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Gershowitz, Behrman, and Neel(1) have
demonstrated the presence of anti-A and anti-B
agglutinins in the cervical secretions of normal
women and suggested that this might play a
role in the deficiency of type A offspring in
incompatible marriages of blood type A fathers
to type O mothers. An incompatible marriage
is here defined as one in which the male pos-
sesses an ABO blood group antigen for which
the female partner has the corresponding anti-
body. Behrman, et al.(2) found an excess of
type O women as well as a greater than ex-
pected number of incompatible matings in a
series of 102 childless couples studied, for
whom no apparent cause for infertility could
be found “by the most exhaustive gynecolog-
ical and urological examinations possible,”
and who had been attempting to conceive for
at least 5 years. Matsunaga(3) observed both
a reduction in fertility and an almost 2-fold
increase in the frequency of childless couples
in an incompatibly-mated group compared
with a compatibly-mated control group. These
observations, together with the finding of anti-
genic dimorphism in human spermatozoa by
Gullbring(4) and the demonstration of the
presence of antibodies to sperm antigens in
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the serum of some women by Rao and Sadri
(5), lend support to the hypothesis of an im-
munological selection mechanism operating
at a preconception level.

The present study represents an exploration
into the quantitative levels of ABO agglutinins
in the cervical secretions of women represent-
ing the different ABO blood groups, the rela-
tionship of these titers to the day of the men-
strual cycle, and to the level of agglutinins in
the serum.

Materials and Methods. A total of 428
samples of cervical mucus was collected from
182 women. Three of these were postmeno-
pausal while the remaining 179 were in the
reproductive age group. Blood and saliva spe-
cimens were also obtained in most cases.
These subjects were selected from several
sources including the Outpatient Gynecology
Clinic of University Hospital (largely patients
with infertility problems), inpatients from the
Ypsilanti State Psychiatric Hospital, volunteers
from medical students’ wives groups, student
nurses, and patients attending the Ann Arbor
Planned Parenthood Clinic. The representa-
tiveness of the first source may be questioned
but in fact these individuals, who comprise
about 60% of Group I, contribute about 50%
of the positive cervical specimens in this group
and thus do not appear to bias the sample.

The total of 182 women was divided into 2
groups—Group I, comprising 141 subjects,
from whom only a single specimen of cervical
mucus was obtained, and Group II, 41 sub-
jects, from whom 2 or more specimens were
taken at different times of the menstrual cycle.
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Essentially 2 methods of collection were
employed. In each of a small number of vol-
unteers a menstrual cup (Tassette) was in-
serted into the vagina at times other than
during the menstrual flow, and left in place for
about 4-6 hours while the subject continued
her usual activities. After removal, the sample
was obtained by aspiration of the mucoid ma-
terial at the bottom or adhering to the sides of
the cup. The second and most frequently used
method of collection was the direct aspiration
of cervical mucus from the cervical os by
means of a specially devised polyethylene pip-
ette attached to a 10 or 20 cc syringe. Storage
time until analysis was variable.

Determination of antibody titer was by
means of a standard doubling dilution titration
technique in saline, using 2% washed red
blood cells; the end point (the last tube show-
ing agglutination) was expressed as —1X
log,. The tests were incubated at room tem-
perature for one hour and read macroscopic-
ally before and after centrifugation. All doubt-
ful tests were reexamined microscopically.

Since viscosity of the mucus constituted a
major technical problem, a neuraminidase-con-
taining crude enzyme extract prepared from
Clostridium perfringensi was added in very
small quantities (0.01 to 0.02 ml to total vol-
ume of specimen). In a series of preliminary
observations, this enzyme preparation seemed
to have no effect on serum and saliva hemag-
glutinin titers even after more than 10 days of
incubation at 4°C. Sufficient decrease in the
mucilaginous consistency of the cervical se-
cretions occurred within 24-48 hours at 4°C to
permit performance of the test. Prevention of
hemolysis of erythrocytes by the crude enzyme
solution was accomplished by addition of 0.01
to 0.02 ml of a 1% solution of ethylenedi-
amine tetraacetic acid (Versene) as a metal-
chelating agent, but was not necessary when
purified neuraminidase} was used.

The serum o and 8 isoagglutinin titers were
determined in a similar way, testing against
2% suspensions of A;, B, and O red cells, the
O cells serving as a control. Determination of
the secretor status was performed by an in-
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hibition hemagglutination  technique using
boiled saliva diluted 1:20 with normal saline.

Results. The distribution of Group I and
Group 11 subjects possessing isoagglutinins
in their cervical mucus tabulated with respect
to ABO blood types is shown in Table I. Ag-
glutinins were present in 23.7% of Group I
women, who were selected only because of
their availability for this study. This ratio
compares favorably with the 22.1% frequency
of positives found in the earlier study by Ger-
showitz, Behrman, and Neel(1), vsing diluted
specimens of cervical mucus. However, when
multiple specimens were obtained from the
same individual, viz. Group II, the proportion
of individuals with at least one specimen pos-
itive for agglutinins rose to 63.4%. The num-
ber of samples obtained from women in Group
1l ranged from 2 to 15 with the median at 6
specimens.

The frequency of positive samples among
all the women was found to be significantly
greater in type O than in the combined sample
of type A and type B women (X2 with 1 df.=
11.56, p<0.001). Among those specimens with
detectable antibody present, the mean anti-B
titer in the cervical secretions was significantly
higher in type O women than in type A women
(' =234, 0.02<p<0.05) and, correspond-
ingly, the anti-A titer was significantly greater
in type O women than in type B women (t' =
2.61. 0.01<p<0.02).11 However, such dif-
ferences in mean antibody titer were not en-
countered when serum anti-B titers of types
A and O women were compared, nor when
serum anti-A titers of types B and O women
were compared. This lack of difference held
for both the cervical hemagglutinin positive
group (for anti-B t=1.75, 46 d.f., 0.05<p<
0.10: for anti-A t=1.39, 37 d.f.,, 0.10<p<
0.20) and the entire series of 141 cases for
which serum antibody titers were available
(for anti-B t=0.56, 127 d.f., 0.40<p <0.60;
for anti-A t=1.98, 58 d.f., 0.05<p<0.10).

The presence of anti-A and the presence of
anli-B in the cervical secretions of type O
women in Group I do not appear to be inde-
pendent events (X2=17.68, 2 d.f., p<0.001)

i We are greatly indebted to Drs. Saul Roseman
and George W. Jourdian of the Rackham Arthritis
Research Unit, Univ. of Michigan, for supplying
these materials.

1 Cochran’s approximation of the Behrens-Fisher
test was used because the variances were distinctly
different, F(25,15) =4.87 for anti-B and F(27,6) =
7.28 for anti-A.
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TABLE I. Cervical secretion hemagglutinins and blood type.

Group I (single specimen)

Group II (multiple specimens)

Total No. positive Mean titer Total No. with at least one Mean titer
Blood No. for (x £ S.E) No. specimen positive (x £ S.E)
type tested cerv. hemaggl. — tested for cerv. hemaggl. —t
A 63 7 2.0+.436 19 9 1.46 +.175
B 9 4 2.0 +.408 6 3 1.0 +.00
AB 9 0 — 0 — —

0 54 anti-A only 8 anti-A=247+.585 16 Both anti-A and anti-B= 7 anti-A =284 £.227
anti-B only 6 anti-B=2.31 +.645 anti-A only = 1 anti-B=2.361.263
both 7 anti-B only =90

Total 21 **Both and anti-A only = 5
**Both and anti-Bonly = 1
Total 14
Totals 135* 32 41 26

* Blood type not available in 6 additional cases.

1— Endpoint of doubling dilution method exgressed as —1 x logs.

** In these 2 categories some specimens had
same subjects at other times had only anti-A or anti-B.

and in this respect these antibodies resemble
the serum hemagglutinins. However, in con-
trast to the finding of both anti-A and anti-B
in the sera of type O individuals, these anti-
bodies are found either singly or together in
the cervical secretions of type O women (see
Table 1).

As in the earlier study, no antibodies were
demonstrable in the cervical secretions of the
9 AB women in this series. However, in 3 in-
stances, all involving type A women, the cer-
vical secretions appeared to contain agglutin-
ins not present in the subject’s serum and not
consistent with her ABO blood group. Two of
these subjects were A, and one A,.

The secretor type was determined in 163
women in this study by testing samples of
boiled saliva for presence of soluble A, B, and
H specific substances. No difference in ratio
of secretor to non-secretor types in the pos-
itive cervical antibody and the negative cerv-
ical antibody groups was found (see Table 11).

Among 17 patients from whom 6 or more
consecutive specimens of cervical mucus were
obtained at various points in the menstrual
cycle, no consistent pattern of fluctuation in
titers was detectable.

Among women positive for cervical agglu-
tinins, there is at most a weak correlation be-
tween serum and cervical secretion titers. Thus,
the regression coefficients of cervical secretion
antibody titer on serum antibody titer were
—0.068 for anti-B agglutinin in type A

oth anti-A and anti-B while other specimens taken from the

TABLE 1II. Relationship of ability to secrete ABO
substances in saliva to ;i:resence of hemagglutinins
in cervical secretions.

No. of No.ofnon- Total
secretors  secretors
No. of cervical
hemagglutinin:
Negative women 83 27 110
No. of cerviral
hemagglutinin:
Positive women 41 12 53
Total 124 39 163

x2 = .0053, 1 d.f.

women, 0.149 for anti-A agglutinin in type B
women, 0.108 for anti-B agglutinin in type O
women, and 0.430 for anti-A agglutinin in type
O women. None of these regressions is signifi-
cant, but the numbers involved are small.
Discussion. Two explanations for the occur-
rence of hemagglutinins in the cervical secre-
tions are suggested by the results of recent
work which are pertinent to the present study.
The first arises from the studies of the
transplacental passage of immune anti-A and
anti-B from mother to fetus. Rosenfield and
Ohno(6) observed that in 90% of cord sera
of group O infants of group O mothers both
anti-A and anti-B agglutinins were present, but
when the mother was type A or type B, only
35% of compatible infants demonstrated the
presence of the appropriate antibody in their
cord bloods. More recently, Freda and Carter
(7) have demonstrated a selective transmission
of isogglutinins across the placenta dependent
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upon the blood type of the mother, type O
mothers transmitting larger amounts of anti-
body to the fetus than A, mothers and the
placentas in A, mothers permitting a freer ex-
change than placentas of A; mothers.

These findings in addition to the preponder-
ance of group O women found among mothers
of infants with ABO hemolytic disease, pro-
vide strong clinical evidence that the isohemag-
glutinins produced by group O individuals dif-
fer from those produced by group A and group
B persons. Biochemical evidence in support of
this observation has recently been supplied by
Rawson and Abelson(8), who found that type
O individuals produce isoagglutinin composed
largely of v, globulins, of relatively low molec-
ular weight, separating in the ultracentrifuge
with the 7S component, and readily crossing
the placenta. Non-O subjects, on the other
hand, tend to produce increased amounts of
19S antibody located in the v, fraction of
globulins which are rarely found to cross the
placental barrier. If these observations are
confirmed, it would not be amiss to propose
that a similar mechanism may be responsible
for the selective appearance of antibodies of
given molecular size in other body tissues and
fluids such as those of the uterine cervix, if
such antibodies are in fact derived from the
blood serum.

The second type of explanation arises from
the work of Straus(9) who has been able to
demonstrate the occurrence of specific anti-
body in human vaginal mucus as well as serum
in response to the local application of soluble
typhoid antigen. If the existence of such a
local antibody-forming mechanism can be sub-
stantiated for other antibodies, then a similar
scheme might be envisioned for production of
hemagglutinisis in response to specific antigen,
perhaps of bacterial origin, within the vagina.
These same antigens may also be effective in
distorting the measurable agglutinin titers in
the cervical mucus by inhibiting their response
both in vitro and, more importantly in vivo
against sperm antigens. Whatever may be the
origin of the cervical hemagglutinins, be it
through passive transfer from the serum, local
production, or both, they appear from the pres-
ent studies to be related in a quantitative as
well as qualitative way to the ABO blood group
of the individual.

ISOHEMAGGLUTININS IN CERVICAL SECRETIONS

The foregoing serves to emphasize the pos-
sible complexity of the basis for the deficiency
of type A and B children in ABO incompatible
matings, especially of O women with A or B
men, the evidence for which has recently been
reviewed by Levene and Rosenfield(10). In
view of the well-known occurrence of ABO
hemolytic disease, most of the attention has
centered on the action of maternal antibodies
on the fetus as the basis for the deficiency
(3.11,12). The present data strengthens our
earlier suggestion of an alternative mechanism,
involving selection at a gametic level. The rel-
ative role of each of these two mechanisms
remains to be clarified.

Summary. An analysis of the cervical mucus
from 182 women randomly selected, revealed
that 23.7% contained isohemagglutinins when
a single specimen was examined but when
more than one specimen was obtained the per-
centage rose to 63.4%. Type O women had
agglutinins in their cervical secretions more
frequently than either type A or type B women,
and, in general, the titers were higher. There
was no significant correlation between cervical
secretion titers and serum hemagglutinin
levels. The occurrence of antibodies in the
cervical mucus seemed to be unaffected by the
secretor type. Observations on multiple sam-
ples obtained from 41 women failed to suggest
any correlation between antibody titer and
phase of the menstrual cycle. These findings
extend the data which earlier suggested the
hypothesis of ABO selection at the gametic
level as a factor in explaining the deficiency
of certain types of offspring in ABO incom-
patible matings.
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Continuous slow infusion of a low concen-
tration of oxytocin is highly effective in stim-
ulating rhythmic contractility of the human
uterus(1,2). With faster infusion, the uterus
remains contracted. The effect of intravenous

infusion on the uterus of other animals has not -

been tested although Assali et al.(3) have
done so in a study on uterine blood flow in
sheep. The present study was undertaken to
compare the response of the myometrium of
the ewe with that of the human to obtain a
controlled means of stressing the fetus if the
uteri of the 2 species behave similarly.

In pregnant women, rhythmic contractions
of the gravid uterus can be induced in an
otherwise virtually quiescent uterus. Strength
and frequency vary progressively, within limits,
with amount of pitocin infused(2). Sensitivity
of the uterus increases as pregnancy advances.
To obtain comparable outputs of contractility
(force, in mm Hg, X frequency of contraction
per unit of time), Caldeyro-Barcia and Poseiro
(2) found that Syntocinon dosage require-
ment decreased with increase in time of preg-
nancy.

We decided to investigate the sensitivity of
the gravid sheep uterus in an exactly similar
manner. Six pregnant ewes in the last half of
gestation (circa 150 days) were used. Four
ewes were lightly anesthetized with diallyl-
ethylbarbituric acid and urethane (Dial), 0.2
ml per kg of body weight, given intravenously.
Two ewes were prepared under local anesthesia
(Procaine) only.

* Supported by USPHS Grant

The ewe was placed on her side and part of
the uterus delivered through a midline abdom-
inal incision. Intrauterine pressure was re-
corded by a polyethylene catheter admitted to
the amniotic sac and connected to a pressure
transducer. At the same time, umbilical artery
and vein pressures were recorded by small
catheters admitted through branches of these
vessels, as the membranes were maintained
intact and the uterus closed after the operation.
The fetus was in ulero, in its normal habitat
(4). In addition, maternal respiration was re-
corded from an intrapleural trocar and carotid
arterial pressure by a catheter in that artery;
the trocar and catheter were connected to
Statham pressure transducers. Records were
obtained on an ink-writing Offner recorder.

Syntocinon, synthetic pitocin, was infused
into the jugular vein of the ewe by a contin-
uous infusion pump (Harvard). Dilutions and
rates of infusion were carefully controlled.
After an initial 20-30 minute recording period,
infusion was commenced, always starting at
the lowest infusion rate. The starting rate was
either 0.76 or 1.9 mu Syntocinon per min. Aft-
er 20 min the rate of infusion was doubled.
This was repeated successively until 191-1928
mp per min was being infused.

In no case was rhythmic uterine contractility
observed prior to, or during, infusion of pito-
cin. An increase in tonus (intrauterine pres-
sure) occurred. It will be seen that the onset
of increased tonus commences with dose levels
of 0.76 and 19.1 mpu of Syntocin per min (Fig.
1). The lowest thresholds (0.76 and 1.9 mpu per





