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Transplacental Isoimmunization by Fetal Red Blood Cells

A. ZipurskY, M.D., J. PoLLock, B. CHOWN, M.D. AND L. G. ISRAELS, M.D.*

Introduction

It was initially postulated by Levine et al that the
stimulus for Rh antibody production during pregnancy
resulted from the transplacental passage of fetal erythro-
cytes into the maternal circulation.! We know now that
transplacental passage of fetal cells is a frequent oc-
currence and this knowledge has provided a foundation
for a rational approach to the prevention of Rh im-
munization during pregnancy.

Direct evidence for the transplacental passage of fetal
cells depends on the identification of these cells im-
munologically2 or by their high hemoglobin F content.

*Departments of Pediatrics and Medicine, Univérsity of
Manitoba, Winnipeg, Manitoba, Canada
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The latter technique, originally described by Klei-
hauer, Braun and Betke in 19573 has been employed
by us as a rapid, simple and reliable procedure to
identify red cells of fetal origin.4 This technique is suf-
ficiently sensitive to detect 0.1 ml. of fetal cells in the
maternal circulation. We have examined 1029 blood
samples taken at various times during the pregnancy of
384 Rh (D) negative women (Table I). In 161 or 15.9%,
of the specimens fetal cells were found. The estimated
volume of fetal cells in the maternal circulation was
usually 0.1—-0.2 ml., and only rarely exceeded 0.5 ml
The frequency with which fetal cells was found increased
with the number of specimens examined in each preg-
nant woman and in those examined five times ap-
proached 5097, (Table II). Since our technique has a
lower limit of sensitivity of 0.1 ml. it seems likely that
the majority of women during a normal pregnancy re-
ceive small quantities of fetal cells across the placenta.b
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Characteristics of Transplacental Passage
of Fetal Red Cells

Any hypothesis equating the stimulus for Rh (D)
immunization during pregnancy with the transplacental
passage of fetal cells must be compatible with certain
characteristic features of this process:

1 Rh (D) antibodies are rarely found during the
first pregnancy.$

2. Rh (D) antibodies rarely appear after a preg-
nancy in which the fetal erythrocytes are ABO-
incompatible with the mother’s serum.”

3. Rh (D) antibodies are more common after ab-
normal (or complicated) pregnancies or de-
liveries.8

1. Although antibodies rarely appear during a first
pregnancy, fetal cells are found as frequently in primi-
para as in multipara.’ One explanation is that anti-Rh
(D) usually is not demonstrable for at least two and
often as long as five months following a primary anti-
genic stimulus.? Accordingly the antibody resulting from
immunization during a first pregnancy may not be found
until after delivery; usually when the blood is once again
tested at the beginning of the next pregnancy. This ap-
peaved to be the case in 67 of 199 first-sensitized* preg-
nancies that we have reviewed (Table III). These
women were found to have antibodies early in preg-
nancy. In the other 132 women, however, antibodies
only appeared after the 22nd week. Since antibodies
are rarely found during a first pregnancy it is likely that
their appearance in these 132 women resulted from a
secondary antigenic stimulus in a previously immunized
woman. This is consistent with the suggestion of Nevan-
linna7? who thought that the first or primary antigenic
stimulus might result in a state of immunization with-
out demonstrable antibodies. A second stimulus during
a subsequent pregnancy would cause demonstrable antl-

] 5 o

anation for

another exp e mfrequency of ant1 bod

primipara.

*First-sensitized pregnancy is defined as the first pregnancy
in which antibodies are demonstrable, no antibodies having
been detected in the previous pregnancy.

2. It has been demonstrated that ABO incompati-
bility between the mother and fetus protects against
primary Rh (D) immunization.” Our findings (Table
IV) and those of Finn et all® indicate that fetal cells
are rarely found post-partum in ABO incompatible
pregnancies. This suggests that the ABO incompatible
cells had been destroyed by the iso-agglutinins of the
mother, and that this may constitute a mechanism which
protects against Rh (D) immunization.

3. A third characteristic of maternal Rh (D) im-
munization is that antibodies frequently appear during
a pregnancy immediately following a complicated preg-
nancy or delivery. This suggests that the complications
cause larger or more frequent transplacental fetal cell
passage and subsequent Rh (D) immunization, with
antibodies appearing in the next pregnancy. We, there-
fore studied a group of women with complicated preg-
nancies or deliveries. The results of these studies are
shown in (Table V.) The incidence of fetal cells in
the maternal circulation in patients in this group was
not significantly increased, but large transplacental
hemorrhages were more common than in normal preg-
nancies. In those pregnancies in which there had been
manipulation or injury to the placenta, there were sig-
nificantly more women who had received fetal cells in
excess of 1.0 ml. Thus the frequent occurrence of Rh
(D) immunization after complicated deliveries or preg-
nancies may be related to the frequency of large trans-
placental hemorrhages in such pregnancies.

Antigenicity of Small Quantities of Fetal Red Cells

It has been suggested that abnormal pregnancies or
deliveries may account for most, if not all, instances
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TRANSPLACENTAL ISOIMMUNIZATION BY FETAL RED BLOOD CELLS

*ABO incompatible refers to those pregnancies in which
the mother’s serum contains isoagglutinins against the
ABO antigens of the fetal erythrocytes.

of immunization.1» However, we have recently obtained
evidence that the small quantities (0.1—0.2 ml.) of
fetal cells entering the maternal circulation during
normal pregnancy are capable of producing immuniza-
tion. Similar. findings have recently been reported by
Cohen and Zuelzer.12

Evidence supporting this concept has been obtained
from the immunization of fifteen Rh (D) negative
women in the childbearing age. These women are all
severely retarded permanent residents of a home for
mentally defective persons, which precludes the risk of
subsequent pregnancy! Each woman received repeated

delivery). The results of this study are shown in (Table
VI). Following two injections two women developed
antibodies. An additional two developed antibodies after
four and five injections, respectively. These results sug-
gest that the small quantities of fetal cells entering the

maternal circulation during an uncomplicated preg-
nancy are sufficient to produce primary Rh (D) im-
munization.

To study the antigénicity of small quantities of fetal
erythrocytes during pregnancy a group of Rh (D) nega-
tive women were examined repeatedly during preg-
nancy for the appearance of fetal cells and antibody. The
findings in two women are shown in (Figs. 1 and 2). The
first woman, Mrs: C. was followed during three preg-
nancies; fetal cells (estimated volume = 0.1—0.2 ml.)
were noted at the 26th week of the second pregnancy and
persisted until the 35th week. Antibodies were suspected
four weeks following delivery and were clearly demon-
strable at the 29th week of her third pregnancy. The
infants were all Rh (D) positive and ABO compatible
with the mother. The appearance of antibodies four
weeks after the second pregnancy suggests that the
primary antigenic stimulus was the transplacental pas-
sage of 0.1-0.2 ml. of fetal cells during the second
pregnancy. A second patient, Mrs. F. was followed
through her first and second pregnancy (Fig. 2). Both
infants were Rh (D) positive. No fetal cells were found
during or immediately after either pregnancy, yet anti-
bodies appeared during the second pregnancy. In this
woman Rh immunization was not associated with a large
transplacental hemorrhage at the time of delivery but
resulted from a smaller quantity of fetal cells than is
detectable by our technique (less than 0.1 ml).

Mechanisms of Transplacental Immunization

These findings suggest that there may be two mechan-
isms by which mothers can be immunized during preg-
nancy (Fig. 3):

* Antibody titers are expressed as saline titer/albumin titer.
— No antibodies demonstrable.
+ Antibodies suspected.
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Fig. 1. The appearance of fetal cells and anti-D in Mrs. C.
Anti-D: ~ = negative; + = trace; 1/1 = saline/albumin
titer. Fetal cells: — = negative; + = 0.1 — 0.2 ml. fetal
cells in maternal circulation. The stippled areas represent
pregnancies.

a. Small quantities of fetal erythrocytes (0.1 ml. or
less) enter the maternal circulation during pregnancy.
Because of the time required for antibody to appear
as well as the possible need for a further stimulus, im-
munization may not be demonstrable for some time after
delivery. This immune state may be recognized by the
presence of anti-Rh (D) at the beginning of the next
pregnancy or more commonly by the development of
antibodies during the subsequent pregnancy as the re-
sult of a further antigenic stimulus by fetal red cells.

b. The transplacental passage of a large number of
cells as a result of an abnormal pregnancy or delivery.
At present there is not sufficient evidence available to
determine the relative importance of these mechanisms
as a cause of Rh (D) immunization in pregnancy.

If Rh (D) immunization during pregnancy is to be
prevented the RH (D) positive fetal erythrocytes which
enter the maternal circulation must be destroyed or their
antigenicity must be reduced. It has been suggested*
that the major cause of Rh (D) immunization is trans-
placental hemorrhage at the time of delivery. Theoreti-
cally these women, when identified, could be given anti-
Rh (D) antibodies which should destroy the fetal
erythrocytes. Recently Clarke et all3 and Freda et
al1® have reported studies which indicate that passive
immunization with anti-Rh (D) antibodies does reduce
the antigenicity of Rh (D) positive cells. Thus there
would now appear to be available a method whereby Rh
immunization can be prevented in Rh (D) negative
mothers who have received Rh (D) positive fetal
erythrocytes at the time of delivery.

Immunization resulting from transplacental hemor-
rhage during pregnancy, however, cannot be prevented
by the administration of intact anti-Rh (D) antibodies

*Prepared for us by Dr. A. Nisonoff, Department of Micro-
biology, University of Illinois.

Fig. 2. The appearance of antibody during pregnancy of
Mrs. F. Symbols: same as for (Fig. 1).

because such antibodies are able to cross the placenta,
attach to and possibly destroy Rh (D) positive erythro-
cytes of the infant. Recently we have studied a pepsin-
digested anti-Rh (D) antibody which may effectively
destroy Rh (D) positive cells, yet will not cross the
placenta*. This product has a molecular weight of ap-
proximately 106,000, compared with intact gamma
globulin which has a molecular weight of 150,000. The
portion lost during pepsin digestion is thought to con-
tain the “placenta-crossing” sitel¢ and it is likely that
the remainder of the antibody will not cross the placenta.
The pepsin-digested anti-Rh (D) that we have studied
has antibody activity in vitro comparable to that of the
intact gamma globulin. It may be possible therefore to
treat Rh negative women during pregnancy with such
an antibody to destroy and/or reduce the antigenicity
of Rh positive fetal cells reaching her circulation.

It should also be noted, however, that, if Rh (D) im-
munization during pregnancy is to be prevented, pro-
phylactic treatment may be necessary in all Rh (D)
negative women (with Rh (D) positive husbands),
since it is evident that most women receive fetal cells
at some time during pregnancy. Furthermore our find-
ings (Figs. 1, 2) suggest that with present techniques we
cannot always predict which woman is at risk.

Fig. 3. A theoretical scheme of the mechanism of Rh (D)
immunization during pregnancy.
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Summary

Fetal erythrocytes can be found in the maternal
circulation during pregnancy and after delivery. It is
likely that Rh (D) immunization can result either from
a large transplacental hemorrhage at the time of delivery
or from repeated smaller hemorrhages occurring during
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