
Characterization of Maternal Isoagglutinins

in ABO Hemolytic Disease of the Newborn

By Susis W. FONG, ARLENE NUCKTON AND H. H. FUDENBERG

M ANY SEROLOGIC tests have been advocated as aids for the antenatal

diagnosis of ABO hemolytic disease of the newborn (ABO HDN).

The majority of the tests currently used in most hospital clinical laboratories

for this purpose make use of certain serologic properties that differentiate

the isoagglutinins into two groups. Although both groups probably arise as

the result of antigenic stimulation, the early literature has termed them

“immune” and “naturally occurring.” The so-called “immune” isoantibodies,

which have been implicated in ABO HDN, can be distinguished from the

“naturally occurring” variety by their ability to agglutinate A1 or B cells

suspended in AB serum even after partial neutralization by soluble specific

blood group substances A and B,1 hemolyze A1 or B cells in the presence of

complement,2 and react with group A pig (A1) cells.:i�

The clinical importance of establishing the presence of ABO HDN antena-

tally, thus alerting the physician to the possible need for exchange transfusion

of the newborn, led us to evaluate the relative merits of the different serologic

procedures used to detect “immune” isoantibodies. This report describes and

compares results of such tests on the sera of blood group 0 mothers of infants

with and without ABO HDN. Comparative tests were also performed on the

isolated ‘y2-(7S) globulin and whole serum of mothers of infants with ABO

HDN.

MATERIALS

Sera: The sources of the sera studied are given in table 1. Sera were collected port-

partum from 24 group 0 mothers of newborn infants with ABO HDN. Control sera were

obtained postpartum from 12 mothers of normal blood group A and B children; these

mothers were selected from the Obstetrical Clinic without regard to parity. Additional

sera were obtained from 15 normal group 0 subjects, as listed in table 1. Sera from 110

group 0 and 7 group A or B pregnant women were used in special serologic studies.

Other sera were obtained from 12 men (4 each of A, B and 0 blood groups) previously
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18 FONC, NUCKTON AND FUDENBEBC

Table l..-Source of Sera Used in Study

Blood Group Subjects

Subject Infant No. Total

Test sera

Mothers of infants with ABO Hl)N 0 A 16

0 B 8

24

Control sera

Mothers of normal infants of 0 A 8

incompatible 1)100(1 group 0 B 4

12
Selected .sera

Mothers of normal group 0 infants 0 0 3

Nulliparous women 0 6

Nonimmunized men 0 6

15

Pregnant women 0 A 37

0 B 13

0 0 54

0 6

110

A A 4

B B 3

7

linmunized men 0 4

A 4

B 4

12

�Not known, since infants had not been horn at the time of this report.

immunized with soluble specifk’ blood group substance (SSBGS) A or B. All the sera

studied were first screeneu against a panel of group 0 test cells of varying antigenic

composition by ifl(lirect antiglobulin test and by enzyme and saline methods to exclude
antibodies to antigens other than those of the ABO blood group system.

Cord blood: Specimens of cord blood were collected from all newborn infants of the

mothers studied; direct antigiohulin tests and ABO and Rh typing were performed on

each specimen. To establish the presence or absence of ABO HDN, each newborn was

examinecu daily for clinical jaundice; hematocrit and serum bilirubin determinations,

reticulocyte count and examination of peripheral blood smears for spherocytes and

nucleated erythrocytes were performed on the third clay of life.

Test cells: Fresh group A1 and B cells collected in Alsever’s solution from the same

donors were used throughout the study. Specimens of pig blood from animals more

than 6 months of age were collected into acid-citrate dextrose. The Al’1 cells and

Oi’ control cells used for serologic testing were selected after typing the pig cells as

A#{176}’,Ac2, Ap:� or O� by saline agglutination, enzyme and antiglobulin methods as de-

scrihed elsewhere.#{176} Human and pig cells used for agglutination tests were washed three

times by centrifugation with buffered normal saline, pH 7.3, and resuspended in the

same buffer.

METHODS

Fractionation Procedures

DEAE column chromatography: The 7S and 19S y-globuiin components of each serum

were separated by a nrndification of the method of Levy and Sober.7 A 2.5-mi. sample of
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MATERNAL ISOAGGLUTININS IN ABO HEMOLYTIC DISEASE 19

each serum was applied to a diethylaminoethyl ( DEAE ) cellulose� column ( 1 x 10
cm. ) ; 5-mi. aliquots were collected at room temperature at a flow rate of 20 ml. per

hour. Stepwise elutions were performed with 0.01 M, 0.04 M and 0.3 M sodium phos-
phate buffers, pH 8; each buffer was run through the column until no further protein

could be detected. The concentrations of protein in the eluates were measured by the

method of Lowry et al.;8 a measured Quantity of lyophilized y-globulin ( Cohn traction
II ) was used as standard. The pooled protein fractions, after being concentrated to the

original serum volume by dialysis against polyethylene glycol ( Carbowax(R) ) at 4 C.,
were redialyzed against phosphate-buffered saline, pH 7.3, for 18 hours at 4 C.

The fractions thus obtained were characterized by immunoelectrophoretic9 and

agar gel diffusion technics,10 using specific goat antisera to human 72�’ Y1M� and 71A�

globulins and to whole human sera. The 0.01 M fractions contained only 72-globulins

as in the previous studies of Kochwa et al.;11 the 0.3 M fractions lacked y2-globuiin but

contained all other serum proteins; the 0.04 M fractions contained Y2-’ Y1A� and fi-
globulins.

Recovery of isoaggiutinins was estimated by titration of mixtures of the three frac-

tions in parallel with the serum and its fractions by saline and antiglobulin tests. All

sera, regardless of source, showed an approximate 50 per cent loss of activity. The loss

may have been related in part to the fractionation procedure, but probably was due
principally to the effects of the Carbowax used in the concentration step. Preliminary

studies had shown that the saline agglutinins in the 0.3 M fractions were susceptible to

inactivation by this substance; in general, the loss amounted to one or two dilution steps.

The isoagglutinin activity of the 0.01 M fractions was not greatly affected; the isoanti-

body activity of the 0.04 M fractions was always substantially lower than that of the

other fractions.
Density gradient ultracentrifugation: Ultracentrifugation in a sucrose density gradient

was carried out by a modification of the method previously described.12 After centrifuga-

tion the bottom of the centrifuge tube was pierced with a 22-gauge needle, and serial

fractions (0.4 ml.) of each serum were obtained by drop collection. The protein con-

centration of the 13 fractions so obtained was measured.8 On immunoelectrophoresis,
fractions 1, 2, and 3 reacted with specific antisera to y111-globulins, and fractions 6

through 10 gave precipitin lines with specific antisera to y9-glohulins. The “intermediate

S” fractions 4 and 5 were not clearly defined in their reaction with specific antisera to

71�gl0�S; they did not react with antisera to 72� and y1�-gIobulins. (Fractions 11-13
did not contain any of the three immune globulins.) As a standard for 7S and 19S iso-

agglutinins, a mixture of sera containing incomplete anti-D and high titer cold agglutinins

was tested simultaneously in each experiment.

Serologic Procedures

The isoagglutinin titers for A1 and B cells of each serum and its fractions were de-
termined by saline agglutination and antiglobulin tests before and after partial neutraliza-
tion by specific soluble blood group substances (SSBGS) A and B and treatment with
2-mercaptoethanol. Tests for antibodies to A�’ cells and antibody absorption tests with
various types of pig cells were also performed.

Saline agglutination and antiglobulin (Coombs) “enhancement” tests: Serial twofold
dilutions of serum and 0.01 M fractions were mixed with an equal volume of a 2 per

cent cell suspension, incubated for 1 hour at 37 C. and read for agglutination after

centrifugation. Similar titrations of 0.3 M fractions were carried out at 23 C., since pre-

liminary studies had demonstrated greater activity at this temperature than at 37 C.

Each serum or fraction to be tested against A�1 cells was inactivated at 56 C. for 30

minutes, then absorbed at 23 C. for 1 hour with an equal volume of washed packed OP

*Selectacel(R), 40-100 mesh, 0.96 mEq. per Gm., Carl Schleicher and Schull Co.,

iCeene, N. H,
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20 FONC, NUCKTON AND FUDENBERG

cells. Aliquots of each absorbed serum or fraction were then incubated for 1 hour at 23

C. with a 2 per cent suspension of AP’ cells and (as control) with OP cells. Antiglobulin
( Coombs ) “enhancement” tests were performed on dilutions of serum or fractions that

did not produce direct saline agglutination of the various test cells. (The rabbit anti-

human globulin reagent#{176}used for the detection of incomplete antibody to pig cells was

absorbed with washed, packed OP cells before use.)

Acacia titration: A modification of the method of Wiener et al.13 was used. Equal

volumes of a 2 per cent suspension of A1 or B cells and diluted serum or fractions were

incubated at 37 C. After 1 hour an equal volume of 2 per cent acacia in phosphate-

buffered saline, pH 7.3, was added. The mixtures were incubated for 15 minutes at 37
C., centrifuged and examined for agglutination.

Albumin titration: A modification of the Dunsford-Bowley method14 was used. Cell

suspensions were prepared and incubated as described above. After 1 hour at 37 C., an

equal volume of 30 per cent bovine albumin was added. The tubes were incubated for
an additional 30 minutes at 37 C., centrifuged and examined for agglutination.

Partial neutralization: Each serum or fraction under study was incubated with an equal

volume of a SSBGS A-B mixturet at room temperature for 30 minutes,1 and was then

titered by direct saline agglutination and antiglobulin methods against A1 and B cells.

Fractions with isoagglutinin titers greater than 1:4 were retested after neutralization by

3 volumes of SSBGS A-B.

Mercaptoethanol treatment:16 Whole sera and fractions were dialyzed against phosphate-

buffered saline, pH 7.3, containing 0.1 M 2-mercaptoethanol for 12 hours at room tempera-
ture, followed by dialysis against 0.02 M iodoacetamide in buffered saline, pH 7.3, for
18 hours at 4 C.

Agglutination of enzyme-treated (11cm) A�’ cells: Equal volumes of a 0.1 per cent solu-

tion of ficin and a 25 per cent suspension of AP1 or O� cells in buffered saline, pH 7.3,

were incubated at 37 C. for 10 minutes. The cells were then washed twice, resuspended

to 2 per cent in buffered saline, and added to tubes containing serial dilutions of each

serum and its fractions. After incubation for 1 hour at 37 C., the mixtures (without

being centrifuged) were examined for agglutination.

Hemolysis: A uniform amount of lyophilized guinea pig complements (equal to four

#{176}OrthoFoundation, Raritan, N. J.

tThe mixture consists of equal parts of SSBGS A and B, derived from porcine and

equine gastric mucosa, respectively, and was obtained from Merck, Sharpe & Dohme,
West Point, Philadelphia. Preliminary studies had shown that the titers obtained with

the mixture were comparable to those obtained with either hog SSBGS A or horse
SSBGS B prepared by Knickerbocker Biological Corporation, New York, N. Y. The

preparations from the two commercial sources are similar but may not be freely inter-

changeable in neutralization tests. In tests comparing anti-A and anti-B of equal titer,
SSBGS A from both sources was more effective in neutralizing anti-A than was either

preparation of SSBGS B in neutralizing anti-B.

The present study was concerned only with the routine serologic methods used for the
antenatal diagnosis of ABO HDN.115 For this reason neutralization tests in which SSBGS
is added to each of a series of tubes containing serial dilutions of the test serum or

fraction,1’ although admittedly more accurate than the method used here,1 were not em-

ployed. In preliminary studies, however, titration of the neutralized mixture (equal vol-

umes of serum or fraction and mixed SSBGS A-B) generally gave higher titers than

those obtained when an equal volume of the SSBGS A-B mixture or of the single prepara-
tions of SSBGS A or B was added to each tube of the dilution series. Sera and fractions

with titers greater than 1:32 showed the greatest difference in results by the two methods.
In tests on selected sera and fractions treatment with tenfold volumes of the SSBGS A-B
mixture usually neutralized both saline and antiglobulin activity,

�Hyland Laboratories, Los Angeles, Calif.
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MATERNAL ISOAGGLUTININS IN ABO HEMOLYTIC DISEASE 21

50 per cent hemolytic units ) was added to serum and fractions. Veronal buffer, 0.15

M, pH 7.4, containing 0.0005 M Mg++ and 0.00015 M Ca++, was used for diluting

the complement reagent and serum or fractions and also for washing and suspending

the test cells. Serially diluted serum or fractions and 4 per cent suspensions of A1, B

or AP’ cells were mixed (v/v ) and incubated at 23 C. for 30 minutes. After the addi-

tion of an equal volume of diluted complement, each tube was reincubated at 37 C.

After 1 hour the tubes were graded ( 0 to + + + + ) for hemolysis.

Absorption studies: Sera or fractions were inactivated at 56 C. for 30 minutes before

being tested. Fresh human group A1 and B and AP’ and OP cells were washed four times

with buffered saline and packed by centrifugation at 2000 rpm for 15 minutes.

Aliquots of each serum or fraction were absorbed with an equal volume of packed

A1 or B human cells or OP or AP’ pig cells for 1 hour at 23 C. The supernatants ob-

tamed after centrifugation of the samples at 1000 rpm for 5 minutes and control aliquots

of unabsorbed serum or fractions were titrated in parallel against 2 per cent suspensions

of A1 or B cells at 23 C. for 1 hour by saline and antiglobulin methods.

Analysis of data: In analyzing the data, comparisons were made between mothers of

affected and normal blood group A infants and between mothers of affected and normal

blood group B infants. The Median Test17 was used for all statistical comparisons of

the titers of the ABO HDN and control mothers. Comparisons based on the presence or

absence of “resistant” isoagglutinins or AP’ hemolysins in the sera and fractions of ABO
HDN and control mothers were made by the method of 2 x 2 tables.17 In obtaining the
probability, p, that pure chance could have caused any differences observed between the

ABO HDN and control groups, we considered only the possibilities that the values for

the ABO HDN mothers would or would not exceed those for the control mothers.

RESULTS

Unless otherwise stated, tests were performed on sera or fractions from 24

mothers of infants with ABO hemolytic disease of the newborn (HDN), 12

control mothers of normal infants and 15 selected group 0 subjects (see

table 1).

Isoagglutinin Titers of Sera and DEAE Fractions

The titers of individual sera and fractions by saline and antiglobulin tests,

as well as the range and median titers in each group, are shown in table 2.

The median saline titer of the whole sera of the ABO HDN mothers and

control mothers differed by only 1-2 tubes. By antiglobulin test the incidence

of anti-A titers of 1024 or greater was significantly higher in mothers of

affected group A infants than in mothers of normal group A infants (p = 0.03).

Although this difference is statistically significant, the titers of individual

sera in the two groups showed considerable overlap.

In the 0.01 M fractions, saline agglutinins were demonstrable in 21 of the

ABO HDN group but in only 5 of the control and 6 of the selected subjects.

Isoagglutinins were demonstrated by antiglobulin test in the 0.01 fractions

of all sera studied. By both tests the anti-A and anti-B titers of the ABO HDN

mothers were significantly higher than the titers of control mothers of infants

of the same blood group (p = 0.03).

The anti-A titers of the 0.3 M fractions were similar in all groups. The

saline anti-B titers of the 0.3 M fractions, however, were decidedly higher in

the mothers of affected group B infants than in the corresponding control

group (p = 0.03).
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24 FONG, NUCKTON AND FUDENBERG

In general, isoagglutinin titration of the 0.01 M fractions in acacia or albumin

media resulted in end points similar to those obtained by antiglobulin test.

The titers of the 0.3 M fractions in these media were comparable to the

saline agglutination titers.

Antiglobulin (Coombs) “Enluinccnient” of Isoantibody Titers

The antiglobulin “enhancement” of isoantibody titer proved more effective

in demonstrating 7S isoagglutinins in the isolated 0.01 M fractions than in

the whole serum. In all three groups the titers of the sera were usually

enhanced no more than 1-2 tubes by antiglohulin test (fig. 1 ). In contrast,

the titers of the 0.01 M fractions, whether from control, selected or ABO HDN

sera, were enhanced 1-9 tubes, with a median increase of 3-4 tubes. The

titers of the 0.3 M fractions were enhanced only 1-3 tubes.

Partial Neutralization Tests

In 20 of the 24 ABO HDN sera the titers obtained by antiglobulin test

after partial neutralization by an equal volume of SSBGS A-B were 128 or

greater. After similar treatment the titers of all control sera and all but

one of the selected sera were less than 128. In partial neutralization tests of

the whole serum, the antiglobulin titers of the mothers of affected group A

and B infants were considerably higher (128 or greater) than the titers in the

corresponding group of control mothers. This difference was statistically

significant (p = 0.01). Inspection of the results indicated that an anti-

globulin titer of 32 or greater gave as good discrimination between the

ABO HDN and control mothers as could be obtained for our data.

In general, the antiglobulin titer of each partially neutralized serum and

the titer of its respective 0.01 M fraction were similar. As shown in figure 2,

a difference greater than 2 tubes between the titer of a partially neutralized

serum and the titer of its 0.01 M fraction was found in 2 of the 24 ABO HDN

mothers compared with 6 of the 12 control mothers. These findings are in

keeping with the significantly higher titers of resistant isoagglutinins in the

ABO HDN sera than in the control sera. In all of the selected group, the titers

of each neutralized serum and its 0.01 M fraction were comparable.

In partial neutralization tests on the 0.01 M fractions, the median titer was

64 in the ABO HDN group, compared with 4 in the control and 0 in the

selected groups. The individual titers, varying from 2 to 512 in the ABO HDN

group and 0 to 512 in both the control and selected groups, showed consider-

able overlap. The 0.01 M fractions of all 24 ABO HDN sera contained anti-A

or anti-B resistant to neutralization by an equal volume of SSBGS (table 3),

and with two exceptions were also resistant to neutralization by 3 volumes

of SSBGS. Anti-A resistant to 1:1 neutralization was found in the 0.01 M

fractions of more than half the control and selected sera; only a third of

these fractions contained anti-A resistant to 3:1 neutralization. In all three

groups of subjects, the isoagglutinins in the 0.3 M fractions were completely

neutralized by an equal volume of SSBGS.
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Fig. 1.-Enhancement of isoagglutinin titers of group 0 sera and DEAF

fractions from mothers of infants with ABO hemolytic disease, control mothers
and selected subjects by antiglobulin test.
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Fig. 2.-Isoagglutinin titers of whole sera (after neutralization by an equal
volume of specific soluble blood group substance A-B) compared with titers of

0.01 M fractions as measured by antiglobulin test.
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The incidence of residual anti-A in the 0.01 M fractions after 1 : 1 neutraliza-

tion was not significantly different in the ABO HDN and control mothers of

group A infants ( p 0. 1 ) ; the incidence of “resistant” anti-B, however, was

significantly higher in the mothers of affected group B infants than in the

corresponding control mothers (p = 0.01 ) . After 3: 1 neutralization of the 0.01

M fractions, the incidence of “resistant” antibodies was significanfly greater

in the mothers of affected group A and B infants than in the corresponding

control mothers ( p = 0.01 for each group).

Treatment with 2-Mercaptoethanol

Treatment with 2-mercaptoethanol did not affect the saline and anti-

globulin titers of the 0.01 M fractions of the ABO HDN and selected sera;

representative examples are shown in table 4. Such treatment, however, almost

completely abolished the saline agglutinating ability of the 0.3 M fractions.

The slight residual activity in some of the 0.3 M fractions probably resulted

from contamination by -y2-isoagglutinins in amounts too small to be detected

by immunoelectrophoresis. With one exception (TH, table 4), the antiglohulin

titers of the treated sera and 0.01 M fractions agreed within 1-2 tubes.

A and B Hemolysins

The sera of all three groups of subjects contained hemolysins for A, cells,

for B cells, or for both. For comparison, the incidence of isohemolysins was

determined in a random population of 110 group 0 pregnant women; 44 of

the sera contained anti-A hemolysins and 33 contained both anti-A and

anti-B.

Such isohemolysins were demonstrable in the 0.01 M fractions of the

sera of only 4 of the ABO HDN mothers and in none of the control or

selected subjects. The 0.3 M fractions of all three groups were devoid of

hemolytic activity. In comparable studies, isohemolysins were present in

both the 0.01 M and 0.3 M fractions of 4 group 0 hyperimmunized men.

In 4 group A and 4 group B men, similarly hyperimmunized, isohemolysins

were present in either the 0.01 M or 0.3 M fraction, but not both.

Density Gradient Fractionation

Density gradient fractionation was performed on the sera of 4 mothers of

group A or B infants with ABO HDN, 2 immunized group 0 men, and 6

normal subjects (4 group 0 and 2 group B). Representative examples are

shown in figure 3. Saline agglutinins were present in the 7S, 19S and

“intermediate S rate” fractions of the sera of the ABO HDN mothers and

immunized men. In contrast, the “intermediate S rate” fractions of the normal

group 0 and group B sera produced trace or no agglutination. The agglutinins

of the “intermediate S rate” and 19S fractions were similar in that no residual

activity was demonstrable after partial neutralization tests or treatment with

2-mercaptoethanol.
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Table 4.-Effect of Treatment with 2-Mercaptoethanol on Isoantibody Titers#{176}

of Sera and Chromatographic Fractions of Representative Group 0
Mothers of Infants with ABO HDN and Selected Subjects

Control Treated

Indirect
Antiglobulint

Indirect
Saline Antiglobulint

Anti-A Anti-B Anti-A Anti-B Anti-A Anti-B

256

64

NE

512

128

512

512

512

NE

256

32

NE

2048

256

256

128

64

NE

64

16

16

64
64

NE

16 512

0 64

8 16

32 1024

0 512

4 NE

Noninimunized group

Serum

S. F. 0.01 NI

0.3 NI

B mother

32

0

8

NE 0 0

0 0 0

NE 0 0

512 16 128

64 16 64

NE 0 2

#{176}Figures represent greatest twofold dilution producing positive serologic reaction.

INE = no enhancement by indirect antiglohulin test.
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Subjects

Serum Saline
or

Fraction Anti-A Anti-B

Mothers of infants with ABC) HDN

Serum 128 64

H. B. 0.01 M 2 1

0.3 M 16 2

Serum 256 512

T.H. 0.O1M 8 8

0.3 M 128 128

Serum 256 64

R.E. 0.O1M 4 0

0.3 M 128 32

Nonimmunized group 0 men

Serum 64

A.F. 0.O1M 2
0.3M 8

Serum 128

S. Z. 0.01 M 16

0.3M 8

“Immunized” group B man

Serum 256

H. F. 0.01M 16
0.3 M 32

8 4 64 32

2 1 64 32

0 0 1 0

8 64 64 2048

2 4 64 256

0 2 2 16

4 4 128 32

4 0 256 32

0 0 1 0

4 0 256

2 0 64

0 0 0

16 2 1024

16 0 512

0 0 2

32

8

0

64
64

0

Antibody Activity to A�’ CelLi

The sera of the three groups of subjects (plus sera from an additional

4 mothers of infants with ABO HDN) were tested for anti-Ar’ activity. The

majority of the ABO HDN sera and control sera and a third of the selected

sera produced agglutination of A�’ cells (table 5). The sera of 16 of the 19

mothers of affected group A infants contained anti-A’� hemolysin, in contrast

to only 1 of 9 mothers of affected group B infants. In the control groups, the

sera of 1 of the 12 mothers of normal infants and 4 of the 15 selected subjects

produced lysis of A” cells. The sera that hemolyzed A�’ cells invariably con-

tained anti-A agglutinins resistant to partial neutralization. (The converse

was not true, however, since the majority of the control and selected sera

that contained resistant anti-A agglutinins (table 3) did not hemolyze A�’

cells.) The mothers of affected group A infants showed a significantly higher
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Fig. 3.-Distribution of anti-A isoantibodies in density gradient fractions of
representative group 0 sera. By immunolectrophoretic criteria, fractions 1-3

contained 19S (y�,) and fractions 6-10 contained 7S (Y2) . Fractions 4 and 5
(“intermediate S rate”) were not clearly defined (see text).

incidence of anti-Ar’ hemolysins (p = 0.0001 ) than the mothers of normal

group A infants.

The incidence of anti-An’ hemolysins was also determined in a prospective

study of sera from 110 randomly selected group 0 pregnant women. As

shown in figure 4, the sera of 24 of the women lysed A�’ cells; all 24 sera

also hemolyzed A1 cells. Of the women in this group, 11 subsequently gave

birth to group A infants, 2 to group B infants, and 11 to group 0 infants.

Only one of the newborn infants (group A) had ABO HDN.

Anti-Ar’ antibodies were present in both the 0.01 M and 0.3 M fractions of

sera from the ABO HDN mothers. The 0.01 M fractions reacted with A�’ cells

by ficin and antiglobulin methods, whereas saline anti-A’#{176} agglutinins were

restricted to the 0.3 M fractions. Anti-An’ hemolysin was present in both

fractions.

The 0.01 M fractions of cord blood obtained from 6 normal group 0 siblings

of infants with ABO HDN contained anti-Ar’ agglutinins (detectable by

enzyme and antiglobulin methods) and A#{176}’and A hemolysins. The 0.3 M

fractions lacked detectable y100-globulins; isoagglutinin activity against A1, B

or A�’ cells could not be demonstrated by either saline or antiglobulin tests.

Absorption of Anti-A and Anti-B Antibody by Pig Cells

Figure 5 shows the results of absorption with A�’ cells on the anti-A titers

of sera from 12 ABO HDN mothers, 24 control mothers, and 3 immunized

and 3 nonimmunized group B subjects, grouped according to the presence

or absence of A’#{176}hemolysin. Anti-A titers in sera lacking A�’ hemolysins were

reduced 0-3 tubes by absorption with A’#{176}cells. When the sera containing
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Table 5.-incidence of Anti-AP’ Antibody in Sera of Group 0 Subjects

Source of Sera

Blood

Group of

Infant
No.

Tested
.

S

No. Positive

aline* F�cin Hemolysin

Test sera
Mothers of ABO HDN infants A

B

19

9

17 19

(2)

6 7

16

1
Total 28

Control sera
Mothers of normal infants of A 8 5 7 0

incompatible blood group (1)

-

B 4 0 2 1

Total 12

Selected group 0 sera
Mothers of normal infants 0 3 1 1 1
Nulliparous women 6 2 2 1

Nonimmunized men 6 1 2

(1)
2

Total 15

additional sera negative by saline aggluti-
#{176}Figures in parentheses indicate number of

nation test but positive by indirect antiglobuln test.

A” hemolysins were tested, such absorption reduced the anti-A serum titers

of mothers of normal group A infants by 1-6 tubes and of mothers of affected

group A infants by 1-4 tubes. Similar results were obtained by antiglobulin

test. In general, A�’ absorption reduced the saline anti-A titers of a serum and

its 0.01 M and 0.3 M fractions to a comparable degree. In a few instances,

however, such absorption reduced the saline anti-A titer, but not the anti-

globulin titer, of the 0.01 M fractions (fig. 6).

Absorption of sera and fractions from the ABO HDN and normal mothers

and from 4 immunized and 4 nonimmunized group A subjects with either O�

or A” cells reduced anti-B titers from 0-7 tubes (median, 3-4 tubes) in all

instances. Sequential absorption of sera or fractions with O’� and A�’ cells did

not have an additive effect; the reduction in anti-B titers was no greater than

that obtained by O� or A’� absorption alone.

DIscussIoN

Of the several parameters investigated in this study, none proved to be

completely reliable for the antenatal prediction of ABO hemolytic disease of

the newborn (HDN). As in previous investigations,15’18’19 serum isoagglutinin

levels per se were of questionable value in distinguishing mothers of infants

with ABO HDN from mothers of normal infants. Zuelzer and Kaplan,15

attempted to differentiate the two groups by partial neutralization tests,1

using positive results in this test system as a criterion for “immune” antibody.

These investigators found “immune” isoantibodies directed against the infant’s

blood group in the sera of 22 of 35 ABO HDN mothers but in only 4 of 112
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Fig. 4.-Incidence of All hemolysin in sera of 110 group 0 pregnant women.

Each dot represents one serum. Only one woman in the group gave birth to an

infant with ABO hemolvtic disease of the newborn ( indicated b� asterisk )

group 0 mothers of normal infants of incompatible blood group. The data

of Yunis and Bridges2 showed less differentiation between the two groups,

since they found nonneutralizable isoagglutinin in 6 of 19 mothers of infants

without ABO HDN. Our results showed an even higher incidence of isoag-

glutinins resistant to neutralization in normal maternal sera. Differences in

the titers of the whole sera after neutralization, however, tended to separate

the mothers of affected infants (titers of 128 or greater by antiglobulin test)

from the control mothers (titers less than 128).

Several investigations have shown a high incidence of 7S isoagglutinins in

group 0 individuals,21 particularly in group 0 mothers of infants with ABO

HDN.” Since the 7S isoagglutinins traverse the placenta readily,22 they might

be expected to play a role in the development of ABO hemolytic disease of the

newborn. In the present study, however, 7S isoantihodies were demonstrated

by antiglobulin test in all group 0 sera studied, whether from ABO HDN

mothers or other subjects. In addition, although 7S saline agglutinins were

present in the sera of over 90 per cent of mothers of affected infants and of

all immunized group 0 men, they were also found in the sera of half of the

control mothers and a third of the selected subjects. (These data extend

previous findings from our laboratory.21)

The possibility that “resistant” isoagglutinins in the 7S fractions of maternal

sera are more directly related to the development of hemolytic disease in a
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Fig. 6.-Effect of absorption by A’#{176}and #{216}Pcells on isoagglutinin titers of serum

and DEAE fractions of mother (MI) of infant with ABO hemolytic disease of the
newborn. C = unabsorbed serum or fraction; O� and AP’ serum or fraction ab-

sorbed with O� and All cells, respectively.

fetus of incompatible blood group was also investigated. Kochwa and col-

leagues, in their excellent study,1’ reported “noninhibitable” 7S anti-A in only

4 of 73 group 0 mothers of normal infants. In contrast, the 7S fractions of one-

third of our group of mothers of normal infants contained isoagglutinins

resistant to 3:1 neutralization by SSBGS. The two studies were not comparable,

however, because of significant differences in neutralization tests (see footnote,

page 20) and other methods employed.

The destructive effect of 2-mercaptoethanol on 19S isoantibodies permits

estimation of residual 7S isoagglutinins in serum’#{176}’21’2325 and is considerably

less laborious than DEAE fractionation. In the present study, the isoagglutinin

titers of mercaptoethanol-treated sera were in general parallel to the titers

(by antiglobulin test) of the 0.01 M (Y2) DEAE fractions (table 4) and

therefore were also inadequate as a predictive parameter.

Hemolysis of A1 and B cells by whole serum also proved of little predictive

32 FONG, NUCKTON AND FUDENBERC.
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value, since the sera of all of our ABO HDN and control mothers contained

isohemolysins. The 0.01 M fraction produced lysis of A1 or B cells in only

four instances in the ABO HDN group and in none of the control group. The

differences in the results obtained with serum and fractions may be a direct

result of the experimental conditions employed. For example, factors such

as the ratio of serum to cells,23 the species used as source of complement,26

and the effects of fractionation undoubtedly influence the serologic demon-

stration of isohemolysins.

Because of the lack of significant correlation between the serologic

properties of the 7S isoagglutinins and the occurrence of ABO hemolytic

disease, the ‘y-globulins of “intermediate S rate” were studied. Rockey and

Kunkel24 and Polley et al.25 demonstrated saline isoagglutinins not only in

the 75 and 19S fractions but also in the “intermediate sedimenting” fractions

of sera from immunized male donors. In our series, similar “intermediate S

rate” isoagglutinins, localized by density gradient ultracentrifugation, were

present in the sera of all ABO HDN mothers, but could not be demonstrated

in normal group 0 and B sera. In all instances, these “intermediate S rate”

agglutinins lacked the serologic properties characteristic of “immune” isoag-

glutinins.

In tests employing A’� cells, our results differed significantly from those of

Tovey and associates5 in two respects. First, these investigators found anti-An

hemolysins in the sera of all of 63 group 0 mothers of infants with ABO HDN,

whether of blood group A or B. In contrast, we found anti-A#{176}1hemolysins in

the serum of 16 of 19 mothers of affected group A infants, but in only 1 of 9

mothers of affected group B infants. The difference in results may be attribut-

able to our use of 0#{176}absorption to remove heteroagglutinins before the sera

were tested against A1� cells. 0#{176}cells are thought to contain a B-like antigen27

and hence may have removed immune anti-B from the maternal sera. How-

ever, in similar tests performed without prior absorption by 0#{176}cells, the sera

of the mothers of group B infants with ABO HDN did not hemolyze A�’ or

O� cells, whereas the sera of 2 immunized group A men produced hemolysis of

both A�’ and 0#{176}cells. The results of the two studies also differed in that Tovey

et al. found anti-A#{176} hemolysin in the sera of only 5 per cent of randomly

selected group 0 mothers, whereas the sera of 24 of our group of 110 randomly

selected pregnant women contained anti-A#{176}’. Our use of pig cells of the

A” subgroup, which had not been characterized at the time of the report of

Tovey et al. and which are more sensitive to hemolysis than the “average” A”

cell,6 may account for the higher incidence of anti-A” hemolysin in our series.

Tovey et al. advocated sequential A” hemolysin and A� absorption tests of

maternal sera as a screening procedure. In our study, A�’ absorption tests on

sera containing A#{176}’hemolysins showed no discernible difference between the

ABO HDN and control mothers. The A#{176}’hemolysin test alone gave better

differentiation between the two groups than the two tests combined. (Similar

hemolysin and absorption tests with B-like cells from infrahuman species

were not performed since to our knowledge such tests have not been proposed

as a screening procedure for the detection of ABO HDN.)
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Our results confirm those of previous studies indicating that the presence

of “immune” isoantibodies as detected by current test methods is not invari-

ably associated with the occurrence of ABO HDN or their absence with the

nonoccurrence of the disease.15’18’28 The three criteria that differentiated the

sera of the ABO HDN and control mothers were a titer of 128 or greater by

antiglobulin test after partial neutralization by SSBGS, the presence of A”’

hemolysins, and the presence of 75 “resistant” isoagglutinins. Although these

differences were highly significant statistically, none of the three tests alone

can be depended on for the unequivocal prediction of ABO HDN, since both

“false-positive” and “false-negative” results were obtained with each. The

simultaneous use of two or more of the test methods evaluated in this study,

however, resulted in the detection of 90 per cent of mothers of infants with

ABO HDN and gave clinically misleading (positive) results in less than 30

per cent of mothers of normal infants.

Overall evaluation of our results suggests that the presence in the maternal

serum of so-called 75 “immune” isoagglutinins, as detected by current serologic

methods, is not the only variable involved in the development of hemolytic

disease in an incompatible fetus. Other serologic attributes of the maternal

“immune” isoagglutinins ( for example, cross-reacting properties293’ ) may be

more important. Moreover, the residual serum isoantibodies of ABO HDN

mothers, which were the subject of this study, may differ significantly from

those maternal isoantibodies attached to homologous fetal erythrocytes, either

in having greater avidity for the erythrocyte antigen or in some other respect.

Alternatively, protective factors may exist in the fetus. For example, if A or B

antigens are present on the fetal side of the placenta, they might absorb

isoantibodies transmitted through the placenta; the degree of absorption would

presumably be related to the quantity of placental isoantigen present.

Similarly, the A or B antigens of fetal tissue, which complex with maternal

isoantibodies,32’53 may vary quantitatively. If so, infants with greater amounts

of tissue isoantigens would be least susceptible to hemolytic disease. The

presence of SSBGS A or B in cord serum may also protect the fetus by

neutralizing maternal antibodies or by competing with the erythrocytic anti-

gens of the fetus for such antibodies.34’35 Quantitative variations of the fetal

erythrocyte antigen may be important in relation to the degree of destruction

of homologous fetal cells by maternal antibodies.36’37 A deficiency of protec-

tive factors or increased reactivity of fetal red cell antigen may be as impor-

tant in the occurrence of ABO HDN as the level of maternal 7S isoagglutinins.

SUMMARY

Sera of group 0 mothers of infants with and without ABO hemolytic disease

of the newborn were fractionated by diethylaminoethyl-cellulose chromatog-

raphy and density gradient ultracentrifugation. Whole sera and serum frac-

lions were evaluated for activity by various test systems currently used for

the antenatal prediction of ABO hemolytic disease of the newborn. The

results of these studies did not show any single serologic property that would
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unequivocally diflerentiate between the isoantibodies of mothers of affected

infants and mothers of normal infants of incompatible blood group.

SUMMARIO IN INTERLINGUA

Esseva obtenite seros de matres de gruppo 0 con infantes con e sin morbo

hemolytic ABO de neonatos e fractionate per medio de chromatographia a

cellulosa diethylaminoethylic e ultracentrifugation a gradiente de densitate.

Seros total e fractiones seral esseva evalutate per medio de vane systemas de

investigation currentemente usate pro le prediction antenatal de morbo hemo-

lytic ABO de neonatos. Le resultatos de iste studios non monstrava ulle indi-

vidual proprietate serologic le qual differentiava inequivocamente inter le

isoanticorpores de matres de afficite infantes e matres de infantes normal con

incompatibileate de gruppo de sanguine.
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ADDENDUM

Polley and coworkers (Lancet 1:291, 1965) recently obtained similar results with the

Witebsky partial neutralization test, using the indirect antiglobulin method with specific

antl-YG serum.
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