
IMMUNOREACTIONS INVOLVING PLATELETS. V. POST-TRANSFUSION PUR-
PI'rt\A DUE TO A COMPLEMENT-FIXING ANTIBODY AGAINST A GENETI-

(>\LLY CONTROLLED PLATELET ANTIGEN. A PROPOSED
MECHANISM FOR THROMBOCYTOPENIA AND ITS

RELEVANCE IN "AUTOIMMUNITY" *

By N. RAPHAEL SHULMAN, RICHARD H. ASTER, ALFRED LEITNER AND
MERILYN C. HILLER

(From the National Institute of Arthritis and Metabolic Diseases, Bethesda, Md.)

(Submitted for publication March 8, 1961; accepted April 21, 1961)

A thrombocytopenic state developing in the ab-
sence of any apparent underlying disorder and
accompanied by an abundance of megakaryocytes
in the bone marrow represents the syndrome
of idiopathic thrombocytopenic purpura (ITP).
Similarities between this syndrome and thrombo-
cytopenic states which can be produced experi-
mentally with heterologous antibody (1, 2), or
which occur as a result of the antigen-antibody
reactions of drug purpura (1, 3, 4), suggest that
an immunologic process may underlie ITP. The
observations that plasma from some ITP patients,
when transfused into normal individuals, may de-
press platelets and that plasma containing the
"thrombocytopenic factor" may agglutinate plate-
lets in vitro (2, 5), support the concept that an
antibody may cause the disease. Because no for-
eign antigen has been implicated as yet in ITP,
the disease is generally considered to be an "auto-
immune" disorder.
The present work concerns differentiation of a

specific immunologic type of purpura which here-
tofore was indistinguishable from ITP. The path-
ogenesis of the disease to be described involves
mismatch of an inherited platelet antigen during
blood transfusion and subsequent development of
a complement-fixing antiplatelet isoantibody that
is capable of producing severe thrombocytopenia
in the sensitized individual.

Circumstances attending development of throm-
bocytopenia and characteristics of the underlying
immunoreaction permitted interpretation of the
mechanism responsible for destruction of autolo-
gous cells by an antibody formed against a foreign

* Part of this work was presented at the Annual Meet-
ing of the American Society for Clinical Investigation,
May, 1960, and has appeared as an abstract (J. clin.
Invest. 1960, 39, 1028).

antigen, and provided a rationale for effective ther-
apy of the disorder. This distinctive type of
immniune reaction is relevant to the problem of
ITP and other diseases which have been consid-
ered "autoimmune" phenomena. Demonstration
of the genetic control and nature of the platelet
antigen responsible for post-transfusion purpura
helps clarify the problems of inherited platelet
types and platelet antigenicity.

CASE REPORTS

The following cases of post-transfusion purpura were
studied. Patient 1, P.K., a white female, age 40, was
admitted to the surgical service of the National Heart
Institute, Clinical Center, on May 17, 1959, for correction
of cardiac valvular stenosis resulting from rheumatic
heart disease. Her last attack of acute rheumatic fever
had been at age 17, and symptoms of cardiac failure had
been progressively incapacitating for 3 years before ad-
mission. There were no other significant diseases or
symptoms in her medical history; in particular, no hemor-
rhagic tendency and no allergic disorder. She had had
three normal deliveries and pregnancies. The only drugs
taken prior to admission were digitalis and chlorothiazide.
Abnormalities on physical examination were limited to
signs of valvular heart disease. The week prior to opera-
tion she received sulfisoxazole and tetracycline for bron-
chitis following transbronchial cardiac catheterization.
On June 2, 1959, transventricular mitral commissurotomy
was performed, during which she received two 500 ml
units of whole blood and 220 ml of a third unit which
was discontinued because small clots had plugged the
tubing filter. The three donors were blood AB, Rh
positive, the patient's type being A2B, Rh positive. The
operation and first 6 days of the postoperative course were
uneventful, except for development of tracheitis which
was treated with erythromycin and streptomycin. Early
in the morning on the seventh postoperative day (June
9), the patient noticed several small hemorrhagic vesicles
on her tongue and later that day developed generalized
florid purpura on the trunk and extremities, including
numerous 4 to 5 mm hemorrhagic bullae on the skin and
mucous membranes. The same day she also had a tarry
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stool, helnattiria .and vagillal bleeding, and developed large
ecchymoses at the site of the thoracotomy incision. Other
than the hemorrhagic manifestations, there were no ab-
normal symptoms or signs. Her platelet count on June
9 was 600 per mm3 and her bleeding time was longer
than 20 minutes; her hemoglobin was 13.4 g per 100 ml,
having been 14.7 on June 4, and her white cell count and
differential were normal. A unit of fresh whole blood
was started the evening of June 9 but had to be stopped
after 250 ml had been infused over a 1-hour period, be-
cause the patient developed severe shaking chills and
slight temperature elevation. No red cell incompatibility
was found, and the symptoms promptly subsided. Later
that evening 250 ml of fresh platelet-rich plasma was
transfused uneventfully over a 3-hour period.

Because the onset of purpura had been acute and the
platelet count remarkably low, drug purpura or unusually
severe ITP was the suspected diagnosis. Although the
drugs being administered (digoxin, erythromycin and
streptomycin) are not recognized causes of drug purpura,
complement fixation and platelet agglutination tests were
performed on June 10 to evaluate that possibility. The
patient's serum was found to contain a factor in high
titer which fixed complement with platelets from 12 nor-
mal individuals and produced marked platelet agglutina-
tion whether or not these drugs were added. Neverthe-
less, medications which had been given postoperatively
were discontinued, and prednisone, 50 mg per day, was
started. On June 10 the hemoglobin was 10.7 g per 100
ml and the platelet count was 300 per mm8. Her bone
marrow was normal with respect to the myeloid and
erythroid series and contained a normal number of mega-
karyocytes which were almost all in the large mononu-
clear or megakaryoblastic form. The patient received
1,000 ml of fresh whole blood on June 10, given at a
rate of 2 to 3 ml per minute, without reaction; but plate-
lets remained at 700 per mm3 or below. Prednisone was
increased to 100 mg per day.

Because the patient had life-threatening hemorrhage,
and the association of a potent antiplatelet factor with
thrombocytopenia hardly seemed fortuitous, an exchange
transfusion was carried out on the fourth day of purpura
in an attempt to decrease the titer of the antiplatelet fac-
tor. Over a 16-hour period, a total of 5,500 ml of blood
was withdrawn and 6,500 ml of fresh ACD blood replaced
in 250- to 500-ml aliquots, alternating withdrawal and
infusion. During the first half of the exchange, the
infusion rate could not be increased above 2 to 3 ml per
minute without producing marked hypotension, and dur-
ing the course of the exchange the patient frequently
developed urticaria which appeared to respond to intra-
muscular diphenhydramine. By the end of the exchange,
the patient's platelet count was 4,900 per mm', but the
bleeding time had decreased to 6 minutes. There were no

further hemorrhagic manifestations, and thereafter the
platelet count returned to normal with unusual rapidity,
the existing purpura cleared, and the patient remained
well without further treatment. The text and Figure 3
contain further details of the effects of exchange trans-

fusion. Prednisone was tapered beginning juiie 13 aold
discontinued on June 19. On June 19 megakaryocytes in
the bone marrow were normal in number and morphology.
Serum protein was 6.5 g per 100 ml with 18 per cent
,y-globulin on June 10 and did not change significantly
after the exchange transfusion.

Patient 2, G.H., a 43 year old white female, was ad-
mitted to the Faulkner Hospital, Jamaica Plain, Mass.,
on September 20, 1959, with a 2-year history of peptic
ulcer symptoms. There were no other illnesses, allergic
disorders, or symptoms of significance in her medical
history, and she had not received blood transfusions.
She had had three normal deliveries and pregnancies.
Because her response to medical therapy for peptic ulcer
was unsatisfactory, a subtotal gastrectomy was performed
on October 13, 1959, at which time she received one 500
ml unit of whole blood and 75 ml from a second unit
which was stopped because of clots in the bottle. The
patient's and donors' blood type was A, Rh positive.
The postoperative course was uneventful until the sixth
day, when she developed florid purpura over the entire
body and hematuria. The platelet count at this time was
28,000 per mm', there was poor clot retraction, and the
bleeding time was greater than 20 minutes. The bone
marrow contained a normal number of megakaryocytes.
A diagnosis of ITP was made and steroid therapy was
begun. The next day, October 20, the platelet count was
6,000 per mm8, the hematocrit was 19 per cent, and the
white cell count was slightly elevated with a normal dif-
ferential. Several attempts were made to transfuse fresh
whole blood, but each of three units was discontinued
after approximately 50 ml was received because of a
reaction consisting of chills, fever, urticaria and hypo-
tension. On both October 21 and 22 she was given the
red cell content of two units of blood without reaction,
the red cells having been washed to remove other cellular
elements. Purpura, intermittent hematuria and hematoma
formation persisted for 17 days despite high doses of
prednisone. Symptoms subsided as the drug was being
tapered. The clinical course is shown in Figure 1 and
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FIG. 1. CLINICAL COURSE, PATIENT 2. Units of antibody
are defined in the text.
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the results of tests performed with this patient's serum

are presented in the text.

METHODS

Methods of preparing platelet suspensions, counting
platelets (6) and measuring platelet agglutination, inhibi-

tion of clot retraction, and coimplement fixation (7) were

the same as those that have been used in studying the

antibody of quinidine purpura (8, 9), with the following

exceptions.
The nitrogen content of platelet suspensions was deter-

mined by nesslerization. One ml of platelets at a concen-

tration of 2 X 100 per mm' was found to contain 800 50

,ug N per ml; with this criterion for determining platelet
concentration, the error was 5 per cent.

The 50 per cent hemolytic unit of complement activity
(hereafter denoted by C'), measured by means of a single
hemolysin preparation and erythrocytes from one sheep

throughout this work, was equivalent to 2.5 0.2 X 10-3
ml of reconstituted lyophilized pooled guinea pig serum.

With the same reagents, the C' content of sera from 15

normal human beings averaged 65 U per ml, with a

variation of + 10. The condition of incubation found to

be optimal for maximal C' fixation in the shortest time

with the antigen-antibody system under study was 1 hour

at 37° C with frequent agitation of the tubes. The rate

of C' fixation by this system was approximately halved
when the incubation temperature was decreased to 27° C.
Fluorescent antibody methods. The patient's antibody-

containing serum and antihuman globulin serum (Coombs
serum) were conjugated with fluorescein isothiocyanate

by the method of Riggs and co-workers (10) as modified

by Marshall, Eveland and Smith (11) and adsorbed be-

fore use with guinea pig spleen-liver-kidney powder to

decrease nonspecific fluorescence. Approximately 35 per

cent of the antibody activity in the patient's serum was lost
after this treatment. The fluorescein-conjugated Coombs

serum used had a titer of 1/64 (see below). Other de-

tails of the techniques, such as application of antibody to

platelet smears, washing procedures after exposure of

smears to antibody, methods of mounting the final prepa-

rations, and the optical systems used for microscopy were

the same as those reported recently by Silber and co-

workers (12), with the exceptions stated in the text.

Preparation of heterologous platelet antisera. Anti-

humian platelet serum was made in rabbits by injecting

suspensions of 3 X 109 wvashed platelets intravenously on

Days 1, 3, 6 and 18 and was harvested on Days 11, 15,

18 and 25. The highest antibody concentration was pres-

ent in all rabbits on Day 25, and serum harvested on this

day was used.
Antihuman platelet serum was made in Sprague-Dawley

rats by injecting suspensions of 6.3 X 101 platelets intra-

venously on Days 1, 3, 6, 14 and 18, and was harvested

on Days 12 and 24. Serum harvested on Day 24 con-

tained only slightly more antibody than serum harvested

on Day 12.
Antihuman platelet serum was made in NIH-strain

guinea pigs by injecting suspensions of 6 X 108 platelets
intravenously on Days 1, 3, 6 and 9, and was harvested

on Day 13. Guinea pigs were also immunized against
rabbit platelets by injecting 109 platelets on Days 1, 3, 6,
9 and 16, and harvesting on Day 22.
Although a small amount of erythrocyte material may

have contaminated platelets used for immunization, it was

insufficient to produce C'-fixing anti-erythrocyte anti-

bodies which could be detected with the maximal amount

of erythrocytes contaminating platelet suspensions used

experimentally. Antiplatelet serum therefore did not have

to be adsorbed with erythrocytes before use. There were

also no detectable antileukocyte antibodies formed that

would react with the maximal amount of leukocytes con-

taminating platelet suspensions used in complement fixa-

tion tests.
Antilhinian globulin (Coombs serum) conisumption tech-

niqute. A commercial preparation of rabbit antihuman

serum purchased from Ortho Pharmaceutical Corp., Rari-

tan, N. J., and preparations of horse antihuman globulin
and rabbit antihuman globulin were used with identical
results. In titering Coombs serum, the agglutination
mixture consisted of 0.1 ml of a 1 per cent suspension
of group 0, Rh positive human erythrocytes sensitized
with anti-D serum, plus 0.1 ml of various dilutions of

Coombs serum. The titer was the limiting dilution which
gave 1 + agglutination (minimal but definite macroscopic
clumping) after incubation for 30 minutes at 370 C and

centrifugation at 250 G for 3 minutes.
In measuring consumption of Coombs serum (13),

platelets were first exposed to patients' sera containing
antibody, or to normal control sera, then washed 5 times
in large volumes of 0.147 M NaCl. Washing removed at

most 10 per cent of antibody attached to platelets (see
Section 7 in Results). After the last wash, platelets were

resuspended at a concentration of 108 per mm' in saline
and 0.1 ml of suspension (108 platelets) was mixed with
5 different progressive twofold dilutions of Coombs serum,
the highest final dilution of Coombs serum being one-half
the limiting dilution that gave 1 + agglutination with ery-

throcytes in the preliminary titration. Mixtures were in-
cubated for 10 minutes at 370 C; platelets were then
removed by centrifugation, and 0.1 ml of supernatant
fluid containing residual Coombs serum was mixed with
0.1 ml of sensitized erythrocytes as described above. The
amount of Coombs serum consumed by platelets was evi-
dent from the limiting dilutions which still produced ery-

throcyte agglutination (see Table III).
Coombs consumption tests done in an attempt to ob-

tain evidence for a possible "blocking" antibody on plate-
lets that were not preincubated with known antibody are

referred to in the text as "direct" Coombs consumption
tests. Controls for these tests were simply suspensions
of platelets from normal individuals treated in the same

manner as patients' platelets.
Trypsint treatment of platelets aud platelet fractions.

Washed platelets, prepared as described above, were sus-

pended in 0.145 M NaCl containing 0.04 M phosphate
buffer, pHI 7.5, to which crystalline trypsin was added to
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give a final concentration of 0.5 mg per ml. After incu-
bation, platelets were washed three times in 0.147 M
NaCl. Platelets incubated in this way for as little as 10
minutes at 370 C did not sediment as readily as un-

treated platelets and could not be recovered quantitatively
if the usual centrifugal force was used for washing.
Platelet fractions which were treated with trypsin (Sec-

tion 6) were not washed; instead, the trypsin was neu-
tralized with an equimolar amount of soybean trypsin
inhibitor. The trypsin-inhibitor complex, at the concen-
trations used experimentally, was found to be inert in
C'-fixing mixtures. Trypsin and soybean trypsin inhibi-
tor were purchased from Worthington Biochemical Corp.,
and the specific activity of each preparation was assayed
before use.
Measuremnent of sugars. Assays for total hexose by

the indole and cysteine-H2SO, reactions (14), for deoxy
sugars by the thiobarbituric acid reaction (15), for glu-
curonic acid by the orcinol reaction (14), and for uronic
acid by the carbazole reaction (14) were done on plate-
lets and platelet fractions with techniques which detected
with certainty 0.1 /Amole of each substance assayed.

EXPERIMENTAL RESULTS

1. C' fixation reactions of the serum factor in
Patient 1 and definition of an antibody unit.
Serum from Patient 1, obtained during the period
of purpura, when mixed with suspensions of plate-
lets from normal individuals, fixed C' in the man-
ner shown in Figure 2. No C' was fixed when
the same serum was mixed with suspensions of
human erythrocytes or leukocytes.

There was no loss of activity when serum con-

taining the factor responsible for C' fixation was
dialyzed for 72 hours at 50 C against 103 vol of
0.147 M sodium chloride. The factor was recov-
ered in serum precipitates produced at one-third
saturation with ammonium sulfate, solutions of
which gave a visible band only in the y-globulin
region on paper electrophoresis. When serum was
subjected to 76,000 G for 10 hours, by a sucrose
density gradient, C'-fixing material had sedimen-
tation characteristics of a 7S y-globulin (16).
The factor also had stability characteristics of
y-globulin in that it did not lose activity when
whole or diluted serum was kept for at least 60

minutes at 560 C, 2 weeks at 50, or for 18 months

at - 200, but did lose activity at an increas-

ingly rapid rate when serum was incubated at

temperatures above 650 or when the pH of the

serum was adjusted to values above 11.2 or below

3.0 at 200. Tn view of these various character-
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FIG. 2. COMPLEMENT FIXATION WITH VARIOUS ANTI-

BODY CONCENTRATIONS AND FIXED PLATELET CONCENTRA-

TION. Fixation of C' was carried out in a 0.3 ml volume,

the mixture consisting of serum from Patient 1 obtained

on June 12 before transfusion, a saline suspension of

platelets to give a final concentration of 200,000/mm3,
guinea pig serum (either 0.02 or 0.04 ml, containing 8

or 16 U of C', respectively), and 0.147 M NaCl to main-

tain a fixed volume. Concentration of serum is expressed
as ml of patient's serum per 0.3 ml reaction mixture.

Each symbol represents results obtained on a different

day with a platelet suspension made from a different

donor, and individual points are the average of two

determinations. The amount of C' fixed when antibody
and platelets were preincubated for 1 hour at 370 C, be-

fore C' was added, was the same as the amount fixed

when all three reagents were mixed together initially.

istics, the C'-fixing serum factor will hereafter be

referred to as an antibody.
Standard curves relating the amount of C' fixed

to the concentration of antibody used (Figure 2)
showed little variation in different experiments.
There was no greater variation with platelets from

different donors than with different platelet prepa-

rations from a single donor. In comparing anti-

body content of different sera, several dilutions of

each sample were used, as in Figure 2, to fix

amounts of C' in the range of 2 to 12 U with plate-
lets at 200,000 per mm3 final concentration in the

reaction mixture. Although the curves obtained

were not strictly linear, relative antibody content

of different sera could be determined by comparing
amounts of each required to fix an equivalent
amount of C', there being a simple inverse rela-
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onship between antibody content and the amount curve represents the dilution produced as calcu-
serum necessary to fix a given amount of C'. lated from the initial blood volume (4,900 ml) and

relative antibody concentration in different sera the amount of blood removed (5,500 m~l) and re-

:)uld be determined in this way with an error of placed (6,500 ml), a fixed blood volume being
pproximately ±1 10 per cent. Serum from Pa- assumed. The increments of dilution for each
.ent 1, obtained before the exchange transfusion, 500 ml exchanged are plotted, the total exchange
ras considered the reference standard and arbi- being approximately 70 per cent effective.

~arily assigned the value of 100 U per ml. In Antibody level fell more rapidly than could be
ie linear portion of the standard curve (Figure accounted for by simple dilution alone, for only
), 1 U of antibody fixed 4 U of C'. 3 per cent of the initial concentration of antibody
The concentration of platelets used in Figure 2 remained at the end of the exchange. Although
in excess of the amount necessary to produce replaced blood was drawn in plastic bags and

laximal C' fixation by the highest concentration stored at 50 C no longer than 12 to 24 hours, the
f antibody used. In titering antibody it was platelet content of the transfused blood produced
necessary to use an excess of platelets in order to only a slight rise in the patient's platelet count-
btain uniform results with platelets from random from 500 per mm'- at the beginning to 4,900 per
.onors; for as will be seen in Figure 8, platelets mm113 at the end of the exchange. The C' content
*rom different donors in suboptimal concentrations of the patient's serum fell during the exchange in
lid not give uniform results. spite of the large amount of C' replaced in the
2. Effect of exchange transfusion in Patient 1. transfused blood. These various observations

'igure 3 shows the effects of the exchange trans- taken together suggested that antibody, combined
ision (see case report) on the level of circulating with transfused platelets, fixed C' in vivo and was

ntibody, platelets, and serum C'. The "exchange" sequestered with destroyed platelets.
Immediately after the exchange transfusion, the

patient's platelet level rose at a rate of approxi-
20 ~~~~~~~~~~~~mately60,000 per mm3 per day to reach 140,000
X120- ~~~~~~~per mm3 on June 15 and 350,000 per mm3 on

co

tip~~~ ~~~~~~~-

W -//"Io~~~-i- June 19, after which it remained at a normal level.
-' 100
W ~~~~~~~~~~~~Notethat the platelet rise occurred despite re-

_8ao- appearance of significant amounts of antibody in

60 ~~~~~~-0COPEMCENGE the patient's plasma, for although antibody level~PLAELETS was 3 U per ml at the end of the exchange, it was
-UANTIBODY4 20 U per ml 13 hours later.

Z ~~~~~~~~~~~~~3.Platelet agglutination and inhibition of clot
0 20- retraction by the antibody from Patient 1. In
0 ~~~~~~~~~~~~TableI the titer of the patient's C'-fixing anti-

JUNE 10 11 12 13 14 IS 23 3 body in different serum samples is compared with

FIG. 3. EFFECTS OF EXCHANGE TRANSFUSION IN PA- the titer of the platelet agglutinin and the inhibitor
IENT 1. Immediately preceding the exchange, the pa- of clot retraction in the same samples. Since C'
ient's red cell volume was found to be 1,700 ml, by a fixation, agglutination, and clot retraction inhibi-
Ir51-abeled red cell technique. The initial hematocrit tion activities varied quantitatively in the same
vas 35 per cent and the hematocrit at the end of the way in different serum samples, it appeared that
xchange was 41 per cent. Antibody was assayed as de- the several reactions were produced by a single
cribed in the legend of Figure 2. Initial values for anti-

atbd.I upr fti eetefnig
ody and C' were those present in the June 12 pretrans- atbd.I upr fti eetefnig
usion sample, i.e., 100 U of antibody per ml and 55 U that amounts of normal platelets which partially
f C' per ml. On June 14, 250 ml of fresh whole blood or completely adsorbed the C'-fixing activity out
vas given between the two antibody determinations. On o h ain' eu seFgr )as d
.une 12 the abscissa is enlarged and divided into 2-hour

o h ain' eu seFgr )as d

ntervals; the scale is interrupted between June 15 and sorbed the agglutinin and clot retraction inhibitor
,3, and between June 23 and 30. to an equal degree, and that the three activities
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TABLE I

Comparison of C' * fixation, agglutination and
inhibition of clot retraction reactions t

Inhibition of clot
Agglutination retraction

C'-fixing Dilution C'-fixing Dilution C'-fixing
Sample antibody titer antibody titer antibody

U/ml Uminl U/ml
6-12, 1 100 1,/20 5.0 1/28 3.6
6-12, 10 19 1/4 4.8 1/5 3.8
6-12, 13 5 (1/2.5) (2.0)
6-13, 3 a.m. 3 (l,'/.25) (2.4) (1/2) (1.5)
6-13, 4 p.m. 20 1/3 6.7 1/5 4
6-15 10 1/2.5 4
6-23 6 1/1.25 4.8 (1,'2.5) (2.4)
6-30 2 (1/1.25) (1.6) (1/2.5) (0.8)

* C' =the 50% hemolytic unit of complement activity.
t Titer of antibody by C' fixation was measured as described in text.

Titer of agglutinin expressed as the highest final dilution of patient's
serum which produced 2 + agglutination (9) in reaction mixtures.
Titer of inhibitor of clot retraction expressed as the highest final dilution
of patient's serum which produced less than 15 per cent free fluid in
mixtures with normal whole blood, dilutions being based on the plasma
volume rather than the total volume of whole blood used. With this
antibody, inhibition of clot retraction occurred uniformly at 37° C, blt
inconstantly at room temperature. The various dilutions correspond
to final concentrations of C'-fixing antibody in units/ml as listed.
Dilutions in parentheses did not produce agglutination or inhibition of
clot retraction. Sample 6-12, 1 was obtained before transfusion; 6-12,
10 after 3,400 ml blood transfused; 6-12, 13 after 4,500 ml blood trans-
fused, and 6-13, 3 a.m. at the end of the exchange after 6,500 ml blood
transfused.

were recovered quantitatively in the same am-

monium sulfate fraction of serum and had the
same stability characteristics (see Section 1).

Platelet agglutination and inhibition of clot re-

traction were about equally sensitive techniques
for detecting antibody. In performing platelet
agglutination tests, a small volume of concen-

trated platelets could be added to antibody-con-
taining serum without significantly diluting the

serum, so that 0.1 ml of serum containing 0.5 U
of antibody (i.e., 5 U per ml) would produce ag-
glutination (Table I). Since a minimal final
concentration of 4 U of antibody per ml (Table I)
was required for inhibition of clot retraction and

performance of the test necessitated diluting serum

at least one-half (0.5 part antibody-containing
serum to 1 part whole blood), a serum sample had
to contain at least 8 U per ml to inhibit clot re-

traction. Although platelet agglutination was

slightly more sensitive than inhibition of clot re-

traction, the simplicity of the latter test and the
certainty of the result made it the preferable test
for screening a large number of individuals for

the ability of their platelets to react with the aniti-
body (see Section 5).

C' fixation was the most sensitive anl(l accurate

procedure for detecting and measuring this anti-
body, for antibody at a concentration as low as
1.0 U per ml could be measured with an error of

± 30 per cent. In measuring antibody in serum
containing less than 5 U per ml, greater sensitivity
was obtained by using platelets at 20,000 to 50,000
per mm3 final concentration, rather than at 200,000
per mm3, because relatively high concentrations of
platelets produced decreases in C' fixation (see
Figure 8).

4. Reactions of the antibody from Patient 2.

The initial serum sample obtained from the second
patient 5 days after onset of purpura (Day 11,
Figure 1) contained 11.2 U of antibody per ml,
as assayed by the C' fixation technique described
above. This serum did not inhibit clot retraction
and produced only equivocal platelet agglutination
when used at one-third final concentration in re-
action mixtures. These findings were in keeping
with the relative sensitivity of C' fixation com-
pared with other reactions of the antibody of
Patient 1. Only C'-fixation tests could be used
for further evaluation of the second patient's anti-
body. Serum obtained 10 days after onset of
purpura contained 4.2 U of antibody per ml, and
antibody could not be measured in the serum ob-
tained just before purpura cleared. It is significant
that, although the first patient recovered after ex-
change transfusion in the face of a subsequent rise
in serum antibody to 20 U per ml, the second
patient had continued severe purpura when serum
antibody concentration was 4.2 U per ml and less.

5. Identification of a specific inherited antigen
involved in the platelet-antibody reaction. Clotted
whole blood obtained from the first patient 1 day
after the exchange transfusion showed partial clot
retraction, the platelet count being 90,000 per
mm3; blood obtained 2 days after the exchange,
when the platelet count was 140,000 per mm3,
showed normal clot retraction. This finding was

unexpected, for the concentration of antibody in

the patient's plasma at the time was 15 U per ml,
or three times the concentration necessary to comn-
pletely inhibit clot retraction of normal blood.
The discrepancy proved to be due to complete
refractoriness of the patient's platelets to her own
antibody, a circumstance that has been reported
in two other cases (17, 18).

Platelet suspensions made from Patient P.K. on

June 15 (Figure 3) and thereafter did not fix C'
or agglutinate with any amount of the antibody
present in her serum before or after the exchange
transfusion. In addition, platelets from this pa-
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FIG. 4. INHERITANCE OF REACTIVE AND NONREACTIVE

TRAITS. Circles are females, squares males. Open sym-

bols represent individuals whose platelets did not react

with the antibody in C' fiication, agglutination and inhi-

bition of clot retraction tests. Solid symbols represent
those whose platelets reacted in all of these tests.

tient did not fix C' with the antibody from Patient

2. Just as in the first case, platelets obtained from

the second patient on Day 32 (Figure 1), shortly
after recovery, did not fix complement with the

antibody which was in the initial sample of her

own serum and did not react with the antibody
from Patient 1 in C' fixation, platelet agglutina-

tion, and inhibition of clot retraction tests. When

platelets were obtained from the patients' rela-

tives, it was apparent that failure of the patients'
platelets to react was not owing to an interfering

substance in the patients' recovery sera or on their

platelets,1 but to lack of an inherited antigen

against which the antibody had developed.

Figure 4 demonstrates the manner in which re-

active platelets (solid symbols) and nonreactive

platelets (open symbols) are inherited. The anti-

gen appears to be a dominant mendelian character;
but as will be seen, the reactive trait does not fit

the strict definition of dominance which demands

that the character be as fully expressed when the

gene is in the heterozygous state as it is when the

1 Because platelets from all normal individuals tested

up to this point had reacted with the antibody from both

patients, numerous attempts were made to detect a pos-

sible "blocking" antibody on the patients' platelets. The

general techniques used were the direct Coombs test,

"direct" Coombs consumption, and various elution proce-

dures, as well as incubation of antibody or normal plate-
lets with patients' recovery sera before completing usual
C' fixation or agglutination reaction mixtures. None of
the techniques gave presumptive evidence for a blocking
antibody on platelets or a factor in serum which would
inhibit the activity of the original antibody; but with all
of these techniques, it is impossible to draw definite con-

clusions from negative results.

gwile is ill the iloillozygrtoXs Stat(. 'I'llc 1reactive
trait i.e., the gene responlsible for the antigenl thlat
reacted with the antibody-will lbe labeled Pl'1,
and the nonreactive trait, PI; reasons for this nota-

tion will be discussed.
Of the 206 randomly selected normal individuals

subsequently tested, 3, or 1.5 per cent, had non-

reactive platelets. Moreover, it was found that
reactive platelets could be separated into two

groups based on differences in the amount of C'
fixed per platelet (Figure 5).

The over-all variation in C' fixation observed
when suboptimal concentrations of platelets from

different normal donors were used was much more
than could be accounted for on the basis of errors
in measuring C' fixation (cf. Figure 2) or in

counting platelets. Platelet activities fell into two
groups without overlap, even though there was

considerable spread of values in each group. The
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FIG. 5. QUANTITATIVE ACTIVITY OF PLATELETS FROM

RANDOMI DONORS. Platelets were prepared in the usual way
and counted with 3 pipets and 6 chambers. The two final
platelet concentrations used were 25,000/mm3 and 50,000/
mm3 in reaction mixtures containing 4 U of antibody.
This amount of antibody fixed 15 to 17 U of C' in the
presence of an excess (200,000/mm3) of any donor's
platelets (see Figure 2). The brackets delimit 2 standard
deviations from the mean for each group. The graph is
a composite of results obtained with different donors oni
different days.
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intragroup spread could be decreased by preparing
suspensions of platelets from different donors
simultaneously, by performing C' fixation tests
with all platelets on the same day, and by using
nitrogen content of platelet suspensions rather
than counts as the criterion of platelet concen-
tration. With these refinements, the values for
standard deviations shown in Figure 5 were ap-
proximately halved, but the mean values for the
two groups remained essentially the same. Thus,
of 23 randomly selected individuals tested, 74 per
cent had platelets which fixed 1.7 to 2.4 times more
complement than did platelets from the remaining
26 per cent.

If inheritance of the antigen were controlled by
a pair of alleles, all children of a parent who had
nonreactive (P1 P1) platelets would have at least
one PI gene; and if the children's platelets were
reactive, their genotype would have to be PA- Pl.
Quantitative C'-fixing activity of platelets from
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FIG. 6. QUANTITATIVE ACTIVITY OF PLATELETS FROM

FAMILY GROUPS. Individuals whose platelets, at a final

concentration of 50,000/mm', fixed less than 5.8 U of C'

in the presence of excess antibody are represented by
hatched symbols and those whose platelets fixed greater
than 9.2 U of C' under the same conditions are repre-

sented by solid symbols (see Figure 5). No values for

C' fixation were obtained in the range of 5.8 to 9.2 U.

Open symbols represent individuals whose platelets did

not react. Family 6 was the family of the individual (D)
who donated blood to Patient 2.
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FIG. 7. ADSORI'TION OF ANTIBODY BY IIIGII-ACTIVITY

AND LOW-ACTIVITY PLATELETS. Buttons prepared from
suspensions of high-activity and low-activity platelets were
resuspended in 0.25 ml serum containing 25 U of anti-

body. The mixtures were incubated for 90 minutes at

370 C, centrifuged at 15,000 G for 15 minutes, and anti-

body remaining in the supernatant serum was titered as

described in Figure 2, using the average results of 3

different dilutions. Individual points for each amount of

platelets used were obtained with platelets from a differ-
ent donor. The C'-fixing activity of the platelets (@
high-activity, 0 low-activity) was determined as described
in Figure 5.

five family groups containing a nonreactive parent
and reactive children is shown in Figure 6. In
all 11 instances (children in Families 1 to 5)
there was 100 per cent correlation between low-
activity platelets and the postulated heterozygous
state. Three mates of individuals with nonreac-
tive platelets had high-activity, presumably PlAl
PlAl, platelets; all seven children (in Families 1,
3, and 4) were apparent heterozygotes. In Family
2, the mate of a nonreactor had low-activity, pre-
sumably PlAl P1, platelets, and two of the three
children tested were nonreactors, the third being
an apparent heterozygote. Because, in all families
tested, there was strict correlation between platelet
activity and the postulated mode of inheritance,
random donors whose platelets gave low activity
were most likely P1A- Pl individuals, and those
whose platelets gave a high activity were most

likely P1A1 PlA1. In Family 6, the mother and
eight children had high-activity platelets; this
would be the circumstance if both parents were
genotype p1Al p1Al
The amounts of antibody adsorbed by the dif-

ferent types of platelets are compared in Figure 7.
Nonreactive platelets at any concentration did not
adsorb antibody. High-activity, presumably P1Al
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FIG. 8. EFFECTS OF VARYING THE CONCENTRATION OF

THE TWO TYPES OF PLATELETS WITH ANTIBODY CONCENTRA-

TION FIXED. Amount of C' fixed was determined as in Fig-

ure 2. Reaction mixtures contained either 0.015 or 0.0075

ml of patient's serum in a final volume of 0.3 ml. The vari-

ous final concentrations of PlAl PIAl or PlAl PI platelets
used with each amount of serum are indicated on the

abscissa.

PJAl, platelets adsorbed approximately twice as

much antibody per platelet as did low-activity,
presumably PlAl P1, platelets. In partially ad-

sorbed serum samples, decreases in titer of agglu-
tinin and inhibitor of clot retraction corresponded
to decreases in titer of C'-fixing antibody.

Because of the variation in platelet activity, it

was not possible to establish an alternate antibody

unit by determining the minimal concentration of

platelets required for maximal C' fixation, as has

been done in the case of the quinidine purpura

antibody (8). Titrations of this type (Figure 8)
with platelets of different activity gave approxi-
mately a twofold difference in the platelet concen-

trations necessary to produce maximal C' fixation

with a single concentration of antibody. However,

in the presence of an excess of either type of plate-

let, a single concentration of antibody fixed the

same amount of C'. Either type of reactive plate-

let could be used with uniform results when anti-

body was assayed as in Figure 2.
From the data shown in Figures 5, 6, 7 and 8,

it was evident that three platelet phenotypes could

be differentiated which corresponded most likely
to the genotypes plAl PlAl, PlAl PI and Pl PI.

Differences evident in the C'-fixation reaction

were not detectable by agglutination or inhibition

of clot retraction techniques, for within the limits

of error, both types of reactive platelets were ag-

glutinated and their clot retraction activity inhib-

ited to an equal degree by the same final effective
concentrations of antibody. There were no micro-
scopic morphologic differences between platelets
that could be identified as phenotypes PlAl PlAl,
PlAl P1, or P1 P1, no differences in the mean vol-

ume determined by a microhematocrit method,
and no differences in the nitrogen or total hexose
content (see Section 6) per platelet. Sera of all
normal individuals with P1 P1 platelets showed no

evidence of a naturally occurring antibody against
PIA1 antigen by agglutination and C' fixation tests;

similarly, sera of individuals with PlAl PlAl plate-
lets had no detectable antibody against P1 P1 plate-
lets. There was no correlation between the differ-

ent platelet types and the presence or absence of
erythrocyte antigens, Al, A2, A3, B, 0, M, N, S,
P. C, D, E, c, e, DU, K and Fya, based on typing
erythrocytes from a total of 52 individuals (22
with PlAl P1 and 12 with P1 P1 platelets). All
individuals tested had erythrocyte antigens s and k

and lacked antigens Cw and Dia. The secretor

trait was found to be either present or absent in

individuals with PlAI PlA1, PlAl P1, or P1 P1 plate-

lets.
6. The nature of the PI-A antigen. The PlM

antigen on platelets suspended in 0.147 M NaCl
retained full ability to fix C' with antibody after
at least a month in the frozen state at - 200 C,
after repeated freezing and thawing, and after in-

cubation for at least 5 hours at 370 C, but lost 3 to

4 per cent of remaining activity per day at 50 C.
Neither exposure to hypotonic and hypertonic so-

lutions (i.e., distilled water to 2.56 M NaCl) for

at least several hours at 200 C, nor prolonged
incubation at pH values from 4.8 to 9.4 affected
the C'-fixing activity of the antigen.

Although platelets in ACD whole blood stored
under blood bank conditions for 20 days were not

morphologically intact, approximately 50 per cent
of the initial PlAl antigen could be recovered in

suspensions of particulate material made in the
same way as platelet suspensions from fresh blood.
In an occasional blood sample, some of the particu-
late antigen-containing material which was present
in plasma after storage for 10 to 30 days at 50 C

would not sediment at 80,000 G, but this material
could be removed by filtering plasma through a
300 mju pore-size Millipore filter.

Suspensions of reactive platelets heated at 560 C
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TABLE II

Preparation and properties of platelet fractions *

C'-fixing
Platelet preparations Characteristics activity N content Sugar content

U/ml % yg/ml %'o sgml %
No. 1: Suspension of PlAl PlAl platelets in Turbid, not transparent 903 100 577 100 219 100
saline, 1.5 X 106/mm3

No. 2: Prep. 1 treated in Raytheon 9 KC Transparent opalescence, 866 96 577 100 219 100
oscillator at max. voltage and frequency no visible platelets at
for 7 min at 3° C 800 X

No. 3: Prep. 2 centrifuged 8,000 G for Crystal clear 650 72 462 80
15 min; supernatant fluid assayed
No. 3A: Alternately, Prep. 2 filtered Crystal clear 497 55 363 63

through 1 Ah sintered glass filter; filtrate
assayed

No. 4: Prep. 3 (i.e., clear superantant Yellow button; suspen- 268 30 47 8 21 9
fluid) centrifuged 80,000 G for 45 min; sion in original vol
precipitate resuspended in original vol- clear; in 1/10 original
ume 0.147 M NaCl and assayed vol, opalescent

Supernatant fluid of no. 4 Clear 9 1 335 58

* C'-fixing activity of each preparation determined as shown in Figure 8 by using several dilutions of antigen with
excess antibody. Nitrogen determined by nesslerization. Sugar expressed as 14g glucose based on total hexose assay by
indole reaction after hydrolysis with conc. H2SO4 for 20 minutes at 1000 C. Particulate material obtained in Prep. 2
when oscillation time was less than 3 minutes did not pass a 1 ti pore-size filter, and when greater than 9 minutes, the
C'-fixing activity of the sonicate decreased progressively. Concentration of platelets had to be less than 2 X 106/mM3
for most effective disintegration to occur in the oscillator.

for 10 minutes, incubated at pH 3.2 or 10.0 for 30
minutes at 200 C, and incubated in 50 per cent

ethanol-water for 10 minutes at 200 C lost com-

pletely and irreversibly their ability to fix C' in
the presence of antibody. However, these forms
of treatment had relatively little effect on the abil-

ity of platelets to combine with antibody, for the
same platelets which had lost their C'-fixing prop-
erty were at least 80 per cent as effective as un-

treated platelets in adsorbing antibody (see Figure
7). True inactivation of the antigen (i.e., loss of
both C'-fixing and antibody-binding properties)
was not complete after heating at 560 C for 2

hours, but was almost complete after heating at

1000 C for 10 minutes or after incubation in 50 per
cent acetone-water for approximately 15 minutes.
The antigen on platelets or in a particulate frac-

tion of platelets (preparation 4, Table II) retained
full activity when incubated in trypsin at a concen-

tration of 0.5 mg per ml for up to 4 hours at

370, in addition to 16 hours at 250 C. The antigen
appeared to be associated with the stromal frac-
tions of platelets. To prepare platelet stroma,
platelet suspensions were frozen and thawed three
times, and material that sedimented in 15 minutes
at 14,000 G was then incubated for 1 hour in dis-
tilled water and washed three times in 0.147 M

NaCl (8). Several stroma preparations of this
type contained approximately 30 per cent of the
nitrogen and 70 per cent of the complement-fixing
activity present in the initial suspension.
Some further purification was obtained by ex-

posing suspensions of whole platelets or platelet
stroma to ultrasonic vibration and separating anti-
gen from residual platelet material by differential
high speed centrifugation or fine filtration. Table
II lists the conditions of preparation and proper-
ties of the sonicate.
The ratio of C'-fixing activity to N content, as

well as to sugar content, could be increased four-
to fivefold by these procedures. Suspensions of
preparation 4, which contained 12 ,umoles of hexose
(as glucose) per ml, had no detectable uronic acid,
glucuronide, or deoxy sugars. C'-fixing material
of preparation 4 was in particulate form which
passed a 300 miu pore-size filter but was 95 per
cent retained by 50 mpu pore-size. PlAl P1 plate-
lets treated in the same way as PlAI PlAl platelets
gave approximately 50 per cent the yield of C'-
fixing material at each step of fractionation, and
P1 P1 platelets gave none.
Antigen in platelet fractions had stability prop-

erties similar in all respects to those described
above for the antigen on platelets. Moreover, the
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relationship between the amounlt of C' fixed and
the amount of antibody bound by platelet fractions
was quantitatively the same as in the case of whole
platelets-i.e., curves in Figures 7 and 8 could be
reproduced with the fractions. Preparation 4,
Table II, did not produce a precipitin reaction

when mixed in suboptimal, optimal or above opti-
mal amounts with serum containing 100 U of
antibody per ml, or when layered on serum con-

taining this concentration of antibody. Nonreac-
tive P1 P1 platelets, incubated in preparation 4 and
washed once, did not acquire the ability to fix C'.

7. The nature of the antigen-antibody complex.
The following experiments indicated that the an-

tigen-antibody complex was very stable. Platelets
in complexes formed in the presence of excess

antibody could be washed four times in distilled
water or various concentrations of NaCl up to

2.56 M at temperatures from 0° to 400 C and
remain at least 90 per cent saturated with anti-
body. There was no detectable antibody in super-

natant fluid of complexes heated for as long as

120 minutes at 56° C in 0.147 M or 2.5 M NaCl,
although any free antibody which might have been
released would have been stable under these con-

ditions (Section 1). The supernatant fluid of
complexes incubated for 30 minutes at 20° C in
0.147 M NaCl adjusted to pH 10.1 with NaOH,
then neutralized with HCl after sedimenting plate-
lets did not contain detectable free antibody, al-
though antibody was stable at this pH (Section 1).
Thus, heat and high pH, which completely abol-
ished the ability of complexes to fix C', did not

effect release of antibody.
Of the various techniques tried, only incubation

at low pH produced significant dissociation of
platelet-antibody complexes. The optimal pH for
maximal dissociation was found to be 3.1 in 0.147
M NaCl adjusted with HCl; the maximal yield of
free antibody was 18 to 23 per cent of the amount

attached to platelets. Platelet material was sepa-

rated from the acid medium by centrifugation, and
the supernatant fluid was neutralized before being
assayed. Most of the antibody that would elute at

pH 3.1 did so within 15 minutes at 200 C. Pro-
longed incubation at pH 3.1 at other temperatures
from 00 to 560 C and in 2.56 M NaCl did not in-
crease the yield of free antibody. At pH values
below 3.0, antibody inactivation (see Section 1)
apparently proceeded along with elution, for the

yield of free antibody was progressively less; at

pH values above 3.4, no free antibody was ob-
tained.

8. Antiglobulin consumption and fluorescent
antibody studies. Typical results of experiments
with Coombs serum are shown in Table III. Non-
reactive platelets incubated in normal serum (col-
umn 3) or in patient's serum (column 4) and
reactive platelets incubated in normal serum (col-
umn 5) contained sufficient nonspecifically ad-
sorbed material after five washes so that 108 plate-
lets consumed approximately that amount of anti-
human globulin contained in 0.1 ml Coombs serum

with a titer of 1/2 (see Methods). PlAl PlAl
platelets saturated with antibody consumed more

Coombs serum (column 6) than did control plate-
lets. Approximately 10 U of antibody attached to
108 platelets (see Figure 7) appeared to account

for the specific binding of that amount of anti-
human globulin contained in 0.1 ml of Coombs
serum with a titer of 1/4. Approximately the
same amount of Coombs serum was adsorbed by
108 erythrocytes saturated with anti-D.

Fluorescent antibody methods which have been
used to study reactions between platelets and het-
erologous antiplatelet antibodies (12, 19) were

applied to the present antigen-antibody system
with both the direct and indirect "staining" tech-
niques. In the direct method, fluorescein-conju-
gated patient's serum was applied to platelet

TABLE III

Fixation of antihuman globulin by platelet-
antibody complexes *

1 2 3 4 5 6
P1 P1 P1 P1 PlAl PlAl PlAl PlAl

Coombs platelets platelets platelets platelets
serum, + + + +
> final Preliminary normal patient's normal patient's
dilution titration serum serum serum serum

1/40 4+ 4+ 4+ 4+ 2+
1/80 4+ 3+ 4+ 3+ 2+
1/160 3+ 3+ 3+ 2+ 1+
1/320 3+ 3+ 2+ 2+ 0
1/640 2+ I+ 1+ 1+ 0
1/1,280 1 + 0 0 0 0

* General technique described in Methods. The initial adsorption
mixtures consisted of 10' platelets suspended either in 1 ml of patient's
serum containing 100 U of antibody/ml, or in 1 ml of normal serum from
an individual with type AB erythrocytes. After incubation for 30
minutes at 370 C and 5 washes, 108 platelets from each mixture were
suspended in 0.2 ml of Coombs serum at 1/20, 1/40, 1/80, 1/160, 1/320
and 1/640 dilutions. Supernatant Coombs serum from these mixtures
was then added to an equal volume of a suspension of sensitized erythro-
cytes to give the final dilutions of Coombs serum listed in column 1.
The preliminary titration of plain Coombs serum is shown in column 2.
In columns 3, 4, 5 and 6 the initial adsorption mixtures used and the
degree of agglutination obtained are listed. Similar results were ob-
tained in 4 separate experiments with platelets from a different donor
each time.
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smecars and incubated for 60 minutes at 37° C;

excess serum was then washed off and the slide

dried and mounted. In all instances the content
of antibody in the conjugated serum used was at

least 20-fold that necessary to saturate platelet
smears; smears were used immediately after being

dried in air, not fixed by organic solvents. The
washing procedures necessary to remove excess
serum were known not to dissociate antigen-anti-
body complexes (see Section 7), but the degree
of fluorescence shown by preparations made with
PlAl PlAl platelets could not be distinguished from

background or from that shown by similar prep-
arations made with P1 P1 platelets. In the indirect
technique, unconjugated serum containing anti-
body in great excess of that necessary to saturate
the antigen was applied to platelet smears or mixed
with platelet buttons. Platelet smears coated with
anti-PlA1 serum or platelets suspended in the serum
were incubated for 60 minutes at 370 C. Smears
were washed after incubation and coated with

fluorescein-labeled Coombs serum. Suspensions
were washed after incubation, then smeared on

slides and coated with Coombs serum. In each
case Coombs serum was kept on the slides for 60
minutes at 200 C, then washed off. Again, none

of the preparations with PIA1 pIA1 platelets showed
fluorescence that differed from that of control
preparations.

9. Reactions of patient's antibody with heterol-
ogous platelets. Quantitative C'-fixation activity
of platelets obtained from various animals was

determined, the same final concentrations of plate-
lets and the same concentration of antibody as in

Figure 5 being used. Platelets from 11 mongrel
dogs, when used at a concentration of 25,000 per
mm3, fixed 4 to 7 U of C', and at 50,000 per mm3,
fixed 7.5 to 11 U of C'. The dogs were therefore
a homogeneous group with respect to platelet ac-

tivity, and the activity was comparable with that
of PlAl PlA1 human platelets. Platelets from 25
rabbits, all from different litters, fixed C' with the

patient's antibody. Rabbits also appeared to be a

homogeneous group with respect to platelet activ-
ity; for at a concentration of 25,000 per mm3,
rabbit platelets fixed 2 to 4 U of C', and at 50,000
per mm3, fixed 5 to 8 U. Relatively low activity
(cf. Figure 5) of the apparently homozygous rab-
bit platelets was probably due to their very small
size, for the hematocrit of rabbit platelets in a

suspension containing 2 X 106 per mmn3 was 6 vol

per cent, whereas the hematocrit of the same con-
centration of human platelets was 15 vol per cent.
Platelets from 3 Cynamacus and 3 Rhesus mon-
keys reacted with the antibody. Quantitative ac-

tivity of monkey platelets was relatively low on

the basis of cell count, but again, monkey platelets
are smaller than human platelets. Animal plate-
lets which fixed C' with the patient's serum ad-

sorbed all of the antibody that reacted with human
platelets and the reverse was also true. None of

the animal platelets tested reacted with normal
human serum to produce C' fixation.

Although complexes of dog platelets with pa-

tient's antibody fixed guinea pig C' in amounts
similar to that fixed by human platelet-antibody
complexes, the patient's antibody, in concentra-
tions up to 20 U per ml, would not inhibit clot
retraction of dog blood (cf. Table I). The dis-

crepancy between the ability of dog platelets to
react with antibody and the inability of antibody
to inhibit clot retraction of dog blood may be ex-
plained by failure of dog C' to be fixed as effec-

tively as human C' by platelet-antibody complexes;
for platelet-antibody complexes fixed very little, if

any, dog C' when dog serum was substituted for

guinea pig serum as a source of equivalent C'
activity in reaction mixtures. The same discrep-
ancy was observed in the case of rabbit blood.

Although all dog, rabbit and monkey platelets
tested reacted with the antibody, platelets from 16
Sprague-Dawley rats and 12 NIH-strain guinea
pigs, and thrombocytes from 6 New Hampshire
chickens did not react with the patient's antibody
in C' fixation tests and did not adsorb antibody
from the patient's serum.

10. Reactions of heterologous antisera with hu-
man platelets. Antisera against human PlAl PlAl,
PlAl P1, and P1 P1 platelets were made both in

animals whose platelets contained the PlAl antigen
(10 rabbits) and in animals whose platelets lacked
the PlAl antigen (11 rats and 9 guinea pigs).
Regardless of the animal used or the type of

human platelet against which it was sensitized, the

antibody that formed reacted with the three types
of human platelets to give the same quantitative
relationships between the amount of C' fixed per
platelet in the presence of a fixed concentration of

antibody (e.g., Figure 9, curve 1), and between

the amount of C' fixed by increments of antibody
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FIG. 9. COMPLEMENT FIXATION WITH HETEROLOGOUS

ANTIBODY. Curve 1 is comparable with curves obtained
in Figure 8. Reaction mixtures contained a fixed amount

(0.005 ml) of serum from a rabbit sensitized with PlAl PlAl
platelets. The solid circles are results obtained with the

same platelets used for sensitization, and the open circles

obtained with PI PI platelets. Final concentration of

platelets in the mixtures are on the abscissa. Curve 2 is

comparable with the curve in Figure 2. The reaction

mixture consisted of a fixed final concentration (100,000/
mm3) of the same platelets that had been used for im-

munization and various concentrations of the same im-

mune rabbit serum used to obtain curve 1. Concentration
of serum is expressed as ml of rabbit serum per 0.3 ml
reaction mixture. Similar results were obtained with all

antihuman platelet sera, but antibody titers in different

animals varied from 10 to 625 U/ml, a unit being defined

in the same way as a unit of patient's antibody.

in the presence of a fixed concentration of platelets
(e.g., Figure 9, curve 2). Moreover, antibody
made in rabbits, rats, or guinea pigs against any

one of the three types of human platelets was ad-
sorbed completely by each type of human platelet,
leaving no residual antibody that would react with
the other two types. Thus, neither the PlAl an-

tigen on human platelets injected into animals
which lacked the antigen on their platelets, nor

the possible antigen "allelic" to PlAl (see Discus-

sion), injected into animals which were apparently
homozygous for the PlsA antigen, provoked a type-

specific antibody. Since these experiments in-

volved a total of 28 antisera made against and
cross-adsorbed with platelets from 18 different
human beings, it appears either that those human
platelet 'antigens which provoke C'-fixing anti-
bodies in animals are shared by many individuals,
or that the animals used do not discriminate (20)
between type-specific antigen and other human
platelet antigens.

11. In vivo effects of the patient's antibody in
animals and human beings. In view of the find-
ing in Patient 2 (Figure 1) that thrombocytopenia
persisted when antibody concentration was too low
to be detected by in vitro techniques, it appeared
that very little of the antibody from Patient 1
would be necessary to produce thrombocytopenia
experimentally in vivo. The plasma used for all
in vivo tests was obtained from Patient 1 and
contained 72 U of antibody per ml. One ml of
plasma injected intravenously in an individual who
had PlAl PlAl platelets did not change the platelet
count. As shown in Figure 10, 5 ml of plasma
containing 360 U of antibody, given to the same
individual, depressed the platelet count 60,000 per
mm3 below the baseline value within 90 minutes,
and a sustained depression of 40 to 50,000 per mm3
lasted for approximately 24 hours. A second indi-
vidual who had PlM PlAl platelets was given 10 ml
of plasma intravenously; platelets gradually fell
from 170,000 per mm3 to 50,000 within 2 hours
and remained below the baseline value for more
than 2 days. There were no ill effects whatsoever

I.,., ., ., A/, . ,.~~I
2.0 360 UNITS (5ml.) IN 54K. MAN

1.0

2.0 _ 720 UNITS (lOml.) IN 56K. MAN

JX 1.0

-J
I,J
ti I 800 UNITS (llml.) IN 6K. DOG

3.0 ----_ -------3.0

2.0

1.0

I.I.I s ' i/~~~~~

HOURS O 2 4 6 8 24 48 72 96

FIG. 10. Ill vivo EFFECTS OF PATIENT'S ANTIBODY. All
platelet counts were performed with a minimum of 4
pipets and 8 chambers, with venous blood. The same
plasma sample was used in all experiments and was
titered for antibody just before use. The dog was not
anesthetized and plasma given to the dog had been
heated at 560 C for 30 minutes. Horizontal dashed line
is the baseline platelet value.
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after administration of the antibody and no change
in the leukocyte count or serum C' content.

Antibody which produced the decrease of 120,-
000 platelets per mm3 in vivo could not be detected
in the recipient's blood by in vitro measurements.

The 720 U would have resulted in a final plasma
concentration of approximately 0.35 U per ml on

the basis of dilution alone, and several minutes
after injection free antibody could not be detected
in the recipient's serum by C' fixation techniques.
Moreover, any antibody adsorbed on circulating
platelets was too small an amount to detect by
agglutination, inhibition of clot retraction or

Coombs consumption tests, with the recipient's
own platelets or whole blood being used.

One year after Patient P.K. had recovered, she

was given 68 ml of her own plasma containing a

total of 4,900 U of antibody assayed before injec-
tion. Although the amount of intravenous anti-

body given was 13 times greater than had been

used to depress platelets in an individual with
PlAl PlAl platelets, her platelet count remained un-

changed. The antibody did not produce ill effects

or change her white cell count.

The antibody was not so effective in dogs as in

man. As much as 3.5 ml of plasma (250 U of

antibody) given to a dog weighing 6 kg did not

produce a sustained thrombocytopenia, but 11 ml

of plasma (800 U of antibody) produced marked

and lasting thrombocytopenia (Figure 10). A

second dog given the same dose, 133 U (1.8 ml)
of antibody per kg, had an identical response.

The dogs did not have hemorrhagic symptoms,

discernible ill effects, change in leukocyte count,

or a decrease in serum C'. Because several nor-

mal human sera, as well as the patient's serum,

contained an agglutinin for dog platelets which

was present in dilutions up to 1/10 after adsorp-
tion with human platelets, the same dogs were also

injected with the patient's plasma from which
anti-PlAI had been adsorbed completely with hu-

man PlAl PlAI platelets, as well as with plasma
obtained from the patient 6 months after recovery.

These control injections (2 ml of plasma per kg)
produced approximately a 30,000 per mm3 de-

crease in platelet count which lasted less than 1

hour. Control injections were given in one dog 3

days before antibody, and in the other dog, 4 days
after antibody.

12. Other observations in human beings on 'mis-
match of PjA1 and the possible antigen "allelic"
to PlAl. During the period of purpura, the first
patient received a total of 17 U of fresh whole
blood and the second patient received small
amounts of fresh blood from three different do-
nors, without evidence of further provocation of
antibody in each case. It was considered that
neutralization of transfused antigen by remaining
antibody may have prevented stimulation of anti-
body production in these instances, and that anti-
gen might be effective if given after antibody had
disappeared. However, after administration of
various forms and amounts of antigen (listed in
Table IV) to Patient 1 long after disappearance
of detectable antibody, all tests for C' fixing and
agglutinating antibodies remained negative, as did
tests for possible "blocking" antibody with the
direct and indirect Coombs consumption tech-
niques. There was also no evidence of a "block-

TABLE IV

Attempt to provoke anti-PlAl antibody in a
previously sensitized individual *

Infusion Interval after
no. recovery Material infused

1 7 mos. PlAL PIA1 platelets from 500 ml fresh
ACD blood, washed once in saline

2 8 mos. 500 ml PlAl PlAl whole blood stored
1 week

3 10 mos. 25 ml PlIA PlAl platelet-rich plasma,
stored 5 days, from the donor to
Pat. 2

4 10 mos. 200 ml fresh whole blood from a
+ 11 days donor to Pat. 1

5 10 mos. 125 ml platelet-rich plasma, stored
+ 17 days 22 days, from the donor to Pat. 2

6 14 mos. Fractionated PlAl PJAl platelets,
Prep. 4 in Table II, 32% yield from
total of 5 X 1010 platelets

7 18 mos. 225 ml whole blood, stored 3 days,
from the donor to Pat. 2

* The recipient in each instance was Patient 1. The
donor to Patient 2 was the individual who supplied the one
full unit of blood for the transfusion at operation, and the
donor to Patient 1 was one of three whose blood the patient
had received during operation (see Case Reports). None
of the infusions produced symptoms and the recipient's
platelet count did not change during postinfusion periods.
Tests for antibody, by a C'-fixation technique that could
detect 1.0 U of antibody/ml performed on sera obtained
daily for 8 to 12 days after each infusion, were negative.
The same sera were also used in agglutination tests and in
various tests for possible "blocking" antibody (see text).
After infusions 1 and 7, a "direct" Coombs consumption
test was done, using the recipient's own platelets. All of
these tests were negative.
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TABLE V

Comparison of patients who developed purpura after transfusion

Post-transfusion thrombocytopenic state

Initial Transfusion
Sex Age transfusion Onset Duration Megakaryocytes reaction Treatment

days days

F 40 3 U* 7 3 plentiful + Exchange
transfus.

F 42 1 Ut 6 20 plentiful + Steroids
(75 ml of 2nd)

F 56(17) 1 Ut 5 17 plentiful + Steroids

F 51(18) 1 U 7 8 increased + None

* Each unit stored 20 days in blood bank; small clots in one unit.
t Each unit stored 16 days in blood bank; large clots in second unit.
$ Blood stored 10 days in blood bank (personal communication from M. Zucker).

ing" antibody which might have been detected by
its inhibitory effects in C'-fixation reactions; for
108 PlAl PlAl platelets, incubated in 1.0 ml of the
various post-transfusion sera (see legend, Table
V) for 1 hour at 370 C, retained full ability to
react with C'-fixing antibody, and the activity of
small amounts of C'-fixing antibody (0.5 to 1.0 U)
was not diminished in the presence of 0.25 ml of
the various post-transfusion sera. Moreover, there
was no indication that hypersensitivity of the de-
layed type had developed, for the infusions of
antigen caused no systemic symptoms and intra-
dermal injection of antigen produced no local
reaction.
Of the large group of normal individuals whose

platelets were tested with anti-PlAl, two whose
platelets were nonreactive (P1 P1) had received
several transfusions during operative procedures
2 and 3 years before, respectively. They had not
developed hemorrhagic complications after trans-
fusion, although the chances were at least 50 to 1
that each unit of blood they received contained
PlAl antigen.
A normal individual with P1 P1 platelets, who

had never been transfused, was observed daily for
11 days after receiving 50 ml of 20-day old blood
(containing PlA1 PlAl platelets) from the initial
donor of the full unit of blood to Patient 2. There
was no evidence of antibody formation by C' fixa-
tion, agglutination, and direct and indirect Coombs
consumption techniques, and the above tests for
"blocking" antibody were negative. A second in-
jection of a suspension of 1.6 x 1011 fresh PlAI PIAl
platelets, given to the same individual 11 days

after the first injection, also did not produce a
detectable form of anti-PlA1 antibody based on de-
terminations done on serum samples obtained
daily for 2 weeks thereafter.

It was conceivable that individuals with PlAI
PlAl platelets might lack a possible antigen "al-
lelic" to PlAl and develop antibodies against it.
Platelet-rich plasma from a normal PI PI individ-
ual was given intentionally to an individual with
PlAl PlAI platelets. After administration of 125
ml on two separate occasions, the recipient did not
develop antibody against P1 P1 platelets that could
be detected with the same C' fixation, agglutinin,
and Coombs consumption techniques employed to
measure the anti-PlA1 antibody, and the recipient's
platelet count was unaffected.

13. Evaluation of other relevant factors. In
accounting for the infrequency of post-transfusion
purpura, the possibility that a rare donor's blood
might contain an unusual amount or form of anti-
gen had to be considered. Attempts were made to
detect a free or coating form of antigen in fresh
samples of ACD blood obtained from the five
donors whose blood had been given to both pa-
tients at operation; platelets from each donor re-
acted with the antibody, the donor of the full unit
of blood given to Patient 2, and two of the three
donors to Patient 1 having platelet type PlA1 PlAl.
Serum and plasma from each donor did not pro-
duce a visible band against antibody in agar-gel
diffusion plates, and did not form a precipitin
when layered on or mixed with serum containing
100 U of antibody per ml. Unheated, platelet-
free sera from three of the five donors, used as
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a source of possible antigen as well as C' in incu-
bation mixtures with antibody, did not fix C'; and
prior incubation of small amounts of antibody
(1.5 U) in 0.3 ml of the various donors' fresh
platelet-free sera did not decrease the amount of
C' fixed by the antibody on subsequent addition
of reactive platelets.2 Thus, no evidence could be
obtained for free PlAl antigen that would react
directly with anti-PlA1. With the same series of
tests for free antigen, none was detectable in PlA1
PlA1 blood after storage for up to 21 days at 50 C
or after partial clotting was permitted before citrate
anticoagulant was added. If age of blood or inade-
quate anticoagulant were involved in producing a
free form of PlAl, the antigen was not detectable
by the in vitro tests used.

Attempts to detect a soluble form of PlAl anti-
gen in donor blood, which might be demonstrable
by C' fixation after adsorption on P1 P1 platelets,
were unsuccessful, but two samples of plasma from
the donor to Patient 2 contained large amounts of
finely particulate antigen which did not sediment
(see Section 6) unless P1 P1 platelets were mixed
with the plasma. P1 P1 platelets, incubated in
plasma of the donor to Patient 2 and washed,
acquired the ability to-fix C' with antibody. How-
ever, filtration of the donor's plasma (300 my
pore-size; see Section 6) removed the particulate
antigen which apparently could be adsorbed by
P1 P1 platelets.

Excretion of PlA1 antigen in saliva could not be
evaluated conclusively, for relatively undiluted
saliva had marked anticomplementary activity.
However, saliva from four individuals with PlAl
PlAl platelets, including the donor to Patient 2,
used at 1/10 dilution, did not fix C' with anti-
body or interfere with complement fixation by
PlAl PlAl platelets; and P1 P1 platelets, incubated
in these undiluted salivas, did not acquire the abil-
ity to fix complement with antibody.

It was of interest to determine whether the PlM
antigen was present on platelets at birth. Platelets
in cord blood of two infants were found to have

2 When human serum instead of guinea pig serum was
used as a source of C', antigen-antibody mixtures fixed
half as many units of human C' as guinea pig C'. The
decrease in C' fixation was not due to specific inhibition
produced by free PlAl antigen; for all human sera used
as a source of C', whether from individuals with PlAl PlAl
or PI PI platelets, gave identical results in C'-fixation
tests.

the same antigen content as the PlAl PlAl platelets
of the mothers.

14. Observations on typical cases of idiopathic
thronibocytopenic purpura. None of 16 cases of
classical ITP was found to have a platelet agglu-
tinin, with a test system using sera at 8/10 or
greater final dilution. Of the 16 cases, 5 were less
than 15 years old; 4 of the 5 were males; 2 of the
5 had acute and 3 had chronic ITP. Eight of 11
adults were females; 3 of the 11 had acute and 8
had chronic ITP. Sera from 12 patients with
ITP were used in C'-fixation tests with platelets
from 6 different normal individuals, and in no

instance was C' fixed. Final platelet concentra-
tions used in C'-fixation tests with ITP sera varied
from 25,000 to 100,000 per mm3, the final serum
dilution was 1/2 to 1/4, and the amount of guinea
pig C' used permitted detecting with certainty fixa-
tion of 0.5 U. All C'-fixation mixtures were in-
cubated for 90 minutes at 370 C. In addition, in
three instances in which the ITP patient's own

serum was used as a source of possible antibody
as well as C', C' was not fixed. Thus, the various
in vitro techniques, used at the limit of their sensi-
tivity for detecting the anti-PlAl antibody and
other definite platelet antibodies (8, 9), gave no
evidence for the presence of a similar antibody in
the sera of typical ITP cases.

Platelets from eight consecutive cases of ITP
reacted with the antibody from Patient 1 in C'
fixation and agglutination tests in the same way
as did platelets from normal individuals. Antigen
content of these platelets was not determined quan-
titatively.

DISCUSSION

Development of the disease. The correlation in
the two patients studied of transfusion of mis-
matched platelets, thrombocytopenia 1 week later,
and the presence of an antibody which reacted
with the donors' platelets, but not with the pa-
tients' own platelets obtained after recovery, indi-
cates that an isoantibody was provoked which
paradoxically was capable of destroying platelets
of the sensitized individuals.
There are two published reports of patients

with thrombocytopenic purpura associated with a
platelet agglutinin (17, 18) and inhibtor of clot
retraction (17) which did not react with the pa-
tients' own platelets obtained after recovery. Rea-
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sons for development of the antibody and the
thrombocytopenic state in these cases were not
clearly defined. Actually, the two reported pa-
tients had received a blood transfusion shortly
before onset of purpura and the clinical course of
all four patients was strikingly similar (Table V).
Serum from the patient of van Loghem, Dorf-
meijer, van der Hart and Schreuder (18), had
agglutinated platelets from 97.6 per cent of the
normal individuals tested, and the antigen which
reacted with the antibody was labeled "Zw." We
sent antibody which reacted with antigen, that we
have labeled PlAl, to Dr. van Loghem who found
that it reacted with Zw-positive platelets, but not
with Zw-negative platelets. The antigen PlA1 is,
therefore, the same as Zw, and the term, Zw, has
precedence; but the designations PI-1 and P1, for
the genetic determinants of platelet antigenicity,
facilitate presentation of the concepts derived from
the present study and are in accord with syste-
matic notation suggested by Ford (21) (see be-
low). No doubt three of the cases represent
immunization of PI PI individuals against PlAl
antigen, and there is little doubt that the patient
of Zucker and co-workers (17) represents im-
munization against a platelet antigen but, unfor-
tunately, the specificity could not be determined.
During the period of purpura, the patients'

platelets, nonreactive on a genetic basis, evidently
were susceptible to the antibody. This suscepti-
bility was not due to some obscure reaction be-
tween antibody and normal P1 P1 platelets which
might occur only in vivo, for 13 times the amount
of antibody that produced sustained depression of
platelets in a PIA" PIA1 individual had no effect on
platelets of a PI PI individual (Section 1 1 ). Since
recovery took place in Patient 1 (Figure 3) in
the presence of an antibody level much higher than
the highest level measured in Patient 2 during
purpura (Figure 1), it was apparent that beneficial
effects of exchange transfusion were not due sim-
ply to decrease in antibody. Rather, the abrupt
cure appeared to be caused by suppression of an
additional factor which must have been present to
make P1 P1 platelets susceptible to antibody during
the period of thrombocytopenia. The observed
phenomena could be explained if PlIA antigen in
transfused blood not only provoked antibody, but
also persisted in vivo in a form capable of effecting
attachment of antibody to P1 P1 platelets. The

following considerations lend weight to this
hypothesis.
There are at least two ways in which antibody

against PlA1 antigen could become attached to
P1 P1 platelets; these platelets could be coated in
vivo with some form of antigen that would react
with antibody, or antigen-antibody complexes
formed in vivo could be adsorbed onto platelets.
The first possibility is supported by well docu-
mented examples that free antigens are adsorbed
on erythrocytes both in vitro and in vivo-e.g.,
Lewis Groups (22a) and the J antigen in cattle
(23); but, as yet, there are no examples that
transfused erythrocyte coating-antigens provoke
antibodies which cause destruction of the re-
cipient's erythrocytes. The second possibility is
supported by observations which indicate that ad-
sorption of antigen-antibody complexes onto plate-
lets is the most likely mechanism of drug purpura
(4, 8, 24), and that nonspecific adsorption of anti-
gen-antibody complexes by platelets is a general
immunologic phenomenon (25) which can produce
thrombocytopenia in vivo (26). Either possibil-
ity would depend on survival of PlI' antigen in
vivo for a longer time than the period of antibody
induction.

Results of infusions of antibody in normal PlA1
PI-1 individuals (Figure 10) indicate the amount
of PlA' antigen that would have to survive to cause

thrombocytopenia by the above mechanisms. As
little as 360 U of injected antibody, an amount
which could saturate at most the 3.6 x 109 PlAl
PlAl platelets (Figure 7) contained in approxi-
mately 20 ml of the recipient's blood, produced sus-
tained depression of platelets in a 54 kg individual.
By analogy, it appears that if PlAl antigen from
as little as 20 ml of blood were distributed over

the platelets of a PI PI recipient in association with
antibody, thrombocytopenia would no doubt occur.

A form of antigen that might coat PI P1 platelets
or be adsorbed onto platelets in complex with anti-

body would have to be detached from antigenic
platelets. The in vivo survival of antigen which
became detached from a donor's platelets (either
before blood was transfused or by some in vivo
process in the recipient) would not necessarily be
comparable with survival of intact transfused
platelets. Because the antigen is so stable (Sec-
tion 6), and such small amounts apparently would
suffice to make P1 P1 platelets susceptible to anti-
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body in vivo, it is conceivable that, after trans-
fusion of 500 ml of PlA1 PlAl blood, an effective
antigen concentration could persist for weeks
in vivo.

Numerous attempts were made to demonstrate
a form of antigen that might effect attachment of
antibody to P1 P1 platelets (Sections 6 and 13),
but none could be detected in blood from normal
individuals, including three of the patients' initial
donors, or in various preparations of disrupted
platelets. It is possible that conditions for pro-
ducing the appropriate form of antigen may exist
only in vivo. The finding that PlAl antigen could
be altered so that its complexes with antibody
would not give the usual in vitro reactions (Sec-
tion 6) suggests that a form of antigen, not neces-
sarily detectable by techniques used so far, could
be involved in development of the disease.

It is apparent from the various conditions which
failed to dissociate antibody-PlAl antigen com-
plexes (Section 7), and from the completeness of
antibody adsorption in mixtures containing an ap-
proximately equal ratio of antigen and antibody
(Figure 7), that the association constant of the
complex must be very high. This favors the pos-
sibility that circulating antigen remaining at the
time antibody appears exists thereafter in complex
with antibody, and that the complex is adsorbed
by P1 P1 platelets. The high affinity between anti-
body and antigen would assure complex formation
even at very low concentration of both reactants
and could account for persistence of thrombocyto-
penia under the conditions present in Patient G.H.
Smaller amounts of antigen-antibody complex may
be required to perpetuate the thrombocytopenic
state than to establish it, for megakaryocytes ap-
parently have a limited capacity to replenish plate-
lets after induction of severe thrombocytopenia
(4).
The above considerations, therefore, make it

possible to explain the occurrence of post-trans-
fusion purpura in terms of in vivo survival of
minute amounts of foreign antigen which, in com-
plex with the antibody it provokes, can attach to
platelets of the recipient. Other conceivable ex-
planations for the paradoxical thrombocytopenia
would require such hypotheses as the presence of
a different population of platelets before immuni-
zation in individuals not showing evidence of
chimerism (27), the presence of a different popu-

lation of platelets after the thrombocytopenic state
as a result of somatic mutation, or the temporary
presence of acquired PlAl-like substance on P1 P1
platelets analogous to acquired B-like substance on
Group A erythrocytes (28). The likelihood that
these hypothetical circumstances would associate
by chance with immunization against PlIA antigen,
and account for thrombocytopenia, seems more re-
mote than the explanation discussed above.
The infrequency of post-transfusion purpura.

The problem of explaining the infrequency of post-
transfusion purpura, in spite of frequent antigenic
mismatch (approximately 1.5 per cent of general
transfusions), has two aspects. One aspect in-
volves factors affecting development of thrombo-
cytopenia if antibody does form; the other, factors
affecting formation of antibodies against so-called
"weak" antigens. Development of antibody alone
without accompanying thrombocytopenia conceiv-
ably could occur, for antibody might be provoked
in susceptible PI PI individuals by any form of
PlAl antigen, but the form of antigen necessary
to effect attachment of antibody to platelets may
not develop or survive the period of antibody in-

duction so frequently. The frequency with which
antibody alone may develop is not known, because
purpura is the only symptom that draws attention
to immunization. Failure of attempts to provoke
antibody in a normal PI Pl individual (Section 12)
established the fact that PI Pl individuals do not

always form detectable antibodies or develop
thrombocytopenia after initial exposure to PlAl

antigen. Alternatively, the form of antigen that
may survive in vivo and effect attachment of anti-
body to P1 P1 platelets may be the only type that

gains access to antibody-forming tissue. Failure
of Patient 1 to respond to attempts at re-immuni-
zation (Section 12) suggests that some unique
characteristic of antigen in donor blood may be a

prerequisite for immunization. Otherwise, it
would appear that PlAl antigen either could pro-
duce "immunologic paralysis" (29), a phenome-
non which has not been observed in human beings
as yet, or provoke another form of antibody un-

detectable by techniques used.
There are other possible factors which could

affect initial "susceptibility" to transfused P1A1

antigen. Some Pl PF individuals may acquire
immunologic tolerance (30) as a result of pla-
cental transfer of maternal PlAl antigen, since most
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IPI P1 individuals would have PIA1 P1 parents (see
below). If placental transfer occurred invariably,
only children of Pl PI mothers might be expected
to be sensitive to PlAl antigen; but the two patients
observed had PIA1 PF mothers (Figure 4), indi-
cating that, if immunologic tolerance does occur,
it is not predictable. The two observed patients
each had three PIA1 PI children, and the two other
patients (Table V) also had had children. If the
disease proves to be limited to parous females, con-
ditioning to placental transfer of PlAl antigen pres-
ent in fetal blood may have to be considered as a

susceptibility factor. The meaning of the equivo-
cal terms "weak antigen" and "susceptibility," ap-
plied in the case of platelet mismatch, may become
clearer when these possibilities are further eval-
uated.

Therapy of the disease. Antibody production
in this disease is typical of that following an initial
single exposure to an antigen; for after the peak
response, by the sixth to eighth post-transfusion
day, there was a gradual decline in titer (Figure
1) (31). Thrombocytopenia in Patient 2 cleared
concomitantly with decay of antibody, and in Pa-
tient 1, possibly after removal of the postulated
antigen-antibody complex. The disease is there-
fore self-limited, and purpura apparently clears
spontaneously when antibody or the postulated
antigen-antibody complex, or both, reach a level
low enough to permit regenerating platelets to cir-
culate. However, since purpura is characteristi-
cally severe and lasts as long as 3 weeks, treat-
ment may become necessary.
Exchange transfusion may prove to be the treat-

ment of choice, for all evidence indicates that
steroids are not beneficial (see Table V) and
splenectomy does not seem to be indicated; but
there is some hazard attending exchange trans-
fusion. During the period of purpura, all patients
had reactions to whole blood or platelet-rich
plasma, such as chills, fever, urticaria and shock,
all of which might be attributable to reaction be-
tween PlA1 antigen on transfused platelets and
antibody. The long time required to effect the
exchange in Patient 1 was due to the inability to
infuse whole blood at a rate faster than 2 to 3 ml
per minute without causing severe hypotension.
The severity or type of symptomatology other pa-
tients may develop when similarly treated cannot
be predicted. Although PlAl antigen given during

the exchange did not provoke further antibody
or perpetuate thrombocytopenia, until further in-
formation is obtained, it must be considered that
additional PlA1 antigen potentially may prolong,
rather than cure, the disease. Perhaps exchange
transfusion with P1 P1 blood, or administration of
large amounts of P1 P1 platelets alone, if available,
would provide equally effective treatment and
entail less risk.
The exchange transfusion involved alternate re-

moval and replacement of 100- to 300-ml aliquots
of blood until a total of 5,500 was withdrawn and
6,500 replaced. Assuming a fixed blood volume
of 4,900 ml (see Section 2 and Figure 3) and that
excess transfused blood elevated the hematocrit
but did not dilute plasma components, the final
dilution produced, calculated simply as a series of
sequential dilutions, was 31 per cent (or 69 per
cent effective). Since this value would vary no
more than + 1 per cent whether the alternate ali-
quots withdrawn and replaced were 10 per cent
or 1 per cent of the initial blood volume, not less
than approximately 31 per cent of the initial anti-
body should have been left as a result of dilution
alone; but only 3 per cent could be measured (Fig-
ure 3). However, the 6,500 ml of transfused
blood, containing approximately 200,000 platelets
per mm3 (assumed 74 per cent PlAl PlAl, 24 per
cent PlAl P1), was sufficient to bind approximately
1.14 x 105 U of antibody based on the data of
Figure 5 (i.e., 108 PlAl PlAl and 2 x 108 PlAl P1
platelets bind 10 U of antibody). Of the 3.2 x 105
U of circulating antibody (3,200 ml plasma x 100
units per ml) present initially, apparently 69 per
cent, or 2.2 x 105 U, was removed by exchange
and 1.14 x 10' U could have been sequestered
with the transfused platelets which did not circu-
late. Thus, combined removal and sequestration
could account for loss of approximately as much
antibody as circulated initially, and hence for the
finding of 3 per cent antibody left. Within 13
hours after the exchange, circulating antibody had
increased to 6.4 x 104 U (3,200 ml plasma x 20 U
per ml). The elevation was too prompt and too
moderate to be considered an anamnestic response
and suggested that re-equilibration with extravas-
cular y-globulin occurred, which in part could have
reflected some release of the 1.14 X 105 U of
sequestered antibody.

Since approximately 2 U of human C' (one-half .
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as much as guiinea pig C', Section 13) was fixed
by 1 U of anitibody, administration of enough anti-
gen to complex with 1.14 x 105 U of antibody (see
above) could have resulted in fixation of as much
as 2.28 x 105 U of C' in vivo. The patient's total
circulating complement was initially 1.76 x 105 U

(55 U C' per ml X 3,200 ml plasma), and the dif-
ference between the 2.34 x 105 U of C' in trans-
fused plasma (an average of 60 U C' per ml X

3,900 ml) and the 1.54 x 105 U of C' in removed
plasma (an average of 44 U C' per ml X 3,500 ml)
would have provided an additional 0.8 X 105 U
of circulating C'. Thus, 2.56 x 105 total units
of C' were available and 2.28 x 105 (or approxi-
mately 90 per cent) could have been fixed. The
measured drop of C' in vivo was the result of
fixation, for it was subsequently observed that ex-

change transfusion with even larger amounts of
ACD blood in a nonimmunologic disease did not
produce a drop in C'. The patient's C' level fell
as little as it did (Figure 3) possibly because addi-
tional amounts were produced rapidly or were
available from extravascular spaces, or both. Be-

cause such large amounts of C' may be fixed with
relatively little effect on the circulating C' level,
it is not surprising that both patients had normal
levels of C' during the height of plurpu1ra, for the
amounts of antigen conceivably involved in devel-
opment of the disease were quite small.

Characteristics of the platelet systecn containing
PlA1 antigen. The ability to differentiate clearly
three cell phenotypes based on quantitative reac-

tions with an antibody against one antigen is
unique. Since platelets of individuals who were

most likely PIA1 PI uniformly contained half as
much antigen as platelets of individuals who were

most likely PjA1 PI-1, it appears that the known
antigen, PlAl, is inherited as a character, dependent
on a gene capable of expressing itself in a single
or double dose. In view of the dominance of
blood group antigens in general (22b), there is
a good possibility that the allele of PIA1 controls
another antigen which is inherited as a "co-domi-
nant" character. Attempts to find or provoke an

antibody against this hypothetical antigen (or anti-
gens, for conceivably there could be more than one

allele) have been unsuccessful so far (Sections 10
and 12). Since similar attempts to provoke anti-

body against the known PlAl antigen also failed,
the possibility of finding the "missing" antigen(s)

still seems more likely thani the possibility that the
Pl gene has no activity or only modifies (22c) the
expression of Pl-41.
The gene frequency of PI," and PI, estimated

by translating low and high activity phenotypes
into genotypes PI-1 Pl and PIM1 PIM1, respectively,
was in close agreement with the frequency that
would be required to give the observed 1.5 per cent
nonreactors in the group of 206 individuals tested.
Since there were 26 per cent apparently hetero-
zygous and 74 per cent apparently homozygous
PFA1 individuals among the 23 individuals screened
by quantitative C' fixation, the gene frequency
(22d) of PlA' would be 0.74 + 0.26/2 = 0.87, and
of Pl, 0.26/2 = 0.13. The expected frequency of
PI PI individuals on this basis would be (0.13)2
= 0.017 or 1.7 per cent, which compares well with
the observed frequency of 1.5 per cent in the
large group.

Effects of various physical and chemical forms
of treatment (Section 6) indicated that PlA1 anti-
gen could be either a relatively stable protein or
polysaccharide, and the ratios of C'-fixation activ-
ity to nitrogen or sugar content of platelet frac-
tions (Table II) did not distinguish the possibili-
ties. However, since prolonged exposure to high
concentration of trypsin had no effect on the anti-
gen, there is a good possibility that PlAl is a poly-
saccharide, perhaps similar to the mucopolysac-
charide erythrocyte group substances which have
been characterized (32, 33). The PJAl antigen
could not be detected by fluorescein-labeled anti-
body techniques (Section 8). In this respect PlAl

antigen resembles A substance on erythrocytes
(34) and differs from the human species-specific
platelet antigens which provoke heterologous anti-
bodies (12, 19) which do not distinguish type-
specific human platelet antigens (Section 10).
By determining platelet genotypes and erythro-

cyte phenotypes in the same individuals, it was
possible to conclude that PlAl antigen was not
identical with a number of different erythrocyte
antigens (Section 5), but more observations on

appropriate family groups will be necessary to
evaluate possible linkage between platelet and ery-
throcyte group systems. Since the platelet antigen
system is another example of a genetic polymor-
phism (35), some correlation between this system
and a factor influencing natural selection may ex-

ist. The selection factor conceivably could be
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neonatal purpura (36) due to mother-fetal PIA1
incompatibility; for we have recently seen a family
in which the mother has type PI P1 platelets, the
father has type PlAl PlA1, and a child born a year
ago with neonatal purpura has type PlAl P1.

Definite demonstration of a direct proportional-
ity between gene dose and quantity of antigen on
platelets was made possible by use of a quantita-
tive C'-fixation technique. Other serologic proce-
dures used did not lend themselves to sufficient
refinement for differentiating cells containing a
twofold difference in antigen (Section 5). Over
the years many attempts have been made to dis-
tinguish heterozygous erythrocyte phenotypes by
agglutination techniques (22) and, more recently,
by employing radioactively labeled antibodies (37,
38), but the results have not been clear-cut, possi-
bly due to limitations of techniques used. It ap-
pears likely that application of a C'-fixation tech-
nique, similar to the one used herein, will facilitate
more precise evaluation of erythrocyte antigen sys-
tems (and gene-dose effects) in the instances in
which this technique is applicable.

Notation of platelet antigen systems. Because
it is likely that at least one allele and possibly other
alleles of PIA1 will be identified, and because we
have recently identified several other inherited
platelet antigens 3 which are not produced by an
allele of PIA1, some uniform notation of platelet
antigen systems should be adopted. Many of the
suggestions of Ford (21) have been followed in
this report. Genes are italicized, antigen not
italicized; the gene whose antigen has been rec-
ognized by an antibody is indicated by the suffix
Al, and no suffix has been given to the gene whose
antigen has not been recognized as yet. It is
suggested that if an allele of PIA1 is recognized
by an antibody, it be labeled PlA2; and if multiple
alleles are recognized, they be labeled sequentially,
P/A3, and so on.
The matter of labeling loci of platelet antigen

systems to distinguish them from erythrocyte sys-

3 During preparation of this report, the mother of an
infant with neonatal purpura was found to have an anti-
body in her serum which reacts with an antigen inherited
independently of PlAl. An abstract concerning this find-
ing appeared in the April, 1961, issue of Clinical Research.
Moreover, antibodies against two additional platelet anti-
gens, each apparently genetically unrelated to the other
three, have been found in individuals who had received
multiple transfusions.

tems can be overcome if new loci controlling plate-
let antigens are designated by a new suffix letter
after PI-i.e., PiP, Plc, and so on,4 and if the
alleles at each locus are identified by suffix num-

bers. A gene whose antigen has not been recog-
nized by an antibody could be labeled with the
appropriate suffix letter, but not a number. For
example, the system reported herein would be
called the pJA system; the recognized allele would
be designated as it has been, PlAl, and the un-

recognized allele would be PlA instead of Pl.
This is a departure from Ford's suggestion but
would provide an open end for any number of
alleles in any one system; each system would have
its distinguishing suffix letter, and there would be
no confusion with erythrocyte or other systems.
Because phenotypes can be translated directly into
genotypes in the plA system, antigen-dose and
gene-dose could be indicated by numbers in brack-
ets after the locus symbol, and absence of a "dose"
could be indicated simply by a minus, i.e., PlA (1,1)
for PlAl PJAl platelets, and PjA (1,1) for the cor-
responding genotype; PlA (1,-) for PlAl PlA plate-
lets, and PJA (_,_) for PlA PlA platelets. The
number, 2, would be substituted for a minus when
the antigen is recognized. If only the presence or

absence of an antigen were detectable in another
platelet antigen system, only one number or minus
would be placed in a bracket. The suggestions by
Ford concerning recessive antigens could be fol-
lowed by using a small suffix number.

Implications in ITP and suspected "autoim-
mune" disorders. Post-transfusion purpura is the
second definite immunologic entity to be differen-
tiated from the ITP syndrome. The first was
drug purpura. Although the underlying causes of
sensitization are widely different in post-transfu-
sionl and drug purpura, the antibodies in both dis-
eases have similar qualitative and quantitative
activities in vitro and in vivo. The similar rela-
tionships in the two antibody systems, between the
amount of C' fixed and the relative concentrations
of antibody and platelets (see Figure 8 and Ref-
erence 8) indicate that the theoretical considera-
tions concerning antibody adsorption and C' fixa-
tion which apply to drug antibodies (8, 39) also
are applicable to antiPlAl (as well as to heterolo-
gous antibodies; e.g., Figure 9) if variables de-

4The additional loci, PiB, Pic, and PID are already
accounted for in this laboratory (Footnote 3).
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eldenllt on1 dlrtg concentratioll are excluded.
Thus, the mechanism proposed for C' fixation by

drug antibodies (8) may operate generally with
many antibodies reacting with antigens on cellu-
lar surfaces.
The concentration of anti-PlAl required to de-

press PlAl PIill platelets experimentally in vivo
was much lower than the concentration that could

be detected in vitro with the most sensitive assay
techniques developed so far (Figure 10). Plate-
lets which were destroyed in vivo were quite un-
saturated with antibody. The degree of unsatura-
tion was such that platelets probably were not
"lysed" directly by the small amount of C' which

could have been fixed and probably were not ag-
glutinated in the circulation. Rather, platelets
with mi-inimal amounts of antibody attached appar-
ently were rendered more susceptible to processes
of in vivo sequestration, just as in the case of
thrombocytopenia due to the antibody of quinidine

purpura (4). The observations that dogs are

resistant to in vivo effects of anti-'lAl, and that

dog C' is not fixed as effectively as human C' by
this antibody system (Sections 9 and 11), indi-
cate that C' fixation may play a role in seques-
tration of antibody-coated cells.
The fact that a C'-fixing antibody is not de-

mnonstrable in the usual case of idiopathic throm-
bocytopenic purpura, by techniques used so far,

does not conflict with the possibility that ITP is
an immune disease. Analogies drawn from a
study of quinidine purpura (4, 8, 9) made it pos-
sible to explain the characteristics of ITP in terms
of immunoreactions occurring at low levels of
activity which could not be detected by usual in

vitro techniques, and similar analogies can be
drawn from the present study of post-transfusion

purpura. Since drug purpura and post-transfusion
purpura are due to immunization against foreign
antigens and the mechanism of thrombocytopenia
in both diseases appears to be similar, there is
reason to believe that a variety of other foreign

antigens may be identified as the underlying cause
of a group of specific disorders falling within the
syndrome of ITP.
The ITP syndrome resembles a variety of other

diseases in which an individual's own cells are
injured or destroyed by apparent immune proc-
esses (2, 40). Demonstration that the manifes-
tations of ITP can be duplicated by antibodies

p)rovoke(l by foreign anitigen'cs suggests that sensi-

tization by foreign antigens may underlie other

so-called "autoimmune" disorders.

SUMMARY

1. The clinical picture of post-transfusion pur-

pura and a successful method of treatment was

presented.
2. An isoantibody provoked by a mismatched

platelet antigen destroyed platelets in the sensitized
individuals. It is proposed, as a mechanism of

thrombocytopenia, that foreign antigen survives
in vivo longer than the period of antibody induc-

tion and that antibody, complexed with foreign
antigen, is adsorbed by autologous platelets.

3. Infrequency of purpura, despite frequent mis-

match of platelet antigens in general transfusions,
may be accounted for by various factors that affect

development of antibody as well as survival of

antigen in vivo.
4. Experimental infusions of antilbody indicate

that thrombocytopenia can occur when in vivo

concentrations of antibody are below levels detect-

able by currently available in vitro tests. Mini-

mal amounts of antibody and complement attached
to platelets appear to increase their susceptibility
to sequestration.

5. Similarities which were found between the

immunoreactions of post-transfusion and drug pur-

pura permit interpreting the pathogenesis of idio-

pathic thrombocytopenic purpura (and possibly
other disorders thought to be "autoimmune") in

terms of sensitization by foreign antigens.
6. The antigen responsible for the disorder is

inherited as a character dependent on a gene capa-
ble of expressing itself in a single or double dose.

A clear-cut proportionality between gene dose and

quantity of antigen per cell was demonstrated.

7. A uniform notation for platelet antigen sys-
tems is proposed.
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