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K NOWLEDGE CONCERNING the transpiacental passage of fetal eryth-

rocytes into the maternal circulation is of critical importance for the

understanding of immunologic relationships between mother and child and

specifically for the mechanisms of Rh isoimmunization. In a previous study1 the

phenomenon of transplacental passage was investigated in homospecific preg-

nancies-i.e., in the absence of maternal antibodies reactive against fetal A, B

and Rh antigens, using the immunofiuorescentl ‘ � and acid elution technics.� It

was shown that this phenomenon can be demonstrated with increasing fre-

quency as gestation progresses, so that at delivery at least some fetal cells can

be detected in about 50 per cent of the cases; further, in about 1 per cent of

these unselected pregnancies, in the population studied, massive transplacental

hemorrhage had occured. The present study deals with heterospecific preg-

nancies and the influence of maternal anti-A and anti-B antibodies on the

demonstration and fate of susceptible fetal cells.

MATERIALS AND METI IODS

The case material was obtained from the same population as before’ and consisted mostly

of Negro women belonging to the lower socioeconomic strata, delivered at Herman Kiefer

hospital and the University Service of Hutzel Hospital in Detroit, �‘Iichigan. A small

number belonged to a middle economic group and ��ere 1)atients of a practicing

obstetrician.0

Postpartum studies �serc (lone in 200 unselected illi positive and 98 Rh negative ( un-
sensitized ) mothers with heterospecific pregnancies. Of the 200 Rh positive mothers, 64

had 317 antepartum examinations and 67 of the 98 Rh negative mothers had 245 prenatal

examinations.

Maternal anti-A and anti-B titers were determined in saline, after incubation for 60

minutes at room temperature of test cells and serial dilutions of maternal serum, and after

centrifugation. “Immune” titer was determined in saline and with the antiglobulin test after
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MEChANISMS OF ISOIMMU N IZA’I’ION 797

Table 1 .-Approximate Volume of Fetal Blood in Maternal Circulation Based on
Estimate of Fetal Cells/Maternal Cells Assuming Normal

Blood Volumes of Mother and Fetus

Calculated

Ratio of Fetal/Maternal Cells Fetal Blood Loss Classification
(ml.)

I :1,000,000 � - 0.004 Minimal

1 : 100,000 0.04 Minimal, Slight

1 :10,000 0.4 Slight, Moderate to Marked

I :1,000 4.0 Moderate to Marked

1 :100 40.0 Moderate to Marked, Massive

2:100 80.0+ Massive

“neutralization” of maternal serum by the addition of a fixed amount ( 9: 1 ) of commercial

A + B substances (Neutr AB Dade).

The immunofluorescent and acid elution methods were used to demonstrate fetal

erythrocytes in the maternal blood. The technical details and excellent correlation between

the two methods have previously been established.’ The results in this study were generally

obtained with both methods and with only the acid elution technic in a few instances. As
previously described, an approximation of the number of fetal erythrocytes to maternal

erythrocytes was made and four � arbitrary classes were used ( Table 1).
Demonstration of any cells of clearly fetal origin by either immunofluorescence and/or

acid elution (only the deeply staining acid elution cells) was considered a positive result.

The time interval after delivery within the first 56 hours did not seem to be critical

(Table 2).

RESULTS

Rh Po&itive Mothers

Thirty-eight ( 19 per cent) of the 200 maternal bloods representing all

mother-child ABO combinations were positive ( Tables 2 and 3) . Within the

range 1 : 2 to 1 :256 ( Table 4 ) , the titer of the maternal antibody did not have

an appreciable effect on the incidence of fetal cells. In women with higher

titers, fetal cells were less often seen, although the results are not statistically

significant.

Not only was the overall incidence ( 19 per cent of fetal cells in the maternal

blood postpartum considerably lower than in ABO compatible pregnancies

( 50 per cent ) , but in the 38 positive cases the number of fetal cells was general-

ly much smaller ( Table 5 ) . All but one mother, group 0 with an A1 infant

whose blood showed as many as 0.1 per cent, had minimal numbers of fetal

cells.

Rh Negative Mothers

The finding of fetal cells postpartum in these mothers was approximately as

frequent as in the Rh positive mothers (14.3 per cent, Table 6). However, an
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798 COHEN AND ZUELZER

Table 2..-Fetal Cells in Maternal Blood at Various Times Postpartum
in 200 Rh Positive ABO Incompatible Pregnancies

Time after Delivery Total No. of Cases Fetal Cells Found

Up to 1 hour 93 1 7 (18.4%)

1-12 hours 40 9 (21.9%)

12-24 hours 35 6 (17.1%)

24-56 hours 32 6 (18.7%)

Totals 200 38(19%)

Table 3.-Relationship of ABO Blood Groups of Mother and Child to The
Demonstration of Fetal Cells Postpartum (200 Rh Positive Mothers)

Blood Groups No. of Fetal Cells Fetal Cells

Mother Child Cases Not Found Found

O A

O B <.3

A B

B A <.1

Totals 200

83 64 19 (22.8%)

63 55 8 (126%) 1.8

18 13 5 (27.7%)

36 30 6 (16.6%)

162 38 (19.0%)

I’ = .25)By 4 x 2 contingency. ( X’ � = 4;

Table 4.-Relationship of Anti-A and Anti-B Titers and the Demonstration of Fetal
Erythrocytes Postpartum in 154 of the 200 Rh Positive Mothers

Antibody No. of Cases Fetal Cells Fetal Cells

Titers in Saline Studied Not Found Found

1:64or< -� 50 40(800%) 10 (2ft0%)

1:128-1:256 81 62 (76.5%) 19 (23.5%)

I :512 and > 23 20 (87.0%) 3 (13.0%’)

Totals 154 � 122 (79.2%) 32 (20.8%�

- � � 2 contingciicv. (\(!) I ; l’ .6)

unexl)ccte(i difference emerged when this group was divided according to the

Rh type of the infant. The incidence was significantly lower (p <.001 ), when

the fetus was Rh positive than Rh negative, even though there was no evidence

of sensitization by antibody determination. Presensitization by a previous preg-

nancy did not seem to account for these results, as the findings for the 36 primi-

Iarotls women in this group were essentially the same as in the multiparous
WOIflCll.

Combining both the antepartum and PostParttlm findings in 67 of the 98 Rh

negative women (Table 7), the percentage of positive findings was greater (.10

< p < .20 ) , although the difference 1)etwcen the two groups, those with Rh

compatible and those with Rh incompatible infants, was still maintained.

( Results were considered positive even if fetal cells were demonstrated in only

one of the numerous prenatal examinations. ) The relatively high number of

positive cases in the double incompatible group was entirely accounted for
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Table 5.-Range of Fetal to Maternal Cells Postpartum in the 38 of the 200 Rh
Positive Mothers with Heterospecific Pregnancies

Blood Groups

Mother Child

No. of

Cases

Minimal

(1 :lO�.1 :1O�)

Range of Fe

Slight
(1 :1O’.l :1

tal to Maternal Cells

Moderate-Marked

0�) (1 :1O’-l :1O�)

Massive
(>l:lO�)

0

-

0 A 20 14 5 1

0 B 7 6 1 0 0

A B 6 4 2 0 0

B A 5 4 1 0 0

-� Totals 38 28 9 1 0

Table 6.-Ninety’-Eight Unselected Rh Negative Mothers (Unsensitized) with
ABO Incompatible Infants Studied Postpartum for Fetal Cells

Parity No. of

Cases

Infants

Rh Type

Fetal Cells

Not Found

F etal Cells

Found X2 p

All parities 32

66
Neg.

Pos.

21

63
11

3

(34.4%)

( 4.5%) 13.3 <.001

Totals 98 84 14 (14.3%)

Primiparous Only 9

27

Neg.

Pos.

4

25

5

2

(55.5%)

( 7.4%)
7.1 <.01

Totals 36 29 7 (19.4%)

Table 7.-Findings in 67 of the 98 Rh Negative Mothers Available for Both
Antepartum and Postpartum Examination

Total Total Total

Fetal Cells Foi�nd

Ante. Post. Ante. and

Number Number Number Partum partum post.
Infant of Cases Negative Positive X2 p Only Only partum

Rh Neg.

ABO Ineomp. 23 11 12 (52%) 3 8 1

1.8 < .2

Rh Pos.

,ABO Incomp. 44 30 14 (32%) 14 0 0

by the prenatal findings and suggests that doubly incompatible fetal cells as

compared to merely ABO incompatible fetal cells are short-lived in the ma-

ternal circulation, and particularly vulnerable to rapid clearance at the time

of labor, perhaps dependent on the greater development of the A and B anti-

gen by this time.

As in homospecific pregancies,’ fetal cells were found at various times during

gestation, indicating the repetitive nature of the transplacental passage of fetal

cells. This phenomenon was particularly well illustrated ( Table 8 ) in the

woman who had shown the largest number of fetal cells ( 0.1 per cent ) post-

partum ( Table 5).
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800 COHEN ANE ZUELZER

Table 8.-Antepartum and Postpartum Findings in a Group 0 CDe Mother

and a Group A1 CDE Child

Fetal Cells in Maternal Antibody

Time Maternal Blood Sal. Neut. (ICT)
At A2 13 At A2 B

154 days prior to Del. 1 :1,000,000

135 ““““ 0

112 ““““ 0

86 ““““ 0 64 8 64 0 0 0

65 ““““ 0

52 ““““ 0

38 ““““ 0

31 ““““ 1 :200,000

17 ““““ 1 :200,000

8” 0

4” 1:560,000 64 8 64 + 0 +

Delivery ( 1 hr. pp.) 0.1% 32 4 64 0 0 +

2#{189}days postpartum .05%

314 “ “ .003%

42 “ “ 0 64 32 32 0 0 +

Table 9.-Survival of Fetal Cells after Massive Transplacental Hemorrhage in an
ABO Incompatible Pregnancy (Case I, M.M.); Mother A1 CDe,

Infant B CDe (Hb 3.5 Gm. at 3 hr.)

Time Fetal Cells in Maternal Anti.B

in Days Maternal Blood Sal. Neut. ICT Hemolysin

Post partum (%)

I 0.6 1:8 0 0

2 0.4

3 0.3

4 0.2

5 0.2

9 0.1 1:128 0 0

29 0.1 1:128 0 0

51 0.1

65 0.01 1 :128 +(undil.) 0

100 0001 1:256 + “ 0

124 0.0002 1 :128 + “ 0

TRANSPLACENTAL HEMORRHAGE AND POSTNATAL SURVIvAL OF

FETAL ABO INCOMPATIBLE ERYTHEOCYTES

It has been shown that subsequent to a massive transplacental hemorrhage in homo-
specific pregnancies, fetal cells have a normal survival in the maternal circulation.1 It was

therefore of interest to follow the fate of the fetal cells under similar conditions in

heterospecific pregnancies, where it can be expected that a majority of cells will be de-

stroyed in a very short time by the homologous antibody.

The following selected cases ( referred to us because of anemia in the newborn ) illustrate

the course of events following massive transfer of ABO incompatible fetal erythrocytes in

the maternal circulation, and provides some new information regarding the survival of

such cells.

Case 1. MM. was a para i, gravida ii, blood group A1 CDe. Her infant, BCDe, birth
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MECHANISMS OF ISOIMMUNIZATION 801

Table 10.-Survival of Fetal Cells after Massive Transplacental Hemorrhage in an
ABO Incompatible Pregnancy (Case H, K.!.); Mother OCDe,

Infant BCDe (Hb 6.0 Gm.)

Fetal Cells in Maternal Anti.lt

Time Maternal Blood Sal. Neut. ICT Hemolysin

Postpartum (‘/c) �I �‘2 B A, “2 B A, .A2 B 0

32 hr. 1.94

58 hr. 1.68

78 hr. 1.48 128 16 256 0 0 16

10 days 1.06 128 16 256 0

15 clays 1.04 128 32 256 0 0 16

40 days 0.45

57 days 0.1 128 16 256 0 0 8

135 (lays 0 128 16 256 0 0 8

0 16 3+ 0 3+ 0

Fig. 1.

weight 5 lb., 15 oz., vas admitted at three hours of tge because of anemia. his condition

��‘as good l)Ut the hemoglobin was 3.5 Cm. per cent, \�‘BC 20,000/mm., with 111

nucleated red cells/100 white cells, reticulocyte count 15.6 �er cent and bilirubin 0.8

per cent. The direct Coombs’ test ��as negative and no homologous antibody was found in

the infant’s serum or red cell eluate. A presumptive diagnosis of transplacental hemorrhage
was made. A slow exchange transfusion with type-specific packed red cells raised the

hemoglobin to 12.8 Gm. per cent, and he recovered uneventfully.

The maternal blood was first studied at 24 hours postpartum, and 0.6 per cent ( ap-

proximately equivalent to 10-20 ml. of blood ) of fetal group B erythrocytes were demon-
strated l)y both immunofluorescence and the acid elution ( Table . 9 ) . At approximately 50

days postpartum, 0.1 per cent fetal cells were still demonstrable and a few cells as late

as 124 (layS postpartum. The anti-B titer was 1 : 8 in saline at the first examination ( 24

itours p.p ), rcse to 1 : 1Z8 Oil tile niiith clay pastpartuni, and remained at that level. At flO

time were “immune” antibodies found.

Case 2. This full-term infant, after a normal pregnancy to a gravicla i iiiother, was in

poor condition at birth. The hemoglobin was 6.9 Cm. per cent, RBC 2.35/mm.’, \VBC
77,750/mm., and 78 nucleated red cells/100 white cells, with very few reticulocytes. The
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802 COHEN AND ZUELZER

mother’s blood group was 0 CDe and the infant was B CDe. The direct Coombs’ test was
negative. The infant was given 70 cc. packed 0 Rh positive blood at one hour of age but

continued to do poorly and expired at the hospital where it was born 3 1/2 hours after
birth. The maternal blood, examined 32 hours postpartum, showed 1.94 per cent fetal

group B cells both with immunofluorescence and acid elution; the alkali resistant hemo-

globin was 2.4 per cent at this time, and the subsequent course and antibody studies

are shown in (Table 10 ) . Of interest was the presence of small agglutinates of fetal cells

in the acid elution technic (Fig. 1 ), possibly the result of in vitro conditions.

Since sizable numbers of group B cells were found as late as 15 days postpartum and
0.1 per cent at 57 days postpartum, attempts were made to show possible peculiarities

in the B antigen permitting this long survival. The infant having expired, the father’s
A2B CDe cells and the grandmother’s B CDe cells were subjected to fluorescent antibody

arid hemagglutinin assay studies. The cells of both these individuals fluoresced with 4+

brilliance both when treated directly with fluorescent anti-B serum and after incubation in

the maternal serum for three hours; the cells behaved like ordinary Caucasian B cells in

assay studies. The maternal antibody did not have any particular aberrant behavior.0

COMMENT

Levine’s original observation4 in 1943 that Rh sensitization usually results

from ABO compatible pregnancies has been widely accepted and confirmed.

The actual mechanism of “protection” resulting in the low incidence of Rh

sensitization in heterospecific pregnancies is not clearly understood, although

generally attributed to the rapid destruction of incompatible cells by the

maternal homologous antibody before they can become effective for Rh sensi-

tization. The sensitive tools now available permit a better understanding of the

actual sequence of events in the transplacental passage and survival of ABO

incompatible fetal cells.

Finn et al.,5’6 using the acid elution method, were unable to demonstrate

such cells, claiming that this technic is unsuitable for the detection of fetal

cells in heterospecific pregnancies. Zipursky et al.7 rarely found such cells

postpartum, although they did find them as frequently during gestation as in

the ABO compatible pregnancies. On the other hand, Fraser and Raper 8
demonstrated fetal cells in approximately 16 per cent of ABO incompatible

pregnancies postpartum using the same method, and Zilliaeus#{176} likewise found

such cells in a maternal blood two weeks after delivery. Using only the immu-

nofluorescent technic, we had previously reported the presence of A Rh

positive fetal cells in an 0 Rh negative mother.2

It is evident from this study that ABO incompatible fetal cells can be detected

in maternal blood during pregnancy and after delivery, and that all such cells

are not destroyed immediately. Indeed, in some cases a few of the cells had a

normal survival.

ABO incompatibility does lower both the incidence and the number of fetal

cells, rendering the detection of minimal “spills” more difficult. It is interesting

that the 20 per cent incidence of positive cases in the 200 unselected Rh posi-

tive mothers with heterospecific pregnancies, showing minimal numbers of

cells, approximates the incidence of the larger “spills” ( 23 per cent ) in the

previously reported series of 622 homospecific pregnancies.1

0 The authors are indebted to Mrs. Mary Gibbs, W’alter Reed Arniy Inst. of Res., W7ash-

ington, D.C., for this part of the study.
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MECHANISMS OF ISOIMMUNIZATION 803

Severe transplacental hemorrhage in ABO compatible pregnancies, resulting

in varying degrees of anemia in the newborn, is usually manifest by the presence

of up to 6-8 per cent of fetal cells in maternal blood.’ The infant’s blood picture

usually reflects chronic blood loss ( marked normoblastemia, reticulocytosis,

anisocytosis, poikilocytosis ) , indicating repeated prenatal bleeding, an inter-

pretation more compatible with survival of the infant than is a single loss of

299-400 ml. of blood ( 6-8 per cent fetal cells).

In both instances of massive transplacental hemorrhage reported here, the

infants were born with marked anemia ( Hb 3.5 and 6.9 Gm. per cent respective-

ly ) and compensatory blood pictures, dating the onset of the episode prior to

labor. Evidently because of the maternal isoantibody effect, neither the per

cent of fetal cells nor the alkali resistant hemoglobin in the mothers reflected

the true magnitude of fetal blood loss. Consequently, the diagnosis of massive

transplacental hemorrhage in heterospecific pregnancies, solely by studies

done on maternal blood, is not always possible.

The persistence of fetal group B cells for prolonged periods in the maternal

circulation of group A, and an 0 mother, respectively, in the presence of the

homologous antibody, raises questions regarding antigen-antibody dynamics

in vivo. That these persisting cells did contain the B antigen and were to some

extent coated by the homogous antibody ( excluding the possibility of somatic

mutation giving rise to an 0 population ) was demonstrated in both cases both

with fluorescent anti-B and anti-human globulin serum. The intensity of fluo-

rescence of the surviving cells in the maternal blood, however, was much less

than that seen in the infant’s own blood, suggesting either that they might

represent a minor population selected by virtue of a smaller number of anti-

genie sites or a lower reactivity of the sites. Antigenic heterogeneity is well

established with reference to the A antigen.’#{176} Our observations indicate that

some heterogeneity not demonstrable by currently available technics may

exist in the B system.

The survival of fetal cells in at least some heterospecific pregnancies demon-

strated here raises the question why Rh sensitization in such women is so in-

frequent. The lower incidence of fetal cells postpartum in the group as a whole

( 20 per cent) , as compared to the ABO compatible pregnancies ( 50 per cent),’

would support the concept of rapid clearance resulting from the effects of

maternal isoantibodies and, consequently, a dosage effect. The still lower in-

cidence of fetal cells postpartum when the infant is both Rh and ABO incompat-

ible ( 5 percent ) in the absence of apparent sensitization or presensitization is

difficult to understand, in view of our previous observation ‘ that incompati-

bility for Rh ( D ) alone does not affect the incidence ( 50 per cent ) . \Ve are at a

loss to understand this, although statistically the difference is significant. The

fact that doubly incompatible cells ( Rh and ABO ) were demonstrated during

gestation, and in no instance at term, suggests that an immunologic mechanism

( sensibilization) , even during the first pregnancy, may be involved and that

this may be another protective factor operating in ABO incompatible preg-

nancies. It is not clear what the nature is of such a recognition mechanism re-

suIting in the removal of Rh positive cells in the presence of ABO incompati-

bility as opposed to homospecific pregnancies.
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SUMMARY

1. Fetal cells were demonstrated postpartum in approximately 20 per cent of

Rh positive mothers with ABO incompatible infants and in only approximately

5 per cent of Rh negative mothers with both ABO and Rh incompatible infants

in the absence of sensitization or presensitization.

2. When the prenatal findings were combined with those postpartum, the in-

cidence was considerably greater in both groups ( 52 per cent and 32 per cent,

respectively).

3. Two cases of massive transplacental hemorrhage in heterospecific preg-

nancies are reported with almost a normal survival of a few cells postpartum.

4. Observations on protective mechanisms bearing on isoimmunization in

heterospecific pregnancies are made.

SUMMARIO IN INTERLINGUA

1. Le presentia de cellulas fetal esseva demonstrate post parto in circa 20 pro cento de
Un gruppo de matres Rh-positive con infantes a incompatibilitate ABO sed in solo approxi-

mativemente 5 pro cento Ic un gruppo de matres Rh-negative con infantes a incompatibili-

tate ABO e Rh, in le absentia de sensibilisation o presensibilisation.

2. Quando le constatationes de ante parto esseva combinate con le constatationes de post

parto, le incidentias in le duo gruppos mentionate esseva considerabilemente plus alte, i.e.,
52 e 32 pro cento, respectivemente.

3. Es reportate duo casos de massive hen�orrhagia transplacental in pregnantias hetero-
specific, con un quasi normal superviventia de basse numeros de cellulas post le parturition.

4. Es formulate observationes relative al mechanismos protective die signification ab Ic

puncto de vista del isoimmunisation in pregnantias heterospecific.
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