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Although there is some evidence that neonatal
thrombocytopenic purpura, which occurs in other-
wise normal children born of healthy mothers, is
caused by maternal antibodies formed against fetal
platelets (1-3), lack of reliable serologic tech-
niques generally has prevented convincing dem-
onstration of the responsible antibodies and has
precluded thorough investigation of the properties
and inheritance of specific platelet antigens pre-
sumed to be involved. Because experience in this
laboratory has shown that complement fixation is
the most sensitive technique for detecting several
different types of antiplatelet antibodies (4-6),
this technique was applied in a search for anti-
bodies in the sera of normal mothers who had
given birth to thrombocytopenic infants. In the
present report the isoantibodies which were found
are characterized, and the sensitivity of the com-
plement fixation technique is compared with that
of other techniques employed in attempts to detect
antiplatelet antibodies.

A well defined platelet antigen system recently
has been identified (6, 7) and the nature of the
antigen, its reactions with antibody, and its mode
of inheritance have been described in detail (6).
One of the maternal isoantibodies studied in the
present work permitted differentiation of a second
platelet antigen. The properties of the new anti-
gen are compared with those of the previously de-
scribed antigen.

CASEREPORTS

Sera of four mothers, who had given birth to six
children with neonatal purpura, were tested for anti-

* Part of this work was presented at the Meeting of
the American Federation for Clinical Research, April 30,
1961, and appeared as an abstract in Clin. Res. 1961, 9,
157.

body. All children were born at full term by normal
spontaneous delivery; all developed petechiae and ecchy-
moses within 1 to 6 hours after birth and had severe
thrombocytopenia, but their hemoglobin and leukocyte
counts were normal and they had no other congenital de-
fects. The four mothers were in good health, had nor-
mal platelet levels shortly after parturition, and had no
past history of having idiopathic thrombocytopenic purpura
or of receiving blood transfusions. All of the infants
recovered as described in the following individual case
reports; and, thereafter, none had recurrence of thrombo-
cytopenia during follow-up periods ranging from 3 months
to 9 years.

Family H. A boy, born to a para I gravida II mother,
had a platelet count of 12,000 per mm' 2 hours after birth.
Cortisone, 40 mg daily, was given for 8 days, then re-
duced to 10 mg over a 4-day period. Platelets rose
rapidly to 180,000 per mm3 on the third day and skin
lesions disappeared in 5 to 6 days. Another son, born
1 year earlier, had had a large ecchymosis at birth cover-
ing most of the lower part of his body. His platelet
count was 5,000 per mm' on the day of birth, 25,000 after
3 days, 70,000 after 12 days, 160,000 after 15 days, and
normal thereafter. Purpura persisted for 8 days and was
accompanied by gross hematuria during the first week.

Family K. A girl, born to a para IV gravida IX
mother, had fewer than 50,000 platelets per mm3 1 hour
after birth. Although no steroid therapy was given, her
platelets rose rapidly to normal levels within 4 days, dur-
ing which time purpura cleared. A sister, 9 years older,
developed severe purpura on the first day of life and at
the time was found to have "very low" platelets. She had
hemorrhagic manifestations for 8 days and required two
blood transfusions; but within 14 days her platelets had
reached normal levels, and within 3 weeks purpura had
disappeared. The mother of Baby K had had four mis-
carriages at 3 to 5 months' gestation between the birth
of her second and fifth children.

Family C. A boy, born to a para 0 gravida I mother,
had 8,000 platelets per mmsand a strongly positive tour-
niquet test 6 hours after birth. Tibial bone marrow as-
piration done on the day of birth showed almost total
absence of megakaryocytes. Daily treatment with pred-
nisone, 10 mg intramuscularly, was begun immediately.
Platelets rose to 80,000 per mm3 by the fourth day and
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then rose more gradually to 200,000 over the next 2
weeks. Marrow obtained on the tenth day showed a
normal number of megakaryocytes.

Family S. A girl, born to a para III gravida IV
mother, was found to have only an "occasional" platelet
on a blood smear taken several hours after birth. She
was treated with cortisone, 10 mg daily. Petechiae and
ecchymosis gradually disappeared and platelets remained
"very low" during the first week of life. Steroid therapy
was discontinued after 8 days. Platelets rose gradually to
normal levels during the second and third weeks. Bone
marrow obtained on the third day of life was norrnsl,
showing an adequate number of megakaryocytes.

MATERIALS ANDMETHODS

Methods of preparing platelet suspensions, counting
platelets, measuring platelet agglutination, complement
fixation, inhibition of clot retraction, and nitrogen con-
tent of platelet suspensions; treating platelets with tryp-
sin; and performing antihuman globulin consumption
tests were as described in previous studies of platelet im-
mune systems (4-6). Platelet suspensions generally were
standardized on the basis of N content, 800 ± 50 ltg N per
ml being equivalent to 2 X 108 platelets per mm3 (6).

Complement (C') activity was measured in terms of a
50 per cent hemolytic unit (4), with a single hemolysin
preparation and erythrocytes from a single sheep. With
the antigen systems studied in this report, the maximal
amount of fixation occurred within 1 hour at 370 C. C'
fixation was not potentiated by the use of buffers con-
taining calcium and magnesium ions. In all reaction
mixtures sufficient C' was added so that less than 75 per
cent would be fixed. Under these conditions the amount
of C' fixed was independent of the amount of C' initially
present (4).

Additional platelet agglutination tests were performed
according to the methods described by Dausset (8), and
Stefanini (9) and Harrington (1) and their co-workers,
and the mixed antiglobulin test was done according to
Chalmers, Coombs, Gurner and Dausset (10). The tanned
red cell agglutination test for antiplatelet antibodies was
performed as described by Kissmeyer-Nielsen (11).

Antibody which was used to phenotype platelets in a
previously described platelet antigen system was obtained
from a patient who had developed the antibody after
blood transfusion (6). Methods of measuring this anti-
body quantitatively and the definition of an antibody
unit are given in a previous paper (6), and the antigen
which the antibody identified was labeled PlAl. The ra-
tionale for the system of nomenclature used to describe
the three phenotypes and genotypes that were recognized
was presented. It was shown in the PlAl-anti-PlI" system
that platelets from some individuals fix twice as much
C' per platelet as do platelets from other individuals.
Family studies indicated that the doubly reactive platelets
were from individuals homozygous for the gene deter-
mining the PIAl antigen [phenotype PlA(1,1)], while less
reactive platelets were from the individuals heterozygous
for that gene [phenotype PlA(l,-) ]. Moreover, it was

found that platelets from homozygous individuals ad-
sorbed twice as much antibody per platelet as did plate-
lets from heterozygous individuals. Nonreactive platelets
were from individuals lacking the gene [phenotype
P'(-,-) ]. These methods of phenotyping platelets are
used in the present work with a maternal isoantibody
that identifies a new platelet antigen (see Experimental
Results, section 2).

EXPERIMENTALRESULTS

1. Demonstration of maternal-fetal incompati-
bility in the PIA- antigen system. The mother of
Family H had had two thrombocytopenic infants,
but serum obtained from her 1 year after the birth
of her last child did not contain antibody when we
tested it with the father's platelets, using C' fixa-
tion and agglutination techniques at the limit of
their sensitivity for detecting known antiplatelet
antibodies (4-6). However, when platelets from
the mother, father, and second child were typed
with anti-PlAl, the mother was found to be a non-
reactor, the father homozygous for PJA1, and the
child heterozygous for PlA1 (Figure 1). There-
fore, maternal-fetal incompatibility in the PlI1-
antigen system was established. Since less than
2 per cent of the individuals in the general popu-
lation have platelets lacking PlAl antigen (6), the
probability that neonatal purpura was associated
by chance with incompatibility in the plAl system
was slight.

Serum from the mother of Family K, obtained
1 day after the birth of her last thrombocytopenic
infant, showed no activity with the father's plate-
lets in the usual C' fixation and direct agglutination

FAMILY H FAMILY K

FIG. 1. PLATELET TYPES OF FAMILIES H AND K DE-
TERMINED WITH ANTI-PLA" ANTIBODY. Circles indicate
females; squares, males. Solid symbols denote individuals
homozygous for PIAl [phenotype PlA(1,1) ]; hatched
symbols, heterozygous individuals [phenotype PlA(l,-)];
open symbols, nonreactors [phenotype PI'(-,-) ]. Chil-
dren who had neonatal thrombocytopenic purpura are
designated "P."
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tests. However, when platelets from this family
were phenotyped with anti-PlAl, again there was
maternal-fetal incompatibility in the PlAl antigen
system (Figure 1). In view of the infrequency of
PlAl-negative individuals (less than 2 per cent),
the probability that this incompatibility would oc-
cur in two successive families by chance alone was
less than 0.0004. Therefore, the possibility was
considered that the serum of Mother K might
contain a non-C'-fixing, nonagglutinating antibody
which, nevertheless, might interfere with activity
of the known anti-PlAl in a manner analogous to
that of "blocking" antibodies which develop against
erythrocyte antigens. Table I shows the type of
experiment used to demonstrate a factor in the
serum of Mother K which interfered with C' fixa-
tion by anti-PlAl. Prior incubation of platelets
containing the PlAl antigen with the serum from
Mother K markedly reduced the amount of C'
fixed by those platelets in the presence of anti-PlAl.
When the order of addition was reversed, and the
C'-fixing anti-PlAl was added to platelets first,
interference with C' fixation was much less. Inter-
ference with C' fixation appeared to be specific for
the PlAl-anti-PlAl system, for 75 per cent of the
interfering factor could be removed from 2 ml of
Mother K's serum by adsorption with 109 plate-
lets of phenotype PlA (1,1), but it remained un-
changed after adsorption with the same number of
PlA(_,_) platelets. Moreover, when platelets con-
taining PlAi were incubated in the serum of Mother
K, centrifuged, washed once in 0.85 per cent NaCl,
and resuspended, they remained incapable of fixing
C' with anti-PlAl. Furthermore, Mother K's se-
rum did not interfere with the C'-fixing activity of

TABLE I

Interference with C' fixation by serum
from Mother K *

1 2 3
Units C'

Prior incubation Later addition fixed

Mother's serum +platelets Anti-PIA2 +C' 0.5

Normal serum +platelets Anti-PI'- +C' 6.0

Anti-PlAl +platelets Mother's serum +C' 2.8

Platelets Mother's serum +C' 0

Anti-PlA1 +platelets C' 5.4

* Reagents in column 1 were incubated for 5 minutes at 37' C, fol-
lowed by addition of reagents in column 2 and incubation for 1 hour at
37' C. Platelets, type PIA (1,1) (6) at 2.5 X104 per mm2final concentra-
tion, 5 U of anti-PI'1 (6), and 0.1 ml of serum from Mother K were used
in the various mixtures, the final volume in each tube being 0.4 ml, ad-
justed with 0.85 per cent NaCl.

an isoantibody directed against a platelet antigen
which differs (see below) from PlAl.

The antiglobulin consumption test, using
Mother K's serum alone, was consistently but
weakly positive with PlA(1,1) platelets, but nega-
tive with PlA(-,-) platelets. The amount of anti-
globulin consumed by PlA(1,1) platelets exposed
to Mother K's serum was similar to the amount
consumed by the same number of PlA(1,1) plate-
lets saturated with the C'-fixing anti-PlAl (6).

The titer of the interfering factor in Mother K's
serum could be estimated by determining the smal-
lest amount of serum that would inhibit C' fixa-
tion by a given amount of anti-PlA, with a given
number of platelets. For instance, as little as
0.04 ml of Mother K's serum completely prevented
C' fixation by 107 PlA(1,1) platelets with 4 U of
anti-PlAl in a 0.4-ml total volume. By this method
of titration, no significant decrease in activity was
found in Mother K's serum during the first 2
months after delivery. Mother H's serum showed
no ability to interfere with C' fixation by anti-PlA1,
but her serum had been obtained 1 year after the
birth of her last child.

2. Demnonstration of maternal-fetal incompati-
bility in a new platelet antigen system. Serum
from the mothers of Families C and S, when tested
with platelets from both fathers in mixtures simi-
lar to those used with anti-PlAl (6), produced C'
fixation, as shown in Figure 2. Platelets from
both mothers gave no C' fixation with their own
or each other's serum, whereas platelets obtained
from the affected babies, after they had recovered,
reacted with serum from both mothers in a man-
ner identical with that of platelets from the fathers.

The factor in the mothers' sera that produced
C' fixation is referred to as an antibody because it
was found to be nondialyzable, was recovered
quantitatively in a fraction of serum precipitated
at one-third saturation with ammonium sulfate,
and did not lose more than 10 per cent activity on
heating for 2 hours at 560 C or after storage for
at least 6 months at - 200 C but was rapidly de-
stroyed when heated at 700 C.

With the standard curve shown in Figure 2,
antibody activity in different serum samples could
be compared by the amounts of sera required to
produce a given amount of C' fixation in the
presence of excess antigen (4, 6). With any one
serum sample the standard curve was reproducible
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from day to day with an error of ± 10 per cent,
provided freshly prepared platelets were used.
One unit of antibody activity was defined arbi-
trarily as that amount required to fix 4 U of C'
under conditions shown in Figure 2. The serum
sample used in this figure, obtained 1 week post
partum from Mother C, contained 29 ± 2.9 anti-
body U per ml. Antibody activity in Mother C's
serum, measured by this method, remained un-
changed for approximately 2 months, then decayed
gradually to 50 per cent of the initial value within
the subsequent 2 months. The serum of Mother
S contained 20 U of antibody per ml 4 years after
the birth of her last thrombocytopenic infant, and
antibody activity in her serum from the post-
partum period contained 25 U per ml, after frozen
storage for 4 years. The frozen serum was the
only sample available on Mother S from the post-
partum period.

Serum from the infant of Mother C was the
only infant's serum available from the neonatal
period. The infant's serum obtained on the first
day of life contained antibody, but the titer was
approximately one-tenth that of the mother's
serum obtained on the same day.

Sera from 37 mothers of unknown platelet
type, obtained at the time they delivered, were
used in C' fixation tests with platelets known to
react with the sera from Mothers C and S. These
sera were used at one-half dilution with platelets
at concentrations of both 50,000 and 300,000 per
mm3. None of the sera fixed C'. Previous preg-
nancies included, the mothers tested had given
birth to a total of 90 normal children.

The following observations show that the anti-
bodies in sera of Mothers C and S had identical
specificity for an antigen which differs from PlA.
Both mothers' sera were tested against platelets
from 49 normal individuals selected at random.
For these tests 2.3 U of antibody and a final plate-
let concentration of 2.5 x 105 per mm3were used
in mixtures otherwise as in the legend of Figure
2. The specificity of reactions with sera from
both mothers was identical, C' fixation being ob-
tained with platelets from 39 per cent of the donors.
This frequency of positive reactors is in contrast
to the positive reactors of greater than 98 per cent
found with anti-PlAl. The platelet antigen iden-
tified by antibody in serum from Mothers C and S
was different from the PlAl platelet antigen, as

well as from erythrocyte antigens A1, A2, 0, B,
M, N, S P. C, D, E, c, e, Du, K, Fya, Lea and
Leb, based on platelet and erythrocyte phenotypes
determined on 22 individuals. The new platelet
antigen will be referred to as PlB1 for reasons dis-
cussed previously (6). Anti-PlBl could not be
demonstrated in sera from 12 normal PiB (_-) in-
dividuals by C' fixation or agglutination techniques.

As with the PlAi platelet antigen (see Materials
and Methods), the amount of PlBI antigen per
platelet could be determined by the amount of C'
fixed per platelet and by the amount of antibody
adsorbed per platelet in the presence of excess anti-
body. Figure 3 shows the amount of C' fixed by
platelets from two different reactive donors. With
previously described methods for measuring anti-
body adsorption (6), the platelets used to obtain
curve 1, Figure 3, adsorbed approximately twice
as much antibody per platelet as did the platelets
used to obtain curve 2, Figure 3. By inference
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FIG. 2. STANDARDCURVE OF C' FIXATION WITH SERA
FROM MOTHERSC AND S. Various amounts of serum,
indicated on the abscissa, were incubated with platelets
(final concentration 3 X 10' per mm') for 1 hour at 370 C
in the presence of guinea pig C' before residual C' was
measured. Total volume of incubation mixture was 0.4
ml. Each symbol indicates an experiment done on a dif-
ferent day, using a different platelet preparation. One
serum sample from Mother C was used throughout and
all platelets used were phenotype plB (1,-) (see text).
Serum from Mother S gave an identical curve, but dif-
ferent amounts of serum were required (see text),
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from knowledge of the PlAl-antigen system, it ap
peared that platelets doubly reactive with anti-Pli
were from individuals homozygous for PlB1, an
that less reactive platelets were from individual
heterozygous for PlBi. Platelets from only on
of the positive reactors tested thus far have beei
doubly reactive. However, since positive reactor
account for 39 per cent of the population tested
only approximately 4.8 per cent of the population
would be expected (12) to be homozygous for the
PIB1 gene. Further evidence that less reactiv(
platelets represent the heterozygous state in thl
PlB1 antigen system was obtained from the fre
quency of nonreactive platelets in offspring o
matings between nonreactive individuals and in
dividuals presumed to be heterozygous for the pjB
gene, on the basis of C' fixation tests done as ir
Figure 3. Of the 15 offspring tested, 8 were non-
reactive with anti-PlBl, and platelets from those
who were reactive fixed C' quantitatively in the
same manner as did platelets from the reactive
parent. This is consistent with the expected 50-5C
distribution of the P1Bi gene if the PlBl-positive
parent were, in fact, heterozygous. Phenotypes
of Families C and S in the PlBi system are shown
in Figure 4; in Table II the observed frequency
of the three possible phenotypes of the PlBi system
are compared with those of the PlAl system.
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FIG. 3. C' FIXATION WITH VARIOUS PLATELET CONCEN-
TRATIONS AND A FIXED CONCENTRATIONOF ANTI-PIB". In-
cubation mixtures contained 0.06 ml of the same serum

used in Fig. 2 and various concentrations of platelets in-
dicated on the abscissa. Conditions otherwise as in Fig.
2. Curve 1 was obtained with highly reactive platelets
from one individual (see text) and curve 2 was obtained
with platelets which produced the usual reaction (see
text).
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FIG. 4. PLATELET TYPES OF FAMILIES C AND S DETER-
MINED WITH ANTI-PLB" ANTIBODY. Symbols are as in
Fig. 1, hatched symbols representing individuals heterozy-
gous for PI"B [phenotype pIB (1,-) ] and open symbols,
nonreactors [phenotype P'(- ,)].

1 Although the frequencies of the two genes, PMA
and PlBl, are consistent with their being alleles,
the following results of phenotyping selected in-
dividuals for both antigens indicate that PjBi is
not an allele of PMA'. The one individual who was
apparently homozygous for P1Bi was heterozygous
for PZAi; of seven individuals apparently heterozy-
gous for PJBI, five were homozygous and two were
heterozygous for PMA'; and of three PlAl-negative
individuals, two were also PlB1-negative and one
was apparently heterozygous for PjB1.

3. Properties of PIB1 antigen and PlBl-anti-PIBl
complex. The C'-fixing activity of platelets con-
taining PlB1 antigen was reduced 25 per cent after
heating for 10 minutes at 560 C and 75 per cent
after 45 minutes at 560 C, but platelets heated
in this way retained full ability to adsorb anti-
body. Platelets heated at 1000 C for 10 minutes
lost all C'-fixing activity, as well as the ability to
adsorb antibody. Lyophilized platelets reconsti-
tuted in 0.85 per cent NaCl did not fix C' with
antibody but adsorbed antibody almost as well as
an equivalent number of fresh platelets. Platelets
suspended in 0.85 per cent NaCl lost approxi-
mately 50 per cent of their C'-fixing activity over
a 60-day period at 50 C, whereas platelets kept
frozen at - 200 C retained full ability to fix C'
and adsorb antibody for at least 2 months.

Platelets exposed to trypsin for 20 minutes lost
approximately 50 per cent of their C'-fixing activ-
ity, but more prolonged exposure to trypsin did
not result in further loss of activity. By an agar
gel diffusion technique, anti-PlBl did not form a
precipitin line with serum from PlBt-positive per-
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TABLE II

Frequency of platelet phenotypes identified by anti-PIBl *

PlB system PlA system

Probable Phenotype Number Phenotype
genotype symbol found Frequency symbol Frequency

Homozygous
reactor PlB(ll) 1 2 PlA(1,1) 75.7

Heterozygous
reactor P1B(1,-) 18 37.5 PlA(l,-) 22.6

Homozygous
nonreactor P1B(-,-) 29 60.5 PlA(-,-) 1.7

* PiBi antigen per platelet measured as in Figure 3. Individuals whose platelets conformed to curve 2, Figure 3, were
considered heterozygous for the PlB5, while the one individual whose platelets reacted as in curve 1 was considered homo-
zygous for PI15. Values for the PIA system are taken from Ref. 6.

sons known to be secretors of A, B, or H sub-
stance. The PlB1 antigen was not detected on
erythrocytes of P1B1-positive individuals, either by
C' fixation or adsorption techniques, and was not
detected on platelets obtained from eight rabbits,
seven dogs, and one sheep.

Some indication of the stability of P1B1-anti-Pli
complexes was obtained from the following experi-
ments. Platelets saturated with anti-PlB1 by in-
cubation in excess antibody were subjected to re-
peated washes in 0.85 per cent NaCl and tested
for their ability to fix C' after each wash, as de-
scribed in the legend of Figure 5. The Pl5B-anti-
PlBi complexes [when we used apparent P153(1,1)
or PlB (1,-) platelets] lost much more C'-fixing
activity than did PlAl-anti-PlAl complexes treated
in a similar fashion. Although PlAl-anti-P1Al com-
plexes were highly resistant to dissociation by vari-
ous forms of treatment (6), P1B1-anti-PlBl com-
plexes could be reversed as follows: platelets satu-
rated with anti-PlB were washed once quickly with
cold 0.85 per cent NaCl, then suspended in 15 per
cent NaCl and heated at 560 Cfor 30 minutes. The
supernatant fluid of heated platelets was tested for
antibody activity after dialysis for 16 hours against
0.85 per cent NaCl at 50 C. Approximately 20
per cent of the antibody initially adsorbed on plate-
lets was recovered by this technique.

The order of adding antibody, platelets, and C'
to reaction mixtures had no effect on the amount
of C' fixed by PlAl-anti-PlAl complexes (6); but,
as shown in Table III, the amount of C' fixed by
mixtures of PlBi and anti-PlBi was influenced by
the sequence of adding reagents. By comparing

results in Table III with results in Figure 2, it is
seen that the effect of order of adding reagents on
C' fixation was more pronounced when antibody
was in relative excess. Thus, much less C' was
fixed when platelets were preincubated with rela-
tively large amounts of antibody before C' was
added, than was fixed when C' was present in the
mixture before antigen and antibody were allowed
to interact. The higher the ratio of antibody to
platelets, the greater was the discrepancy between
the amount of C' fixed when C' was added first
and last, whereas the order of adding C' had little
or no influence on the amount of C' fixed when
antibody was present in relatively small amounts.

4. Serologic techniques other than C' fixation
used with anti-PIBl. The following tests, fre-
quently used in the study of antiplatelet antibodies,
were carried out with serum containing the high-
est titer of anti-PlB1 and platelets known to be re-
active in C' fixation tests with this antibody.

Direct platelet agglutination tests, performed by
several methods using twofold serial serum dilu-
tions from % to %46 to avoid a possible prozone
effect, did not give agglutination. Weak agglu-
tination was noted frequently with serum concen-
trations greater than 50 per cent in experimental
tubes, but control tubes containing normal sera or
platelets nonreactive with anti-PlBi showed the
same agglutination. Specific agglutination, there-
fore, could not be evaluated in mixtures contain-
ing greater than 50 per cent serum; and with
serum concentrations less than 25 per cent, no
agglutination occurred in control or experimental
mixtures.
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The mixed antiglobulin test described by Chal-
mers and co-workers (10) and the indirect Coombs
test, performed on platelets exposed to antibody
and washed in 0.85 per cent NaCl, did not give
specific agglutination. The antiglobulin consump-

tion test gave the same results with platelets which
either did or did not react in C' fixation tests with
anti-PlBl. The tanned red cell agglutination test
(11) gave uniformly negative results, not only
with anti-PlBl, but also with anti-PlAl.

There was no inhibition of clot retraction when
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FIG. 5. EFFECT OF REPEATEDWASHINGON COMPLEMENT

FIXATION BY PLATELETS SENSITIZED WITH ANTI-PL"1.
Four ml of anti-PI"1 serum containing 28 antibody U per
ml was incubated for I hour at 37° C with 2 X 109 plate-
lets [apparent phenotype Pl'(1,1)], following which
platelets were sedimented at 3,000 G and resuspended in
cold 0.85 per cent NaCl at a concentration of 10' per mm'.
An aliquot of the resuspended platelets was saved, and the
remaining suspension was brought to 3 ml with cold
0.85 per cent NaCI and centrifuged again. This washing
process was repeated 4 times, and after each wash an
aliquot of the platelet suspension, containing 2.5 x 107
platelets, was mixed immediately with 12 U of C' in a
final volume of 0.4 ml. Residual C' was measured after
incubation for 60 minutes at 37° C, and the symbols
represent the amount of C' fixed after each wash. The
dashed line represents results of a similar experiment
done, using platelets sensitized with anti-PI' (6).

TABLE III

Effect of varying order of adding reagents
on C'fixation *

Units C'
Prior incubation Later addition fixed

5 U anti-PlBl+platelets C' 3.4

Platelets+C' 5 U anti-PlBl 6.5
1 U antiPlBl+platelets C' 4.0

Platelets+C' 1 U anti-PlBl 4.4

* Prior incubation was carried out for 5 minutes at 370 C;
serum was the same as that used in Figure 2; final platelet
[apparent phenotype PlB(1,-)] concentration was 2 X 105
per mm3, and 10 U of C' was used in mixtures which other-
wise were as in Figure 2.

serum containing as much as 29 U of anti-PlBl
per ml was mixed with an equal volume of fresh
blood from individuals whose platelets fixed C'
with that antibody.

DISCUSSION

1. Clinical significance. The possibility that
maternal isoantibodies can cause neonatal throm-
bocytopenia has been considered previously (1-3,
13, 14) but, in general, adequate serological con-
firmation has been prevented by the lack of satis-
factory techniques. Moulinier (3) was the only
investigator who attempted to determine the fre-
quency of a platelet antigen in the general popula-
tion, using serum of a normal mother who had
given birth to thrombocytopenic infants. He used
the antiglobulin consumption test with papaine-
treated platelets, had difficulty with false-positive
reactions, but concluded that about 22 per cent of
platelets selected at random were positive for the
antigen involved, which was called "duzo." The
mode of inheritance of this antigen was not stud-
ied. The present work establishes a genetic basis
for maternal-fetal incompatibility in two well de-
fined platelet-antigen systems and describes the
nature of the reactions of antibodies that can cause
neonatal purpura. In one family, evidence for
isoimmune origin of the purpuric disease was based
only on the finding of maternal-fetal incompatibil-
ity of PlAl; in another family, on incompatibility
of PlAl as well as the presence of a factor in the
mother's serum that interfered with C'-fixing ac-
tivity of anti-PlAl; and in two other families, on
the presence of a C'-fixing antibody in the mothers'
sera and one infant's serum against a newly recog-
nized antigen, PlB1.
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Since 61 per cent of the population tested lack
the PlB1 antigen, and 39 per cent have it, approx-
imately [0.61 x 0.39 = ] 24 per cent of all mar-
riages are incompatible for this antigen. Fathers
who carry the antigen are almost all heterozygous;
hence there is an opportunity for maternal im-
munization by PlB1 in approximately [1/2 x 24
per cent = ] 12 per cent of all pregnancies. How-
ever, immunization against P1Bl does not appear
to occur so frequently as this (see Experimental
Results, section 2). The true frequency of iso-
immune neonatal thrombocytopenia is not accur-
ately established, for in most of the patients pur-
puric symptoms subside within a few days to a
week (see Case Reports and Refs. 2, 15) and the
disease might not be diagnosed if a platelet count
is not done during the first few days of life. The
recent report by Kaplan (16) suggests that neo-
natal thrombocytopenia is more common than has
been thought. Although erythroblastosis is un-
usual in the first-born child, neonatal purpura oc-
curred in the first-born child in Families H and C,
owing to anti-PlAl and anti-PlBl, respectively.
This suggests that platelets may cross the placenta
and induce sensitization more easily than do red
cells. There may be a number of antigens other
than PlBl and PlAl that may cause maternal iso-
immunization.

Because some thrombocytopenic infants born
to normal mothers have abundant megakaryocytes
in their bone marrow (1, 17), while others lack
megakaryocytes (2, 15, 18), neonatal purpura has
been classified as megakaryocytic or amegakaryo-
cytic (18), implying difference in etiology. One
of the infants in the present report had normal
megakarocytes (Family S), and one had virtual
absence of megakaryocytes (Family C). Since
the same isoantibody, anti-PlBl, was no doubt re-
sponsible for the thrombocytopenia in both cases,
there seems to be no good reason to divide the
syndrome of neonatal thrombocytopenic purpura
arbitrarily into megakaryocytic and amegakaryo-
cytic forms. The fact that megakaryocytes may
be absent at birth in isoimmune neonatal purpura,
owing to incompatibility of the PlB1 antigen, sug-
gests that this antigen may be present on mega-
karyocytes or their precursors, but it is not clear
as yet why some purpuric infants have adequate
megakaryocytes and others do not. In adults the
destruction of circulating platelets by other well

defined antibodies has not been observed to cause
hypoplasia of megakaryocytes (6, 19).

Mothers having idiopathic thrombocytopenic
purpura (ITP) frequently give birth to thrombo-
cytopenic infants (1, 20). It is interesting, with
respect to duration of thrombocytopenia, that pur-
puric infants born of mothers with ITP usually
take more than 5, and up to 16, weeks to recover
(1, 20-26), whereas recovery from isoimmune
neonatal purpura usually occurs in less than 2
weeks (see Case Reports and Refs. 2, 15). Thus,
it appears that the suspected antiplatelet factor of
ITP differs from the observed antiplatelet isoanti-
bodies, either in its mode of action or in its ability
to be cleared from the infant's circulation. Al-
though ITP has many characteristics of an im-
munologic disorder, antibody has not been de-
tected in sera of patients with ITP by the general
techniques used herein (6); but conceivably ITP
could be caused by a "blocking" antibody that is
not detectable by direct measurements (see Dis-
cussion, Section 3). If the ITP antiplatelet factor
is indeed an antibody, the long period of clearance
from the infant's circulation may reflect transfer-
ence of relatively large amounts of antibody across
the placenta.

The appropriate form of therapy to be used in
cases of isoimmune neonatal purpura is not as yet
clear, for effects of steroid hormones, splenectomy,
or other forms of treatment on the natural course
of the disease cannot be evaluated without regard
to the nature and level of the responsible antibody.
With recognition and means of measuring differ-
ent specific antibodies and different types of anti-
body activity, evaluation of therapy will be sim-
plified. In some instances exchange transfusion
may prove to be useful, as it is in erythroblastosis
fetalis, for an isoantibody of post-transfusion im-
munologic purpura has been successfully removed
in this way (6). It should be pointed out, how-
ever, that administration of platelets that react
with a circulating isoantibody may cause severe
reactions (3, 6).

2. Comparison of the PI-1 and PlB1 antigens.
Just as in the case of the PlAl antigen (6), the
PlB1 antigen is inherited as a dominant character
and, more specifically, appears to be inherited as a
co-dominant character dependent on a gene cap-
able of expressing itself in a single or double dose.
No evidence was obtained for free PlB1 antigen
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in serum of individuals who had PlBl-positive
platelets, for plBl antigen on erythrocytes, or for a

naturally occurring anti-PlBl. The same was true

for PJAl antigen. The PlB1 antigen was distinct
from a number of erythrocyte antigens and from
the PlAl antigen, and PjBi was not inherited as an

allele of PIA1. Some animal platelets containing
PlAl antigen did not contain PlBl antigen.

Platelets containing PlB1 antigen did not lose
their ability to fix C' with antibody as readily after
heating as did PlAl-positive platelets. Several
forms of treatment resulted in loss of the ability
of PlBi-positive platelets to fix C' with anti-PlBl,
but not in loss of their ability to adsorb anti-PlBi.
This has been observed with PlAlpositive platelets
as well, and suggests that the C'-fixation reaction
is dependent on factors in addition to antigen-
antibody combination (4). As in the case of
the PlAl antigen, the PlB1 antigen was resistant
to denaturation and to inactivation by trypsin, but
whether the antigenic material is a polysaccharide
or protein remains uncertain.

3. The problem of measuring antiplatelet anti-
bodies. Detection of a factor in Mother K's serum

which interfered with C' fixation by a known anti-
body (see Results, section 1) is analogous to de-
tection of the so-called "blocking" antibodies, well
known to develop against erythrocyte antigens.
In the present work, interference with C' fixation,
rather than with cellular agglutination, was the
basis for detecting what appears to be an im-
mulologically specific nonagglutinating, noncom-

plement-fixing antibody.
The C'-fixing reactions of anti-PlBl differed in

some respects from reactions of other platelet anti-
bodies which have been described (4, 6). In

assaying anti-PlBl, the general principle of varying
platelet concentration to find an optimal range for
a given antibody concentration (4, 6) applied, but
different ranges of platelet concentration were re-

quired in assaying anti-PlBl (Figure 3) and anti-
PlAl. This finding indicates that in attempts to

detect unknown antiplatelet antibodies by C' fixa-

tion techniques, platelet concentration in reaction
mixtures should be varied over a wide range, at

least from 25,000 to 500,000 per mm3. The order

of adding reagents markedly influenced the amount

of C' fixed by anti-PlBj (see Results, section 3),
but had no influence on the amount of C' fixed by
anti-PlAl (6). The significance of this phenom-

enon is not clear, but the observation indicates the
importance of varying the order of adding reagents
to C'-fixation mixtures when searching for un-
known antibodies.

Various techniques other than C' fixation ap-
plied in attempts to detect anti-PlBi were unsuc-
cessful (see Results, section 4). We would ex-
pect the tanned red cell agglutination tests to be
negative in view of the fact that PlB1 antigen is
not present in saline extracts of PlB1-positive plate-
lets. The relatively weak association between PlBi
and anti-PlBi (see Results, section 3) may account
for negative results with methods that require re-
peated washing of sensitized platelets, such as the
antiglobulin consumption test and the mixed anti-
globulin test. By contrast, anti-PlA1, which com-
bines very firmly with antigen, gave a positive
antiglobulin consumption test (6). Inability of
various direct agglutination techniques and the clot
retraction inhibition test to detect anti-PlB1 are
observations awaiting explanation, but perhaps
failure of these tests also may be related to the
instability of PlB1-anti-PlBl complexes.

The greater sensitivity and versatility of C'-fixa-
tion reactions, compared with other serological
tests used with the maternal isoantibodies, parallels
observations made on other anti-platelet antibody
systems (4, 6, 27). This indicates that no search
for antiplatelet isoantibodies can be considered
complete without application of C' fixation tests.

SUMMARY

1. Maternal immunization against antigens on
fetal platelets was found to be the basis of mega-
karyocytic or amegakaryocytic neonatal thrombo-
cytopenic purpura in six children born of four
normal mothers.

2. In two families there was mother-fetal incom-
patibility with respect to the previously described
PlAl platelet antigen, and in the other families with
respect to a newly recognized antigen, PiBI. The
mode of inheritance and other properties of P1Bl
antigen are described.

3. Complement fixation proved to be the only
serologic technique by which anti-PlB1 antibody
could be detected. Characteristics of reactions in
the PlB1-anti-PlBl system are described, and cer-
tain factors that influence measurement and detec-
tion of antiplatelet antibodies are discussed.

4. One of the maternal isoantibodies could be
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measured only by its ability to block the reactions
of a known complement-fixing anti-PlAl antibody.
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ADDENDUM

After this report was submitted, several isoantigens,
including the antigen labeled PIBl, were found to be
present on granulocytes and lymphocytes, as well as on
platelets. A more appropriate descriptive symbol for
PlBI would be PlGrLyB` to distinguish it from antigens
limited to one cell type. The report which describes an
additional shared antigen, PlGrLyCl, and an antigen
limited to lymphocytes, LyDi, and explains the induction
of only thrombocytopenia in infants exposed to anti-
bodies against antigens shared by platelets and leuko-
cytes, will appear shortly (28). The antigen pIAl is on
platelets only.
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