
THE MECHANISM OF TRANSPLACENTAL ISOIMMUNIZATION

By PHILIP LEVINE, M.D.

T HE PATHOGENESIS of erythroblastosis occurs in two steps : (i), isoimmuni-

zation of the mother by fetal red blood cells and/or tissue cells; (2.) intra-

uterine action of maternal isoantibodies on fetal red blood cells. In any event, it

has been assumed that there is transplacental transfer first of antigenic fetal material

into the mother’s circulation followed by transfer of maternal antibodies in the

reverse direction.’ ‘ 2 While maternal antibodies (diphtheria antitoxin, p:rtussis

antibodies, normal isoagglutinins, etc.) are known to find their way into the fetal

circulation, the phenomenon of isoimmunization of the mother either by soluble

or formed fetal elements such as red blood cells was mentioned only rarely.

In 1905, Dienst’ suggested that eclampsia may result from the release of incompatible fetal blood

through gross defects in the placenta. Somewhat later the same idea was revived by Ottenberg4 who

mentioned isoimmunization of the mother by fetal blood. The action of the maternal antibodies on the

fetal red blood cells was assumed to be the cause of both icterus neonatorum and icterus gravis. Hirszfeld5

wrote at length on this subject in terms of the factors A and B, but at no time in his numerous papers was

mention made of isoimmunization of the mother by a dominant factor in fetal blood. The only ‘ homo-

specific’ ‘ matings mentioned by Hirsafeld were those in which the blood groups of the mother and the

infant were identical. As pointed out by Levine,6 the combination of a group A mother and a group 0

child was classified by Hirszfeld as a � heterospecific’ ‘ pregnancy.

In 5936 Jonsson7 demonstrated isoimmunization of the mother by the dominant properties A and B

in fetal blood as indicated by the presence of specific hemolysins, but no attempt was made to correlate

this observation with fetal neonatal morbidity. More recently, Darrow8 anticipated the theory of iso-

immunization of the mother by fetal elements, but no evidence was produced aside from a demonstration

of serologic difference of fetal and adult hemoglobin.9 It is significant that none of these workers dealt
with specific antigenic factors of red blood cells other than A or B.

In the light of our present knowledge regarding secretor and nonsecretor types

of the A and B substances, there is no mental hazard in accepting the view that

the mother may be immunized by water-soluble fetal products. Historically, it is of

interest that in their 1939 paper in which a new blood factor was described but

not named, Levine and Stetso&#{176} refer to transpiacental transfer of an “immunizing

property in the blood and/or tissues of the fetus” which “must have been inherited

from the father.” Accordingly, it was suspected as early as 1939 that the new blood

factor, later identified as Rh, was limited to red blood cells or perhaps tissue cells

and could be classified as belonging to the nonsecretor type. This was subsequently

confirmed by Levine and Katzin who failed to demonstrate specific inhibition of

anti-Rh agglutination by saliva or seminal fluid (table i).

Negative results were also obtained in tests with sperm cells of Rh+ individuals

and it was suspected that the Rh factor may be limited to red blood cells.” The

demonstration by Witebsky and Mohn’2 of minute amounts of Rh inhibiting ac-

tivity in amniotic fluid can have no bearing on the mechanism of transplacental

transfer since the erythroblastotic infant belongs to the nonsecretor type. It must
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PHILIP LEVINE 405

be pointed out that amniotic fluid contains large quantities of soluble A and B

substances in contrast to minute quantities of Rh soluble material.

The absence of the Rh factor from body fluids was anticipated because the main

clinical and pathologic features of the disease are referrable to blood destruction.2

If the Rh factor were present in body fluids, its mode of entry into the maternal

circulation would present no difficulty. Were this the case, the maternal anti-Rh

antibodies, after passage across the placental barrier would be so completely

neutralized by the excess of water-soluble antigenic substances, that the red cells

of the fetus would be spared. Whether or not this state of affairs actually does oc-

cur in incompatible matings with a fetus of group A or B, secretor type is not yet

TABLE I.*_Specific Inhibition of Anti-A, Anti-B, and Anti-Rho (Anti-D) by Saliva

I II
Serum Group 0 Rh serum (Anti.D)

Incubated with saliva Incubated with
Saliva donor Group Tested with blood suspension of group saliva Rh reaction

Tested with blood 0
Rh+

A 0 ++ +± +

2. A 0 ++ +± +
3 A 0 ++ +± 0

4 A 0 ++ ++ +

5 At ++ ++ ++ +

6 B ++ 0 ++ +
7 B ++ 0 ++ +

8 B +± 0 ++ +

9 B ++ 0 0

‘0 Bt ++ ++ ++ +

Before adding blood, the test mixture consisted of o.a cc. saliva and o.a cc. serum dilution.

The final dilution of the group 0 serum was ,: i6; that of the anti-Rh serum was i :8. Readings in

I were made after the test stood two hours at room temperature; in II the readings were made after

the test stood for one hour at 37 C.

* Modified after Levine and Katzin.”

t Non-secretor.

definitely established. As pointed out by Levine,6 such a mechanism may perhaps

be held responsible for a certain number of early fetal deaths and perhaps stillbirths

due to causes other than the hemolytic process.

Using an indirect method Boorman and Dodd’3 claim to have demonstrated Rh

substances in certain tissue cells, but their findings are still to be confirmed. Pos-
sibly their observations, if confirmed, may have some etiologic relationship to the

group of cases of erythroblastosis fetalis characterized by severe jaundice, toxemia

and the absence of severe grades of blood destruction. Judging by analogy with the

A and B substances one may assume that brain cells are entirely lacking in the Rh

substances so that an etiologic relationship to kernicterus on the basis of a specific

reaction with antibodies for Rh and the corresponding substance in brain cells can

be excluded.
There is at present no suitable explanation for the mechanism of transpiacental
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406 MECHANISM OF TRANSPLACENTAL ISOIMMUNIZATION

transfer, in one or another form, of fetal red blood cells into the maternal circula-

tion. Javert’4 suggested that fetal red blood cells may enter the maternal circulation

via placental thrombi in which he claims to have observed fetal red blood cells.

This view could not be confirmed by Potter’5 in a study of 6o placentae which had

thrombus-like lesions. Burnham’#{176} claimed that lack of or improper utilization of

vitamin C produces placental lesions which would permit leakage of fetal red

cells. Because of lack of evidence this view is generally not accepted.

In the first studies which demonstrated the role of the Rh factor in the patho-

genesis of erythroblastosis fetalis, no attempt was made to describe the mechanism

by which the fetal red blood cells, a large formed element, traverse the placenta.

In the interval of 19411943, a concept was gradually developed which seemed to

be compatible with the clinical and serologic findings.’7

It is assumed that in every normal pregnancy minute quantities offetal red blood

cells, in one form or another, find their way into the maternal circulation in suffi-

cient quantity to induce isoimmunization. According to this view, it is not neces-

sary to assume the existence of gross placental lesions, which would have to recur

with each successive pregnancy in which the fetus is Rh+ . Another consideration

is the fact discussed below, that only minute quantities of blood may suffice to

immunize. The existence of gross placental lesions can also be excluded since the

course of the pregnancy and the delivery in the vast majority of immunized mothers

is entirely uneventful. Toxic symptoms are apt to occur only in some of the much

smaller group of mothers of infants suffering from fetal hydrops and it is probable

that these symptoms in the mother cannot be attributed to the effects of gross

leakage.

From an immunologic viewpoint, it is safe to assume that minute quantities of

fetal blood may suffice to induce isoimmunization. There are numerous examples

in serologic literature to demonstrate that very small doses of soluble proteins,

toxins, suspensions of bacteria or red blood cells administered to the experimental

animal will result in antibody production. Perhaps the most outstanding example

is sensitization of the guinea pig to anaphylaxis by the injection of, e.g., io�#{176}cc.

of horse serum (ca 7 X io#{176}grams of protein).

In order to accumulate additional evidence with red blood cells as an antigen,

the author injected a series of rabbits daily with 2. cc. of a i :�ooo suspension of

citrated human blood. After seven injections there was a slight to moderate in-

crease in the activity of the sera for human blood. The antibody response was more

striking after a second series of injections (table i).

It is of interest that one of the animals was comparatively resistant to the in-

jections and that one of the remaining five animals produced anti-M agglutinins

as well as species-specific antibodies. Measured in terms of sediment, the total

volumes employed for the seven and fourteen injections were respectively, 0.0014

and o.ooi8 cc. The corresponding values for an adult of iio lbs. (6o Kg.) are 0.033 6

and 0.0672. cc. respectively.

It is true that the above-mentioned experiment dealt with heteroimmunization

and it seems desirable to determine whether or not the same principle applies also

to isoimmunization of rabbits with minute quantities of rabbit blood of varying
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PHILIP LEVINE 407

antigenic constitution. However, there is already indirect evidence obtained from

recent experiments on isoimmunization of Rh- donors with small quantities of

Rh+blood. This applies especially for the increase of antibodies already formed.

From a practical viewpoint, one must consider that these experiments cannot

simulate the conditions existing in pregnancy which are most favorable for anti-

body production, i.e., slow administration of the antigen over a long period.

Certainly these conditions cannot be satisfied in either abortions, ectopic preg-

nancies, nor in the process of parturition.

By and large the effects of isoimmunization by the Rh factor are exerted on the

fully, or almost fully developed fetus, or the newborn infant. Intra-uterine fetal

death in the seventh or eighth month is never observed in the first born unless the

mother has been immunized by previous transfusions of Rh+ blood. With increas-

ing degrees of isoimmunization, fetal death may occur but scarcely before the sixth

or seventh month. Remarkably enough, the presence of potent antibodies residual

from the preceding pregnancy does not interfere with the process of fertilization,

implantation, nor with the subsequent development and growth of the fertilized

TABLE L.*_Immuniz�ation of Rabbits with Minute Quantities of Human Blood (Group 0)

Agglutination Titers of Five Immunized Rabbit Bloods Tested with Blood Group 0
Time of Test ___________________________________________________ ___________

2 3 4 5

Before injections 5 10 5 5 5

After � injections 15 100 2.5 2.5 10

After 14 injections 100 300 2.5 6oo 100

* After Levine.’7

ovum, even though red blood cells are already in the process of formation in the

fourth week.2#{176}The Rh factor has been demonstrated in the blood of a 48 mm. fetus

by Stratton,2’ and a 17 cm. fetus by Bornstein.2’ Diamond 23 demonstrated the Rh

factor in the blood of three fetuses of 3 month development while Potter” found

the factor present in fifteen out of seventeen fetuses weighing between 8 and ioo

grams. There is reason to suspect that the more fundamental property of anti-

genicity and capacity to unite with antibodies may be inherent in the earlier fetus

or even in the embryologic forerunners of red blood cells.

Although immunized Rh- mothers have a somewhat higher incidence of abor-

tions and miscarriages,2’ 24 there is little or no statistical proof to indicate that

early fetal death is brought about by the action of passively transferred maternal

antibodies. While metabolites are transferred early in the course of development,

there is no proof that the early fetus receives maternal antibodies. Certainly, the

fetus does not require antibodies at this early stage of its development. In any

event, this subject and its possible relationship to early fetal death merits further

investigation. Whether or not an early abortion followed by a curettage results

in the transfer of fetal blood into the maternal circulation with subsequent isoim-

munizatio&’ will be referred to below.

According to the author’s concept, isoimmunization by the Rh factor does not
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408 MECHANISM OF TRANSPLACENTAL ISOIMMUNIZATION

begin until after midpregnancy when certain structural changes occur which are

favorable for the transfer into maternal sinuses of minute amounts of one form or

another of fetal red blood cells.” As the placenta grows the blood vessels in the

villi, at first centrally located, become larger and come to lie adjacent to the mater-

nal sinuses . During this period the Langhans cells degenerate and only a thin mem-

brane and one layer of syncytial cells separate the fetal and maternal circulations.

The gradual thinning of the barrier is readily demonstrated in a comparative study

of histologic sections of normal placentae of varying periods of development. The

retention of Langhans cells in the placentae of erythroblastotic infants does not

invalidate the view presented since these changes may be considered as secondary

responses to the hemolytic process.

At the same time there is an ever-increasing surface area of fetal villi in contact

with maternal sinuses. It has been calculated by Dodds25 and Dees-Mattingly26

that in the term placenta there are from 70-110 square feet of fetal villi exposed to

maternal sinuses and the total length of these villi, if laid end to end, would meas-

ure I I .4 miles. Furthermore, one fourth or more of the fetal blood is outside of the

fetus and in close contact with the maternal circulation. It is known that the

circulation in the maternal sinuses is very sluggish and that the pressure is greater

in the fetal circulation. Accordingly, there is ample opportunity even under physio-

logic conditions for the escape into the maternal sinuses of a minute number of red

blood cells in one or another form. One may well speculate that the pressure in

the fetal villi is not constant, and may be increased as a result of fetal movements

which generally become active in the fifth month.

The mechanism of isoimmunization described is compatible with the clinical

observation that once an Rh- mother delivers an erythroblastotic infant, the

condition is apt to recur in all succeeding pregnancies in which the fetus is Rh+.

Apparently, the isoimmunization is renewed even if subsequent pregnancies are

spaced at intervals which are sufficiently long for the complete disappearance of

antibodies, residual from the preceding pregnancy. Thus, the specific form of the

anamnestic reaction is called into play in each successive pregnancy, and the deter-

mining factor is the presence of Rh+ fetal red blood cells in the maternal circula-

tion during the course of the pregnancy.

Transplacental isoimmunization by the Rh factor depends on (i), a combination

of an Rh- mother and Rh+ fetus and (1), genetic capacity to respond to the anti-

genic stimulus. It is assumed that the mother whose first Rh+ infant is affected

produces antibodies with greater ease than the mother who has several normal

Rh+ infants prior to the first affected infant. These two facts serve to determine

the comparatively low incidence of erythroblastosis in spite of the fact that there

are 13 per cent incompatible matings (8� per cent X i� per cent = 13 per cent).

More than �o per cent of these Rh+ fathers (about �8 per cent) are heterozygous

and half of their offspring will be Rh-, like the mother. Another factor tending
to reduce the incidence of erythroblastosis fetalis is the current tendency to small

families. It is probable that every Rh- mother would produce an erythroblastotic

infant provided that there were a sufficient number of pregnancies.

The same genetic factors determining the capacity to produce antibodies are
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PHILIP LEVINE 409

also operative in isoimmunization of voluntary donors by administration of Rh+

blood. Thus, Diamond and Wiener report successful isoimmunization in somewhat

less than �o per cent of the Rh - donors . 100 Rh - random individuals who were

transfused indiscriminately, about 46 per cent produced antibodies for Rh. It is

most significant that the antigenic response was independent of the number of

transfusions, but determined rather by certain genetic properties. In contrast to

the patient reported by Dacie and Mollison’#{176} who produced antibodies soon after

the first transfusion is an Rh- patient studied by Levine who produced antibodies

after a series of numerous transfusions.’#{176}
As pointed out by Levine, the occurrence of erythroblastosis fetalis in the first

born with or without previous transfusions has considerable bearing on the mecha-

nisms of transpiacental isoimmunization. In both groups of cases, there is a selec-

tion of those Rh- women who produce antibodies readily, but of the two, the

nontransfused group is obviously the more sensitive to the administration of Rh+

blood. The objection has been raised that many of these women had one or more

abortions, probably premarital, which are not obvious from the usual history.

This raises the question whether or not fetal red blood cells may be carried over

into the maternal circulation as a result of either a spontaneous abortion or the

subsequent curettage. However, this is not likely, particularly if there is consider-

able uterine bleeding which would tend to carry with it the fetal blood. In any

event, an early pregnancy cannot supply the conditions favorable for isoimmuniza-

tion, i.e., slow administration of the antigen over a long period. In a number of

cases studied by the writer a history of abortion was denied. A more important

consideration is the likelihood that many of these women had previously received

an intramuscular injection of presumably Rh+ blood.3’ In the pre-vitamin K days,

the intramuscular injection of blood was a common practice and more recently

such histories were obtained, particularly if the indication was prophylaxis for

either measles or poliomyelitis. Under such conditions the erythroblastosis fetalis

in the first born is classified under the “transfused” group

Erythroblastosis fetalis in the first born is a more common event in the trans-

fused group and in many of these there is a long interval between the last trans-

fusion and the first pregnancy. It is not likely that the antibodies produced as a

result of one or more transfusions will be demonstrable for more than several years,

but certainly not for five years, at least in the vast majority of the cases. Accord-

ingly, it may be assumed that in many of these cases, no antibodies are present

when the first pregnancy is started. The subsequent appearance of antibodies during

the course of the pregnancy provides proof that fetal Rh+ blood cells must have

passed the placental barrier in sufficient quantity to exert its antigenic effect.

The following case of erythroblastosis fetalis in the first born referred by Dr.

Regina Beck of Richmond, Virginia is cited because antibodies, which were not

demonstrable either early in the course of the pregnancy, i.e., the twelfth week

or in the thirty-third week, were found in a specimen drawn in the thirty-eighth

week (titer = 1:64). This Rh- patient was transfused six times in 1941 for gastro-

enteritis, five years prior to her first pregnancy. It is significant that in the speci-

men drawn seven weeks prior to the expected date of confinement (July 17, 1947)
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410 MECHANISM OF TRAN5PLACENTAL ISOIMMUNIZATION

the serum failed to sensitize Rh+ cells so that the precipitin reaction of Coombs,

Mourant, and Race” was completely negative. In view of her history, the patient’s

serum was titrated and as was to be expected, the existence of a prozone in the

lower dilutions was excluded.3’ Assuming a two or three months’ preparatory

period, one may speculate that fetal red cells began their passage between the

twenty-sixth and thirtieth week of the pregnancy. Since there were six transfusions,

of which probably five were with Rh+ blood, the patient must be considered as

relatively resistant to the production of antibodies.

Curiously enough there are remarkably few cases in which there are sufficient

data useful for this analysis. As a rule these patients do not submit to the test

until late in the course of the pregnancy when antibodies are already demon-

strab’e and their origin, whether residual or newly formed, cannot be determined.

However, indirect evidence may be obtained in an analysis of the interval between

the last transfusion and the first pregnancy with an Rh positive fetus. In a combined

series of 52. cases of erythroblastosis fetalis in the first full term Rh+ infants, the

average interval was six years and as mentioned above it is safe to assume that (i)

the antibodies which may have been present earlier will have disappeared in the

six years’ interval and (1) that the appearance of antibodies responsible for erythro-

blastosis fetalis was the result of intra-uterine passage of fetal blood.*

Of the 52. cases, io had previous histories of abortions or ectopic pregnancies and

9 of the io required blood transfusions. The average interval between the trans-

fusion and the first pregnancy resulting in an erythroblastotic infant was 3.7 years.

The shorter interval does not indicate that the abortions resulted in isoimmuniza-

tion. In women of child-bearing age, one cannot expect to find long intervals

between pregnancies. Excluding this series, the interval in the remaining 42. cases

between the transfusions and the first pregnancy was 6.4 years.

In 2. cases a history of intramuscular injection of blood could be elicited at in-

tervals of eleven and seventeen years respectively prior to the delivery of the

erythroblastotic infant in the first pregnancy. The indications for the administra-

tion of blood were prophylaxis against measles and poliomyelitis. Each of these 2.

patients denied having previous pregnancies and/or abortions.

Finally, there is the group of twelve instances of erythroblastosis fetalis in the

firstborn in which there is neither a history of transfusion or abortions. An addi-

tional 4 patients gave a history of early abortion. However, this can play no es-

sential role in initiating transplacental isoimmunization which requires prolonged

and slow administration of Rh positive fetal blood. It was in this group of cases

that the suggestion was first made by Levine that these patients may have had

intramuscular injections of blood many years previously. In the event that this

antigenic stimulus can be excluded, these Rh- women can be considered as the

group most susceptible to isoimmunization. Unfortunately there is as yet no

known procedure which will differentiate this group from the group which is

more resistant to isoimmunization.

Possibly fetal red blood cells escape into the maternal circulation in the course

*This includes a second series of cases to be published by Levine and Rosenfield.34
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PHILIP LEVINE 41 I

of the second stage of labor when the placenta begins to separate.* Perhaps this

serves to explain the increase of antibody content occasionally observed in the

postpartum period. However, parturition by itself can play no essential role in

the group of cases discussed above and by the same token its importance in the

mechanism of isoimmunization in general can be excluded.

As indicated above there is no final proof for the concept that fetal blood cells

find their way into the maternal circulation in every normal pregnancy. However,

this view seems to be compatible with serologic, clinical, and pathologic features

of erythroblastosis fetalis. Most workers hesitate to accept the theory of transpia-

cental isoimmunization probably because of the traditional concept that the pla-

centa presents a barrier which is absolutely impermeable to formed elements. It

would indeed be quite unique if nature repeatedly provided an absolutely perfect

organ which in the course of its short life of 40 weeks attains a surface area of

70-12.0 square feet required for the nourishment of the fetus. This would be all the

more remarkable because of the rapid proliferation of the trophoblast which is

endowed with invasive properties similar to that of the malignant cell.

A discussion of the mechanism of transplacental isoimmunization cannot be

complete without reference to the passage of maternal antibodies into the fetal

circulation. Recent attempts to associate prolonged intra-uterine action on the

part of blocking antibodies with hemolysis and rapid action of agglutinins only

at delivery with severe jaundice and toxicity have been shown to be premature.36

Although there are striking differences between agglutinins and blocking anti-

bodies demonstrable in vitro, these differences lose their significance because in

vivo both react with fetal blood suspended in a medium of plasma. In any event,

blocking antibodies in contrast to anti-Rh agglutinins are frequently demonstrable

in the infant’s circulation.

The study of affected infants before and after a more or less complete replacement

transfusion reveals the significant fact that appreciable quantities of blocking

antibodies can still be demonstrated at the end of the replacement transfusion when

the vast majority of the blood is not coated. Presumably, large quantities of block-

ing antibodies are stored in the tissue spaces and hence, the continued blood de-

struction of any residual Rh+ fetal blood in the neonatal period. Certainly, there

seems to be little or no indication for the use of Rh+ blood in transfusing affected

infants of Rh- mothers.

With an antigenic stimulus acting over a period of several months in any one

pregnancy and its renewal in the following pregnancies with Rh+ fetuses, it is

not surprising that more than one variety of antibody is produced. In a sense many

Rh- women are subjected to hyperimmunization. More recently, a third variety

of antibody could be demonstrated in certain blocking sera which are characterized

by a distinct prozone in the lower dilutions. The antibody responsible for the
prozone can be specifically absorbed after contact of the undiluted serum with

Rh+ but not with Rh- blood (Levine and Wigod).f

*Should the Rh factor be found in syncytial cells, their liberation in the postpartum period may also

serve to immunize.

tCf. Hill and Haberman.37
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412. MECHANISM OF TRANSPLACENTAL ISOIMMUNIZATION

These findings raise the question as to the nature of the globulin antibody pro-

duced by the immunized mother. One may speculate that the antibodies produced

represent an ever changing configuration of the immune globulin without losing

its characteristic specificity. It is not excluded that at times an antibody may be

produced which has little or no capacity to pass the placental barrier. Possibly

this may serve to explain the rare instances of entirely normal or mildly affected

Rh+ infants delivered by intensively immunized Rh- women whose previous

pregnancies resulted in severely affected infants (Chown38).

ADDENDUM

Claims were made recently that physiologic breaks in the villi could be demon-

strated either by means of serial sections (Naeslund and Aren39) or by the presence

of nucleated red cells of the erythroblastotic fetus in intervillous spaces (Kline40).

These observations require confirmation because of the inherent difficulties in

providing histologic proof of physiologic breaks in the continuity of blood vessels

of such delicate tissue as the placenta.
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