using either
the commercial or our ASA-containing sera
(data were pooled). The commercial serum
produced 80% of spermatozoa positive for IgG
and 40% for IgA, while our laboratory standard
gave 85% of spermatozoa positive for IgG and
3% for IgA.

Statistical analysis of data was performed
using INSTAT software (GraphPad, San
Diego, CA).
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Results

We studied 650 semen samples of patients
referred to our Andrology Laboratory for a basic
infertility work-up. Basic semen analysis as well
as Kruger’s strict morphology, CASA, MAR
test, and MOST were performed on all samples.
The concentration of seminal leukocytes was
also assessed. Six hundred and eleven samples
(94%) did not show ASA in a percentage of
spermatozoa above the threshold at which
they would be considered positive (Table 1).
Thirty-nine samples (6%) turned out to be ASA-
positive. Seventy-six per cent of spermatozoa
from the latter samples were immunoreactive for
IgG, while 52% showed membrane-bound IgA.

Samples with and without ASA displayed
similar seminal characteristics, except for sperm
morphology (Table 1). ASA-positive samples
showed poorer morphology than ASA-negative
samples (10.7% vs. 15.6% of normal forms;
P<0.05). The only other parameter in which
the two groups differed was the MOST results.
ASA-negative samples showed, on average,
normal MOST scores (0.67t0.01; Table 1),
while the MOST scores of ASA-positive samples
were significantly lower (0.35t0.03; P<0.001).
Interestingly, breaking down ASA-positive and
-negative groups according to MOST scores,
83% of ASA-negative samples showed normal
MOST scores, while none of the ASA-positive
samples were normal by MOST, i.e. 100%
of the ASA-positive samples displayed low
(<0.39) MOST scores (Table 2). There was a
strong statistical association between presence of

ASA and low MOST scores (P<0.0001, Fisher’s
exact test).

In order to determine whether there was a
cause–effect relationship underlying this statistical
association, we incubated ASA-free spermatozoa
with commercial ASA-positive and ASA-negative
sera and sera of patients with and without ASA.
MAR tests and MOSTs were performed before
and after incubation. Swim-up spermatozoa ori-
ginally displaying either normal or low MOST
scores were used in this experiment. Despite an
increase in the percentage of spermatozoa bear-
ing ASA in the aliquots incubated with ASA-
positive serum, their original MOST scores
remained unaltered after incubation (Table 3).
This was observed regardless of the initial
MOST score. In aliquots incubated with ASA-
negative serum, there were changes in neither
the percentage of ASA-bearing spermatozoa nor
the original MOST scores.

To corroborate the lack of change in MOST
scores after the exogenous addition of ASA using

Table 1. Selected seminal characteristics of ASA-positive and ASA-negative samples

Units ASA-negative samples

(n=611)

ASA-positive samples

(n=39)

Statistical significance

(P )

Basic analysis

Concentration 106 mlx1 65.9t5.4 68.2t25 <0.95

Motility % 37.6t2.3 34.5t4.0 <0.60

Morphology % 15.6t0.7 10.7t1.6 <0.05

VCL mm sx1 38.9t1.7 36.0t2.0 <0.40

LIN mm sx1 4.0t0.1 4.6t0.2 <0.90

Specialized tests

MOST % 0.67t0.01 0.35t0.03 <0.001

IgG % 8.1t0.4 76.2t4 <0.001

IgA % 4.5t0.4 52.0t6.8 <0.001

Patients’ semen samples were divided into ASA-positive and ASA-negative samples according to the percentage of spermatozoa bearing

bound ASA. Seminal characteristics are presented for both groups and compared statistically with an unpaired t-test.

Data are expressed as meantstandard error.

VCL=speed track; LIN: linearity; morphology=strict criteria (Kruger’s).

Table 2. Distribution of ASA-positive and -negative samples

according to normal and low MOST scores

Number of samples (%)

ASA-negative ASA-positive Total

MOST <0.39 67 (11%) 39 (6%) 106 (17%)

MOST >0.39 544 (83%) 0 (0%) 544 (83%)

Total 611 (94%) 39 (6%) 650 (100%)

Fisher’s exact test: P<0.0001. The association between

presence of ASA and low MOST scores is highly significant.
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a different endpoint, we evaluated the produc-
tion of MDA, the end result of lipid peroxida-
tion, under similar experimental conditions, i.e.
incubation of normal ASA-free spermatozoa
with ASA-positive and -negative sera. No signifi-
cant differences were seen in the production of
MDA by spermatozoa incubated with exogenous
ASA or control Ig (Fig. 1). Conversely, the per-
centage of ASA-bearing spermatozoa increased
significantly in the former group.

Discussion

Antisperm antibodies are prevalent in the
infertile male population (Bronson et al., 1984;
Clarke et al., 1985). Several hypotheses have been
postulated to explain their formation (Mazundar
& Levine, 1998): a breach in the blood–testis
barrier that results in exposure of immunogenic
sperm antigens (Alexander & Anderson, 1979;
Mandelbaum et al., 1987), mechanical obstruc-
tion of the genital tract due to congenital anom-
aly, vasectomy or trauma with the consequent
extravasation of spermatozoa (Linnet, 1983;
Matsuda et al., 1992; Vazquez-Levin et al., 1994),
and infection and inflammation of the genital
tract and accessory glands (Muñoz & Witkin,
1995; Witkin et al., 1995). All these explanations
imply contact between the immune system and
sperm antigens, and development of an auto-
immune response. Even more intriguing is the
mechanism(s) by which ASA mediate infertility.
They may adversely affect sperm maturation
(Dimitrov et al., 1994), prevent normal sperm
penetration of the cervical mucus (Menge &
Beitner, 1989; Eggert-Kruse et al., 1991; Kremer
& Jager, 1992; Steen et al., 1994), decrease sperm
motility (Mathur et al., 1988; Menge & Beitner,
1989), and/or impair sperm–oocyte interaction
(Bronson et al., 1981; Mahony & Alexander,
1991; Fann & Lee, 1992). Benoff et al. (1993)

suggested that ASA binding increased free
cholesterol in membranes of capacitating sperma-
tozoa, thereby preventing the membrane fluidity
changes needed for putative zona-binding
receptor expression.

The time at which human spermatozoa lose
motility in vitro has been determined, and pro-
vides a good estimate of the inverse of the rate
of lipid peroxidation in those spermatozoa
(Alvarez et al., 1987). Based on this estimate,
Alvarez et al. (1996) developed a sperm assay
that measures motility loss mainly as a result of
peroxidative damage. We found a modification
of this assay to be a good predictor of sperm-
related abnormal IVF (Calamera et al., 1998).
The MOST is based on the percentage of motil-
ity loss after 4 h of incubation at 40 uC. The
rate of lipid peroxidation, provided there is a
constant adequate O2 concentration, is linear
over a range of temperature between 34 and
40 uC (Alvarez & Storey, 1985).

In the present study, a significant association
between sperm-bound ASA and low MOST
scores, which have previously been correlated
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Figure 1. Malondialdehyde (MDA) production after forced lipid
peroxidation of ASA-free spermatozoa incubated with ASA-positive
and -negative sera for 2 h at 37 uC. Data are expressed as mean
(bars)tSE (errors), n=10. No statistically significant differences
between the two groups were found (paired t-test).

Table 3. Effect of incubation of ASA-free spermatozoa with exogenous ASA on the percentage of antibody-bearing spermatozoa

and their MOST scores

MOST

groups

n ASA-negative serum ASA-positive serum

ASA-positive

spermatozoa (%)

MOST scores ASA-positive

spermatozoa (%)

MOST scores

Low (<0.39) 8 5.8t0.8 0.25t0.04 79.8t5 0.25t0.03

Normal (>0.39) 12 4.2t1.0 0.83t0.04 88.0t5 0.85t0.04

Samples containing <10% ASA-positive spermatozoa (ASA-free spermatozoa), displaying normal (>0.39) or low (<0.39) MOST scores,

were incubated with ASA-positive serum for 2 h at 37 uC, 5% CO2, in Ham’s F10+0.3% BSA. The percentage of ASA-positive

spermatozoa and MOST scores was assessed before and after the incubation. Data represent values after the incubation.
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with low fertilization potential (Calamera et al.,
1998), was observed. All the ASA-positive sam-
ples showed low MOST scores (<0.39), whereas
only 11% of ASA-negative samples did so. In
view of this finding, we hypothesized that either
ASA were the cause of abnormal MOST when
present, or low MOST scores and the presence
of ASA were two epiphenomena underlain by a
common mechanism such as a plasma mem-
brane defect. In order to test these hypotheses,
we assessed the MOST and lipid peroxidation
of normal, ASA-free spermatozoa incubated with
ASA-positive and ASA-negative human sera.
Neither the MOST nor the MDA values were
significantly different in these two groups, despite
a significant increase in the percentage of ASA-
bearing sperm in the samples incubated with
ASA-positive serum. A small experiment with a
prolonged incubation (3 h) produced the same
results. Other authors have used the addition of
exogenous ASA to prove their action on sperm
function under various specific experimental con-
ditions (Bronson et al., 1981; Francavilla et al.,
1991; Benoff et al., 1993; Tasdemir et al., 1995).

Our results appear to disprove a causal
relationship between ASA and abnormal
MOST. However, it is worth noting that, in vivo,
the antibodies may enter the genital tract at
different sites and be in contact with sperma-
tozoa while spermatozoa undergo crucial struc-
tural and functional changes such as those
occurring during epididymal maturation. This
could lead to an alteration of the oxidative/-
antioxidative systems in the spermatozoa, which,
in turn, would determine the peroxidative poten-
tial of those spermatozoa, and consequently their
performance in the MOST. Ollero et al. (2000)
recently reported a decrease in the docasa-
hexanoic acid (DHA) content in human sperma-
tozoa during sperm maturation. They suggested
that this event might be part of genomically
regulated maturational steps which take place
in the epididymis. If these events do not occur,
immature spermatozoa in the ejaculate would
exhibit cytoplasmic retention and a high rate of
lipid peroxidation (Aitken et al., 1994; Huszar &
Vigue, 1994). One of the important physiological
consequences of the decrease in DHA content
during sperm maturation is that removal of
DHA from the human sperm membrane during
this process decreases the susceptibility of sperma-
tozoa towards oxidative damage (Alvarez &
Storey, 1995).

As mentioned before, ASA and abnormal
MOST scores may not be causally related but
instead be linked by a common phenomenon
such as a plasma membrane defect. This would

lead to the abnormal release of sperm antigens
during their genesis or transport through the
genital tract with the consequent generation of
ASA, as well as the abnormal maturation of
the membrane-related systems involved in lipid
peroxidation.

Further investigation of the observed associa-
tion between ASA, MOST and lipid peroxidation
is warranted.
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